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Foreword

The North Eastern Diabetes Society (NEDS) is very much proud to publish 
its 6th Volume of Diabetes Update during 27th Annual Conference of NEDS 
(NEDSCON 2022), in Guwahati, Assam. NEDS is very much thankful to all 
the contributors who have given utmost effort in writing their articles.

The idea of publishing an Diabetes Update was taken by few academicians 
and visionaries of NEDS in the past and it is proved to be praiseworthy as 
time passes. This update helps the physicians, diabetologists, post graduate 
students and all other categories of doctors of this region in uplifting and 
refreshing their knowledge on diabetes and its recent advancements.

We acknowledge and thank the Editor and the whole Editorial Board members 
for their hard work in bringing out this beautiful book.

Prof. Th Premchand Singh
President, NEDS

Dr Suranjit Barua
Secretary, NEDS
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p r E F a c E

Preface

Diabetes mellitus is a global pandemic and is the 
single largest non-communicable controllable disease 
and is one of the leading causes of cardiorenal  and 
other complications world-wide. Inspite of lots of 
understanding of the subject diabetes is still causing 
maximum morbidity and mortality. Recently many 
new studies on diabetes have come up especially in 
kidney diseases and heart failure. Drugs and therapies 
have evolved in recent past along with newer ways to 
understand the glycemic control. So keeping all these 
in mind an update of all newer studies and therapies 
have become essential.   

North Eastern Diabetes Society (NEDS) has been 
working hard to keep pace with all those updates 
for the knowledge upliftment of Doctors, Nurses 
and Paramedics of this NE region. NEDS has 
already published 5 (five) updates earlier, last one 
in 2019. Following this noble ideology, this time 
the organising committee of NEDSCON 2022 has 
decided to bring out next issue of diabetes update, 
and the responsibility was endowed upon me. I will 
remain ever grateful to the organising committee and 
other members of NEDS to have confidence on me. 

To study the phenomena of disease without 
books is to sail an uncharted sea, while to 
study books without patients is not to go to 
sea at all. 

- Sir William Osler

I, under the guidance of Chief editor, along with the 
help of Section editors, tried my level best to keep 
the latest scientific information and developments in 
this diabetes update, also tried to divide in different 
sections for better understanding. I must thank all the 
contributors for providing manuscripts and sharing 
their valuable knowledge without which it would  
have not been possible to complete the task.

I am grateful to Editorial advisors, Chief editor, 
Section editors and all other well wishers whose 
guidance and advice helped me a lot to bring out this 
update. I also express my thanks to Mr Biren Narzary 
for compiling and designing the update and M/S 
Print N Publish, Quinton Road, Shillong for their 
herculean effort in bringing out this book. Lastly, I 
thank my wife Dr Chitrasana Rajkumari Singha for 
her continuous support and encouragement which 
was the major driving force in completing the task. 
Finally, I do apologize on behalf of entire editorial 
board if there is any unintentional omission or mistake 
in this update in spite of our best of the efforts.

With best wishes,

Dr Noni Gopal Singha
Editor, Diabetes Update 2022

27th NEDSCON, Guwahati
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Alpha Cells in Diabetes Mellitus

Bikash Bhattacharjee

INTRODUCTION

Diabetes is considered as a bihormonal dis-
easewith impaired insulin secretion/action 
and alteredglucagon secretion. In both type 

1 diabetes (T1D)and type 2 diabetes (T2D), the glu-
cagon responseto hypoglycaemia(mainly iatrogenic) 
is impaired and a hyperglucagonemia is observed, 
at least inthe fasted and postprandial states, largely 
contributing to hyperglycaemia(1). Pancreatic Al-
pha-cells are the major source of glucagonwhich is 
the first line of defence againsthypoglycaemia. The 
stimulation of glucagon secretionby Alpha-cells in 
response to hypoglycaemia results froman activation 
of the autonomic nervous system andan action of 
glucose at the islet level. (2, 3)

HISTORY

The history of glucagon begins in 1921 when Fred-
erickBanting and Charles Best tested pancreatic ex-
tracts indepancreatized dogs and detected transient 
hyperglycaemiathat preceded insulin- induced hy-
poglycaemia (4). Murlin et al. (5) suggested 2 years 
later that the early hyperglycaemiawas due to a con-
taminant in the pancreaticextract that had glucose 
agonist properties. In 1948, Sutherland and de Duve 
(6) established that the Alpha cellsof the endocrine 
pancreas are the source of glucagon.Glucagon is a 
regulator of glucose homeostasis in animalsand hu-
mans. This hormone stimulates glycogenolysis and 
gluconeogenesis by the liver and is the keycounter- 
regulatory hormone responsible for opposingthe glu-
cose- lowering effects of insulin. 

ISlETOF lANGERHANS

The pancreatic α- cell was discovered in 1907and is 
one of four major types of endocrine cells inthe islets 
of Langerhans: glucagon- secreting α- cells,insulin- 
producing β- cells, somatostatin- releasingδ- cells 
and pancreatic polypeptide (PP)-secreting cells. (9)

ANATOMY

In humans, Alpha-cells represent~35% of the endo-
crine islet cells and are localized randomly in the is-
let (10, 11). In both humans androdents, Alpha-cells 
are more abundant in the body and the tail than in the 
head of the pancreas (12).Within an islet, Beta-cells 
are electrically coupled viagap junctions made of 
connexin 36 (13). It is worth mentioning that the 
identity of Alpha-cells isnot irreversibly established 
for their whole life span. They can redifferentiate 
into Beta cells (14).

PHYSIOlOGY

The human pancreas contains 1–2 million islets, 
each measuring 50–100 _min diameterand contain-
ing _2000 cells on average. However, islet cells are 
only 2% of the overallpancreatic mass. It is notable 
that up to 65% of the human islet cells are Beta cells 
[15]. Allislet cells originate from the endoderm. Its 
differentiation into each islet linage is mediatedby 
the pancreatic and duodenal homeobox 1 (Pdx1) and 
neurogenin-3 (Ngn3) genes. The furtherevolution 
of _ cells requires both aristaless-related homeobox 
(Arx) and forkhead box proteinA2 (Fox-A2) action 
in addition to low expression levels of paired box 4 
(Pax4).

Chapter 1
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Although the human pancreatic islet has beenwidely 
investigated, its cytoarchitecture is still a matter of 
debate. However, it has beendemonstrated that their 
distribution within islets is not randomized. Orci and 
Unger in 1975 described the classic model of pancre-
atic isletarchitecture for the first time. They proposed 
that they are grouped in two core cellularclusters 
[18]: one conformed by Beta cells located in the cen-
tral area of islet, and a secondgroup of non-beta cells 
heterogeneously distributed in the periphery [19]. 
This organization isthoroughly set to allow auto-
crine, paracrine, and endocrine connections between 
them tomaintain glucose homeostasis [20].

Glucagon is the primary Alpha cell hormone prod-
uct. It is derived from the proteolysis ofthe 160-ami-
noacid pre-pro-glucagon peptide coded by its gene 
located in 2q24.216. Thisgene is strongly expressed 
in Beta cells, the brain, and L-cells of the gut. Un-
der normal conditions, cells synthesise glucagon via 
proconvertase 2 post translational proteolysis,while 
L-cells produce glucagon-like peptide-1 (GLP-1) 
via proconvertase 1/3 pathway. Interestingly, some 
studies demonstrated that alfa cells from diabetic 
donors can releaseboth GLP-1 and glucagon to en-
hance insulin secretion [21]. Juxtacrine signalling is 
a common type of signallingbetween adjacent cells 
[22]. Contrary to theendocrine or paracrine signal-
ling, it requires a direct contact between cells. Many 
types of communications by juxtacrine signalling 
exist. Recently, a direct communication between Al-
pha and Beta cells has been documented. It involves 
ephrinreceptor/ephrinsignalling. Stimulation of Eph 
receptorA4/7 on Alpha-cells by ephrins (possibly 
ephrinA5) onBeta cells correlates with maintenance 
of a dense Factinnetwork and maintains glucagon se-
cretion at alow level, which is essential for a prop-
er regulation ofglucagon release(23). In support of 
this hypothesis, ablation of EphA receptors in a-cells 
leads to anabnormal and uncontrolled glucagon re-
lease. Moreover, isolated Alpha-cells display an 
uncontrolled glucagonrelease that can be restored 
by activation of the EphA receptor signaling in Al-
pha-cells [23, 24].

AUTOCRINE REGUlATION

There are Glucagon Receptor(GR) on Alpha cells. 

In the Alpha cell, GRs activation increases glu-
cagongene transcription via cAMP response ele-
ment-binding (CREB). Glutamate is also present in 
Alpha cellvesicles. It acts as a glucagon-secretion 
enhancer acting by ionotropic glutamate receptors 
(iGluR) stimulation or by binding other proteins like 
_-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid(AMPA) receptor and kainate receptors in the 
Alpha cell membrane. Activation of iGluR drives to 
Alpha celldepolarisation, activation of voltage gated 
calcium channel and subsequent the fusion of glu-
cagon-containing vesicles with cell membranes and 
subsequently glucagon secretion.

PARACRINE REGUlATION

Both Beta and Delta cells with their insulin and So-
matostatin hormones and by juxtacrine signalling 
regulates glucagon secretion as explained before.

ENDOCRINE REGUlATION

Intestinal hormones Glucagon like peptide 1, Glu-
cose dependent insulinotropic peptide and Ghrelin 
regulates glucagon secretion. Leptin also regulates 
glucagon secretion.

Physiological inhibitors of Glucagon:-

1) Insulin 

2) Leptin

3) Somatostatin

4) Serotonin

5) GABA

6) GLP1

Physiological activators of Glucagon:-

1) GIP

2) GRP

3) Adrenaline

4) Acetylcholine

5) Ghrelin
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Pharmacological inhibitors of Alpha-Cell:-

1) Sulfonylurea

2) DPP4 inhibitor

3) GLP1RA

4) Amylin

Pharmacological activators of Alpha-Cell:-

1) SGLT2 inhibitor

AlPHA CEll DYSREGUlATION 
IN DIABETES

In Diabetes mellitus Alpha cells secretion becomes 
dysregulated. Glucose also regulates glucagon secre-
tion by its direct effect on Alpha cells.In diabetes, 
specifically in Type2 inhibition of glucagon secre-
tionin post prandial state is impaired due to impair-
ment in physiological regulations of Alpha cells 
causing hyperglucagonemia. Hyperglucagonemia 
increases glycogenolysis and hepatic glucose out-
put causing hyperglycaemia. Thus Alpha cells play 
a pivotal role in pathophysiology of Type2Diabetes. 
Hyperglucanomea also plays important role in patho-
physiology of acute hyperglycaemic complications.  
Insulin is important regulator of Alpha cells secretion 
and so insulin deficiency is important cause of hyper-
glucagonomea. Incretin deficiency in Type2 Diabe-
tes also facilitates hyperglucagonomea.

Dysregulation of Alpha cells may also manifest as 
hypoglycaemia inType1 and long standing Type2 Di-
abetes in association with insulin and sulfonylurea 
therapy. 

CONClUSION

As because, Alpha cells play an important role in 
pathophysiology of diabetes, specifically Type2 dia-
betes, Alpha cell and its secretion, Glucagon has re-
mained an important therapeutic target for the man-
agement of Diabetes. Currently, only Incretin based 
therapy (GLP1RA and DPP4i) can regulate Alpha 
cell secretion to some extent. Glucagon Receptor 
Antagonist has shown significant glucose lowering 
efficacy but Glucagon Receptor Antagonism has pro-
duced adverse effects like Alpha cell proliferation, 

dyslipidemia, hepatic steatosis and elevated liver 
enzymes. Alpha and Beta cells are developmental-
ly similar. They have similar cellular mac hineries. 
Emerging evidences show possibility of these two 
endocrine cells to re-differentiate to each other. Tar-
geted research is necessary to develop Glucagon 
Receptor Antagonist which can be safely used for 
the patient with Diabetes. Advance research is also 
necessary to understand and identify the pathways 
of re-differentiation of Alpha cells to Beta cells with 
procedure of therapeutic application, which may en-
tirely change the management of Diabetes.
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Abstract

Epigenetics refers to heritable changes in gene 
function without changes in DNA sequence. 
These occur mainly via environmental effect 

or inherited directly from ancestors. Epigenomics 
has widened our understanding of type 2 diabetes. 
Epigenetics plays a role in almost all aspects of the 
disease, right from the risks, pathogenesis, compli-
cations, to therapeutics. In this review we have dis-
cussed the basics of epigenetic modifications fol-
lowed by discussion of epigenetics of type 2 diabetes 
with respect to risk factors, pathogenesis, micro and 
macro vascular complications and finally its impact 
on therapeutics.

Introduction

Type 2 diabetes mellitus (T2DM) has become a glob-
al pandemic, with 74 million people living with dia-
betes in India and this number is expected to rise to 
an extent of 125 million by the year 2045 (1). The 
primary pathophysiology of T2DM involves insulin 
resistance in liver, adipose tissue and skeletal mus-
cle followed by insulin secretory defects in the later 
course of the disease. T2DM is a polygenic disorder 
with complex interactions between genes and 2). Epi-
genetics refers to heritable changes in DNA expres-
sion without alteration in genetic code, influenced 
by external factors (3). Understanding of epigenetics 
of T2DM in the last few decades has unravelled the 
missing pathogenic links in the causation of T2DM 
and how environmental factors like diet and physical 
activity influence the disease expression. Epigenetic 
changes can also potentially be used as biomarkers. 
Apart from the prediction of T2DM, it can also point 

out towards the risk of vascular complications, and 
response to therapy and lifestyle interventions, there-
by offering a tool for precision medicine (4). With 
ever increasing knowledge of epigenomics, it is not 
possible to comprehensively review all epigenetic 
changes involved. Hence we have tried to include 
only the important things needed to appreciate the 
impact of epigenetics in our understanding of T2DM. 
In the initial part of this review, we have discussed 
the basics of epigenetics followed by epigenetics of 
type 2 diabetes.

Understanding epigenetics

In 1940s, the term “epigenetics” was used to refer 
to the complex interactions between the genome 
and the environment (5). This concept has evolved 
significantly in the next 50 years. Riggs et al (1996) 
gave a working definition of epigenetics as “the study 
of mitotically and/or meiotically heritable changes 
in gene function that cannot be explained by chang-
es in DNA sequence” (3). This phenomenon would 
explain variable functions of cells of different parts 
of our body despite all carrying same the genetic in-
formation. The primary mechanism involves expres-
sion or silencing of specific genetic information in 
each of these different cell types (5). To expand the 
above definition further, it is now known that mecha-
nisms of epigenetic changes also control non coding 
regions of DNA and play an important role in vari-
ous physiological and pathophysiological states (6). 
Epigenetic changes can be classified into two types 
– Direct-epigenetic process (DE) & Indirect-epi-
genetic (IE) process [further subdivided into within 
(WIE) and across (AIE)] (7). Direct-epigenetics is 

Chapter 2
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change in expression of genes occurring in individu-
al’s years of life due to interaction with environment.  
Within-indirect epigenetics refers to changes in ex-
pression of genes during intrauterine life whereas 
across-indirect epigenetics refers to altered gene ex-
pression due to inherited epigenetics from ancestors 
(7). It is clear that epigenetic changes can influence 
an individual’s genomic expression from the state of 
zygote throughout the whole life span, both as ‘stat-
ic expression’ inherited from the ancestors and ‘dy-
namic expression’ due to interactions with external 
environment.

The underlying mechanisms of epigenetic modifi-
cations include variations in histone proteins, post-
translational modifications occurring in histone pro-
teins, and covalent modifications of DNA bases (7) 
(8) (Figure 1). DNA methylation is carried out by 
three different family of DNA methyl transferases 
(DNMT) namely DNMT1, DNMT2 and DNMT3 
(3a, 3b, 3L). Transfer of methyl groups occurs usu-
ally to cytosine residues in CpG or CG dinucleotide 
sites. In humans, most of promoters site have a CpG 
island which is the target of these enzymes.  Hyper-
methylation of these CpG sites of target promotors 
prevents the process of transcription, thus silencing 
gene expression (9). Modification of histone proteins 
can occur by methylation, acetylation, ubiquitination, 
or phosphorylation (10). These modifications lead to 
changes in structure of chromatin, causing formation 
of either euchromatin that results in gene expression 
or heterochromatin that results in gene silencing (11). 
Histone methylation can lead to activation or repres-
sion of gene expression. Histone acetylation leads to 
decrease in positive charges of histone protein. This 
in turn decreases its interactions with DNA leading 
to increased accessibility of transcription complexes 
to DNA. Subsequently, this leads to increased gene 
expression. The opposite happens when deacetyla-
tion takes place (11). 

MicroRNAs (miRNAs) are about the size of 22 nu-
cleotide length. They are non-coding RNA that play 
an important role in regulation of expression of genes 
at post transcriptional level by interfering with tar-
get mRNAs (12). Since environment has important 
effects on epigenetic alterations, diseases like type 
2 diabetes and obesity (where external factors like 

diet and lifestyle play important roles in cause and 
treatment) have become active areas of epigenomic 
research. Complex interactions of epigenetics with 
T2DM is explained in Figure 2 (13).

Epigenetics and Type 2 Diabetes 

Epigenetics and risk of Type 2 Diabetes 

Role of epigenetics in the onset of T2DM can be ex-
emplified by studies showing increased prevalence 
of diabetes in adulthood when there is history of poor 
maternal nutrition or diabetes in the mother during 
gestation (13, 14). It should be noted that both ma-
ternal malnutrition and gestational diabetes put the 
child at future risk of developing T2DM.

Under-nutritional environment in utero, especially 
in early gestation, leads to epigenetic programming 
of various metabolic pathways in foetus in anticipa-
tion of adverse environment later in life (14). When 
these children are postnatally exposed to abundancy 
of nutrition, it leads to development of obesity and 
metabolic syndrome. It has been proposed that ma-
ternal malnutrition leads to decreased blood level 
of leptin leading to reduced leptin sensitivity which 
later in life leads to obesity (14). Studies of Dutch 
Hunger Winter famine cohort found that  Insulin like 
growth factor 2 (IGF-2) gene differentially methyl-
ated region(DMR) showed 5.2% decrease in DNA 
methylation in children exposed to famine in early 
gestation compared with those who had normal ma-
ternal nutrition in pregnancy or exposed to famine in 
later part of pregnancy (15). In addition, the role of 
hypomethylation of Hepatocyte neuclear factor 4A 
(HNF4A) promotor region has been implicated for 
these metabolic alterations. Apart from these methyl-
ation changes, increased expression of miRNS-576-
5P seems to play important role in pathogenesis of 
increased cardiometabolic risk (15). In mouse mod-
els, excess maternal  weight and T2DM are found 
to be associated with decreased expression of AT-
PASE6 and CYTB (mitochondrial genes) in children 
(14). New-borns of mothers with T2DM are found to 
have decreased telomere length compared to eugly-
cemic mothers. This puts them at high risk of meta-
bolic disorders (14,16).

In post-natal life, factors such as diet, physical ac-
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tivity, sleep-wake cycle and various environmental 
factors lead to changes in epigenome and contribute 
to risk of future T2DM (13). RNA binding protein 
NONO is an epigenetic regulator of genes, con-
trolling various pathways of carbohydrate and fat 
metabolism in liver with respect to availability of 
nutrition(13,17). 

Epigenetics and pathogenesis of Type 2 diabetes 

Two primary components in the pathogenesis of 
T2DM are insulin resistance and impaired insulin 
secretion which is seen later in the natural history 
of the disease. Various studies have demonstrated 
altered DNA methylation of genes of T2DM  name-
ly PPARG, KCNQ1, TCF7L2 and IRS1 which play 
important roles in insulin action at sites like liver, 
skeletal muscle and adipose tissue (18). Pancreatic 
islets of patients with T2DM show decreased ex-
pression of genes of insulin secretion like PPARG-
C1A, INS and PDX1 due to increased methylation 
(18). Decreased expression of PPARGC1A is also 
noted in skeletal muscles in T2DM subjects (19). 
Further clinical and animal studies of skeletal mus-
cle suggested methylation defects in genes like 
NDUFB6, COX5a, OXPHOS, PGC-1α, PDK4 and 
PPAR-δ. These play roles in insulin sensitivity (19). 
Studies in obese rats induced by high fat diet suggest-
ed increased methylation and subsequent decreased 
expression of glucokinase (gck) and L-type pyruvate 
kinase (LPK) promoter regions. These in turn play 
important roles in the pathogenesis of insulin resis-
tance in liver (19). 

Upregulation of Histone deacetylase 7 (HDAC7) in 
human pancreatic cells of T2DM subjects  is found 
to be associated with decrease in glucose mediated 
insulin secretion (20). Acetylation of FoxO1 which 
in turn controls Pdx1 leads to impact on β-cell devel-
opment and glucose homeostasis (20). HDAC6 me-
diated H3K9 deacetylation leads to downregulation 
of IRS 2 protein leading to development of insulin 
resistance (20).

It has been found that micro-ribonucleic acids (miR-
NAs) play an important role in the processes of beta 
cell dysfunction and beta cell survival, both of which 
are crucial events in the pathogenesis of T2DM (21). 

MiR 375 plays an important role in the development 
of pancreas and decrease in insulin secretion by in-
hibition of myotrophin (Mtpn) (22). Another micro 
RNA, miR 124a, also has an impact on insulin secre-
tion with the mechanism similar to that of MiR-375. 
MiR-29a and 29b inhibit secretion of insulin by their 
inhibitory actions on monocarboxylate transporter 
-1(MCT-1) (22). MiR-184 can induce beta cell repli-
cation and hence increase in beta cell population (22). 
MicroRNAs also play important roles in causation  of 
insulin resistance by their action on PI3K/AKT path-
way and other insulin signalling pathways (23). Mi-
cro RNAs that regulate these proteins are as follows: 
miR-128a, miR-96, miR-126 controls the expression 
of the IRS-1; miR-29, miR-384-5p, miR-1 regulates 
PI3K expression; miR-143, miR-145, miR-29, miR-
383, miR-33a, miR-33b, miR-21 modulates AKT ex-
pression and miR-133a, miR-133b, miR-223, miR-
143 controlling the expression of GLUT4  (24). 

Epigenetics and Diabetic complications 

Concept of Metabolic Memory

Metabolic memory or legacy effect, initially referred 
to as benefits of early good glycaemic control, leads 
to long term protection from micro and macro vas-
cular complications even if glycaemic control is not 
achieved in the later part of the disease (25, 26). 
Metabolic memory can now be qualified as harmful 
effects of initial poor glycaemic control causing in-
creased vascular complications irrespective of later 
glycaemic status (25). The evidence for this effect 
comes from three large, randomized control trials 
with long follow up data namely Diabetes Control 
and Complications Trial in type 1 diabetes and Unit-
ed Kingdom Prospective Diabetes Study and Steno-2 
in type 2 diabetes (25). In these studies, patients who 
were in initial intensive glycaemic control  arm con-
tinued to show  decreased vascular (both micro and 
macro) complications on long term follow up com-
pared to subjects who were initially treated with con-
ventional arm and later switched to intensive therapy 
despite being able to achieve similar glycaemic sta-
tus. Basic pathological mechanism of this metabolic 
memory is due to  hyperglycaemia induced damage 
to mitochondrial DNA and its proteins, stimulation 
of Protein kinase C, sorbitol pathway and advanced 
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glycation end products (AGE) (27).It has been pro-
posed that hyperglycaemia leads to permanent  epi-
genetic modifications  of DNA expression (of above 
mentioned pathways) that are consistent with poor 
glycaemic states and they continue to persist    even 
after good glycaemic control is achieved at a later 
stage (28). Epigenetic mechanisms includes changes 
in post translational histone modifications(PTHMs), 
DNA methylation and micro RNAs leading to the ir-
reversible changes, which is referred as “metabolic 
memory”(27). 

Endothelial dysfunction 

Endothelial dysfunction seems to be a crucial com-
ponent in the development of all vascular complica-
tions of diabetes. Chronic uncontrolled glycaemic 
status leads to vascular damage by multiple path-
ways, namely oxidative stress, increased production 
of advanced glycation end products, activation of 
inflammatory and fibrotic pathways by transforming 
growth factor-beta (TGF-β), NF-κB, and angioten-
sin II (AngII) (13). Uncontrolled diabetes impacts 
H3K9 demethylation leading to increased expression 
of MMP-9 which in turn causes damage to mito-
chondria and endothelial cell death (29). Endothe-
lin 1 which is produced from vascular endothelium 
causes vasoconstriction and increased fibrosis and 
is known to be increased in patients with vascular 
complications of diabetes. Methylation defects noted 
in the CpG regions of promotor of Edn 1 gene cod-
ing for endothelin -1 (ET-1) leads to its overexpres-
sion (29). MiR-140-5p, miR-221-3p, miR-200 b and 
miR-130b-3p are known to play important  roles in 
the pathogenesis of endothelial dysfunction by their 
impact on several genes related to apoptosis, inflam-
mation, hyperpermeability, senescence, and patho-
logical angiogenesis(29). Apart from above men-
tioned microRNAs, miR-126 overexpression has 
been shown  to be associated with peripheral arterial 
disease in type 2 diabetes subjects (29).

Diabetic Retinopathy

Global DNA methylation seems to be increased early 
in the course of development of diabetic retinopathy 
(DR) but does not increase further with disease pro-
gression (30). Animal studies have demonstrated the 

role of hypermethylation of mitochondrial DNA and 
DNA polymerase gamma in the pathogenesis of DR 
(30, 31). Modification of histone proteins seems to 
be associated with neuronal cell death and increased 
vascular permeability of retinal vessels. Methyla-
tion of histone protein, H3K9 by SUV39HZ (meth-
yl transferase) has been found to be associated with 
initiation of DR. Increased H3 histone acetylation is 
noted in animal models of DR linked to activation of 
NF-kB inflammatory pathway (30,31). Wide arrays 
of microRNAs seem to play a role in initiation and 
progression of DR. MiR-126 regulates expression 
of VEGF1 and other vascular adhesion molecules 
which is important in pathogenesis of proliferative 
diabetic retinopathy (30). There is decreased expres-
sion of miR-31 and miR-184 which in physiological 
state inhibit new vessel formation (30).

Diabetic Nephropathy

In animal models of T2DM nephropathy, hypermeth-
ylation of Rasal -1 promotor causes increase in Ras-
GTP signalling causing activation of TGF-beta 1 
expression leading to increased collagen deposition 
and fibrosis (32,33). Mouse models of streptozoto-
cin induced albuminuria showed reduced expression 
of SIRT1 deacetylase which impacts expression of 
claudin -1 in podocytes, thus playing role in develop-
ment of diabetic nephropathy (32, 33). Another study 
showed decreased expression of KLF-4 leading to 
hypermethylation of nephrin gene, podocyte cell 
death and albuminuria (32). Decreased methylation 
of MIOX gene seems to be associated with progres-
sion of diabetic nephropathy by increasing oxidative 
stress and fibrosis (32).  MiR-133b/199b, miR-23a 
and miR-30e plays role in pathogenesis of renal fi-
brosis whereas miR-146a associated with activation 
of inflammatory pathway (33).

Diabetic Neuropathy

Decreased DNA methylation of whole genome DNA 
of white blood cells seen in diabetic neuropathy pa-
tients (34). DNA methylation defects have been seen 
across many genes coding for proteins affecting 
multiple steps in the pathogenesis of diabetic neu-
ropathy like axon guidance, metabolism of phospho-
lipids and MAPK signalling pathway (35). Hyper-
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methylation and subsequent decreased expression 
of ninjurin-2 protein (NINJ2) has been observed in 
diabetic neuropathy (34). This protein expressed in 
Schwann cells plays important role in regeneration of 
peripheral nerves after injury (34). Increased expres-
sion of miR-199a3p with downregulation of Serpin 
E2 (extracellular serine protease inhibitor) is seen in 
the peripheral blood of diabetic neuropathy patients 
(36). Decreased expression of miR-25, miR-146 and 
miR-190a5p is noted in animal models of diabetic 
neuropathy. This results in modulation of oxidative 
stress, interleukins, and various other inflammatory 
process (34).

Macrovascular complications

Hyperacetylation of histone proteins H3K9 and 
H3K27 has been shown to play important role in 
the pathogenesis of stabilisation of atherosclerotic 
plaques (37). Also, altered histone proteins associ-
ated with oxidised LDL mediated inflammatory re-
sponse are found to be  important in the pathogen-
esis of coronary artery disease (CAD) in T2DM. 
DNA hypermethylation of SOD2, FGF2, ABCA1, 
COX2, KLF4, SMAD 7 and other genes that have 
important role in various steps in formation of ath-
erosclerotic plaque, is  noted (38). Decreased miR-
126 levels (inverse relation with serum LDL) are 
seen in T2DM subjects with underlying CAD when 
compared to T2DM without CAD (37). Two import-
ant micro RNAs, namely miR-1 and mIR-133 have 
been shown to be significantly related to the risk for 
CAD in T2DM subjects such that they can be consid-
ered as biomarkers for macrovascular complications 
(37, 28). Other microRNAs like miR-210, miR-21 
and miR-370 are also shown to be associated with 
T2DM related CAD (37, 38). Altered levels of mir-
451a, miR-195-5p and miR-146a are associated with 
cerebrovascular events in T2DM (37).

Diabetic Cardiomyopathy 

Diabetic cardiomyopathy is associated with hyper-
methylation of SERCA2a protein which is physio-
logically important for cardiac muscle relaxation 
(39). This decreased expression of SERCA2a could 
explain the diastolic dysfunction seen in diabetic car-
diomyopathy (39). Epigenetic changes also lead to 

overexpression of genes of renin-angiotensin- aldo-
sterone axis which play crucial role in the pathogen-
esis of cardiomyopathy (39, 40). Altered expression 
of micro RNAs namely miR-1, miRNA-146a, miR-
133a, miR-150, miR-200c, miR-152-3p, miR-26a/b-
5p, miR-29b-3p and miR-223 seems to contribute to 
hypertrophy and fibrosis of cardiac muscles (39).

Epigenetics and Diabetic therapeutics 

Understanding epigenetics has led to possibility of 
using these changes as biomarkers to predict the 
risk of developing T2DM, its complications and as 
therapeutic targets. As discussed above, many of mi-
croRNA’s levels can be used as biomarkers of mi-
crovascular and macrovascular complications. There 
is evidence to suggest inhibition of specific microR-
NAs that are involved loss of beta cell function or 
beta cell death by miRNA inhibitors can result in 
improvement in beta cell functions (21). Histone 
deacetylase inhibitors can improve insulin sensitivi-
ty by causing increase in acetylation of lysine amino 
acids in IRS2 protein (24). Resveratrol (compound 
found in wines) is an activator of SIRT1 (a deacetyl-
ase) is known to improve vascular endothelial stress, 
modulate adipogenesis and improve insulin resis-
tance (41). Apabetalone, another new drug, acts by 
blocking histone interactions with DNA. By this ac-
tion it is shown to prevent rise in inflammatory pro-
teins and prevents development of atherosclerotic 
plaques (41). Treatment of T2DM with metformin 
causes reduced DNA methylation of genes coding for 
its transporter leading to their increased expression, 
hence enhancing its effect on glycaemic control and 
obesity (16). Extra glycaemic benefits of GLP1 re-
ceptor analogues on preserving beta cell function and 
improving fatty liver are mediated by their effects on 
modulating expression of various micro RNAs (41).

Conclusion 

Understanding of epigenetics has widened our knowl-
edge of pathogenesis and complications of T2DM. 
Epigenetic modifications are shown to impact every 
aspect of T2DM from pathogenesis to complications. 
Last but not the least epigenetic changes have be-
come potential target for therapeutics both in man-
agement of hyperglycaemia and its complications.
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Abbreviations 

T2DM Type 2 diabetes mellitus 
DE Direct Epigenetics
IE Indirect epigenetics
WIE Within indirect epigenetics 
AIE Across indirect epigenetics 
DNMT DNA methyl transferases
CpG Cytosine and Guanine nucleotide linked by phosphate 
 miRNAs /miR  microRNAs
DMR Differentially methylated region
IGF2 Insulin like growth factor 2 
HNF4A Hepatocyte nuclear factor-4 alpha
ATPASE6 Adenosine tri phosphatase 6
CYTB Cytochrome B
PPARG Peroxisome proliferator-activated receptors
 KCNQ1 Potassium Voltage-Gated Channel Subfamily Q Member 1
 TCF7L2 Transcription Factor 7 Like 2
 IRS1 Insulin receptor substrate-1 
PPARGC1A PPARG Coactivator 1 Alpha
INS Insulin
PDX1 Pancreatic And Duodenal Homeobox 1
NDUFB6 NADH Ubiquinone Oxidoreductase Subunit B6
COX5a Cytochrome C Oxidase Subunit 5A
OXPHOS oxidative phosphorylation
PGC-1α Peroxisome proliferator-activated 
 receptor-gamma coactivator 1alpha 
PDK4 Pyruvate Dehydrogenase Kinase 4
Gck Glucokinase
LPK L-type pyruvate kinase 
HDAC Histone deacetylase
FOXo1 Forkhead Box O1
Mtpn myotrophin 
GLUT Glucose transporters 
PI3K Phosphatidylinositol 3-kinase
AGE Advanced glycation end products 
PTHM Post translational histone modifications
TGF-β Transforming growth factor-beta 
NF-κB Nuclear factor kappa B
AngII Angiotensin II
MMP-9 Matrix Metallo Proteinase 9
ET-1 Endothelin -1 
DR Diabetic retinopathy
SIRT1 Sirtuin 1
KLF-4 Krüppel-like factor 4
MIOX Myo-Inositol Oxygenase
NINJ2 Ninjurin-2 protein 

SOD Superoxide dismutase 
FGF Fibroblast growth factor 
ABCA1 ATP Binding Cassette Subfamily A Member 1
SERCA2a Sarco(endo)plasmic reticulum calcium-ATPase 2 
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Figure 2 Epigenetics and Type 2 diabetes – Complex interactions at various levels 

 inherited epigenomics from 
parents  

Environmental factors like diet 
and physical activity  

obesity – inherited and 
environmental factors  

Muscle, liver and adipose tissue 
energy metabolism  EPIGENETICS  

diabetic complications – 
inflammations, angiogenesis and 

fibrosis  

Beta cells – survival & death 

Type 2 Diabetes  

predisposition, onset, 
progression, treatment 

response , complications 
risks, prognosis and 
inheritance  to next 

generation  

response to lifestyle changes and 
therapeutics  

Metabolic Memory  

intrauterine environment-
Maternal nutrition, Maternal 

glycemic status, iuGr  





16

Endocrine, Paracrine and Autocrine 
Control of Insulin Secretion

Ashok Krishna Bhuyan

Insulin is an important hormone required for nor-
mal glucose homeostasis. Pancreatic beta cells 
are the only cells in our body which can pro-

duce and secrete insulin. A tight control of insulin 
secretion is required to maintain stability if blood 
glucose in healthy individuals. This is achieved by 
different nutrients, hormones and neurotransmitters. 
An acute rise in plasma glucose concentration is the 
main stimulus for insulin secretion. In addition to 
this, some amino acids and fatty acids can regulate 
insulin secretion.

Different hormones in our body can modify glucose 
stimulated insulin secretion (GSIS) in a variety of 
manner.

Glucagon like peptide -1 (GlP-1): GLP-1: GLP-
1 is an incretin hormone secreted by L cells of the 
small intestine along with GIP in response to a meal 
(1, 2). The half-life of native GLP-1 is very short 
because of its rapid degradation by widely distrib-
uted dipeptidyl peptidase 4 (DPP-4) enzyme (25). 
Experiments have proved that the amount of insulin 
secreted from pancreatic beta cells is higher after an 
oral nutrient load than an intravenous nutrient load 
what is now called as incretin effect (3). GLP-1 re-
ceptors are discovered on beta cells (23) and GLP-1 
upon binding to its receptors leads to activation of 
adenylate cyclase with generation of cyclic adenos-
yl monophosphate (cAMP) (4). This elevated cAMP 
then potentiates GSIS. Surprisingly this GLP-1 aug-
mented insulin secretion is operative only when the 
ambient glucose concentration is high. This glucose 
-dependent action of GLP-1 is very important to pre-
vent hypoglycaemia.  Both analogue of GLP-1 and 

DPP-4 inhibitors thereby increase the half- life of en-
dogenous GLP-1 are widely used for the treatment of 
Type-2 diabetes mellitus.

Estrogen: Estrogen has a stimulatory effect on in-
sulin secretion. 17 beta estradiol is found to enhance 
insulin release (5) by binding to estrogen receptors 
(ER) on beta cells. It is reported that at physiolog-
ical concentrations, 17β-estradiol can significantly 
decrease KATP channel activity (6), which causes 
membrane depolarization and subsequent opening 
of voltage-gated Ca2+ channels, thereby potenti-
ating insulin release. In fact, 17 beta oestradiol in 
post-menopausal women was found to increase insu-
lin secretion (7,8).

leptin: Leptin is an adipokine secreted from the adi-
pose tissue and it mainly influences insulin action on 
fat and liver cells (9,10). Leptin may also exert an in-
hibitory effect on insulin secretion. Leptin deficiency 
is associated with hyperinsulinemia and insulin re-
sistance in both mice and human (9,11).

Melatonin: Melatonin is hormone secreted by the 
pineal gland and it helps to adjust the timing of the 
biological clock (12). Melatonin receptors are pres-
ent on beta cells of the pancreas (13) but its effect on 
insulin secretion is controversial. Studies has shown 
inhibitory (14,15), neutral (16) or even excitatory ef-
fect (17) on insulin secretion, but inhibitory effect 
was the most constant observation.

Growth Hormone: Growth hormone probably has 
an indirect effect on insulin secretion through insulin 
like growth factor -1(IGF-1).  Recombinant IGF-1 
decreases insulin release from beta cells of the pan-

Chapter 3
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creas (18). This inhibitory effect is due to activation 
of PDE3 B (19) which breaks down cAMP and there-
by prevents membrane depolarization.

Although largely controlled by circulating nutrients, 
hormones, and neurotransmitters, insulin secretion 
from the pancreatic   cells is also achieved local hor-
mones and other factors released by the pancreas it-
self. This paracrine and autocrine control of insulin 
secretion is an area of intense research in the recent 
years. The islets are more than just the home of the 
insulin producing beta cells.). Besides beta cells 
(50–60%), human islets also contain 25–35% alpha 
cells secreting glucagon, 7–10% delta cells secreting 
somatostatin, and a few ɛ-cells secreting ghrelin (20, 
21). The three main endocrine cells (beta, alpha and 
delta) share some common developmental origin and 
cross influence their activity in response to change in 
blood glucose and other major nutrients.

Glucagon: Glucagon is traditionally regarded as a 
key counterregulatory hormone that prevents hypo-
glycaemia in the fasted state by increasing hepatic 
glucose output through stimulation of gluconeogene-
sis and glycogenolysis (22). However, glucagon can 
also stimulate glucose stimulated insulin secretion 
(GSIS) from the pancreatic beta cells in response to 
a meal. This beta cell stimulatory effect only occurs 
when there is at least some degree of hyperglycaemia 
which can depolarize the beta cells by closure of the 
ATP sensitive K+ channels thereby causing opening 
up of voltage gated Ca+ channels to cause insulin 
secretion. This property has been recently investigat-
ed by different groups. These actions of glucagon on 
insulin secretion resemble those of the glucagon-like 
peptide 1 (GLP-1) (will be discussed later) and both 
glucagon and GLP- 1 act via class B G protein cou-
pled receptors that commonly activate G alpha s- 
mediated downstream signalling cascade. Beta cells 
express receptors both for glucagon (GCGR) and 
GLP-1 (GLP-1R) (23, 24) and glucagon can stimu-
late both.

So, it can be fairly concluded that in addition to act-
ing primarily as a counterregulatory hormone during 
periods of hypoglycaemia via its systemic effect on 
hepatic gluconeogenesis and glycogenolysis, glu-
cagon can also act locally within the pancreas in a 

paracrine manner in the fed state to augment insulin 
secretion from the beta cells in response to nutrient 
intake.

Glucagon like peptide -1 (GlP-1): Glucagon and 
glucagon-like peptide-1 (GLP-1) are derive from a 
common precursor, pre-pro-glucagon after process-
ing by specific endoproteases (25). Both are pro-
duced by islet alpha -cells, but the main sources of 
GLP-1 are L cells of the ileum and colon, from which 
it is released in response to meals to serve as an in-
cretin hormone. The local concentration of GLP-1 
inside the pancreas is said to be lower than the plas-
ma concentration.

In addition to the expression of GLP-1, human alpha 
cells were found to express the peptide hormone cor-
ticotropin releasing hormone (CRH) also. (26,27). 
CRH acts through the type 1 CRH receptor (CRHR1) 
found on the surface of beta cells which is a class B 
GPCR like GLP-1R and stimulates insulin release in 
an incretin-like manner (28). This represents another 
avenue for alpha cells to potentiate GSIS from beta 
cells. 

Somatostatin: The inhibitory role of somatostatin on 
both insulin and glucagon secretion was recognised 
shortly after its discovery in pancreatic delta cells 
(29). However, in recent years somatostatin has been 
considered primarily as a key paracrine modulator of 
insulin and glucagon secretion.

Somatostatin secretion is stimulated by glucose, sim-
ilar to the secretion of insulin from beta cells. But 
it has been observed that somatostatin secretion lags 
behind secretion of insulin by 30 s to several minutes 
(30). These observations suggest there must be an in-
termediate mechanism of crosstalk which is respon-
sible for the coordinated beta and delta cell secretory 
responses to hyperglycaemia. One such postulated 
mechanism is the release of another beta cell derived 
hormone, urocortin-3 (UCN3). This is a peptide 
hormone that is related to CRH. UCN3 selectively 
activates another class B GPCR viz type 2 CRH re-
ceptor (CRHR2), within the islet, that is selectively 
expressed by pancreatic delta cells (23, 31). Indeed, 
this paracrine mechanism can be considered as neg-
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ative feedback loop triggered by beta cell activation 
and mediated by delta cell somatostatin secretion to 
exert a local brake that helps restrain insulin secre-
tion once normoglycemia is achieved after nutrient 
stimulation.

Ghrelin: Circulating ghrelin mainly originates from 
the stomach, but is also secreted from the ɛ-cells of 
pancreatic islet (32) making it a factor plausible to 
have paracrine action. But expression of ghrelin re-
ceptors is more on delta cells as compared to beta 
cells (33). One study demonstrated that ghrelin stim-
ulates somatostatin secretion in incubated islets (24). 
So, the changes in insulin secretion observed in vitro 
may be indirect through stimulation of somatostatin 
secretion thereby leading to inhibition of insulin re-
lease. However, as ɛ-cells constitute only few frac-
tions of islet cells this paracrine action is still debat-
able.

Pancreatic polypeptide: Pancreatic polypeptide 
(PP) is produced by F cells of the endocrine pancre-
as, which are rare (<1%) in the vast majority of is-
lets except in those within the small “ventral lobe” 
located at the posterior face of the pancreatic head. 
The other peculiarity of these islets is their poverty in 
alpha cells (34, 35, 36). The receptor of PP (PPYR1) 
is present in alpha cells but not in beta cells (37), and 
no test of possible effects of PP on insulin secretion 
has been reported

Autocrine and paracrine role of Neurotrans-
mitters: In addition to different hormones secreted 
from pancreatic islet cells several nonhormonal neu-
rotransmitters have been found to exert some auto-
crine and paracrine action on beta cell insulin secre-
tion. Of these gammas amino butyric acid (GABA), 
Glutamate, Acetylcholine (Ach), Dopamine, Sero-
tonin etc merit special attention.

GABA is the most important inhibitory neurotrans-
mitter in the central nervous system (38). GABA has 
been found in a good concentration in pancreatic beta 
cells. Beta cells have both stimulatory ionotropic 
GABA-A and inhibitory metabotropic GABA-B re-
ceptors. It is speculated that GABA has an autocrine 
positive effect on insulin secretion through GABA-A 
receptors while it exerts a predominant inhibitory ef-

fect on insulin secretion through GABA-B receptors 
(39,40).

Observation suggest that Glutamate is released from 
pancreatic beta cells in conditions of high plasma 
glucose and released from alpha cells when plasma 
glucose concentration is low thereby making it plau-
sible to have some paracrine control on islet func-
tion. But the picture is not clear regarding paracrine 
role of pancreas derived glutamate (41).

Acetylcholine (Ach) is another proposed neurotrans-
mitter that may have a paracrine control on insulin 
secretion in addition to its known systemic effect on 
insulin secretion through muscarinic m3 receptors on 
beta cells. Is it observed that alpha cells contain Ach 
vesicles and its release is augmented in conditions of 
low plasma glucose. Ach may stimulate somatostatin 
release with secondary inhibition of insulin secretion 
(42,43). It is also believed that the effect of Ach on 
beta cells is to prime the beta cells to subsequent in-
sulin secretion (43).

Serotonin is produced in beta cells and is released 
in response to hyperglycaemia (44,45). However, 
its exact autocrine role in insulin secretion in yet to 
be validated. Dopamine is released from beta cells 
along with insulin in response to increase in plasma 
glucose and mainly exerts an autocrine inhibitory 
control on insulin secretion (46).

Conclusion: Pancreatic beta cells release insulin in 
response to a variety of signals of which nutrients 
and circulating hormones play the major role. How-
ever, there is a rich paracrine and autocrine crosstalk 
amongst various endocrine and supporting non endo-
crine cells of the pancreas which may further modu-
late insulin secretion under various conditions. This 
aspect of control of beta cells insulin secretion is still 
under experiment and further studies are going on to 
validate or disprove this hypothesis.
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Introduction

Obesity can be defined as excessive accumula-
tion of adipose tissue for prolonged duration 
of time. It is a chronic disease with the inter-

action between the environment and its genes.1 BMI 
is the most convenient method to measure overweight 
and obesity. According to international classification 
for BMI, a normal range is >18.5 - <25, pre-obesity 
falls between >25 - <30  and obesity is considered 
when BMI is >30.2 According to Asian classification 
for BMI, a normal range is >18 and <23, pre-obesity 
falls between >23 and <25 and obesity is considered 
as when BMI > 25.3

As the prevalence rates for overweight and obesity 
are rising, so has the interest in its associated conse-
quences and its role with diabetes.4 The terminology 
‘diabesity’, is associated with the interrelationship 
between diabetes and obesity. This terminology was 
first coined in 1973 by Sims et al. The condition states 
a link between diabetes and obesity which leads to 
serious public health issue. The incidences of diabe-
tes and obesity are growing at the rapid rate which 
are mostly associated with sedentary lifestyle chang-
es and dietary habits. Patients who are overweight or 
obese leads to accumulation of fat near belly which 
leads to insulin resistance; thus putting a patient on 
the risk of diabetes development.5

 Prevalence of Diabesity

The prevalence of overweight and obesity has in-
creased rapidly in recent years. It is reported that by 
the year 2030, around 27.8% and 5% of Indians will 
be overweight and obese, respectively. It is also re-

ported that 20% of rural India will be either over-
weight or obese by 2030.5 Based on the demograph-
ics it is expected that 29.1% of men and 29.9% of 
women to be either overweight or obese by the year 
2030 in India.6 One of the major risk factors for di-
abetes is obesity i.e., Body mass index (BMI>30kg/
m2). Currently, 25.2 million adults are expected to 
have T2DM in India, which is expected to increase 
by 35.7 million by the year 2045. It is expected that 
60-90% of patients with diabetes are obese or over-
weight (BMI>25kg/m2).7

Pathophysiology of obesity and diabetes

Obesity is a major risk factor for development of 
type 2 diabetes mellitus (T2DM). Diabetes is char-
acterized by insulin resistance, insulin hyposecretion 
and hyperglycaemia. Sedentary life style and chang-
ing food habits are the main reasons for increasing 
incidence for obesity and diabetes. 7 Obesity induced 
diabetes is linked to three main hypotheses: 

a. The inflammation hypothesis –

It states that obesity represents a state of 
chronic inflammation. An excess of adipose 
tissue leads to increased number of pro-in-
flammatory cytokine which in turn leads to 
insulin resistance and T2DM. Adipose tissue 
macrophages (ATM) is considered as the ma-
jor reservoir of pro-inflammatory molecules 
in adipose tissue. Increased secretion of ad-
ipocyte derived inflammatory cytokine and 
fatty acids is linked with insulin sensitivity in 
patients with obesity.1

Diabetes and Obesity
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Figure 1: Showing inflammation hypothesis.

b. The lipid overflow hypothesis –

It mentions that obesity may result in in-
creased ectopic lipid stores i.e., lipids that 
accumulates outside the normal deposits, as 
example in liver, muscle, and pancreas. So, 
these ectopic lipids and metabolites may ex-
ert cytotoxic effects on liver and beta cells of 
pancreas thereby leading to impaired insulin 
secretion and glucose disposal.8

c. The adipokine hypothesis – 

Adipose tissue is not only a storage compart-
ment for triglycerides, but it also releases a 
wide range of factors (adipokines). Some of 
these molecules are involved in inflammato-
ry process, which results in metabolic impair-
ment of insulin target tissues  and eventually 
failure of insulin producing beta cells.8

Another possible pathophysiology liking 
diabetes and obesity is the co-relation with 
adiponectin. It is a novel fat protein which 
is secreted by the adipose tissue. Adiponec-
tin plasma levels are lower in obese patients 

which are predictive of T2DM. It is reported 
that adiponectin levels may be down regulat-
ed by weight gain. However, further studies 
are required for the molecular link between 
plasma levels of adiponectin and the patho-
genesis of obesity and diabetes.7,9

The other possible mechanism related to di-
abesity is with the role of leptin. Leptin is 
hormone which is responsible for controlling 
food intake as it has the anorexigenic effect 
on hypothalamus. The level of this hormone 
is increased in obese people. It has been re-
ported that consumption of hypercaloric food 
and high fat diet leads to mitochondrial dys-
function and endoplasmic reticulum stress 
in hypothalamus which not only leads to in-
crease levels of leptin but also insulin resis-
tance.1 

Consequences of Diabesity

Metabolic syndrome is common with patients of dia-
besity which constitutes a constellation of cardiovas-
cular risk factors like hypertension, hyperlipidaemia, 
abdominal obesity and insulin resistance.10 The pres-
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ence of metabolic syndrome directly correlates with 
T2DM. Diabesity is often related to T2DM compli-
cations like micro and macrovascular events (stroke, 
cardiovascular diseases), renal (nephropathy) or ocu-
lar disease (retinopathy) whereas obesity is related to 
myriad of chronic diseases like T2DM, hypertension 
hyperlipidaemia, stroke and other cancers. 1,11 Tan 
and his colleagues also reported that diabesity in-
creases the risk for cardiovascular complications like 
atherosclerosis, myocardial infarction and stroke.12

Sung and his colleagues have reported that  Non-al-
coholic fatty liver disease (NAFLD) disease is asso-
ciated with 30-40% of men and 15-20% of women 
in obese diabetic patients.13 Patients who have NA-
FLD may progress to Non-alcoholic steatohepatitis 
(NASH), which is characterized by liver inflamma-
tion and injury which leads to cirrhosis and hepato-
cellular carcinoma.4 The interaction and consequenc-
es between diabetes and obesity is shown in Figure 2.

Figure 2: Showing an interaction and consequences 
between obesity and diabetes.

Management of Diabesity

There is strong evidence to suggest that obesity man-
agement can delay the progression from prediabe-
tes to diabetes. ADA 2022 guidelines suggest that 
patients with T2DM who are overweight or obese 
have shown to improve glycaemic control with mod-

est and sustained weight loss. It also mentions that 
a weight loss of >5% with T2DM patients who are 
obese or weight have shown benefits with improved 
cardiovascular outcomes, improved blood glucose, 
minimize the use of oral hypoglycaemic drugs, im-
prove quality of life and co-morbidities.14

•	 Role of lifestyle interventions

Diet, physical activity and behavioural therapy are 
designed for patients who with T2DM are obese or 
overweight to achieve or maintain 5% weight loss. 
ADA recommends that such interventions for such 
patients. It includes high frequency of counselling 
sessions (>16 sessions in 6 months) which focus on 
physical activity, dietary changes, and behavioural 
strategies to achieve a 500-750 kcal/day energy defi-
cit. ADA also states that a short term dietary inter-
vention with very low calorie diets (800-1000 kcal/
day) should be prescribed to selected patients with 
close monitoring.14 

The Finnish diabetes prevention study (DPS) eval-
uated 522 middle aged overweight individuals with 
impaired glucose tolerance. It showed greater im-
provements in HbA1c and HDL to cholesterol ratio 
in individuals on intensive lifestyle intervention as 
compared to those on general dietary and exercise 
advice.15 

In an opened labelled, cluster randomized trial (Di-
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RECT), it was observed that participants in inter-
vention group lost more weight compared to con-
trol group (p<0.0001) and diabetes remission was 
achieved in 46% of participants in intervention group 
compared to 4% in the control group (odds ratio 19.7, 
95% CI 7.8-49.8; p<0.0001).16 

•	 Role of pharmacotherapy

Glucose lowering medication that cause weight loss 
such as (GLP-1 RAs) and sodium glucose cotransport 
2 inhibitors (SGLT2i), can be the preferred anti-dia-
betic agents in people with overweight or obesity.17 

GLP-1 RAs are effective treatment options for pa-
tients with T2DM. The agents like semaglutide, li-
raglutide etc, act by stimulating insulin secretion in 
hyperglycaemic states and supress glucagon secre-
tion. GLP-1 RA delay gastric emptying, decrease 
appetite and thus aid in weight reduction.18 With 
the growing evidence that glucagon like peptide – 1 
receptor agonists (GLP-1 RAs) are associated with 
weight loss; Davies et al, conducted a study to assess 
the safety and efficacy of semaglutide 2.4 mg once a 
week in adults with overweight or obesity and type 
2 diabetes. It was randomized, double blind, double 
dummy, placebo controlled, phase 3 trial. Patients 
were randomized in 1:1:1 fashion to subcutaneous 
(S.C.) injection of semaglutide 2.4mg, semaglutide 
1.0mg and placebo for 68 weeks. It was observed 
that HbA1c improved from baseline to 68 weeks in 
all the three randomized groups. HbA1c reduced by 
-1.6% with semaglutide 2.4 mg, -1.5 % with sema-
glutide 1.0mg and -0.4% with placebo. Further, it 
was observed that change in body weight from base-
line to 68 weeks was -9.6% (SE 0.4) with semaglu-
tide 2.4mg vs -3.4% (0.4) with placebo. Patients also 
showed improvement in the systolic blood pressure, 
physical functioning scores in semaglutide group.19

Similar results were obtained by Garvey et al and 
his colleagues. They conducted a study to evaluate 
efficacy and safety of liraglutide 3.0mg in individ-
uals with overweight or obesity with T2DM. At 56 
weeks, it was observed that mean weight reduction 
was -5.8% and -1.5% with liraglutide and placebo, 
respectively (95% CI -5-5; -3.2); p<0.0001. It was 
also observed that liraglutide participants showed 

significant reduction in mean HbA1c and mean 
daytime glucose values compared to placebo (95% 
CI -0.8; -0.3); p<0.0001.20 Parallel results were ob-
tained by a study conducted by Sunyer at al, and his 
colleagues where liraglutide 3.0mg with adjunct to 
diet and exercise was associated with reduced body 
weight and improved metabolic control. In the study, 
it was observed that liraglutide group had lost a mean 
weight of 8.4+7.3 kg of body weight vs 2.8+6.5 kg 
in placebo group (95% CI, -6.0 to -5.1; p<0.001).21

Glucose dependent insulinotropic polypeptide (GIP), 
is the main incretin hormone in healthy individuals. 
Its receptors are abundant in adipose tissues. Tirze-
patide is a dual GIP-GLP-1 receptor agonist. A study 
was conducted by Frias et al, to evaluate safety and 
efficacy of tirzepatide versus semaglutide once week-
ly in patients with type 2 diabetes. It was an open la-
belled, 40 weeks phase 3 trial. The participants were 
randomized into 1:1:1:1 ratio to receive tirzepatide at 
a dose of 5mg, 10mg, or 15 mg and semaglutide at a 
dose of 1mg. It was observed that mean HBA1c level 
reduction with tirzepatide at dose of 5mg, 10mg, and 
15mg was -2.01%, -2.24%, and -2.30%, respectively 
compared to -1.86% with semaglutide. It was also 
observed that at 40 weeks, the mean body weight 
reduction with tirzepatide at dose of 5mg, 10mg, 
and 15mg was -7.6kg, -9.3kg, -11.2 kg, respectively 
compared with -5.7kg with semaglutide.18

On the other hand, SGLT2i like canagliflozin, em-
pagliflozin etc., are approved drugs for the treatment 
of T2DM. This class of drug acts by causing urinary 
glucose excretion via inhibition of renal glucose ab-
sorption. It is also observed that SGLT2i cause a cal-
orie loss (4kcal/g of glucose). Thus, a glucose plus 
caloric loss made this group of drugs for evaluation 
of diabesity. Therefore, a study was conducted by 
Stenlof et al, to evaluate safety and efficacy of cana-
gliflozin in subjects with T2DM. Significant weight 
reduction was observed from baseline at week 26 
with canagliflozin 100mg, 300 mg when compared 
with placebo (p<0.001 for both canagliflozin doses). 
The percentage of body weight was -2.2% with cana-
gliflozin 100mg and -3.3% with canagliflozin 300 
mg dose. The study concluded that canagliflozin im-
proved glycaemic control and reduced body weight 
over 26 weeks in the participants.22
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Recently ADA, mentions that patients who have 
T2DM and overweight or obese, a moderate weight 
loss has shown to improve glycaemic control which 
reduces the need for oral hypoglycaemic agents.14

•	 Role of Bariatric surgery

Bariatric surgery has evolved as one of the powerful 
treatment that serves obesity and T2DM.3 ADA 2022 
guidelines recommend that metabolic surgery may 
be considered in patients as one of the treatment op-
tions for T2DM in adults who have a BMI 30.0-34.9 
kg/m2, who cannot achieve weight loss with nonsur-
gical methods.14

The various bariatric procedures like biliopancreatic 
diversion, Roux-en-Y gastric bypass and sleeve gas-
trectomy, etc, may help achieve significant weight 
loss and overall improve glycaemic control leading 
to T2DM remission. A meta-analysis of eleven ran-
domised clinical trials (RCT’s) reported bariatric 
surgery was associated with weight loss and high-
er remission rates of T2DM.  Similar results were 
observed in another RCT where obese patients 
(BMI>35kg/m2) with T2DM demonstrated superior 
efficacy of bariatric surgery by reducing weight and 
glucose levels.23

A study was conducted by Schauer et al, on 150 
obese patients to evaluate the outcome of bariatric 
surgery versus medical therapy for T2DM patients. 
It was observed that median levels of fasting plas-
ma glucose was significantly lower in surgical group 
compared to medical therapy group (p<0.01) with 
more decreased levels of HbA1c levels in the surgi-
cal group.24

Conclusion

Diabesity, a term which is used to describe the com-
bined effect of diabetes and obesity. The incidences 
for diabesity are growing at a rapid rate. The con-
sequences of diabesity may lead to constellation of 
problems like hypertension, hyperlipidaemia, stroke, 
etc. ADA recommends a meaningful weight loss of 
>5% with the use of GLP-1/SGLT2i and physical 
activity for patients who are obese or overweight 
with diabetes. ADA also recommends that metabol-
ic surgery may be considered in patients as one of 

the treatment options for T2DM in adults who have 
a BMI 30.0-34.9 kg/m2, who cannot achieve weight 
loss and improvement in comorbidities with nonsur-
gical methods.
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Type 1 Diabetes  Mellitus:
Changing Patterns of Incidence 

Arundhati Dasgupta

INTRODUCTION

The epidemiology of Type 1 diabetes mellitus 
(T1DM) is heterogeneous regarding geogra-
phy and ethnicity. However across the globe, 

Type 1 diabetes had a stable and relatively low inci-
dence during the first half of the 20th century, which 
was followed by a clear increase in incidence after the 
middle of the century. The overall pattern has been 
one of linear increase, with some evidence of a stable 
plateau in some high-incidence populations and of a 
catch-up phenomenon in some low-incidence areas.
Genetic predispositionto T1DMcan explain the geo-
graphic variability in T1DM occurrence partially, but 
cannot account for its rapidly increasing frequency. 
Many attempts have been made to explain this rise of 
childhood type 1 diabetes. A common starting point 
has been the assumption that something new has en-
tered the childhood environment or that protective 
factors have been lost from the childhood environ-
ment either or both of which has had substantial im-
pact in the incidence rates of Type 1 DM.

THE INCIDENCE TRENDS OF TYPE 1 DIA-
BETES

I. INCIDENCE TRENDS TIll 1851- If we look 
at the literature before the discovery of insulin, till 
1851, diagnosis of diabetes was based on the taste 
of the urine, which understandably curbed the enthu-
siasm of screening. Improved access to urine tests 
probably accounts for the increased frequency of di-
agnosis from 1885 onwards. 

In the absence of epidemiological studies, the only 
sources available to understand the incidence of the 

disease are clinic series and mortality statistics. The 
reported death rate from diabetes for children under 
15 years of age was 1.3/100,000/year in the U.S. in 
1890, as compared with 3.1/100,000/year in 1920 
.1The ascending reported mortality rates were proba-
bly due to greater awareness and detection of thecon-
dition. Similar patterns were found from Denmark 
(estimates rounded to 2/100,000/year under age 15 
years for 1905– 1909 and 4/100,000/year for 1915–
1919)2.and Norway (an incidence rising from 2 to 
7/100,000/year over the period 1900–1920).3

II. INCIDENCE BETWEEN 1920 AND 1970 -The 
U.S. National Health Survey of 1935–1936reported 
a rate of 0.35/1,000 for boys and 0.41/1,000 for girls 
diabetes for the age-group under 15 years4. In con-
trast, US National Health Interview Surveys under-
taken later in the century gave prevalence figures of 
1.30 and 1.60/1,000 under age 16 years for 1973 and 
1976, respectively, with rates (this time up to age 18 
years) of 1.30 for both sexes for 1979–1981 and 1.20 
for 1989–1992.5 

A steep rise in the incidence of childhood diabetes 
was reported from many populations over the lat-
ter part of the century. The 1925–1964Oslo survey 
found that the incidence rate increased from 4.1 cas-
es/100,000/year to 8.4/100,000/year over the period 
1955–1964.6 Regression analysis of a Danish nation-
al conscript study showed that the incidence of dia-
betes doubled over a30-year period from the 1950s, 
apparently reaching a plateau in the late 1970s 7 An-
other study from Netherlands found an average risk 
increase of 4.4% for every annualcohort of 18-year-
old conscripts over the period 1960–1970.8
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III. INCIDENCE FROM 1970 TO 2019- Data 
from Finland over the period 1965–1984 showed 
a 2.4% year-on-year increase. 9 Data from UK in 
1946, 1958 and 1970 saw a rise in the  prevalence 
from 0.1 to 0.6 to1.3/1,000, respectively.10 The Er-
ieCounty Study from the US  over theperiod 1946–
1961 reported a rising trend over the years from 
6.6/100,000/year in 1950–1952 to 7.4 in 1953–1955 
and  10.6 in 1956–1958, and 11.3 in 1959–1961. 11 

A systematic review noted a significant rise in in-
cidence over 1960–1996 in 24 of37 longitudinal 
studies from 27 countries. The average annual in-
crease was 3.0% (95% CI 2.6–3.3) and extrapola-
tion of these data indicated that the global incidence 
was expected to increase by 40% over the period 
1998–2010. 12

Data extracted from 193 articles published between 
1990 and 2019showed that the incidence of type 1 
diabetes in continental subgroups (Asia, Africa, Eu-
rope, and America) was 15 per 100 000, 8 per 100 
000, 15 per 100 000 and 20 per 100000, respective-
ly. The global prevalence of continental subtypes of 
type 1 diabetes in the above regions was 6.9 per 10 
000, 3.5 per 10 000, and 12.2 per 10 000, respec-
tively.13

IV. INCIDENCE IN THE 21ST CENTURY - In a 
systematic review the incidence of adult-onset T1D 
in adulthood was found to be substantial with low-
est incidence in Asian and highest incidence in Nor-
dic countries and a male predominance pattern .14

DATA FROM INDIA 

The reported prevalence of juvenile diabetes be-
tween 1964 and 1989 was <1% to 3.61%.15 A dia-
betes registry report from Chennai found the inci-
dence of type 1 DM found to be 12.6 and 9.6 per 
100 000 boys and girls per year, between 1991-94 
while Karnataka reported an incidence of 3.7 and 
4.0 per 100 000 boys and girls respectively over 13  
year.16  A hospital-based study in Haryana reported 
an overall prevalence of 10.2 per 100 000 popula-
tion with a marked urban -rural difference of 26.6 
per 100 000 in rural vs 4.27 per 100 000 population 
in urban areas 17 . 

THE GLOBAL VARIATION IN INCIDENCE 
RATES:

The range of global variation in the incidence 
of childhood type 1 which appears to follow an 
ethnic and racial distribution was highlighted by 
a study which reported a >350-fold variation in 
the incidence among 100 populations world wide. 
The reported overall age-adjusted incidence of 
type 1 diabetes varied from 0.1/100,000 per year 
in China and Venezuela to 36.8/100,000 per year 
in Sardinia and 36.5/100,000 per year in Finland. 
Very high incidence (> or =20/ 100,000 per year) 
was noted in countries like Sardinia, Finland, 
Sweden, Norway Portugal, the U.K., Canada, and 
New Zealand.18 In the review by Mobasseri M et 
alI the incidence in the African continent, the inci-
dence was found to be almost half than the Asian 
continent while the Eupean continent had similar 
incidence but higher prevalence rate compared to 
the Asian continent. Among all the continents, the 
incidence of type 1 DM was found to be highest 
in the American continent with 20 per 100 000 
population.13

INCREASE IN INCIDENCE OF TYPE 1 DM 
DURING COVID PANDEMIC ?

A Romanian study  observed an increase in the 
incidence rate of type 1 diabetes by 16.9 % in 
the first year of the COVID-19 pandemic from 
11.4/100,000 in 2019 to 13.3/100,000 in 2020, 
which was much higher compared to the 5.1% 
reported  in the period 1996–2015 and 0.8% re-
ported in theinterval 2015–2019.19 Another study 
in  London during the peak of COVID-19 pan-
demic from 2020 found an increase in incidence 
of 80% compared to a typical year.20 All these data 
suggest that SARS-CoV-2 could have a role in 
triggering pancreatic auto immunity. To confirm 
this, however, collecting information from larger 
populations from different geographical regions, 
monitoring the incidence curves over a period of 
several years, and gathering background informa-
tion on COVID-19 and/or data on COVID-19 spe-
cific antibodies are needed.
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WHY IS THE INCIDENCE OF TYPE1 DM IN-
CREASING ?

In the understanding of why Type 1 diabetes has 
become more common in the 20th century it is im-
portant to answer some questions - When and where 
did the increase begin? Can we identify an overall 
pattern to the increase? What role do environmental 
factors have in this increasing trend? The changing 
demography of childhood diabetes has changed the 
way that we look at the disease today. An ascending 
rate of incidence within a genetically stable popula-
tion indicates the role of non genetic factors. This 
has brought forward the concept that the influence of 
genes in the incidence of T1DM is relative to pop-
ulation, time and place. A better understanding of 
these factors that have brought about this historical 
change can help take measures which can potential-
ly reduce T1DM by rational forms of intervention, 
which when introduced at the stage of development 
may prove effective. There is evidence that a number 
of environmental factors contribute to the increasing 
incidence of T1DM

A. ECOlOGICAl FACTORS-

Many studies from Europe and North America have 
shown a north south gradient in the incidence of Type 
1 diabetes which indicated an association of climate. 
Factors implicated include low ambient temperature, 
cloud cover reduced hours of sunshine and lack of 
vitamin D.21 An inverse relation with distance from 
the sea has also been noted in some studies . As most 
heavy industries and the thick population densities 
are located proximal to the sea, pollution could help 
explain this correlation.22

B. SOCIOECONOMIC STATUS -

An association between high socioeconomic status 
and T1DM risk has also been suggested which could 
be because of varied factors like diet, decreased mi-
crobial exposure in early life and different degrees of 
exposure to pollutants.23

C. AIR POllUTION -

Exposure to ozone , sulfate, nitrogen oxides and 
particulate matter < 10 μm in diameter present in 

the ambient air, both in utero and early childhood 
have been individually associated with oxidative 
stress, subclinical inflammation and apoptosis 
which could be factors leading to their association 
with increased incidence of  T1DM .24 ,25

D. OTHER POllUTANTS-

Bisphenol A in plastics (causing endoplasmic retic-
ulum stress and insulitis.), 2, 4 dichlorophenoxya-
cetic acid, heavy metals, (causing alteration of 
TH1/TH2 balance), inorganic mercury (causing ox-
idative stress and cytotoxicity)and noise pollution 
have been linked to T1DM risk.26 

E. EARlY lIFE FACTORS -

Caesarian Section and the consequent lack of ex-
posure of the foetus to the maternal flora, has been 
one of the factors associated with increased risk of 
T1DM .27 Though data has found no association be-
tween cow’s milk and the development of islet auto-
immunity but many studies have shown a protective 
effect of breastfeeding which could be mediated by 
its effects on the gut microbiotaepithelial and im-
mune cell responses.28 .The role of gluten in diet 
has been controversial with some studies claiming 
and others refuting an association with Type 1 DM. 
High consumption of nitrosamines (found in pro-
cessed meats) has been reported to increase the risk 
of  T1DM via the modulation of the gut microbi-
ome.29

F. MICROBIAl HYPOTHESIS-

According to the “hygiene hypothesis” a lack of 
microbial exposure in infancy and early childhood 
predisposes to T1DM. On similar lines the ‘old 
friends’ hypothesis also proposes a dependence of 
the human immune system on microbes present at 
the time of its evolution. Exposure to five or more 
antibiotic prescriptions in the first 2 years of life 
has been associated with increased risk of Type 1 
DM.30 Conversely certain bacteria have been found 
to disrupt the gut barrier and cause increased anti-
genic presentation to the immune system there by 
accelerating insulinitis and preceding T1DM.31
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G. lIFESTYlE FACTORS-

The role of lifestyle in the pathogenesis of Type 1 
DM has been stressed by the accelerator hypothesis, 
which proposes that increased adiposity and the as-
sociated insulin resistance results in hyperglycaemia, 
accelerated beta-cell apoptosis (glucotoxicity) and 
autoimmune destruction of hyper functioning β-cells 
in predisposed individuals.32 Hypercholesterolemia 
has also been found to predispose to Th1 response 
and promote β-cell death by oxidative stress and 
apoptosis . 

H. ROlE OF NATURAl SElECTION:

The role of natural selection and life expectancy at 
birth in the increasing prevalence of T1DM globally 
has been studied. The reproduction success of each 
population has been proposed to play a role in de-
termining the magnitude of T1D genes accumulation 
and there by affecting the prevalence rate of patients 
with T1D in the subsequent generations.33

CONClUSION

The implications of the changing demography of type 
1diabetes mellitus are considerable. The ontogeny of 
the immune response in early childhood is changing 
such that multiple potentially harmful environmental 
factors are eliciting exaggerated immune responses 
in the subpopulation of genetically susceptible chil-
dren. It is important to understand the changing pat-
tern of type 1DM which was  once thought to be a 
rare disease and is now assuming a pandemic pattern 
with rising (albeit heterogenous) incidences reported 
from across the globe. The burden of Type 1 DM also 
needs to be assessed and understood at the popula-
tion level for identifying the at risk sub groups and 
for planning adequate health care delivery systems.
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NAFLD: 
Have We Ignored so Far

Amritangsu Borkakoty

One forth of world’s population is suffering 
from fatty liver disease (NAFLD). Some of 
them develops the aggressive form of the 

disease- NASH which then progresses to cirrhosis of 
liver and liver cancer (HCC). The histological spec-
trum of nonalcoholic fatty liver disease (NAFLD) 
ranges from simple steatosis or nonalcoholic fat-
ty liver (NAFL) to nonalcoholic steatohepatitis 
(NASH), NASH-related cirrhosis and hepatocel-
lular carcinoma (HCC). Although both NAFL 
and NASH are characterised by hepatic steatosis, 
NASH additionally requires the presence of in-
flammation with hepatocyte ballooning degenera-
tion with or without fibrosis. Traditional concepts 
envisage NAFL to be benign, with NASH being the 
progressive form  of the disease with increased liv-
er-related and cardiovascular morbidity and mor-
tality.

DISTINGUISHING NAFl FROM NASH

Although emerging evidence suggests that the spec-
trum of NAFLD is more dynamic than that of 
NAFL and NASH, this distinction has been con-
sidered prognostically important, with NAFL be-
ing considered to be the more indolent form with a 
low risk of progression to cirrhosis. Up to a third 
of patients with NAFLD present with nonspecific 
complaints, and as such these are not helpful in dif-
ferentiating NAFL from NASH. The risk of NASH 
is increased in advanced age (>45 years), male sex 
and patients with multiple metabolic syndrome risk 
factors including diabetes, hypertension, obesity 
and dyslipidemia. Transaminases have a poor cor-
relation with histologic severity and do not totally 

differentiate between NAFL and NASH. 

Liver biopsy thus remains the only method for dif-
ferentiating NASH from NAFL. However, biop-
sies sample <1 of 50,000 of the total liver volume. 
Histologic features of NASH may not be evenly 
distributed throughout the liver parenchyma. High 
sampling variability was demonstrated in a study 
that looked at the agreement between paired biop-
sies in patients with NAFLD.  Moreover, biopsy 
interpretation is affected by observer bias and is in-
fluenced by the experience of the histopathologist. 
Various histologic scoring systems have been sug-
gested for standardizing biopsy interpretation. 

Currently, two semiquantitative, validated scoring 
systems are widely used and include the sponsored 
NASH Clinical Research Network (CRN) system 
and the steatosis-activity-fibrosis (SAF) score . The 
NASH CRN system includes a NAFLD activity 
score (NAS) comprising an amalgamation of bal-
looning, lobular inflammation and steatosis scores 
ranging from 0 to 8 points and a separate fibrosis 
score ranging from 0 to 4.

COMPOSITION OF THE STEATOTIC lIVER: 
MORE THAN WHAT MEETS THE EYE

Exciting new evidence is emerging about the vary-
ing hepatotoxic potential of different intrahepato-
cytic lipids. The predominant lipid that accumu-
lates in hepatic steatosis is triglycerides. So far, 
much of the clinical attention has been focused 
on triglycerides as they are abundant and are 
easy to be quantified using imaging or histologi-
cal techniques. However, triglycerides per se are 
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not hepatotoxic. As such, their role is protective, 
and they provide a buffer against toxic fat. They 
allow lipids to be stored in an inert form as op-
posed to metabolically active, toxic forms.  This 
has been demonstrated in several animal models. 
There is no difference in the triglyceride content 
between NAFL and NASH. The candidate toxic 
lipids include fatty acids, lipophosphatidylcholine, 
ceramides and cholesterol. In the future, manage-
ment strategies may switch from focusing on de-
creasing hepatic steatosis to increasing inert depots 
while reducing true lipotoxic exposure. The exact 
reasons for some patients to have NAFL and for 
others to progress on to NASH are not clear but 
are dependent on the prevalence of metabolic risk 
factors in these patients. Inter-individual and inter-
ethnic differences in the severity and progression 
of liver disease among patients with NAFLD also 
suggest the involvement of genetic factors in their 
pathogenesis. Several studies have shown associa-
tion of NAFLD with I148M patatin-like phospho-
lipase domain containing 3 gene (PNPLA3) and 
transmembrane 6 superfamily 2 gene variants. In 
addition to the higher prevalence of hepatic steato-
sis, the I148M PNPLA3 variant is also associated 
with severity of liver disease including the risk of 
NASH, fibrosis and HCC.

PREVAlENCE OF NAFl

The global prevalence of NAFLD is around 25%. 
The prevalence of NAFLD in India in various stud-
ies ranges from 9% to 53%. However, there are 
limited data on the prevalence of NAFL as biopsy is 
required for differentiating NAFL from NASH. An 
analysis of the National Health and Nutrition Ex-
amination Survey III database reported the prev-
alence of NAFLD in the United States as 18.8% 
and NASH as 2.6%. Thus, we can infer that the prev-
alence of NAFL was 16.2%. However, it should 
be noted that in this study, NASH was defined by 
the presence of elevated liver enzymes in the pres-
ence of diabetes or insulin resistance. A study from 
the Brooke Army Medical Centre showed a prev-
alence of 66.4% for NAFL on biopsy of patients 
having ultrasonographic evidence of fatty liver. Of 
38 patients with biopsy-proven NAFLD in an In-
dian study, NAFL (type 1 and type 2 NAFLD 

according to Matteoni et al) was present in 47% 
patients. A similar prevalence of 45% for NAFL 
(type 1 and type 2 NAFLD according to Matteoni et 
al) was demonstrated among 51 patients with biop-
sy-proven NAFLD and transaminitis in another 
hospital-based study from North India. Among 573 
potential liver donors with preoperative biopsies at 
an Indian center, NAFL was detected in 49.2% pa-
tients. The presence                 of metabolic risk factors was 
a significant predictor of NAFL. 

NATURAl HISTORY OF NAFl: EVOlVING 
CONCEPTS AND SUPPORTING EVIDENCE

Knowledge about the natural history of simple ste-
atosis or NAFL is still evolving. Simple steatosis is 
a benign, nonprogressive condition that does not 
increase overall or liver-related mortality, whereas 
NASH is progressive with marked increase in liv-
er-related mortality owing to cirrhosis or HCC. How- 
ever, emerging data are challenging the long-lasting 
beliefs that NAFL is completely benign with no clin-
ical sequelae and that NASH alone is prognostically 
and clinically relevant. These data come from two 
types of studies: serial liver biopsy studies and lon-
gitudinal follow-up studies. The former provides 
important information about histologic disease pro-
gression from which we can deduce the evolution of 
NAFL and NASH and the rate of fibrosis progres-
sion. Longitudinal follow-up of defined patient co-
horts reports on the clinical course of the disease 
that helps study the risk of clinically relevant out-
comes and prognosis.

HISTOlOGIC DISEASE PROGRESSION IN 
NAFl

In a prospective hospital-based cohort of 52 pa-
tients with biopsy-proven NAFLD, liver biopsies 
were repeated after 3 years. Among 13 patients with 
simple steatosis at baseline, repeat biopsies revealed 
normal biopsies in 2 (15%), simple steatosis in 3 
(23%) and progression to borderline NASH and 
NASH in 5 (39%) and 3 (23%), respectively. On 
multivariate analysis, reduction in the body mass 
index and waist circumference were independent-
ly associated with nonprogressive disease activity 
(NAS) and fibrosis. This study provided an early 
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insight that simple steatosis can progress to NASH 
with worsening fibrosis and that weight reduction 
may be predictive of nonprogression. The Liver In-
jury in Diabetes and Obesity study group system-
atically reviewed 70 patients with untreated NA-
FLD, with serial liver biopsies performed more 
than 1 year apart. Twenty- five patients had NAFL 
at baseline. Among them, 16 developed NASH, 8 
had severe ballooning and 6 developed bridging 
fibrosis on repeat biopsies at a mean follow-up of 
3 years. Patients with unambiguous disease progres-
sion were older and had worse baseline or wors-
ening metabolic parameters (weight and diabetes) 
on follow-up. The study also revealed that presence 
of even mild lobular inflammation or any degree 
of fibrosis significantly increased the risk of dis-
ease progression. In a study evaluating the useful-
ness of the NAS in predicting fibrosis progression, 
64 patients with NAFLD, with repeat biopsies at a 
mean interval of 13.8, 1.2 years, were analyzed. Of 
45% patients with ‘no NASH’ (NAS < 4) at baseline, 
fibrosis progression was seen in 18%. Intriguing-
ly, on multivariate analysis, it was found that the 
NAS was not predictive of fibrosis progression. 
A systematic review and meta- analysis of paired 
biopsies from 11 cohort studies comprising 411 
patients with histologically confirmed NAFLD 
(150 with NAFL and 261 with NASH) with more 
than 2145.5 person-years of follow-up provided in-
teresting insights into the dynamic nature of the 
natural history of NAFLD. Overall, fibrosis pro-
gressed in 33.6% of patients, whereas it remained 
stable in 43.1% and improved in 22.3% of patients. 
The mean fibrosis progression rate in patients with 
NAFL was 0.07 stages per annum compared with 
0.14 stages per annum in patients with NASH. 
This corresponds to fibrosis progression by 1 stage 
in approx.14 years in NAFL and 7 years in NASH. 
Intriguingly, irrespective of the presence of NAFL 
or NASH on baseline biopsy, 20% patients, with 
no fibrosis at baseline, progressed relatively rapidly 
to advanced stage 3/4 fibrosis (rapid progressors), 
whereas 80% patients were slow progressors, with 
little or no progression in fibrosis. These findings 
were further corroborated in another cohort of 
108 histologically characterized patients with NA-
FLD who underwent repeat liver biopsy at a median 

interval of 6.6 (1.3–22.6) years. Fibrosis progression 
was observed in 42% patients, whereas it remained 
stable in 40% and regressed in 18%. No significant 
difference in the proportion of fibrosis progressors 
was seen between patients with NAFL and NASH 
on baseline biopsy (37% vs. 43%, respectively). The 
development of diabetes was a clinical clue of ag-
gressive disease with 80% of patients with NAFL and 
progression of fibrosis having developed diabetes 
by the time of second biopsy compared with 25% of 
nonprogressors.

ClINICAl OUTCOMES OF NAFl

A cohort of 129 patients with biopsy-proven NAFLD 
was followed up for 13.7 ±1.3 years, and their clin-
ical outcomes were compared with a matched refer-
ence population. Survival of patients with NASH 
was significantly less than that of the reference pop-
ulation. But simple steatosis was not associated with 
increased mortality. None of the 58 patients with 
simple steatosis developed liver- related complica-
tions on follow-up. Development of type 2 diabe-
tes mellitus was significantly more common in pa-
tients with NASH (71%) than in those with simple 
steatosis (46%). Manifested cardiovascular disease 
on follow-up was also significantly more common 
in patients with NASH (29%) than in those with-
out it (9%). In a Swedish cohort of 118 patients with 
biopsy-proven NAFLD (67 with NAFL and 51 with 
NASH as per NASH CRN criteria), NASH was as-
sociated with a significantly increased mortality 
risk compared with the Swedish general population 
(risk ratio [RR] = 1.86, p = 0.007), while a trend to-
wards increased risk was seen in those with NAFL 
(RR = 1.55, p = 0.06) over a follow-up period of 
28 years. However, no significant difference in liv-
er-related or overall mortality was seen be- tween 
NAFL and NASH. Importantly, nonsurvivors were 
more likely to have F3 fibrosis. In an American co-
hort of 173 patients with NAFLD (41.6% NASH and 
58.4% non- NASH NAFLD), no difference was seen 
between the sub- groups with respect to age at the 
time of biopsy, transaminase levels, diabetes and the 
body mass index. During follow-up (maximum 28.5 
years), liver-related mortality emerged as the third 
most common cause of death (pre- ceded by cardiac 
causes and malignancy) in the whole cohort. Overall 
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mortality was not different between the NAFLD sub-
types. However, liver-related mortality was higher in 
patients with NASH than in those with non- NASH 
NAFLD (hazard ratio [HR] = 13.9, p = 0.004). In 
this cohort of patients with NAFLD too, presence of 
diabetes mellitus indicated a poorer prognosis, with 
increased risk of both overall and liver-related mor-
tality (HR = 2.7 and 6.7, respectively). A meta-anal-
ysis of 40 articles on the natural history of NAFLD 
confirmed the increased risk of diabetes and mortal-
ity in NAFLD. Compared with NAFL, NASH was 
associated with a higher overall and liver-related 
mortality (odds ratio [OR]: 1.8 and 5.7, respective-
ly). However, cardiovascular mortality in NASH was 
not significantly different from NAFL (OR: 0.91). 
Although occurrence of HCC is more common in 
patients with fibrotic NASH and NASH-related cir-
rhosis, the recent literature suggests the development 
of HCC even in patients with NAFL, without any 
evidence of fibrosis. In reference to extrahepatic 
manifestations, as mentioned earlier, cardiovascular 
disease and development of type 2 diabetes melli-
tus on follow-up is more common in patients with 
NASH than in those without it. In a cohort of liv-
er donors with preoperative biopsies, no difference 
in estimated glomerular filtration rates or protein-
uria was noted between patients with biopsy-proven 
NAFL (n = 187) and patients with normal histology 
(n = 188). No difference in diabetes and hypertension 
was observed between the two groups. On the oth-
er hand, we observed that around one-third of pa-
tients with NAFLD have impaired renal functions 
and the prevalence of impaired renal function in pa-
tients with NAFLD was dependent on the severity of 
liver disease and presence of diabetes mellitus. Of 
the other extrahepatic manifestations, significant 
hepatic fibrosis in patients with NAFLD has been 
shown to be related to obstructive sleep apnoea, in-
dependent of obesity and metabolic syndrome. 

DYNAMIC MODEl OF NAFlD

It is clear that although in some patients, NAFL can 
progress to NASH and advanced fibrosis, NASH can 
also regress to NAFL over time. Thus, the presence 
of NAFL or NASH on baseline histologic examina-
tion provides little overall prognostic information, 
although patients with NAFL may be at the lowest 

risk of progression. Current concepts suggest a dy-
namic cycling between NAFL and NASH in the early 
stage of NAFLD. Among patients developing some 
hepatic fibrosis, 80% exhibit slow progression 
that is not likely to progress beyond mild (F0–F2) 
fibrosis. However, rapid progression of fibrosis to 
F3/F4 in few years is seen in approximately 20% 
patients. Relatively advanced stages of fibrosis 
seen in NASH (compared with NAFL) may be 
explained by a longer duration of disease and the 
observation that NASH is usually preceded by ste-
atosis. Lending credence to the explanation, in a 
recent study, patients with NASH were found to be 
older than those with NAFL by 9 years. The focus 
should now centre on the correct and timely identi-
fcation of the relatively small cohort of rapid pro-
gressors. Diabetes mellitus appears to be a major 
risk factor for rapid progression. 

RElEVANCE OF DIFFERENTIATING NAFl 
FROM NASH IN lIGHT OF CURRENT EVI-
DENCE

NAFLD may be considered as a clinicopatholog-
ical spectrum with differential subtypes with dif-
ferential potential for progression. NAFL or sim-
ple steatosis should not be perceived as completely 
innocuous or simple. Longitudinal histological data 
suggest that NAFL can progress to NASH and severe 
fibrosis, with progression being influenced by wors-
ening metabolic risk factors and presence of fibrosis 
at baseline. Clinical progression to end-stage liver 
disease, liver-related mortality and overall mortal-
ity is worse in NASH than in NAFL. However, risk 
of cardiovascular mortality remains the same. Al-
though much remains unanswered about the natu-
ral history of NAFL, the presence of diabetes mel-
litus has consistently been found to be a harbinger 
of poorer outcomes. Current concepts suggest the 
presence of a dynamic bidirectional cycling be-
tween NAFL and NASH, with slow progression 
of fibrosis in majority of the patients. Ultimately, 
it is not the distinction between NAFL and NASH 
but the onset of progressive fibrosis that is the key 
determinant of NAFLD outcomes.
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Adipocytokines: Their Role 
in Metabolic Syndrome

B C Kalita
Malisetty Sreenivas Sai

INTRODUCTION

The currently evolving prevalence of global 
obesity is the major cause of metabolic diseas-
es, especially, Diabetes, cardiovascular diseas-

es, HTN, non alcoholicsteatohepatitis. Adipose tis-
sue is widely being recognized as one of the largest 
endocrine organs in the body producing number of 
bioactive substances that have local as well as dis-
tant actions causing major significant changes in the 
respective organ functioning system and its health. 
Most adipocytokines are proinflammatory , and are 
proved to play a major pathogenic role in complicat-
ing metabolic syndrome. In contrast, there are anti 
inflammatory cytokines secreted by the adipocytes 
that are protective against 
atherosclerosis, insulin 
resistance.   It is the dys-
regulation between these 
two types of adipocyto-
kines that causes devel-
opment of complications 
in metabolic syndrome. 
Current article focuses on 
the pathophysiological 
role of adipocytokinesin 
metabolic syndrome and 
its adverse outcomes in 
the long term, eventually 
paving way for new re-
search therapeutic strate-
gies targeting these mol-
ecules.

The prevalence of metabolic syndrome varies around 
the world with the highest among Native Americans, 
with an age adjusted 53% of women and 45% of men 

meeting the criteria of NCEP:ATPIII1 . Prevalence of 
metabolic syndrome in India has been documented to 
be from 11% -41% across the country with numerous 
socio-cultural variables2. Rather than the total amount 
of fat, central distribution of adipose tissue is very 
important in the pathophysiology of metabolic syn-
drome. Many studies have demonstrated, visceral fat 
area, determined by CT, correlates significantly with 
glucose intolerance and dyslipidemia. Thus visceral 
fat obesity has greater association with insulin resis-
tance and development of coronary artery disease in 
metabolic syndrome than subcutaneous fat.3,4,5

ADIPOCYTOKINES IN HEAlTH AND DIS-
EASE:

(Image courtesy: F. Lago, R. Gómez, J. Conde, M. 
Scotece, C. Diéguez, O. Gualillo)

Chapter 7
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CONCEPT OF ADIPOCYTOKINES:

20% of genes in subcutaneous adipose tissue and 
30% of genes in visceral adipose tissue encodes for 
adipocytokine secretion.6  Following  are the catego-
ries of adipocyte secreted proteins7

HORMONES Leptin, Resistin, Angiotensinogen, 
Adiponectin, 
Estrogen, Visfatin, Angiopoietin  4.

CYTOKINES IL-1,6,8, MCP-1, IFN-gamma, 
TNF alpha

ECM PRO-
TEINS

 Various subtypes of collagen alpha 
1, MMPs, Fibronectin, Osteonec-
tin, Laminins, Thrombospondin 1, 
2.

C O M P L E -
MENT FAC-
TORS

C3, Adipsin

ENZYMES Cholesterol esters transfer proteins, 
aromatase, 11 beta HSD -1

OTHERS Prostacyclins, Pro thrombin acti-
vator Inhibitor-1 (PAI-1)

The concept of adipocytokines is rapidly emerg-
ing branch of research promising to show positive 
associations of these molecules in the pathogenesis 
of metabolic syndrome. Understanding these bioac-
tive substances help in formulating new therapeutic 
strategies in preventing the morbid role of obesity. 
This article briefly discusses about the role of various 
adipocytokines in establishing the disease process in 
metabolic syndrome.

TNF- α

This proinflammatoryadipocytokine stimulates the 
production of IL-6, IL-8 both related to the obesity 
and insulin resistance8,9genetic blockade of TNF-α 
action can restore insulin sensitivity in vitro and in 
vivo 

Thus, TNF-α production appears to contribute to 
the pathogenesis of rodent obesity-induced insulin 
resistance. mounting evidence suggests that human 
obesity promotes a state of chronic, low-grade in-
flammation that contributes to insulin resistance and 
T2D. Taken together, TNF-α and/or its mechanisms 
of action might serve as a therapeutic targets to treat 

disorders associated with chronic inflammation, im-
paired glucose tolerance and dyslipidemia.Obesi-
ty-related insulin resistance has recently been linked 
to oxidative stress and organelle dysfunction, i.e. 
mitochondrial dysfunction and endoplasmic reticu-
lum (ER) stress.These are all features that can also 
be induced by TNF-α and which have been linked to 
activation of the JNK or NF-κB pathways 

Il-6

This cytokine has a positive association with insulin 
resistance and is predictive of type2 diabetes melli-
tus and MI.10,11 This cytokine is increased in obese 
persons and decreases with weight loss and caused 
reduction in secretion of adiponectins, an anti in-
flammatory cytokine that promotes insulin sensitivi-
ty.Recent evidences show that IL-6 has pro coagulant 
effects and induces insulin resistance and CRP lev-
els, promoting cardiovascular risk12,13,14

ANGIOTENSINOGEN – I

Main source of angiotensinogen is liver followed by 
adipocytes. Many evidences link central obesity to 
Renin Angiotensinogen System. In humans, a homo-
zygous mutation of the ACE gene allele at intron was 
associated with an age related greater prevalence of 
abdominal adiposity and tendency to develop over-
weight and hypertension.15 These observations, ex-
plain, at least in part, the higher prevalence of HTN 
in subjects of Metabolic syndrome.

RESISTIN

This polypeptide is expressed from human adipose 
tissue and was more often detected in morbidly obese 
subjects than in normal controls16 .Possible addition-
al effects of resistin resulted from invitro studies, in 
which, recombinant resistin was shown to directly 
activate cultured human endothelial cells, promoting 
endothelin release and upregulation of adhesion mol-
ecules.

lEPTIN

This is a product of ob gene, expressed essentially 
in adipocytes.Leptin deficit mice (ob/0b) exhibits 
hyperphagia, obesity, hypercortisolemia, infertility, 
DMwhich are reversed by leptin replacement inde-
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pendent of body weight.Leptin enhances peripheral 
utilization of glucose, preventing insulin hypersecre-
tionChronic leptin treatment improved glucose me-
tabolism, insulin sensitivity and hepatic steatosis in 
insulin resistant lipodystrophic patients17,18.

PAI-I

The fibrinolytic system is controlled mostly by PAI-I 
activity through inhibition of endogenous fibrinoly-
sis modulator tissue plasminogen activator and uroki-
nase plasminogen activator19. Major sources are liver, 
endothelial cells but adi[pocytes also participate in 
secretion. PAI-I activity is strongly related to BMI, 
triglyceride levels and insulin levels and abdominal 
fat accumulation. Other evidences shows importance 
of PAI-I reduction of 15-30% in MI had better prog-
nosis20,conversely high levels of PAI-I increased the 
risk of cardiovascular events21

VISFATIN

Visfatin is a novel adipokine which is abundantly 
expressed in visceral fats. It elicits insulomimetic 
actions, and consequently its plasma level is close-
ly associated with many metabolic diseases includ-
ing obesity, diabetes mellitus and PCOS. Given that 
many of the metabolic diseases are major risk factors 
and contributors to increased morbidity and mortality 
from cardiovascular disease (CVD)22 further investi-
gation of visfatin with regards to its implication and 
therapeutic target potentials in cardiovascular–met-
abolic disorders is warranted. Obviously, the role of 
serum visfatin in metabolic diseases remains debat-
able. Nevertheless, controversial studies do not rule 
out the possibility of an association between visfatin 
and these metabolic disorders, but rather suggest the 
existence of specific metabolic conditions that dic-
tate the plasma concentration of visfatin. In fact, the 
ubiquitous expression of visfatin in many cells and 
tissues makes it complex and difficult to make any 
association using its plasma concentration.

ADIPONECTIN

This bioactive substance is produced and secreted by 
adipose tissue and is similar to collagen and exists 
in large amounts in circulation. In contrast to other 
cytokines, adiponectins are diminished in obesityand 

type 2 DM23 and dyslipidemia studies conducted in 
pima Indians and Caucasians confirmed the associ-
ation of hypoadiponectinemia with obesity and type 
2 DM23Several studies showed that, hypoadiponec-
tinemia is an independent risk factor for the devel-
opment of type2 DM. In summary, it is an adipocy-
tokine which is anti inflammatory, anti atherogenic 
having insulin sensitizing properties. Levels of adi-
ponectin are decreased in subjects of excess visceral 
obesity.

CONClUSION

Several adipocytokines were pointed out as possi-
ble links between obesity, inflammation, and insulin 
resistance,they act systemically at several sites like 
liver, vascular endothelium and coagulation system 
interacting in the development of atherosclerosis. 
The mechanisms by which adipocytokines promote 
insulin resistance are not yet fully understood. Obe-
sity, especially central obesity, may increase the lev-
els of TNFα, IL-6, Angiotensinogen, PAI-I and may 
be resistin, all of them related to insulin resistance. 
Adiponectin and Leptin are inturn responsible for in-
sulin sensitivity. An ever growing research is focused 
on ‘obesity’ as an important target to reduce the risk 
of metabolic syndrome and its complications. Life-
style changes with weight loss result in beneficial 
profile of adipocytokines, especially with lowered 
levels of inflammatory cytokines. The therapeutic in-
terventions are expected as future studies that contin-
ue to provide information linking inflammation and 
metabolic  syndrome. The reduction of visceral fat, 
possibly with regulation of adipocytokines, might 
be a useful preventive measure for the emergence of 
metabolic syndrome and related complications.   
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Diabetes in Young: The Role of Obesity

Bhupen Mohanta

Diabetes is a relatively rare entity among the 
childhood and youth. However, the incidence 
of type 2 diabetes in childhood and youth has 

been in an increasing trend in the past two decades. 
The younger age at onset of disease not only pro-
longs the duration of the disease but is also associat-
ed with a more advanced rate of progression to β-cell 
failure and higher is the lifetime risk of developing 
diabetes related microvascular and macrovascular 
complications [1].

Obesity has led to a dramatic increase in the inci-
dence of type 2 diabetes (T2DM) among children 
and adolescents over the past 2 decades. Childhood 
obesity is defined as a BMI above the 95th percen-
tile for age and sex (and above the 85th percentile 
for overweight). Obesity affects the body in number 
of ways. For example, it affects glucose metabolism 
and insulin secretion and action thereby giving rise 
to a hyperglycaemic state [2]. In such a sense child-
hood obesity is a preventable condition. Major risk 
factors include unhealthy diet and physical inactivity. 
The BMI-related childhood and adolescent outcomes 
include type 2 diabetes mellitus, hypertension, early 
puberty, menstrual irregularities and polycystic ova-
ry syndrome, steatohepatitis, sleep apnea, asthma, 
benign intracranial hypertension, musculoskeletal 
disorders, and psychological problems [3-5].

Even though weight gain is a normal physiologic 
phenomenon of child development, the prevention of 
childhood obesity focuses on restricting weight gain 
to what is needed for  optimal development. Families 
and communities play a major role in its prevention 
as well. An overweight child is four times more like-
ly to develop obesity in his schooldays. Exposure to 
risk factors begins from the prenatal period itself, 
from a gestational diabetes mother, tobacco expo-

sure, excessive maternal weight gain during ante-
natal period etc. [6-8]. Although a link between low 
birth weight and later type 2 diabetes has been docu-
mented, the Hertfordshire study showed that the dis-
ease was also associated with low weight at 1 year of 
age. Breastfeeding helps prevent obesity: the longer 
the child is breastfed, the lesser the chance of obesity. 
Maintenance of a healthy dietary pattern throughout 
childhood in an important factor [8]. At the onset of 
complementary feeds, nurturing and modifying them 
to a healthy food habit can prevent obesity. Better 
weight management and improved general health has 
been proved beneficial as per the 2015-2020 Dietary 
Guidelines for Americans (DGA).  Although it is not 
clear that specific foods and beverages contribute to 
excess weight gain, but it has been found that con-
sumption of sugar-sweetened beverages are linked to 
weight gain in childhood and adults.

One another major risk factor for obesity is established 
to be physical inactivity [9]. Encouraging the child to 
adopt structured and unstructured activities, provid-
ing them with positive reinforcement may help in this 
cause. As important as physical inactivity is sleep, with 
respect to weight gain. It is found that shorter duration 
of sleep is a risk factor for obesity [10]. Optimal rec-
ommended daily amount of sleep for an infant is 12-16 
hours, for teenage is 8-10 hours per 24 hours. Regu-
larising the bedtimes and limiting use of television and 
other forms of screen shortly before bed is beneficial in 
getting a sound sleep. Despite the efforts from the fam-
ily, the lack of time, lack of information about healthy 
family meals, limited access to healthy foods, and lack 
of access to safe places for physical activity hinders the 
outcome [11,12]. So in this changed scenario, the plac-
es outside the home have been identified as appropriate 
target for intervening, like childcare facilities, schools, 
other community venues.

Chapter 8
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As the goals are set affront by understanding the risk 
factors for obesity that causes type 2 diabetes in young 
and to prevent them, measures and interventions are 
equally important in the management of obesity and 
thus prevent type 2 diabetes. Children with obesity 
often need focused and intensive measures to man-
age them, and to prevent them from developing com-
plications which are a cascade of events that follow 
[13]. Screening all the children >6 years of age for 
obesity by the clinician as per the recommendations 
from USPSTF (U.S. Preventive Services Task Force) 
and referring them to family-based comprehensive 
counselling and behavioural treatment interventions 
is one of the initiative. The interventions targets on 
improving the food habits, physical activities and 
improved sleep habits and patterns. Recent strategies 
include more effective evidence-based interventions 
like integrating management of obesity into a chron-
ic care multidisciplinary model that ensures all team 
members with adequate training in this aspect. 

Tackling the risk factors of obesity, screening for 
obesity and active intervention to prevent sequelae 
like type 2 diabetes and proper management of the 
identified obesity cases is itself the mainstay of ad-
dressing the problem of childhood obesity and type 
2 diabetes. Strategies targeting obesity, dysregulat-
ed glucose homeostasis, and low HDL cholester-
ol during childhood and adolescence may have the 
most success in preventing diabetes [14]. Ensuring 
the full participation from the family and communi-
ty in shaping childhood should be the priority. The 
clinician and dietician plays an important part in the 
solution.
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Bariatric Surgery and
Diabetes Reversal: A Factsheet

Laishram Chittaranjan Singh
Salam Ranabir

The past decades have seen a rapid increase in 
the incidence of obesity, affecting adults and 
children worldwide. The prevalence of BMI 

>30 kg/m2 doubled, BMI > 40 kg/m2 quadrupled and 
extreme obesity of BMI >50 kg/m2 increased five 
times from 1986-2000. This rapid rise of obesity may 
be attributed to consumption of high calorie foods, 
insufficient physical activity and sedentary lifestyle. 
According to World Health Organization (WHO), 
in 2014, 39% of population over 18 years was over-
weight with 13% of them being obese.1

The increase in occurrence of obesity is of concern 
as it is known to be the main risk factor of various 
non-communicable diseases like cardiovascular dis-
ease, type 2 diabetes mellitus, hypertension and cer-
tain types of malignancies. Among these diseases, 
the strongest association is seen with type 2 diabe-
tes mellitus, where overweight and obesity account 
for 44% of diabetes cases according to WHO. With 
reference to this close relationship of diabetes and 
obesity, a new term, “Diabesity” has been put for-
ward. Diabesity increases a person’s mortality risk 
by seven fold.2

Similarly, from diabetes point of view, its prevalence 
is equal to the global epidemic of obesity. The WHO 
in 2016, estimated that more than 650 million people 
had obesity and around 9% of the adult population 
had type 2 diabetes mellitus.3 The presence of overall 
and visceral adipose tissue is directly related to the 
pathogenesis of insulin resistance and type 2 diabetes 
mellitus. Therefore, the prevalence of type 2 diabetes 
mellitus is higher among the obesity population. The 
above mentioned data only point out the increasing 

problem of obesity in the world and its strong rela-
tion with diabetes.4

DIABETES ASSOCIATED COMPlICATIONS 
IN PATIENTS WITH MORBID OBESITY

The chronic complications of diabetes can be divid-
ed into micro-vascular and macro-vascular compli-
cations. The micro-vascular complications are more 
common and include neuropathy, nephropathy and 
retinopathy. Macro-vascular complications although 
less common, present with serious conditions of car-
diovascular diseases and peripheral artery disease, 
all of which lead to an increased risk of myocardial 
infarction and cerebrovascular accidents.5

Considering the seriousness of the complications, an 
intensive treatment of diabetes is therefore required 
among the obese. While conservative management 
in the form of glucose lowering medications, life-
style modification, increased physical activity and 
behavioral therapy help in managing hyperglycemia 
only, a lasting and clinically significant weight loss 
and its associated metabolic improvement is seldom 
seen. Hence, medical management of diabetes alone 
in obese population is often thought to be incomplete 
treatment considering the various metabolic affec-
tion of the disease.6 

EMERGENCE OF BARIATRIC SURGERY

Bariatric surgery is a proven method for weight loss 
management in morbidly obese patients. It is indicat-
ed in patients with BMI ≥ 40 kg/m2 or with a BMI 
>35 kg/m2 in the presence of major co-morbidities 
like type 2 diabetes mellitus. According to Swedish 

Chapter 9
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Obese Subjects study, bariatric surgery has proven to 
be very effective in resolution of type 2 diabetes mel-
litus and reduction of other cardiovascular events. 
Another trial known as STAMPEDE (Surgical Treat-
ment and Medications Potentially Eradicate Diabetes 
Effectively) trial demonstrated that bariatric surgery 
is more effective than medical therapies in reducing 
weight and treatment of other metabolic process like 
diabetes. It showed better weight reduction, glyce-
mic control, less medication use and improved qual-
ity of life.7 

According to OSSI (Obesity and Metabolic Sur-
gery Society of India) Guidelines 2020 BA should 
be considered as a non-primary treatment option for 
acceptable Indians with a BMI ≥ 27.5 kg/m2 , with 
uncontrolled type 2 diabetes despite optimum medi-
cal management.8

Over 50 bariatric surgeries have been suggested and 
tried for the management of morbid obesity. Out of 
which, some of the significant operative procedures 
worth mentioning are:

1. Jejunoileal bypass (JIB)

2. Roux-en-Y gastric bypass (RYGB)

3. Vertical banded gastroplasty (VBG)

4. Biliopancreatic diversion (BPD) or Duodenal 
switch (DS)

5. Adjustable gastric banding (AGB)

6. Sleeve gastrectomy (SG)

Apart from these procedures, some new innovations 
that have come up recently are:

1. Gastric stimulation

2. Vagal blockade

3. Banded RYGB

Among these procedures, the most commonly per-
formed bariatric operations are vertical sleeve gas-
trectomy and Roux-en-Y gastric bypass.9

Vertical sleeve gastrectomy involves the resection 
of major proportion of the fundus and corpus of the 

stomach, leaving a tube- shaped gastric residue.10 
While, Roux-en-Y gastric bypass consists of cre-
ation of a small volume gastric pouch which is anas-
tomosed to the distal part of the jejunum (alimentary 
limb). The limb carrying biliopancreatic secretions 
is anastomosed around 150 cm distally to the gastro-
jejunostomy. RYGB provides a good safety-efficacy 
profile and is therefore considered to be the ‘gold 
standard’ in the surgical therapy of obesity and type 
2 diabetes mellitus.11 

MECHANISM OF TYPE 2 DIABETES MEllI-
TUS REMISSION FOllOWING BARIATRIC 
SURGERY

Bariatric surgery, and in particular, Roux-en-Y gas-
tric bypass has emerged as one of the most effective 
methods for treatment and achieving remission in 
Type 2 diabetes mellitus. This finding was report-
ed as early as in 1986 and was further confirmed by 
Pories et al., in 1995 in their paper entitled “Who 
would have thought it”.12

The mechanism in which bariatric surgery brings 
about amelioration of hyperglycemia and restoration 
of euglycemia is complex and multi-factorial and 
cannot be attributed to a single mechanism. There is 
interplay of a cascade of anatomical and physiolog-
ical changes in the body after bariatric surgery. The 
subsequent metabolic adaptation that follows exerts 
beneficial effects on insulin production and sensitivi-
ty leading to an overall improvement in diabetes con-
trol and remission. However, some of the recognized 
mechanisms of diabetes remission after bariatric sur-
gery are listed below.13

1. ENTEROHEPATIC PATHWAYS:

The enterohepatic mechanism modulating bile acid 
(BA) and fibroblast growth factor (FGF19) produc-
tion is dysregulated in patients with diabetes. How-
ever, after RYGB surgery, BA continue to be secret-
ed in the duodenum, but around 1.5m of jejunum  has 
been bypassed and  therefore, bile acid secreted from 
gall bladder or liver reach the distal jejunum or prox-
imal ileum directly where, FGF-19 and glucagon like 
peptide (GLP-1) are produced. These bile acids are 
‘digestate free’ and are more bioactive. Therefore, 
they stimulate FGF-19 and GLP-1 more potently 
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leading to increased hepatic glucose oxidation and 
better hepatic glucose homeostasis. At the same time, 
FGF-19 and GLP-1 also stimulate the production of 
more bile acid in liver and insulin in the pancreas. 
Bile acid associated glucose homeostasis is achieved 
via:

i. TGR5-GLP1 leads to sensitization of β-cells 
and increased insulin production

ii. FXR-FGF19 leads to increased  bile acid pro-
duction and re-sensitization of liver to insulin 
and other hormones14

2. CENTRAl PATHWAY THAT CONTROl EN-
ERGY BAlANCE:

The reductions in energy intake following surgery 
depend on decreased hunger and induction of satiety. 
This is in turn brought about by early post-prandi-
al distension of a reduced capacity upper GI pouch 
which sends signals of satiety through the afferent 
Vagal pathway to the subcortical brain areas which 
regulate energy intake. This mechanism involves:

i. increased post-prandial secretion of satiety 
inducing peptides like GLP-1, peptide YY 
and oxyntomodulin (OXM)

ii. decreased secretion of orexigenic hormones 
like Ghrelin

iii. altered Leptin signaling in the hypothalamus15

3. EFFECTS OF GUT MICROBIOTA

The exact role of gut microbiota is still undetermined 
but is emerging as one of the main mediator of met-
abolic processes and glucose metabolism. After 
RYGB surgery, there is a significant change in the 
gut microbiome which is related to metabolic and in-
flammatory changes in the body.16

4. EFFECTS OF WEIGHT lOSS: 

Remission of diabetes can occur as early as two – 
three days after bariatric surgery. Hence, loss of body 
weight does not play a significant role in early di-
abetes remission (i.e. within 2 months of surgery). 
However, in late diabetes remission (after 2 months 
of surgery), weight loss seems to play a role, though 

minimal. On the contrary, weight regain is an import-
ant factor for diabetes relapse.17

DIAREM SCORE

With the emergence of bariatric surgery (RYGB sur-
gery) as an effective means for treatment of diabetes, 
the surgery has been advised even in individuals with 
low BMI (25-35kg/m2).  Hence, before such an inva-
sive intervention is taken, it would be highly benefi-
cial to have a predictive tool to estimate the probabil-
ity of achieving diabetes remission for the respective 
individual. DiaRem Score is one such tool that was 
developed using medical records and cohort study of 
690 RYGB patients.  The predictive factors used in 
DiaRem Score are:

i. Age

ii. Use of insulin

iii. HbA1c concentration

iv. Type of diabetes medication used18

The score ranges from 0 to 22 with score of 22 hav-
ing the least chances of remission.

TYPE 2 DIABETES MEllITUS RISK FAC-
TORS

Prediction factor Score

Age(years)

If Age < 40 0
If Age 40-49 1
If Age 50-59 2
If Age 60+ 3

H b A 1 c 
(%)

If HbA1c < 6.5 0
If HbA1c 6.5-6.9 2
If HbA1c 7.0-8.9 4
If HbA1c > 9.0 6

D i a b e t e s 
medication

If not on sulfonylureas or 
ISA* 0

If on sulfonylureas or ISA 3
I n s u l i n 
treatment

If not on insulin 0
If on insulin 10

Total DiaRem Score 22
*Insulin Sensitizing agent other than Metformin
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REMISSION PREDICTION

DIAREM SCORE PROBABILITY OF TYPE 2 
DM REMISSION

0-2 88% - 99%
3-7 64% - 88%
8-12 23% - 49%
13-17 11% - 33%
18-22 2% - 16%

FACTORS THAT PROMOTE REMISSION

1. Shorter T2DM duration

2. Younger age

3. Better pre-operative glycemic control

4. Absence of insulin treatment

5. No use of oral anti-diabetic agent

6. Preserved insulin secretory function12,19

DEFINITION OF T2DM REMISSION

According to American Diabetes Association (ADA) 
multidisciplinary expert panel consensus of June 
2009, T2DM remission is defined based on three cri-
teria:

1. Glycemia below diabetic range

2. Absence of treatment

3. Sustainability over time

Diabetes remission is defined as:

1. Partial when glycemic indices are in pre-dia-
betic range (HbA1c= 5.7to 6.4%; FPG = 100 
- 125mg/dL) for at least a year

2. Complete when normoglycemia (HbA1c 
<5.7%; FPG < 100 mg/dL) is achieved for at 
least a year

3. Prolonged when there is complete remission 
for at least 5 years duration20

EFFECTS OF BARIATRIC SURGERY ON 
CHRONIC T2DM COMPlICATIONS AND 

QUAlITY OF lIFE

The effects of bariatric surgery on type 2 diabetes 
mellitus complications are still under study. With the 
available data and reports, it is however; clearly seen 
that bariatric surgery is associated with decreased 
mortality and lower incidence of both micro-vas-
cular and macro-vascular complications of T2DM. 
Some of the observed effects following Bariatric sur-
gery on chronic T2DM based on various literature 
are listed below:

1. 50% improvement in diabetic neuropathy

2. 29% decrease in probability of developing 
micro-vascular disease

3. 49% reduction in relative risk for non-fatal 
MI following RYGB surgery

4. 59% reduction in relative risk for cardiovas-
cular mortality following RYGB surgery

5. 92% reduction in diabetes related deaths

6. Significant improvement in Quality of life as 
assessed by Short form – 36, Beck’s depres-
sion inventory, Euro Quality of life – 5D in-
strument4

RISKS OF BARIATRIC SURGERY

The overall early peri-operative mortality (within 30 
days) for Bariatric surgery is estimated to be around 
0.1-1.1 %. The mortality rate depends on the ex-
pertise of the surgeon, infrastructure of the hospital 
set up and patient related factors (like age, gender, 
weight, presence of co-morbidities, etc). One way 
of predicting or reducing the mortality is to use the 
Obesity Mortality Risk Score (OS- MRS).

RISK FACTORS POINTS
Arterial hypertension 1
Age > 45 years 1
Male gender 1
BMI > 50 kg/m2 1
Risk factors for pulmonary embolism * 1
Total 5
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*Pulmonary hypertension, previous pulmonary 
thrombo-embolism, vena cava filter, hypoventila-
tion

INTERPRETATION OF OS-MRS

RISK GROUP
SCORE

POST-OPERA-
TIVE MORTAL-

ITY
A (low risk) 0-1 0.3
B (moderate risk) 2-3 1.7
C ( high risk) 4-5 3.2

The other complications are:

1. Internal and incisional hernias

2. Small bowel obstruction

3. Anastomotic stenosis, strictures and ulcers

4. GI hemorrhage and leaks

5. Pulmonary embolism

6. Pneumonia

7. Kidney and biliary lithiasis

8. Nutritional deficiencies

9. Psychiatric complications21

CONClUSION

With the increased association of obesity and diabe-
tes coming up as a major co-morbidity all over the 
world, a need for better understanding of the com-
plex patho-physiological pathway of Diabesity is re-
quired. So far, the treatment of T2DM was restricted 
to only pharmacological and lifestyle modifications. 
However, with the advent of bariatric surgery, T2DM 
is now termed as a ‘potentially curable’ condition. 
This finding has been supported by various evidenc-
es from observational studies and RCT. Although 
bariatric surgery itself comes with its set of compli-
cations, but people are still opting for it considering 
the risk-to-benefit profile. The exact mechanism in 
which these alterations are brought about by bariatric 
surgery still remains an area for future studies.
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Management of Hypertension in  
Diabetes: Aligning Evidence with Experience

Pranab Jyoti Bhattacharyya

Abstract

Diabetes mellitus (DM) and hypertension are 
frequently found to co-exist and such patients 
are commonly encountered in day to day clin-

ical practice. If untreated, this combination has an 
exponential effect on adverse clinical outcomes with 
respect to both micro vascular (retinopathy, nephrop-
athy and neuropathy) and macro vascular disease 
(ischemic heart disease, peripheral vascular disease 
and cerebrovascular disease). Effective management 
is therefore vital and must include a combined ap-
proach to achieve optimal control of blood pressure 
(BP), dyslipidaemia and glycaemic control. Addition-
ally, optimizing weight and promotion of exercise, 
lessening harmful environment factors such as air pol-
lution exposure, avoiding smoking and use of tobac-
co products are integral components of the approach 
to BP control in these patients. Multiple randomized 
controlled trials (RCT’s) have shown improvement in 
morbidity with lowering of elevated BP in people with 
diabetes. Attention must be paid to individual risk fac-
tors and co-morbidities with an intention to achieve 
guideline recommended BP goals. Judicious selection 
of therapy and consideration of relevant side-effect 
profiles in managing patients with co-existing dia-
betes and hypertension is paramount. The potential 
benefits and harmful drug interactions must be kept in 
mind and drug combinations should be chosen after 
due thought. Angiotensin converting enzyme inhib-
itors and angiotensin receptor blockers remain pre-
ferred agents for initiation of antihypertensive therapy 
in such patients. The scientific evidence based man-
agement of patients with combined diabetes and hy-
pertension will be discussed in this brief review.

Magnitude of the problem

Hypertension affects almost 70% of patients with 
DM and increasingly worrying is the fact that in such 
patients there is a steep-graded association between 
rising BP and adverse cardiovascular disease (CVD) 
outcomes.  Any reduction in blood pressure is likely to 
reduce the risk of complications, with the lowest risk 
for myocardial infarction being in those with systolic 
blood pressure less than 120 mm Hg and less than 130 
mmHg for stroke and heart failure [1]

Blood pressure targets for patients with co-existing 
DM and hypertension

BP targets for patients with DM have traditionally 
been more aggressive than for the general population. 
The contribution of hypertension in increasing micro-
vascular and macrovascular risk in patients with dia-
betes mellitus has been confirmed in the UKPDS and 
Hypertension Optimal Treatment (HOT) trials [2] [3]

The recommended BP target is less than 130/80 
mmHg in patients with DM and a target of less than 
140/80 mmHg in those unable to tolerate the lower 
goal [4][5][6][7]

In patients with greater than 1 g/day proteinuria and 
renal insufficiency, a more aggressive therapeutic goal 
(i.e., 125/75 mm Hg) has been advocated. According 
to the Veterans Affairs Diabetes Trial, however, a dia-
stolic blood pressure of less than 70 mm Hg increases 
the risk of cardiovascular disease in patients with dia-
betes, even when systolic blood pressure is within the 
current guidelines recommended range of < 140 mm 
Hg [8]

Chapter10
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Preferred classes of antihypertensive medications 
in patients with DM

Several classes of antihypertensive medications 
have reduced CVD risk in patients with DM [6]

Renin-angiotensin-aldosterone system antagonists

Angiotensin converting enzyme inhibitors 
(ACEI’s) and angiotensin II receptor blockers 
(ARB’s) are mainstay of therapy for hypertension 
in DM because of their beneficial effects on dia-
betic nephropathy and CVD outcomes [5][9][6][7]

ACEI’s are recommended as first-line agents for 
treatment of hypertension in patients with DM 
based on data from RCT’s of patients with and 
without hypertension. The HOPE (Heart Out-
comes Prevention Evaluation) trial compared 
ramipril with placebo in patients at increased risk 
of CVD and found that ramipril was superior to 
placebo in the diabetic subset of patients in reduc-
ing CV death, myocardial infarction (MI), stroke 
and overt nephropathy [6] Perindopril versus pla-
cebo was tested in the diabetic subgroup of EU-
ROPA (European Trial on Reduction of Cardiac 
Events with Perindopril in Stable Coronary Artery 
Disease) trial [6] patients and showed 19% relative 
risk reduction. Therefore based on these results 
and meta-analyses ACEI’s are recommended for 
all patients with DM with prevalent CVD, a clus-
tering of CVD risk factors or nephropathy with or 
without albuminuria.

Angiotensin II receptor blockers have less robust 
scientific data on CV outcomes particularly in pa-
tients with DM. Telmisartan was compared with 
placebo in diabetic and non-diabetic patients intol-
erant to ACEI’s in the TRANSCEND (Telmisartan 
Randomized Assessment Study in ACE Intolerant 
Subjects with Cardiovascular Disaese) trial. How-
ever, telmisartan versus placebo failed to demon-
strate superiority in reducing CVD death, MI, 
stroke and heart failure (HF) hospitalization. Var-
ious guidelines have acknowledged the weak evi-
dence ARB’s and recommend that ACEI’s should 
be the first line agents to treat hypertension in DM 
and ARB’s should be reserved for patients with in-
tolerance to ACEI’s [5] [6] [7]

Although various guidelines have endorsed ACEI’s 
and ARB’s in DM, however it is important to remain 
vigilant that the two classes of medications are not 
used in combination. This is based on the findings 
of the ONTARGET (OngoingTelmisartan Alone and 
in Combination with Ramipril Global Endpoint) Tri-
al which compared the ACE inhibitor ramipril, the 
ARB telmisartan, and the combination of the two 
drugs in patients with vascular disease or high-risk 
diabetes. Although Telmisartan was equivalent to 
ramipril in patients with vascular disease or highrisk 
diabetes and was associated with less angioedema, 
the combination of the two drugs was associated 
with more adverse events (hypotension, syncope and 
renal dysfunction) without an increase in benefit [10]

Calcium channel blockers (CCB)

Dihydropyridine calcium channel blockers ( am-
lodipine, felodipine, nitrendipine, nislodipine) are 
well tolerated and effectively lower BP. Analysis of 
data from RCT’s demonstrate clinical benefits simi-
lar to or greater than the non-diabetic population in-
cluded in the RCT’s [6]

Thiazide diuretics

Physicians are hesitant to use the thiazide type of 
diuretics (hydrochlorothiazide, chlorthalidone, in-
dapamide and bendroflumethiazide) mainly due to 
concerns about adverse glycaemic and triglycer-
idemic effects. However, data from RCT’s using 
chlorthalidone and indapamide in the diabetic sub-
set of patients have consistently demonstrated CVD 
benefits. In the sub-analysis of the ALLHAT (Anti-
hypertensive and Lipid-Lowering Treatment to Pre-
vent Heart Attack) trial, the CVD effect of chlortha-
lidone compared with both lisinopril and amlodipine 
were similar in patients wih DM or impaired fasting 
glucose, despite modest but statistically significant 
increase in incident DM associated with chlorthali-
done use [11][12]

Indapamide combined with perindopril in the AD-
VANCE (Action in Diabetes and Vascular Disease: 
Preterax and Diamicron MR Controlled Evaluation) 
trial in patients with DM demonstrated superior CV 
outcomes [13] Also important in our setting is the fact 
that the combination of perindopril and indapamide 
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in patients with type 2 diabetes appears to be cost-ef-
fective [14] A meta-analysis of RCT’s further sup-
port benefits of chlorthalidone and indapamide in the 
treatment of patients with DM [6][12]

Beta blockers

Beta blockers are rarely preferred as routine antihy-
pertensive medications in patients with DM because 
of the traditional concerns of adverse metabolic 
effects (elevation of lipid and glucose levels) and 
masking of hypoglycaemic symptoms [15] Further, 
beta blockers offer no benefit over other evidence 
based classes of medications, with some concern for 
increased risk for CVD, stroke and HF [6] 

Therefore use of beta blockers in diabetic patients 
should be limited to: 1) Heart failure with reduced 
ejection fraction (HFrEF), 2) after MI, 3) Angina 
and 4) rate control of atrial fibrillation. Carvedilol, 
metoprolol succinate or bisoprolol should be the pre-
ferred classes of beta blockers to be used especially 
in diabetic patients of HFrEF.

Lifestyle Modifications

Apart from pharmacotherapy adequate steps need to 
be adopted by Physicians at all levels to emphasize 
the importance of adopting lifestyle modification to 
their patients. Regular exercise and a diet low in salt 
and high in potassium have clearly been shown to 
decrease blood pressure [16] Excessive sodium in-
take is particularly deleterious in patients with dia-
betes because it may decrease the antihypertensive 
effects of medications and their beneficial effects on 
proteinuria [17] Weight loss and exercise can help to 
lower blood pressure and may also improve glycemic 
control and insulin sensitivity. Avoidance of smoking 
and tobacco products should be stressed upon vehe-
mently. Despite the clear benefits of lifestyle modifi-
cation in patients with diabetes, theyshould be start-
ed on both antihypertensive medication and lifestyle 
modifications when hypertension is diagnosed as 
very few patients are able to achieve blood pressure 
control with lifestyle modification alone.

Summary and conclusion

Four classes of antihypertensivemedications reduce 

CVD risk in patients with DM: ACEI’s, ARB’s, cal-
cium channel blockers and thiazide diuretics (specif-
ically chlorthalidone and indapamide).

Other options as add-on therapy in difficult to control 
hypertension (after ruling out secondary causes) may 
be mineralocorticoid antagonists (spironolactone, 
epleronone), alpha blockers (prazosin) and centrally 
acting agents (alpha methyldopa). 

To achieve current BP goals in diabetic patients, it is 
almost always necessary to use combination therapy, 
which would usually include an ACEI or ARB and a 
CCB besides a diuretic or beta blocker.

Besides pharmacotherapy much emphasis should 
laid upon adopting lifestyle modification with ade-
quate physical activity, proper diet, weight reduction, 
avoiding smoking and tobacco products, meditation, 
engaging in hobbies for relaxation and taking up 
yoga.

Early detectionof hypertension and prompt initiation 
of evidence based cost effective medications will go a 
long way in ensuring medication compliance as well 
as adequate BP control in patients with DM and en-
sure a long and uncomplicated healthy life for them.
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Controversies and Consensus

Amit Malviya
Neil Bardoloi

Abstract

Introduction: Cardiovascular disease(CVD) is  a 
common endpoint in patients with  diabetes mellitus. 
Dyslipidemia co-exists with diabetes in a large num-
ber of patients. Statin therapy is the cornerstone of 
management in these set of patients.

Pattern of Dyslipidemia in Diabetes: Population 
based studies revealed that diabetic dyslipidemia is 
a  pattern characterized by elevated levels of small 
dense LDL-C, ApoB and Triglyceride and reduced 
levels of HDL-C.

Intervention to Reduce LDL-C: Evidence: Evidence 
from multiple trials suggest that use of statins is ben-
eficial in patients with diabetes and established CVD 
and in high risk groups.

Diabetes Mellitus as a result of Statin therapy: Sta-
tin therapy  causes a modest risk of development of 
new onset diabetes mellitus. The effect of initiation 
of statin on progression of diabetes in already diag-
nosed diabetics is an unresolved issue. However ben-
efits of statin therapy in preventing cardiovascular 
events far outweighs the risk of developing new onset 
diabetes.

Statin: Controversies: Paucity of data in elderly and 
young diabetics poses challenges on statin therapy in  
these groups, leading to controversies across guide-
lines. Statin induced diabetes, an emerging problem, 
is also a matter of controversy.

Conclusion: Barring some unresolved issues, statin 

therapy in diabetic dyslipidemia is a universal rec-
ommendation of all guidelines with special attention 
to risk-benefit assessment in certain population sub-
groups.

Use of Statins in Diabetes:    
Controversies and Consensus

Introduction:

Cardiovascular diseases contribute to more 
than 54% of mortality among patients with 
diabetes mellitus.[1]   While diabetes mellitus 

alone is one of the major risk factors for cardiovascu-
lar disease, more specifically, coronary artery disease 
and peripheral vascular disease, co-existence of other 
traditional and non-traditional risk factors in diabetic 
patients is a frequent phenomenon. Therefore, differ-
ent guidelines advocate optimal treatment, guided by 
proper screening and monitoring, of other risk fac-
tors in patients with diabetes mellitus.

Dyslipidemia is a consistent finding in diabetes mel-
litus patients. As many as 60% of patients with dia-
betes have some form of dyslipidemia.[2] Being an 
independent risk factor for CVD (Cardiovascular 
disease) itself, presence of dyslipidemia in a diabetic 
patients increases the cumulative risk of CVD.

Pattern of dyslipidemia in diabetes:

The usual pattern of dyslipidemia in diabetes is el-
evated small dense levels of LDL-C(Low density 
lipoprotein- Cholesterol) , ApoB, Triglyceride and 
reduced levels of HDL-C(High density lipoprotein- 

Chapter11
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Cholesterol).[3] As per the Framingham Heart Study, 
13% men and 24% women with diabetes had in-
creased total plasma cholesterol levels, which was 
not significantly different from subjects without di-
abetes. However plasma Triglyceride levels were 
twice as high in 19% diabetic men and 17% diabetic 
women as compared to non diabetic men and women, 
respectively. Similarly, low HDL-C prevalence was 
21% in diabetic men and 25% in diabeticwomen, al-
most twice as compared to people without diabetes. 
The study also revealed that LDL-C elevation prev-
alence  was not significantly different between sub-
jects with and without diabetes.[4] In some patients, 
there is an elevation of ApoB and non- HDL-C with-
out elevation of measured LDL-C, because of in-
creased share of small dense LDL. It is worth  noting 
that small dense LDL is more prone to post-secretory 
modifications, such as glycation and oxidation and 
hence it can penetrate intima more easily.[5]

The spectrum of dyslipidemia in Indian diabetic pop-
ulation is a little different from western population. 
Elevated LDL-C among Indians is much higher com-
pared to western counterparts (16.8% if cut of is tak-
en as 150, 56.5% if cut off is 100 and 84% if cut off is 
70). Twenty nine percent of Indian diabetic patients 
have elevated TG level(cut off 150) and 42% have 
low HDL( cut off 50 for men and 40 for women).[6]

While elevated LDL-C is a major risk factor for 
CVD and requires intervention as per all guidelines; 
interventions to increase low HDL-C, despite low 

HDL-C being associated with CVD in observational 
studies, failed to show benefit.

Intervention for lDl-C reduction and Statins: 
Evidence:

Management of dyslipidemia, in diabetic patients, as 
in non diabetics begins with lifestyle modifications. 
However, many patients, despite interventions  such 
as physical exercise and dietary modifications, can-
not achieve plasma lipid goals and require drugs. The 
mainstay of treatment in diabetics with dyslipidemia 
has been statins.

Multiple multicenter RCTs have shown that statins 
decrease cardiovascular events, including non-fatal 
myocardial infarction and death. The CARDS study 
revealed that therapy with Atorvastatin results in a 
37% reduction in cumulative CAD events and a 27% 
reduction in mortality as well as a 48% reduction in 
stroke(ischemic and hemorrhagic).[7] Subsequently, a 
meta-analysis also showed that with each mmol/L or 
39mg/dl lowering of LDL-C, there is a21% reduc-
tion in major vascular events and a 9% reduction in 
fatal events.[8]

High intensity statin therapy which includes Rosu-
vastatin 20-40mg daily and Atorvastatin 40-80 mg 
daily, reduces LDL-C by more than 50% of baseline. 
Moderate intensity statin therapy ( Atorvastatin 10-
20mg, Rosuvastatin 5-10mg, Lovastatin 40mg, Sim-
vastatin 20-40mg and pravastatin 40-80mg daily) 
can reduce LDL-C by 30-45%.

Table 1 summarizes the outcome data for the use of statins in diabetic patients.

Name Type Primary/Secondary Conclusion
CARDS[7] RCT Primary 37% risk reduction of CAD events

48% risk reduction of stroke in diabetics on atorvastatin
HPS[9] RCT Primary 22% risk reduction for ASCVD in diabetics on simvastatin

4S[10] RCT Secondary 37% risk reduction of ASCVD in diabetics on simvastatin
CARE[11] RCT Secondary 25% risk reduction of ASCVD in diabetics on pravastatin
LIPID[12] RCT Secondary 21% risk reduction of ASCVD in diabetics on pravastatin
C h o l e s t e r o l 
Treatment Tri-
alists Collabo-
ration[13]

M e -
ta-anal-
ysis

Secondary 20% relative risk reduction of ASCVD in diabetics on sta-
tin
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Selection of Statin: Evidence

The PROVE-IT TIMI 22 trial compared Atorvasta-
tin 80 mg with Pravastatin 40mg and found a 16% 
risk reduction in favor of Atorvastatin. Sub-group 
analysis  in diabetic patients found similar findings.
[14] PROVE-IT TIMI 22 trial recommended that high 
intensity statin is more beneficial compared to mod-
erate intensity statin in diabetic patients.[15]

The Treating to New Targets(TNT) study compared 
Atorvastatin 80mg with 10mg in patients with known 
CVD. There was a 22% risk reduction inthe  80mg 
groupas compared to the 10mg group.[16] A subse-
quent sub-analysis of diabetic patients found similar 
results.[17]

These trials were clear that compared to moderate 
intensity statin, high intensity statins are more ben-
eficial.

Statins for Primary Prevention in Diabetic pa-
tients: What do the guidelines say?

Most international guidelines advocate lipid lower-
ing therapy as primary prevention for patients with 
diabetes and elevated LDL-C, albeit with variations 
in goals, targets and cut-off for initiation. However, 
all major guidelines support statins as the first line of 
drug for lowering LDL-C levels.

ACC/ADA guideline recommendations[18]:

•	 If baseline LDL-Ci s <100mg/dl in adult pa-

tients with diabetes, statin therapy should be 
started based on the risk factor profile of the 
patient; the major risk factors being hyper-
tension, low HDL-C, older age, smoking and 
family history of premature CVD

•	 In patients with age >40 years, without man-
ifest CVD, statin of moderate to high intensi-
ty can be considered irrespective ofbaseline 
LDL-C level.

•	 Diabetic patients <40 years of age, without 
manifest CVD, but with increased risk of 
CVD, should receive at least moderate inten-
sity statin, with a target LDL-C of <100mg/
dl.

•	 The target LDL-C level in patients with high-
est CVD risk with optimal statin therapy 
should be <100mg/dl and ideally <70mg/dl. 

ESC Guideline Recommendations[19]

•	 Diabetic patients with very high risk of CVD 
should receive therapy with LDL-C reduc-
tion goal of >50% from baseline and a target 
of <55mg/dl.

•	 Diabetic patients with high risk of CVD 
should receive therapy with LDL-C reduc-
tion goal of >50% from baseline and a target 
of <70mg/dl.

•	 Statins are recommended as the initial drug 
of choice.

ADA Guideline Recommendations[20]

Risk Age Baseline LDL-C Statin Goal
>20% risk Any age Any level High Intensity 50% reduction
<20% risk 40-75 years Any level Moderate intensity 30-49% reduction
<20% risk >75 years Any level Based on risk benefit assessment 30-49% reduction
Additional risk <40 years >100mg/dl Moderate intensity 40-49% reduction

lipid Association of India:[6]

Groups Cut-off to start treatment Target
LDL-C Non-HDL

DM, 3 or more risk factors 50mg/dl 80mg/dl <50mg/dl
DM, CAD, 0-2 risk factors 50mg/dl 80mg/dl <50mg/dl
DM, CAD, Polyvascular disease 30mg/dl 60mg/dl <30mg/dl



64

Statins for Secondary Prevention in Diabetic pa-
tients:

All the guidelines speak in unison that statins should 
be started, unless  contraindicated for secondary pre-
vention in diabetic patients irrespective of their base-
line LDL-C level.

Statin in Diabetic patients: Special Situations

A) Elderly

Clinical evidence suggests beneficial effects of statin 
in adults. But, elderly population is under-represent-
ed in trials. No clear cut data on primary prevention 
is available in patients above 75 years of age.[21] Sec-
ondary prevention data on the use of moderate in-
tensity statin is sufficient and therefore ACC/AHA 
guidelines recommend the same.[22] But,  recom-
mending high intensity statin use in elderly is again 
handicapped by weak evidence.[23,24]

B) Young Diabetics

Diabetics younger than 40 years of age are a major 
group today considering the early onset of diabetes 
due to changes in human lifestyle. The CARDIA 
study done on young adults with prediabetes and dia-
betes reported that both the situations are significant-
ly associated with subclinical atherosclerosis and LV 
dysfunction in later life.[25] An Indian study on young 
diabetics without symptomatic CVD, found higher 
carotid intima-media thickness, higher LV mass and 
higher LV diastolic dysfunction with shorter duration 
of diabetes.[26]

RCTs, as discussed before, showed that statins re-
duce ASCVD risk in adults, primarily of middle-age. 
But, evidence for statin therapy in young adults is 
insufficient. Therefore, most guidelines recommend 
risk assessment and lifestyle modification in young 
adults with diabetes. However in diabetic patients 
with established CVD, statins are recommended sim-
ilarly as in older patient.

C) Women 

Statin is a category X drug and therefore should be 
avoided in pregnant and breastfeeding young wom-
en. ESC guidelines, while acknowledging the fact 

that CVD risk is deferred in women compared to 
men, suggests that lifetime risk of mortality due to 
CVD is not less in women. [17]  The benefit of statin 
therapy in diabetic patients with CVD risk is similar 
in both male and female.

Diabetes Mellitus as a result of Statin therapy:

Association between new onset diabetes mellitus 
after initiation of statin therapy is a well-known 
phenomenon, although initial RCTs showed some 
conflicting results. While the JUPITER trial showed 
significantly high incidence of new onset diabetes in 
the Rosuvastatin groupas compared tothe placebo 
group, the WOSCOPS trial did not report the same 
with pravastatin.[27,,28] The caveat here being that 
the JUPITER trial used high intensity statin and the 
WOSCOPS used moderate intensity statin.

A large meta-analysis of 13 trials of statin estab-
lished that statin is associated with higher risk of 
development of new onset diabetes mellitusas com-
pared to control groups (odds ratio 1.09).[29] Anoth-
er meta-analysis also established the fact that high 
intensity statins are associated with a higher risk of 
development of diabetes mellitus than moderate in-
tensity statin (odds ratio 1.12).[30] However this risk 
is small and is significantly outweighed by the ben-
efits of statins. The aforementioned meta-analysis 
of 13 randomized controlled trials including 91940 
subjects showed that treatment of 255 people with 
statins for 4 years would result in to 1 additional case 
of diabetes mellitus but would prevent 5.4 deaths or 
MI, apart from also preventing a number of strokes 
and revascularization procedures.[29]

While new-onset diabetes was a common occurrence 
with statin therapy, controversy remains regarding 
the effect of statin on progression of diabetes and 
fasting plasma glucose and HbA1C levels. A recent 
retrospective cohort study on 83022 subjects, how-
ever, reported that statin therapy is associated with 
earlier initiation of insulin treatment, increased num-
ber of oral anti-diabetic drug usage and more acute 
hyperglycemic events.[31] This data, while  indicating 
an association of statin with progression of disease 
in diabetic patients, needs further validation and ev-
idence.
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Statins and Diabetes: Controversies:

Beneficial effects of statin in patients with diabetes 
mellitus with established CVD as a secondary pre-
vention measure is proven beyond doubt. But, there 
are many unanswered questions regarding statins as 
a primary prevention measure. 

Guidelines have some varied opinions regarding pri-
mary prevention. ESC guideline endorses high inten-
sity statin for all patients with diabetes with age more 
than 40 regardless of their baseline LDL-C level, 
with differentiated treatment target levels for differ-
ent risk groups. ACC/AHA guideline advocates high 
intensity statin as primary prevention therapy for all 
diabetic patients with age more than 40 with risk 
score >7.5% and moderate intensity statin for others. 
ADA recommendations are similar in line with ACC/
AHA. NICE guidelines of UK recommends that only 
those diabetic patients who have 10 year CVD risk of 
>10% are eligible for statin therapy.[30]

Besides that, guidelines also vary in terms of target 
level of LDL-C level in patients receiving statin.

While the risk of diabetes with statin therapy is small 
compared to its robust benefits, long term use as in 
the case of young patients is a significant concern. 
As the question of progression of the disease and 
its complications after initiation of statin therapy in 
an already diagnosed diabetic patient is still unan-
swered, there is a dilemma over statin recommenda-
tion in young diabetics.

Conclusion:

The global burden of diabetes mellitus and dyslip-
idemia, brings with them an increased risk of devel-
opment of CVD. The clinical outcome data on pa-
tients with established CVD and diabetes is robust 
and statin therapy for secondary prevention is a stan-
dard protocol. Statins in a diabetes patient with CVD 
risk  is the cornerstone to combat dyslipidemia and 
the risk of developing CVD. Whereas there is contro-
versy regarding development of new onset diabetes 
with statin therapy, the benefits of the use of statins 
in high risk population largely outweighs the risk of 
new onset diabetes .
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Atherosclerotic cardiovascular disease (ASCVD)

Atherosclerotic cardiovascular disease (AS-
CVD)—defined as coronary heart disease 
(CHD), cerebrovascular disease, or periph-

eral arterial disease presumed to be of atheroscle-
rotic origin—is the leading cause of morbidity and 
mortality for individuals with diabetes and results in 
an estimated $37.3 billion in cardiovascular-related 
spending per year associated with diabetes.1

Common conditions coexisting with type 2 diabetes 
(e.g., hypertension and dyslipidemia) are clear risk 
factors for ASCVD, and diabetes itself confers in-
dependent risk. Numerous studies have shown the 
efficacy of controlling individual cardiovascular risk 
factors in preventing or slowing ASCVD in people 
with diabetes. Furthermore, large benefits are seen 
when multiple cardiovascular risk factors are ad-
dressed simultaneously. Under the current paradigm 
of aggressive risk factor modification in patients with 
diabetes, there is evidence that measures of 10-year 
coronary heart disease (CHD) risk among U.S. adults 
with diabetes have improved significantly over the 
past decade and that ASCVD morbidity and mortali-
ty have decreased.2

Diabetes 

Diabetes is one of the fastest growing global health 
emergencies of the 21st century. In 2021, it is esti-
mated that 537 million people have diabetes, and this 
number is projected to reach 643 million by 2030, 
and 783 million by 2045. In addition, 541 million 
people are estimated to have impaired glucose toler-
ance in 2021. It is also estimated that over 6.7 million 

people aged 20–79 will die from diabetes-related 
causes in 2021. The number of children and adoles-
cents (i.e. up to 19 years old) living with diabetes 
increases annually. In 2021, over 1.2 million children 
and adolescents have type 1 diabetes. Direct health 
expenditures due to diabetes are already close to one 
trillion USD and will exceed this figure by 2030.3

Diabetes and Cardiovascular Diseases

Previous population studies have shown that diabetic 
patients have a six- to eightfold increased risk for car-
diovascular (CV) events, which is equivalent to the 
risk of patients with a previous myocardial infarction 
(MI). Mortality, though decreasing in the last thirty 
years, has remained at least twofold increased and 
more than 50% of all deaths are due to CV causes. A 
part of the pronounced CV disease (CVD) risk pres-
ent in diabetic patients is accredited to the prothrom-
botic status present in DM. An important determi-
nant of the prothrombotic state in DM is the excess 
in hyperreactive platelets and the platelet turnover to 
immature forms, the reticulated platelets. These im-
mature platelets are known to be more reactive, bear 
significant amounts of cyclooxygenase-2 (COX-2) 
protein and are considered an independent predictor 
of major adverse CV events, including mortality, in 
DM.4

Advanced glycation end products (AGEs), created 
by a nonenzymatic reaction between protein and sug-
ar residues in DM, further increase platelet activation 
and aggregation. This is mediated by the upregula-
tion of molecules such as COX-2 and thromboxane 
A2, P-Selectin, platelet endothelial cell adhesion 
molecule 1 (PECAM-1) and platelet glycoproteins 
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including glycoprotein GPIIb. AGEs also induce al-
terations in endothelial cells triggering inflammation, 
which is the key factor in atherothrombosis. More 
specifically, AGEs have been shown to inhibit endo-
thelial cell nitric oxide (NO) production], which in-
hibits NO-mediating vasodilatation, induces platelet 
aggregation and releases pro-inflammatory cytokines 
and reactive oxygen species (ROS).4

Considering the prothrombotic state present in DM, 
optimal antithrombotic treatment in terms of prima-
ry and secondary prevention of CVD could play a 
critical role in reducing morbidity and  mortality. 
This article reviews current literature about the role 
of antithrombotic therapy in primary and secondary 
prevention of CVD in DM.4

Prevalence of cardiovascular disease in T2DM5

(Table 01)
Outcome Before 2016 2007–2017  2019
All CVDs 14.3–46.9% 32% 34.8%
Coronary ar-
tery disease 

 1.8–25.6% 21% 10.9%

Heart attack 3.3–17.8% 10% 4.6%
Stroke 1.7–17.7% 7.6% 5%
Heart failure  14.9% 2.4%
Peripheral 
artery disease

2.6%

Endothelial dysfunction, atherosclerosis and pro-
thrombotic status in diabetes6  (Figure 01))

Antiplatelet therapy

Antiplatelet agents in routine clinical use are those 
that affect the platelet TXA2 production and platelet 
P2Y12 receptor activation.7

Mechanisms of action of antiplatelet agents8  

   (Figure 02)

Primary prevention in diabetes

Primary prevention is defined as offering therapy to 
individuals without a history of a vascular ischaemic 
event.9 Just over a decade ago, national and inter-
national guidelines were advocating routine use of 
aspirin in diabetes for primary prevention, a recom-
mendation based on historical and rather weak data.10

An early meta-analysis in 2009 of six studies, and 
more recent work in 2017 and 2018 including 10 and 
11 trials respectively, failed to show convincing evi-
dence for a beneficial effect of aspirin when used for 
primary prevention.11-13

In the largest individual data meta-analysis of prima-
ry prevention trials (n = 95 000 individuals), aspi-
rin use in DM was associated with a non-significant 
12% relative risk reduction (RRR) of major adverse 
cardiac events (MACE), from 1.87% to 1.63% per 
year [hazard ratio (HR) 0.88 (0.67–1.15); Table 1].42 
Although non-significant, this benefit was compara-
ble to non-DM individuals, in whom aspirin reduced 
yearly MACE from 0.57% to 0.51% [HR 0.88 (0.82–
0.94); P= 0.0001].42 Aspirin was associated with 
an increase in extracranial, mainly gastrointestinal, 
bleeding in both non-DM and DM populations (P= 
0.20 for heterogeneity).14

The ASCEND study (A Study of Cardiovascular 
Events in Diabetes)  trial recruited 15 480 persons 
with diabetes (Mean age 63 years; median diabe-
tes duration of 7 years and good diabetes control 
[HbA1c 55 mmol/mol  (7.2%)]), to investigate the 
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role of aspirin in primary prevention. Participants 
were randomized to low-dose aspirin (100 mg/day) 
or placebo and after a follow-up of 7.4 years, aspirin 
use was associated with a 12% decrease in the com-
posite primary end point of myocardial infarction, 
stroke/transient ischaemic attack and cardiovascular 
death [8.5% and 9.6% in aspirin and placebo groups, 
respectively; hazard ratio (HR) 0.88, 95% confi-
dence interval (CI) 0.79– 0.97)]. Serious vascular 
events occurred in 8.5% of individuals on aspirin vs. 
9.6% on placebo [RRR 12%, HR 0.88 (0.79–0.97); 
P = 0.01]. However, these positive results were 
overshadowed by a 29% increased bleeding events, 
mainly gastrointestinal, at 4.1% and 3.2% in aspirin 

and placebo groups, respectively (HR 1.29, 95% CI 
1.09–1.52). Despite the study achieving its primary 
end point, the authors stated that the beneficial vas-
cular effects were negated by increased bleeding of 
‘a similar magnitude’.15

Aspirin should not be routinely used for primary 
prevention in all persons with diabetes but may be 
considered for high-risk individuals in the absence 
of contraindication.7 Overall, guidelines recommend 
aspirin monotherapy for DM patients with additional 
risk factor(s) and/or with an estimated annual risk of 
vascular events ≥ 1%.9  

Table 02: Trials of Primary Prevention.
(Table 02)

Secondary Prevention in Diabetes

The antiplatelet therapy represents a cornerstone in 
secondary cardiovascular prevention strategies for 
persons with diabetes.16-17

Following a coronary event, dual antiplatelet therapy 

(DAT) using aspirin and one of the P2Y12 inhibitors 
is given for 1 year followed by long-term monother-
apy, usually with aspirin, a strategy that applies to in-
dividuals with or without diabetes.18 ACS guidelines 
recommend DAPT comprising aspirin and prasu-
grel or ticagrelor, which applies to DM individuals. 
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Guidelines recommend routine early administration 
of aspirin in ACS, which seems to offer similar ben-
efits in individuals with and without DM. In individ-
uals with DM, prasugrel or ticagrelor combination 
with aspirin is preferred to clopidogrel, which shows 
reduced efficacy.9

The Clopidogrel in Unstable angina to prevent Re-
current Events (CURE) study was the first to com-
bine aspirin with the P2Y12 inhibitor clopidogrel in 
12 562 people with acute coronary syndrome (ACS), 
of whom 2840 had diabetes. DAT resulted in a 20% 
reduction in the combined outcome of cardiovascular 
death, myocardial infarction and stroke at 9 months  
following the event; this was consistent across the 
diabetes population.19

In the Trial to Assess Improvement in Therapeutic 
Outcomes by Optimizing Platelet Inhibition with 
Prasugrel-Thrombolysis in Myocardial Infarction 
(TRITON) study, which showed that combination 
with aspirin was superior at reducing vascular events 
compared with clopidogrel and aspirin in 13 608 per-
sons with ST segment elevation myocardial infarc-
tion (STEMI) requiring percutaneous coronary inter-
vention. However, there was a significant increase in 
bleeding events, which effectively negated any clin-
ical benefit. Intriguingly, the subpopulation with dia-
betes of 3146 individuals showed a similar vascular 
benefit without an increase in bleeding events.20

In the well-cited platelet inhibition and patient out-
comes (PLATO) study , which compared the com-
bination of aspirin and ticagrelor with aspirin and 
clopidogrel in 18 624 ACS individuals with ST el-
evation and non-ST elevation myocardial infarction 
(STEMI and NSTEMI), of whom 4662 had diabetes. 
A clear vascular benefit was shown with the former 
combination; the primary composite end point of 
myocardial infarction, stroke or cardiovascular death 
occurred in 9.8% and 11.7%, respectively (HR 0.84, 
95% CI 0.77 to 0.92). These benefits were not asso-
ciated with increased bleeding risk, indicating that ti-
cagrelor is both effective and safe.21 A similar pattern 
was observed in the subgroup with diabetes, with a 
HR of 0.88 (95% CI 0.76 to 1.03) for primary com-
posite end point (myocardial infarction, stroke or 
cardiovascular death) with no clear increase in bleed-
ing risk.22 In patients with ACS and insulin-requiring 
DM, ticagrelor may achieve more potent platelet in-
hibition than prasugrel.23 

Taken together, all individuals with diabetes should 
receive DAT following ACS using aspirin plus either 
prasugrel ( only during coronary intervention) or ti-
cagrelor. The latter is perhaps preferred as it has been 
shown to be effective in both STEMI and NSETMI 
without concerns over its use in underweight individ-
uals, in the older age group or in those with cerebro-
vascular disease (groups where prasugrel use can be 
problematic).10     

Table 03: Trials of Secondary Prevention
(Table 03)
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limitations of Current Treatment Strategies: An-
tiplatelet Drug Resistance and DM

Numerous reports have described a possible rela-
tionship between variability in response to antiplate-
let therapy and clinical outcomes, thus suggesting 
that “resistance” to oral antiplatelet drugs may play 
a role in the risk of adverse cardiovascular events. 
Because the risk of recurrent ischemic events is el-
evated in DM patients, there has been particular in-
terest in understanding antiplatelet drug response in 
these high-risk subjects. In “resistant” patients, the 
antiplatelet drug fails to block its specific platelet 
target (eg, aspirin to block the COX-1 enzyme and 
clopidogrel to block the P2Y12 receptor). Therefore, 
it is a laboratory finding and should not be confused 
with “treatment failure,” which means the recurrence 
of ischemic events despite treatment.24

Several clinical studies have shown an association 
between aspirin resistance and a higher risk of re-
current ischemic events. The main cause of aspirin 
resistance, when assessed by COX-1– specific tests, 
is poor patient compliance. Population selection is 
another factor that contributes to inadequate aspirin 
effects. DM patients have very high rates of inad-
equate response to aspirin when assessed by non–

COX-1–specific methods13,143; in these patients, 
increasing aspirin dose has been suggested to over-
come resistance.144 This is in line with findings 
from a subanalysis of the Aspirin-Induced Platelet 
Effect (ASPECT) study, which compared the phar-
macodynamic effect of different doses of aspirin in 
patients with and without DM and showed a higher 
percentage of aspirin resistance in the DM subgroup 
with the lower dose (81 mg daily). Interestingly, in-
creasing aspirin dose (162 and 325 mg daily) sig-
nificantly reduced platelet reactivity in patients with 
DM, resulting in similar rates of aspirin resistance in 
both groups.24

Clopidogrel therapy, in addition to aspirin, has shown 
an undisputed clinical benefit in patients with ACS/
PCI. Genetic, cellular, and clinical mechanisms have 
been observed to contribute to inadequate clopidogrel 
responsiveness. The presence of DM is an important 
clinical factor that contributes to decreased clopido-
grel-induced effects; a lower response to clopidogrel 
has repeatedly been shown in DM patients compared 
with non-DM patients in both the immediate and 
maintenance phases of therapy. Among patients with 
DM, those at the most advanced stage who require 
insulin therapy have the highest degree of platelet re-
activity while on dual antiplatelet therapy.24

Synergistic effect of anti-diabetic and anti-platelet agents on preventing thrombosis in diabetic pa-
tients25 

(Figure 03)
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2019 ACC/AHA Guideline on the Primary Pre-
vention of Cardiovascular Disease26

Recommendations for Aspirin Use26

     (Table 04)
COR lOE RECOMMENDATIONS
IIb A Low-dose aspirin (75-100 mg oral-

ly daily) might be considered for 
the primary prevention of ASCVD 
among select adults 40 to 70 years 
of age who are at higher ASCVD 
risk but not at increased bleeding 
risk

III-Harm B-R Low-dose aspirin (75-100 mg 
orally daily) should not be admin-
istered on a routine basis for the 
primary prevention of ASCVD 
among adults >70 years of age

III-Harm C-LD Low-dose aspirin (75-100 mg 
orally daily) should not be admin-
istered for the primary prevention 
of ASCVD among adults of any 
age who are at increased risk of 
bleeding

2021 ESC Guidelines on cardiovascular disease 
prevention in clinical practice27

Recommendations for antiplatelet therapy27

(Table 05)
Recommendations  Class level
Aspirin 75 - 100 mg daily is recommended 
for secondary prevention of CVD

I A

Clopidogrel 75 mg daily is recommended as 
an alternative to aspirin in secondary preven-
tion in case of aspirin intolerance.

I B

Clopidogrel 75 mg daily may be considered 
in preference to aspirin in patients with estab-
lished ASCVD

IIb A

Concomitant use of a proton pump inhibitor is 
recommended in patients receiving antiplate-
let therapy who are at high risk of GI bleeding

I A

In patients with DM at high or very high 
CVD risk, low-dose aspirin may be consid-
ered for primary prevention in  absence of 
clear contraindications.

IIb A

Antiplatelet therapy is not recommended in 
individuals with low/moderate CV risk due to 
the increased risk of major bleeding

III A

American Diabetes Association 2022 Guidelines 
Recommendations for use of antiplatelet agents2

 (level of evidence A,B &C)

	 Use aspirin therapy (75–162 mg/day) as a 
secondary prevention strategy in those with diabetes 
and a history of atherosclerotic cardiovascular dis-
ease. A

	 For patients with atherosclerotic cardiovas-
cular disease and documented aspirin allergy, clopi-
dogrel (75 mg/day) should be used. B

	 Dual antiplatelet therapy (with low-dose as-
pirin and a P2Y12 inhibitor) is reasonable for a year 
after an acute coronary syndrome and may have ben-
efits beyond this period. A

	 Long-term treatment with dual antiplatelet 
therapy should be considered for patients with prior 
coronary intervention, high ischemic risk, and low 
bleeding risk to prevent major adverse cardiovascu-
lar events. A

	 Combination therapy with aspirin plus low-
dose rivaroxaban should be considered for patients 
with stable coronary and/or peripheral artery disease 
and low bleeding risk to prevent major adverse limb 
and cardiovascular events. A

	 Aspirin therapy (75–162 mg/ day) may be 
considered as a primary prevention strategy in those 
with diabetes who are at increased cardiovascular 
risk, after a comprehensive discussion with the pa-
tient on the benefits versus the comparable increased 
risk of bleeding.
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Cardiovascular Outcome Trials in Type-2 
Diabetes Mellitus: An Overview

Abhamoni Baro

Introduction:

Cardiovascular disease(CVD) is a well-estab-
lished complication of type 2 Diabetes Mel-
litus(T2DM) and a leading cause of diabetes 

related mortality and morbidity. The trials in DM 
can be either intensive glycemic control trials like 
the UKPDS ( U.K. Prospective Diabetes Study) or 
cardiovascular outcome trials(CVOT). In 2008, the 
U.S. Food and Drug Administration (FDA) issued 
guidance to the pharmaceutical industry that all new 
antihyperglycemic agents should have CV safety tri-
als conducted to attain approval.[1] The FDA was re-
sponding to prevailing concerns regarding the poten-
tial increased CVD risk associated with muraglitazar 
and rosiglitazone. The muraglitazar study showed 
doubled the incidence of CV complications and the 
rosiglitazone meta-analysis showed increased risk 
of myocardial infarction(MI) by 43% and CV death 
by 64%.[1,2] The recommendations proposed by the 
FDA included[1,2]: 

1) To consider an upper 
limit of the 95% con-
fidence interval (CI) 
<1.3 for the risk ratio of 
important CV events to 
exclude unacceptable 
CV risk. 

2) Phase 2 and phase 3 
studies must include 
diabetic patients with 
relatively advanced dis-
ease, elderly and renal 
impairment of varying 
degrees.

3)  Atleast a minimum of 2 years CV safety data be 
provided.

4) All phase 2 and phase 3 studies should inde-
pendently assess major adverse CV events: 
3-MACE (CV mortality, non-fatal MI, non-fatal 
stroke) or 4-MACE( 3-MACE plus hospitaliza-
tion for acute coronary syndrome or heart fail-
ure(HF) or urgent revascularization procedures).

 Lastly a meta-analysis of all phase 2 and phase 
3 trials be conducted to assess if the risk ratio 
of important CV events is below the upper limit 
95% CI of 1.8 in premarketing studies before a 
new drug license application is approved.  For 
drugs with pre-marketing estimated risk ratio 
between 1.3 and 1.8, post-marketing studies 
should then be conducted to demonstrate an up-
per bound ≤1.3 risk ratio.

 Table 1: Completed and published CVOTs.

*RED- DPP4 Inhibitor, BLUE-SGLT2 Inhibitors, GREEN- GLP-1 R Analogue, 
ORANGE- INSULIN, BLACK – TZD, PURPLE- Alpha-Glucosidase inhibitor.
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GlP1 Receptor Agonist (GlP1RA) CVOTs:

There are eight GLP-1RA CVOT trials published till 
date[Table 2]. All trials used a 3-point MACE com-
posite except ELIXA trial which used a 4-MACE. 
The inclusion criteria differed among the trials, most 
markedly in the lixisenatide trial, in which only pa-
tients with a recent history of acute coronary events 
(ACS) were enrolled.[3] The liraglutide and the 
semaglutide trial included patients aged ≥50 years 
with CVD or chronic kidney disease(CKD) and those 
aged ≥60 years with at least one CVD risk factor. The 
exenatide trial had wide-ranging of inclusion criteria, 
with no upper age limit and any degree of CV risk. 
In the albiglutide trial, patients were required to have 
established disease of the coronary, cerebral vessels 
or peripheral arterial disease. In the dulaglutide tri-
al, patients aged ≥60 years with previous CVD were 

included whereas in the AMPLITUDE-O trial (Efpe-
glenatide) patients aged >18 years with CVD were 
enrolled.[1,2]

                                                 Overall, patients enrolled in 
the lixisenatide trial were somewhat younger, with a 
shorter diabetes duration and lower BMI compared to 
others. The dulaglutide trial had the lowest baseline 
A1C (7.3%) and a high proportion of women (46%). 
The proportion of patients with CVD at baseline was 
100% in the lixisenatide and albiglutide trials where-
as least in the dulaglutide (31%) trial(Table 2). The 
AMPLITUDE-O trial had the longest duration of dia-
betes (15 years), lowest mean eGFR (72 ml/min/1.73 
m2) and  highest glycosylated hemoglobin (8.9%) at 
baseline.  There were differences in the ethnic ori-
gins and geographical locations, which have been 
reported to influence response to glycemic therapy.

Table 2: A brief Summary of the GLP1 receptor agonists CVOTS: 
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The first reported, ELIXA trial (Evaluation of Lix-
isenatide in Acute Coronary Syndrome) on patients 
with recent ACS was CV neutral, confirming the 
noninferiority of lixisenatide with respect to a 4-point 
MACE.[3] The second trial, LEADER (Liraglutide 
Effect and Action in Diabetes: Evaluation of Cardio-
vascular Outcome Results) demonstrated CV nonin-
feriority, as well as the statistical superiority of lira-
glutide. The reduction in 3-point MACE (HR 0.87 
[95% CI 0.78–0.97]) with liraglutide was driven by a 
significant reduction in CV death (HR 0.78 [95% CI 
0.66–0.93]) as well as all cause mortality ( HR:0.85 
[95% CI- 0.74 to 0.97]) and a non-significant reduc-
tion in nonfatal MI and nonfatal stroke. There was 
significant lower rate of nephropathy events in the 
liraglutide group (HR: 0.78; 95% CI, 0.67 to 0.92). 
The pattern of CV benefits associated with liraglu-
tide was different from that of empagliflozin in the 
EMPA-REG OUTCOME trial. The time to bene-
fit emerged later in LEADER (>12 months for CV 
death) and earlier in EMPA-REG trial(<3months). 
This delayed onset of benefits in LEADER is prob-
ably due to effect on progression of atherosclerotic 
vascular disease whereas in EMPAREG trial it was 
due to hemodynamic changes. [4] On 25 August 
2017, based on the results of the LEADER trial, the 
FDA approved a new indication for liraglutide: “to 
reduce the risk of major adverse CV events in adults 
with T2DM and established CVD”. Although the 
full results have not yet been published, the phase 3 
FREEDOM-CVO trial, which evaluated continuous 
delivery of exenatide was found to be CV safe.

In 2017 the results from the EXSCEL trial demonstrat-
ed CV safety in high risk subjects with T2DM who 
were treated with long-acting exenatide once week-
ly. There was a significant reduction in 3P-MACE 
(HR: 0.91, 95% CI: 0.83-1.00) and therefore, EXS-
CEL met the goal of CV safety but not superiority.
[5] In 2018, the Harmony Outcomes trial evaluated 
the CV effects of once-weekly albiglutide in patients 
with T2DM and showed superiority compared to 
placebo (HR 0.78,95% CI 0.68–0.90, (p<0·0001 for 
non-inferiority; p=0·0006 for superiority). However, 
in Harmony trial, out of the 3P-MACE, only MI was 
significantly reduced (HR: 0.75, 95% CI: 0.61-0.90, 
p = 0.003) and no significant reduction in CV death 

was observed, which was noted in the LEADER tri-
al. This could be due to short follow-up in the HAR-
MONY Outcomes trial than LEADER trial(1.6 years 
vs 3.8 years).[5]

In the SUSTAIN 6 trial once-weekly semaglutide 
reduced 3P-MACE and proved its non-inferiority 
(P<0.001 for noninferiority). Rates of new or wors-
ening nephropathy were lower in the semaglutide 
group, but rates of retinopathy complications (vitre-
ous haemorrhage, blindness, or conditions requiring 
treatment with an intravitreal agent or photocoagu-
lation) were significantly higher (HR: 1.76; 95% CI, 
1.11 to 2.78; P=0.02). This was explained by the rap-
id glucose lowering by semaglutide.[5]

The REWIND trial analysed CV effects of 
once-weekly administration of 1.5 mg dulaglutide 
and showed significant reduction of 3P-MACE (HR 
0.88 [95% CI 0.79–0.99); p = 0.026), specifically re-
ducing non-fatal stroke which was significant. This 
study also demonstrated that dulaglutide significant-
ly reduced composite renal outcome (new macroal-
buminuria, sustained decline in eGFR of ≥ 30%, and 
requiring chronic renal replacement therapy) among 
the participants.[1,2,5] 

The PIONEER-6 trial investigated CV safety of oral 
semaglutide, the first FDA-approved oral GLP-1 
RA.  The treatment group received semaglutide at 
dose of 14 mg daily after an 8 weeks run-in peri-
od of 3 mg and 7 mg oral semaglutide for 4 weeks, 
respectively. Eligible patients had an age ≥ 50 years 
and established CVD or CKD, or, if ≥ 60 years of 
age with ≥ 1 CV risk factor. This trial established the 
non-inferiority of oral semaglutide (HR 0.79 [95% 
CI 0.57–1.11]; p < 0.001), yet not demonstrating su-
periority over placebo (p = 0.17). [1,2,5] The AMPLI-
TUDE-O analyzed the effect of the exendin-based 
GLP-1 RA, efpeglenatide and enrolled participants 
with age 18 years or older, glycated hemoglobin A1c 
(HbA1c) > 7%, a history of CVD  and those aged 
≥ 50 years(male) or ≥ 55 ( female)  with CKD. Com-
pared to the previous CVOTs of GLP-1 RAs, the AM-
PLITUDE-O Trial included participants who were at 
a higher risk for CVD and had more cases of kidney 
disease. The patients were either given efpeglenatide 
at dose of 4 mg/week or 6 mg/week after titration. 
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The 3P-MACE significantly reduced by 27% (HR 
0.73 [95% CI 0.58–0.92]; p < 0.001 for noninferiori-
ty, p<0.007 for superiority). The AMPLITUDE-O is 
the only trial associated with a significant reduction 
of heart failure risk (39% reduction). This resulted 
in a number needed to treat (NNT) of 46 to prevent 
one MACE event over 1.8 years, and the NNT for 
the composite renal outcome was 19. The significant 
benefits were also observed in the expanded MACE 
composite outcome (HR 0.79; 95% CI, 0.65 - 0.96; 
p = 0.02 for superiority) and composite renal out-
come (macroalbuminuria, sustained decline in eGFR 
of ≥ 40% or below 15ml/min/1.73m2 for >1month, 
renal-replacement therapy required above 3months) 
(p < 0.001 for superiority).[6] On the sponsor’s deci-
sion that was not related to safety concerns, the AM-
PLITUDE-O trial was terminated.  

In summary the LEADER, REWIND, SUSTAIN-6 
and AMPLITUDE-O trials have demonstrated a 
reduction in rates of major adverse cardiovascular 
events with active GLP-1 RA treatment, but ELIXA, 
PIONEER 6 and EXSCEL, have been neutral. Over-
all GLP1RA reduces MACE by approximately 14% 
and reduces CV mortality. Another CVOT, SUR-
PASS CVOT evaluating Tirzepatide is ongoing since 
2020 and the results are expected by endo of 2024. 
Tirzepatide is a dual GLP-1 and GIP (glucose-depen-
dent insulinotropic polypeptide) agonist used in the 
treatment of type 2 diabetes mellitus.  

SGlT2-inhibitors:

The EMPA-REG OUTCOME trial assessed patients 
at high CV risk by treating with 10 or 25 mg of em-
pagliflozin versus placebo, with a median observa-
tion time of 3.1 years. The primary end point was 
significantly reduced with empagliflozin treatment 
(HR 0.86 [95% CI 0.74–0.99], P = 0.038). This 
reduction was driven by a significant decrease in CV 
death (HR 0.62 [95% CI 0.49–0.77], P < 0.001), all-
cause mortality (32%) and HF hospitalization[HHF] 
(35%).[7] Superiority in terms of CV death was large 
and clinically important (38% risk reduction), statis-
tically robust (P < 0.001), based on a large number of 
events (n = 309), occurring early (within 3 months), 
consistently seen with both doses across subgroups. 
There was an increased rate of treatment-emergent 

genital infection but no increase in other adverse 
events, including diabetic ketoacidosis and amputa-
tions was seen. Following this, the FDA approved a 
new indication for empagliflozin on 2 December 2016 
“to reduce the risk of CV death in adult patients with 
type 2 diabetes mellitus and CVD”, a claim that rep-
resented a clinical breakthrough in treating patients 
with type 2 diabetes. The EMPEROR-REDUCED 
trial assessed the effect of empagliflozin (10 mg/
daily) in 3730 patients with chronic symptomatic 
HF, reduced ejection fraction[EF] ≤40% and elevat-
ed natriuretic peptides, with a median follow-up of 
1.33 years. Empagliflozin significantly decreased the 
risk of the primary composite outcome by 25% driv-
en primarily by lower risk of HHF (HR 0.69 [95% CI 
0.59–0.81]), with no significant decrease in CV death 
(HR 0.92, 95% CI 0.75—1.12).[8] A significant im-
provement was observed for the key secondary out-
come of total HHF by 30% and a slower decline in 
eGFR with empagliflozin over the treatment period 
(by 1.7 ml/min/1.73m2 per year). The EMPEROR-
PRESERVE trial assessed the effect of empagliflozin 
(10 mg/daily) in 5988 patients, aged ≥ 18 years, with 
chronic HF (New York Heart Association (NYHA) 
class II, III or IV) for ≥ 3 months and EF>40%. The 
median duration of follow-up was 2.2 years and 
nearly half of the patients had T2D. It showed a sig-
nificant improvement of the primary composite out-
come with a reduced combined risk for CV death or 
HHF (HR: 0.79 [95% CI 0.69–0.90]; p < 0.001). This 
result was mainly related to a lower risk of HHF (HR 
0.71 [95% CI 0.60–0.83]) and a slight decrease in CV 
death risk (HR 0.91 [95% CI 0.76–1.09]). Subgroup 
analysis showed similar benefits in diabetic and 
non-diabetics. A significant 27% relative reduction 
in the total number of HHF was reported and the de-
cline rate in the eGFR was slower in the empaglifloz-
in-group by 1.36 ml/min/1.73 m2 per year. Urinary 
tract infections, genital infections, and hypotension 
were somewhat more often with empagliflozin.[9]

The CANVAS program was a combination of two 
trials involving 10,142 participants with type 2 di-
abetes mellitus at high CV risk. It was shown that 
patients treated with the SGLT-2 inhibitor canagli-
flozin had a lower risk of CV events and a significant 
reduction of HHF. The study also showed a possible 
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benefit of canagliflozin with respect to the progres-
sion of albuminuria and the composite renal outcome 
( sustained 40% reduction in the eGFR, need for re-
nal-replacement therapy or death from renal cause). 
It is the only trial showing increased risk for ampu-
tation compared to the control group and could be 
due to inclusion of patients with peripheral vascular 
disease. In 2018, the DECLARE-TIMI 58 trial was 
completed which investigated CV safety of dapagli-
flozin. The trial encompassed 17,160 patients who 
were followed during a median of 4.2 years. DE-
CLARE-TIMI 58 trial was unique as enrolled high 
proportion of patients in primary prevention (59.4% 
of the enrolled patients had no prior ASCVD). Da-
pagliflozin showed non-inferiority to placebo with 
respect to 3-MACE (p < 0.0001 for non-inferiority), 
yet not superiority (p = 0.17 for superiority). There 
was a significant reduction in CV death or HHF (HR 
0.83 (95% CI 0.73–0.95), p = 0.005). In addition, re-
duction of the renal composite endpoint and death 
from any cause was observed. Adverse events in-
cluded a significant increase of diabetic ketoacidosis, 
genital infections but no increase in the risk of ampu-
tation was seen.[10]

The CREDENCE trial examined Canaglifloz-
in in 4401 patients with T2DM and albuminuric 
CKD over a median follow-up of 2.62 years. Pa-
tients ≥ 30 years, T2DM with a HbA1c of 6.5–12%, 
and CKD (eGFR ≥ 30 - < 90 ml/min/1.73 m2) and 
macroalbuminuria were enrolled. Canagliflozin arm 
showed a 30% lower relative risk (HR 0.70 [95% 
CI 0.59–0.82]; p < 0.00001) of the primary com-
posite outcome, compared to placebo. In addition, 
there was approximately 28–34% risk reduction of 
renal outcome like ESKD, doubling of serum-creat-
inine etc. Similarly, CV outcomes such as CV death, 
stroke, and HHF were reduced by 20% to 40%.[14] 
In this trial, canagliflozin was not associated with an 
increased risk of atraumatic lower extremity amputa-
tions. [1,2,10]

The DAPA-HF study investigated effects of dapagli-
flozin (10 mg daily) in 4744 patients with a median 
follow-up time of 1.52 years. In this trial both dia-
betic (41.8%) and non-diabetic (58.2%) participants 
were enrolled. Inclusion criteria encompassed an 
EF≤ 40% and NYHA class II, III, or IV symptoms. 

Dapagliflozin showed significant improvement of 
the primary outcome: worsening HF or CV death 
(HR 0.74 [95% CI 0.65–0.85]; p < 0.001). Subgroup 
analysis demonstrated that patients with and without 
T2DM had near to equal risk reductions.[11] The 
DAPA-CKD trial assessed whether treatment with 
dapagliflozin (10 mg/daily) reduces the risk of kid-
ney and CV events in 4304 people with CKD, with 
or without T2D. Patients with CKD who had an 
eGFR ≥ 25 to ≤ 75 mL/min/1.73m2 and a UACR ≥ 200 
to ≤ 5000 mg/g were enrolled. During a median 
of 2.4 years follow-up, dapagliflozin significantly 
reduced the primary composite outcome by 39% 
with risk reduction for end stage kidney disease (HR 
0.64 [95% CI 0.50–0.82]; p < 0.0004), CV death (HR 
0.81 [95% CI 0.58–1.12]; p < 0.203), and a sustained 
eGFR decline ≥ 50% (HR 0.53 [95% CI 0.42–0.67]; 
p < 0.0001) compared to placebo. The risk for CV 
death or HHF and all-cause mortality were all sig-
nificantly reduced by dapagliflozin [12]

The VERTIS-CV trial investigated effects of er-
tugliflozin (5 mg or 15 mg/daily) in 8246 patients 
(≥ 40 years old) with T2D and established atheroscle-
rotic cardiovascular disease (ASCVD) with a mean 
follow-up time of 3.5 years. Ertugliflozin achieved 
its primary endpoint, affirming non-inferiority for 
MACE (HR 0.97 [95.6% CI 0.85–1.11]; p < 0.001) 
over placebo.[1,2,10] Two other SGLT2 inhibitor tri-
als evaluated sotagliflozin, which also provides gas-
trointestinal SGLT1 inhibition, and were published 
shortly after the Virtual CVOT Summit 2020 .Both 
trials ended early due to loss of funding from the 
sponsor. 

DPP-4 Inhibitors:  The SAVOR-TIMI 53 was the 
first CV outcome study for DPP-4 inhibitors to be 
published after implementation of USFDA regulatory 
mandate (2008). The SAVOR-TIMI 53 (Saxagliptin 
Assessment of Vascular Outcomes Recorded in 
Patients with Diabetes Mellitus–Thrombolysis in 
Myocardial Infarction) trial with saxagliptin demon-
strated that saxagliptin did not increase or decrease 
the rate of ischemic events compared to placebo 
arm.[13] However, it increased the risk for incident 
HF(HR 1.27 [95% CI 1.07–1.51], P = 0.007 )  and 
similar trend, although non-significant,was seen 
in the EXAMINE (Examination of Cardiovascular 
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Outcomes with Alogliptin versus Standard of 
Care) trial with alogliptin (HR 1.19 [95% CI 0.90–
1.58], P = 0.220 ). Both of them earned a warning by 
the FDA, especially in patients with underlying heart 
and kidney disease. The result of EXAMINE trial 
however showed that the rates of major composite 
events were not increased with alogliptin after fol-
low-up of 40 months. Results of TECOS trial were 
no different from other published CV outcome stud-
ies of gliptins with regard to primary composite end-
points demonstrating noninferiority of sitagliptin to 
placebo in terms of risk of 4-MACE outcome, with 
no increased risk of HHF. [13]

Vildagliptin in Ventricular Dysfunction Diabetes 
study (VIVDD) reported that diabetic patients with 
HF receiving vildagliptin showed no adverse effect 
on EF compared to placebo. Though the primary 
endpoint indicated that vildagliptin did not have an 
unfavorable effect on left ventricular EF, there was 
in fact, an increase in left ventricular end-diastolic 
volume (P = 0.007) and a 14% decrease in BNP in 
the vildagliptin group, suggesting that the increased 
left ventricular (LV) volumes observed did not result 
in increased LV wall stress. [1,2,13]           

The CARMELINA trial investigated CV effects 
of linagliptin compared to placebo in patients with 
T2DM at high risk of CV and kidney events. The 
CARMELINA was the first DPP-4i CVOT to inves-
tigate a composite kidney outcome in a statistically 
adequately powered manner. Inclusion criteria for 
the 6979 patients comprised high risk of vascular 
events (history of MI, stroke or coronary artery dis-
ease) or impaired renal function. Linagliptin showed 
CV safety (HR 1.02 (95% CI 0.89–1.17), p < 0.001 
for non-inferiority) compared to placebo but did not 
demonstrate a CV benefit. It showed a significant re-
duction of albuminuria progression (HR 0.86 [95% 
CI 0.78–0.95], p = 0.003) and a significant reduction 
in the composite microvascular endpoint (HR 0.86 
(0.78–0.95), p = 0.003) in the linagliptin group com-
pared to placebo. The CAROLINA (Cardiovascular 
Outcome Study of Linagliptin Versus Glimepiride 
in Patients with Type 2 Diabetes) was designed to 
establish noninferiority of linagliptin relative to the 
glimepiride, thus including an active comparator. In-
cluded patients were adults with T2DM, HbA1c of 

6.5–8.5%, and high CV. Linagliptin demonstrated 
non-inferiority compared to glimepiride and lina-
gliptin demonstrated CV safety, yet no CV benefit 
compared to glimepiride. This trial not only demon-
strated CV safety of linagliptin, but also provided re-
liable evidence for the CV safety of glimepiride.[13] 
The OMNEON (A Study to Assess Cardiovascular 
Outcomes Following Treatment With Omarigliptin 
in Participants With T2DM) evaluating the investi-
gational once-weekly omarigliptin was terminated as 
a business decision.

Overall, the DPP-4 inhibitors have established 
MACE safety and proved non-inferiority but did not 
prove superiority. As far as increased risk of pan-
creatitis and pancreatic cancer with incretin-based 
therapies is concerned, no causal link between incre-
tin-based drugs and these events has been established 
to date.

PPAR Agonists: 

Before the FDA issued its 2008 guidance, two high-
ly controversial meta-analyses of CV risk were pub-
lished in the mid-2000s—the first on muraglitazar, a 
(PPAR)-α and -γ agonist, and the second on Rosigl-
itazone (PPAR-γ agonist).The muraglitazar analysis 
showed more than twice the incidence of CV compli-
cations and the rosiglitazone meta-analysis showed 
a statistically significant increased risk of MI. Af-
terward a subsequent study on rosiglitazone did not 
confirm the earlier findings and the FDA lifted its 
prescription restrictions for rosiglitazone.[1,2]

The AleCardio trial for aleglitazar, a dual activator of 
PPAR-α and -γ, enrolled patients with a recent ACS 
but terminated early due to several CV and non-CV 
safety concerns. Another trial for aleglitazor, the 
ALEPREVENT trial on stable CVD showed in-
creased incidences of hypoglycemia and muscular 
events. Trials of another thiazolidinedione, piogl-
itazone, the PROactive (Prospective Pioglitazone 
Clinical Trial in Macrovascular Events) study found 
that pioglitazone reduced all-cause mortality, nonfa-
tal MI, and stroke in patients with T2DM who were 
at high risk for macrovascular events.[14] The more 
recent IRIS (Insulin Resistance Intervention After 
Stroke) trial found that, in insulin-resistant predia-
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betic patients with previous ischemic stroke, piogli-
tazone showed significant 24% reduction of fatal or 
nonfatal stroke or MI compared to placebo after 4.8 
years of follow-up.[15] Another trial named TOSCA.
IT (Thiazolidinediones or Sulfonylureas Cardiovas-
cular Accidents Intervention Trial) compared CV 
safety of pioglitazone to a sulfonylurea  but was ter-
minated early and it failed to replicate the treatment 
benefit seen in IRIS.

Insulin: The ORIGIN Trial (Outcome Reduction 
with an Initial Glargine Intervention) established the 
neutral CV effects of insulin glargine in individuals 
with CV risk factors and T2DM or prediabetes, over 
a period of 6.2 years.[16] The DEVOTE (A Trial 
Comparing Cardiovascular Safety of Insulin Deglu-
dec Versus Insulin Glargine in Patients With T2DM 
at High Risk of Cardiovascular Events) involving 
7,637 patients with established CVD and a mean dia-
betes duration of 16 years, confirmed the CV safety of 
insulin degludec (HR 0.91 [95% CI 0.78–1.06], P = 
0.21).[17] This study was conducted after the FDA 
required a preapproval degludec CVOT based on the 
results of its phase 2 and 3 meta-analysis. Degludec 
was statistically superior to glargine in terms of low-
er rate of both severe and nocturnal severe hypogly-
cemia (by 40% and 53%, respectively; P < 0.001). 
There was no difference in CV mortality between the 
2 groups.

α-Glucosidase Inhibitors: The ACE trial of acar-
bose was done in 6,522 Chinese patients with cor-
onary heart disease and impaired glucose tolerance.
[18] It did not show significant reduction of 4-MACE 
but acarbose treatment caused a modest reduction in 
incident T2DM (HR 0.82 [95% CI 0.71–0.94], P = 
0.005) over a median follow-up of 5 years with a 
dose of 50 mg three times daily.

Conclusion:  The already completed CVOTs have 
provided strong evidence for CV benefit for sev-
eral drugs and reassurance about the CV safety for 
many others. In addition, they have yielded further 
information on non-CV benefits, such as reduction 
of renal disease, and potential harms, such as HF and 
lower-limb amputations. These trials have built a 
strong foundation of outcomes evidence that is truly 
transforming diabetes care. 
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Diabetes affects around 74.2 million people of 
all ages representing 9.6% of Indian popula-
tion and 536 million people worldwide (1). 

Diabetic Kidney disease (DKD) is the most common 
cause of End stage renal disease in the world and 
is associated with increased morbidity and mortal-
ity in diabetic patients. DKD is a chronic progres-
sive disease that develops over the time.  Risk factor 
modification, such as tight control of blood glucose, 
management of hypertension and hyperlipidaemia, 
and the use of renin–angiotensin–aldosterone system 
(RAAS) blockade have been proven to help delay the 
progression of DKD. Recent studies suggest that the 
spectrum of DKD has changed and many progresses 
have been made to develop new treatments for DKD. 
Optimal care of diabetes and CKD can be done by 
integrating new therapies with existing management 
approaches. It should be a comprehensive strategy 
to reduce the risk of kidney disease progression and 
cardiovascular diseases (2).

In patients with established DKD, regression of al-
buminuria and preservation of renal function is the 
ideal treatment goal. Strict Glycaemic control and 

Blood Pressure control early in the course is vital. 
Aggressive lipid lowering and lifestyle modifica-
tions, including adherence to a low-protein and low 
salt diet, exercise, weight loss, and smoking cessa-
tion all are beneficial and improves renal outcome. 
The primary goal of current management is to slow 
the progression of kidney disease, but future aim is 
to halt the disease process and reverse any damage. 
To achieve this, treatment needs to be individualized 
and requires consideration of the cost, side effects, 
and convenience of the drug regimen measured 
against the anticipated benefits. As DKD progress-
es and renal function declines, medication types and 
doses need to be adjusted. 

Glycaemic Control and Monitoring:

 Adequate glycaemic control has been shown to re-
tard albuminuria and GFR decline by studies in both 
T1DM [Diabetes Control and Complication Trial 
(DCCT), Epidemiology of Diabetes Interventions 
and Complications (EDIC)] and T2DM (Kumamoto 
study, United Kingdom Prospective Diabetes Study 
(UKPDS). However, as DKD progresses, hypogly-
caemia incidence becomes increasing frequent be-
cause of changes in insulin, carbohydrate metabo-
lism, and renal gluconeogenesis and hence frequent 
glycaemic monitoring and regular review of the oral 
antidiabetic regimen or insulin dosing is essential.  
The accuracy and precision of haemoglobin A1c is 
maintained till estimated glomerular filtration rate 
(eGFR) is down to 30ml/min per 1.73m2, so can be 
used for monitoring glycaemic status. Beyond that 
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its value should be interpreted with caution. Contin-
uous glucose monitoring (CGM) and self-monitoring 
of   blood glucose can be used for better glycaemic 
control without the risk of hypoglycaemia in lower 
GFR. Glycaemic targets need to be individualized 
depending on patient factors. 

Glucose -lowering therapies

Antiglycaemic therapy in DKD should be individual-
ized, taking into consideration medication associated 
adverse events, degree of renal impairment, patient 
preference and cost, and convenience of therapy. 
Lifestyle therapy is the cornerstone of management 
for patients with DKD. Most guidelines recommend 
Metformin and SGLT2i has the first line therapy for 
patients of diabetes and DKD with eGFR >30ml/min 
per 1.73m2 and an additional drug as required for 
glycaemic control. 

Metformin is an insulin sensitizer that decreases 
hepatic glucose production, increases insulin sensi-
tivity and insulin-mediated utilization of glucose in 
peripheral tissues while decreasing glucose intestinal 
absorption. The dose of metformin should be reduced 
according to renal function and an information card 
or leaflet be given to those with CKD3b or higher 
(GFR<45ml/min/1.73m2) that instructs to temporar-
ily stop metformin in states of dehydration, before 
the administration of radiocontrast agents and in sit-
uations where risk of AKI is high. It should be dis-
continued in patients with eGFR < 30ml/min/1.73m2 
or kidney failure.

SGLT2i are recommended as part of comprehensive 
care of patients with T2DM as they have proven to 
reduce risks of CKD progression and major CVD 
events, they do lower blood glucose, with improve-
ments in HbA1c. In patients with DKD who have not 
achieved individualized glycaemic targets despite 
use of metformin and SGLT2i, or who are unable 
to use those medications, a long acting GLP-1RA is 
recommended as part of the treatment. Other glucose 
lowering agents with low risk of hypoglycaemia can 
be selected. 

DDP-4 inhibitors lower blood glucose with low risk 
of hypoglycaemia but have not been shown to im-
prove kidney or cardiovascular outcomes and should 

not be used in combination with GLP-1 RA. 

Renin Angiotensin Aldosterone System (RAAS) 
Blockade (ACE-I and ARB):

ACE inhibition and the angiotensin blockade in the 
form of ACE inhibitors and Angiotensin receptor 
blockers have been proven to be effective in reduc-
ing albuminuria and even reversing moderately in-
creased albuminuria. Several landmark trials (CSG 
Captopril, RENAAL, IDNT) have proved the thera-
peutic efficacy of this class of drugs for patients with 
DKD, and remain the mainstay of management of 
DKD. Recommendations are to initiate and subse-
quently titrate RAAS inhibitors to a maximally tol-
erated doses in Diabetic hypertensive patient with 
albuminuria to achieve at least 30% reduction in 
albuminuria, as this is associated with lower CKD 
progression and risk of kidney failure. Patients with 
diabetes and hypertension are at lower risk of CKD 
progression when urine albumin excretion is normal 
(<30mg/g creatinine), and existing evidence does not 
show clear clinical benefits of RAAS blockade in this 
population. RAAS blockade in diabetic hypertensive 
and eGFR <60ml/min/1.73m2 but without albumin-
uria have little or no benefit over blood pressure 
control with other agents. But RAAS inhibition may 
be beneficial in patients with DKD and albuminuria 
without hypertension given the strong correlation 
between severity of albuminuria and risk of kidney 
failure. Optimal use of ACE inhibitors or ARBs may 
be limited by side effects, including hyperkalaemia, 
hypotension, and reduced GFR. The cardiovascular 
and kidney benefits of ACEi and ARB treatment in 
patients with DKD, hypertension, and albuminuria 
warrant efforts to maintain patients on these drugs, 
when possible. In women of reproductive age, coun-
selling about pregnancy prevention and contracep-
tive use should begin before a RAS blocker is start-
ed. Combination therapy with ACEi, ARBs, or direct 
renin inhibitors reduces blood pressure and albumin-
uria to a larger extent than does monotherapy with 
these agents. Long-term outcome trials in patients 
with diabetes and CKD demonstrated no kidney or 
cardiovascular benefit of RAS blockade with com-
bined therapy to block the RAS versus the single use 
of RAS inhibitors.             
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 Table 1  Summaries of landmark trials with the RAAS blockade.

Trial Publication 
Year Treatment(s) Primary Composite Kidney Out-

come Risk Reduction

CSG Captopril 
(3) 1993 Captopril vs. placebo Doubling of the base-line serum cre-

atinine concentration 48%

RENAAL (4) 2001 Losartan vs. placebo Doubling of serum creatinine, ESKD 
or death 16%

IDNT (5) 2001 Irbesartan vs. am-
lodipine vs. placebo

Doubling of serum creatinine, ESKD 
or death

20% vs. placebo 
23% vs. amlodip-

ine

CSG Captopril = the collaborative study group; ESKD = end-stage kidney disease; IDNT = Irbesartan Dia-
betic Nephropathy Trial; RENAAL = reduction of end-points in non-insulin-dependent diabetes mellitus with 
the angiotensin II antagonist losartan.

Sodium glucose Cotransporter -2 Inhibitors 
(SGlT2i) :

Sodium glucose Cotransporter -2 Inhibitors (SGLT2i) 
like Canagliflozin, Empagliflozin, Dapagliflozin 
lower blood glucose levels by inhibiting kidney tu-
bular reabsorption of glucose. They also have a di-
uretic effect, as the induced glycosuria leads to os-
motic diuresis and increased urine output. SGLT2i 
also appear to alter fuel metabolism, shifting away 
from carbohydrate utilization to ketogenesis. 

SGLT2i demonstrated substantial reductions in both 
composite cardiovascular outcomes and composite 
kidney outcomes in a number of trials (EMPA-REG, 
CANVAS, DECLARE -TIMI 58, EMPEROR-Re-
duced, CREDENCE, DAPA-CKD) (Table2). The 

benefits appear to be independent of glucose lower-
ing effect and suggest other mechanisms like reduc-
tion of intraglomerular pressure and single-nephron 
hyperfiltration. Dapagliflozin was used in eGFR as 
low as 25ml/min/1.73m2 in DAPA-CKD trial and 
it showed significant decline in primary outcome of 
sustained ≥50%reduction in eGFR, ESRD, or death 
from renal or cardiovascular cause. EMPEROR-Re-
duced and EMPEROR-Preserved trials, enrolled pa-
tients with an eGFR as low as 20 ml/min per 1.73 
m2. These drugs can be continued even if eGFR falls 
below 20ml/min/1.73m2 unless it’s not tolerated or 
patient is initiated on renal replacement therapy. 

Safety and efficacy of SGLT2i in eGFR < 20ml/
min/1.73m2, in renal transplant recipients and in 
T1DM are not established and are being studied.\

Table2: Summaries of landmark trials with SGLT2 inhibitors.

Trial Year Pub-
lished

Treatment 
(s)

Primary or 
Secondary 
End-Point

Composite Kidney Outcome
Hazard 
Ratio 
(95%CI)

EMPA- REG 
OUTCOME 

(6)
2015

Empagli-
flozin vs. 
placebo

Secondary
Doubling of serum creatinine, initiation 
of kidney replacement therapy or death 

from renal disease

0.54 
(0.40–
0.75)

CANVAS 
(7) 2017

Canagli-
flozin vs. 
placebo

Secondary
Sustained 40% reduction in eGFR, need 
for kidney replacement therapy, or death 

from renal cause

0.6 
(0.47–
0.77)

CREDENCE 
(8) 2019

Canagli-
flozin vs. 
placebo

Primary
End-stage kidney disease, doubling of 

the serum creatinine level, or death from 
renal or cardiovascular causes

0.70 
(0.59– 
0.82)
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Trial Year Pub-
lished

Treatment 
(s)

Primary or 
Secondary 
End-Point

Composite Kidney Outcome
Hazard 
Ratio 
(95%CI)

DECLARE- 
TIMI (9) 2019

Dapagli-
flozin vs. 
placebo

Secondary
Sustained ≥40% reduction in eGFR to 

<60 mL/min/1.73 m2, new end-stage kid-
ney disease or death from renal cause

0.53 
(0.43–
0.66)

DAPA- CKD 
(10) 2020

Dapagli-
flozin vs. 
placebo

Primary
Sustained ≥50% reduction in eGFR, end-
stage kidney disease, or death from renal 
or cardiovascular cause

0.61 
(0.51–
0.72)

EMPEROR- 
Reduced 
(11)

2020
Empagli-
flozin vs. 
placebo

Secondary
Sustained ≥40% reduction in eGFR, 

chronic dialysis, renal transplant or sus-
tained eGFR < 10–15 mL/min/1.73 m2

0.50 
(0.32–
0.77)

EMPA-KID-
NEY 2022

Empagli-
flozin vs. 
placebo

Primary

End-stage kidney disease, a sustained 
reduction in eGFR to <10 mL/min/1.73 
m2, renal death, or a sustained decline of 

≥40% in eGFR

Ongoing

CANVAS = Canagliflozin Cardiovascular Assessment Study; CI = confidence interval; CREDENCE = Cana-
gliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation; DAPA-CKD = Da-
pagliflozin in patients with chronic kidney disease; DECLARE-TIMI = Dapagliflozin effect on cardiovascular 
events; eGFR = estimated glomerular filtration rate; EMPA-KIDNEY = study of heart and kidney protection 
with empagliflozin; EMPA-REG OUTCOME = empagliflozin cardiovascular outcome event trial in type 2 
diabetes mellitus patients; EMPEROR-Reduced = Empagliflozin Outcome Trial in patients with chronic heart 
failure with reduced ejection fraction.

Mineralocorticoid receptors antagonist (MRA) :

 Mineralocorticoid receptor antagonists (MRAs) are another promising therapeutic option in diabetic kid-
ney disease (DKD)` MRAs consistently reduce albuminuria, CKD progression, and activation of fibrotic 
and inflammatory pathways. DKD clinical studies (RALES, EMPHASIS-HF trials) have demonstrated that 
steroidal MRAs lead to albuminuria reduction compared with placebo, although hyperkalaemia is a major 
secondary effect. Novel Non-steroidal MRAs carry a lower risk of hyperkalaemia than steroidal MRAs, and 
the FIDELIO-DKD and FIGARO-DKD clinical trial showed that the non-steroidal MRA finerenone slows 
CKD progression and reduced the risk of adverse cardiovascular outcomes compared with placebo in patients 
with T2DM. 

Table 3: Summarizes landmark trials with MRAs.

Trial
Year Pub-
lished

Composite Kidney Outcome
Primary or Secondary 
End-Point

Findings or 
Results

FidElio-dKd 
(12) 2020 Kidney failure, >40% decrease in 

eGFr, death from kidney cause primary Hr 0.82 (95% 
ci 0.73–0.93)

FiGaro-dKd 
(13) 2021 Kidney failure, >40% decrease in 

eGFr, death from kidney cause secondary Hr 0.87 (95% 
ci 0.76–1.01)

CI = confidence interval; eGFR = estimated glomerular filtration rate; FIDELIO-DKD = The finerenone in 
reducing kidney failure and disease progression in diabetic kidney disease; FIGARO-DKD = finerenone in 
reducing cardiovascular mortality and morbidity in diabetic kidney disease; HR = hazard ratio; UACR = urine 
albumin to creatinine ratio.
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Glucagon-like peptide-1 receptor agonists (GlP-
1RA) :

Glucagon-like peptide-1 are incretin hormones se-
creted from L cells in the lower gut in response to 
food intake and an increase in plasma glucose. These 
incretin hormones facilitate insulin secretion from 
pancreatic ß islet cells, suppress glucagon secretion, 
delay gastric emptying, and induce a feeling of sa-
tiety. Long acting GLP-1 RA improves glycaemic 

control and confer weight loss. They also cause re-
ductions in albuminuria and slowing the rate of 
eGFR decline. GLP-1 RA are generally preferred 
additional glucose lowering drugs that can be add-
ed on top of metformin and SGLT2i, because they 
are safe and effective glucose-lowering agents with 
eGFR as low as 15 ml/min per 1.73 m2, reduce risk 
of atherosclerotic CVD events even when eGFR is 
< 60ml/min/1.73m2, lower albuminuria, and slows 
eGFR decline.

Table 4: Summaries of landmark trials with GLP-1 agonists.

Trial
Year 
Pub-
lished

Treatment 
(s)

Primary 
or Sec-
ondary

Kidney Outcome Results

LEADER 
(14) 2016 Liraglutide 

vs. placebo Secondary Diabetic Nephropathy HR 0.78 (95% CI 0.67–
0.92)

SUS-
TAIN-6 

(15)
2016 Semaglutide 

vs. placebo Secondary

Macroalbuminuria, dou-
bling of serum creatinine, 
Creatinine clearance ≤ 45 

mL/min or KRT

HR 0.64 (95% CI 0.46–
0.88)

AWARD-7 
(16) 2018

Dulaglutide 
vs. insulin 
glargine

Secondary eGFR and UACR

A decline in eGFR of the 
insulin arm but not in the 
higher-dose dulaglutide 

arm

REWIND 2019 Dulaglutide 
vs. placebo Secondary

300 mg/g > UACR in low-
er baseline concentration, 
sustained 30% > eGFR 

decline, KRT

HR 0.85 (95% CI 0.77–
0.93)

AWARD-7 = dulaglutide versus insulin glargine in patients with type 2 diabetes and moderate-to-severe 
chronic kidney disease; CI = confidence interval; CKRT = continuous kidney replacement therapy; CV = 
cardiovascular; eGFR = estimated glomerular filtration rate; ESKD = end-stage kidney disease; HR = hazard 
ratio; KRT = kidney replacement therapy; LEADER = liraglutide effect and action in diabetes: evaluation 
of cardiovascular outcome results; REWIND = dulaglutide and cardiovascular outcomes in type 2 diabetes; 
SUSTAIN-6 = trial to evaluate cardiovascular and other long-term outcomes with semaglutide in subjects 
with type 2 diabetes; UACR = urine albumin to creatinine ratio.

All glucose-lowering medications should be select-
ed and dosed according to eGFR and their selection 
should be guided by patient preferences, comorbidi-
ties and cost.

Summary

DKD remains the most common cause of ESRD 
globally. For years, other than adequate glycaemic 
control, RAAS blockade with ACEi and ARBs was 
considered to be sole therapeutic option available 

for prevention of DKD progression. These agents 
are still the cornerstone of DKD prevention but with 
advent of newer agents like SGLT2 inhibitors, GLP-
1 Receptor Agonist and novel nonsteroidal MRAs, 
therapeutic options have expanded and has made 
an impact in the management of DKD. These drugs 
have ushered a new era in DKD management. Sever-
al promising new molecules are undergoing clinical 
trials, which may help in better management of DKD 
in future.
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Prevention of Diabetic  
Retinopathy Blindness: Time for Clarion Call

Satyen Deka

Diabetes Mellitus is now a global epidemic. 
India is reported to have the secondhigh-
est number of people with diabetes in the 

world following China.1,2  In 2019; 77, 005, 600 
people were estimated to have diabetes in India.1 
The prevalence of diabetes in India varies widely 
ranging from 5% to 16% at present.4  Undiagnosed 
diabetes is a significant problem in India. 3  It will 
progress towards a higher prevalence of diabetes 
and so each state should prioritize diabetes care ur-
gently.3 Diabetic Retinopathy (DR) is an emerging 
preventable cause of blindness in India. All patients 
with Diabetes should be Screened Regularly for 
Sightthreatening Diabetic Retinopathy (STDR).The 
purpose of DR screening is to identify people with 
sightthreatening DR (STDR) so that they are treated 
promptly to prevent blindness. Diabetic Retinopa-
thy (DR) is the most common microvascular ocu-
lar complication of diabetes. Sightthreatening DR 
(STDR), which includes proliferative diabetic reti-
nopathy (PDR) and/ or diabetic macular edema(D-
ME) are common causes of visual impairment in 
people with diabetes. While individuals with no 
DR and mild nonproliferative diabetic retinopa-
thy (NPDR) are considered nonreferable, referable 
DR is defined as the grade of severity of DR more 
than mild NPDR (moderate NPDR and above with 
or without DME). Unlike reports from the West-
ern countries that show that the prevalence of DR 
is about 30% in people with diabetes, population-
based studies in India over the last two decades 
report a lower prevalence of DR of approximately 
18% in urban areas and 10% in rural areas.412 This 

is despite known risk factors associated with DR 
such as uncontrolled hyperglycemia, hypertension, 
and dyslipidemia being highly prevalent in India. 
There are possibly inherent genetic and local envi-
ronmental protective factors for DR that are yet to 
be elucidated. Longer duration of diabetes carries 
the highest risk. However, approximately 5%–10% 
of people have STDR, highlighting the importance 
of DR screening. 

For  ophthalmologists, it is essential to ensure

•  Timely detection of STDR. 

•  Appropriate and prompt treatment as per stan-
dard protocol

•  Education of individuals with diabetes regard-
ing their eye status 

•  Referral to physicians for control of the risk 
factors and other associated complications of 
diabetes. 

Identification of People with Diabetes for DR 
Screening

 There is a high prevalence of undiagnosed diabe-
tes in India and so screening for DR cannot be re-
stricted to people with known diabetes. It is recom-
mended that DR screening be done for all people 
with known diabetes on treatment, a single record 
of random blood sugar (RBS) of ≥200mg/dl (≥11.1 
mmol/l), glycated hemoglobin (HbA1C) >6.5% (48 
mmol/l) or higher or gestational diabetes when first 

Chapter15
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notified to a medical personnel. If facilities are not 
available for screening, referral to a center with DR 
screening facilities should be made and document-
ed. Although at least two laboratory test results are 
required to prove that an individual has diabetes, 
we recommend that at least a single laboratory test 
be performed to screen for diabetes due to the ur-
gent need to identify and treat patients with STDR 
to prevent blindness due to diabetes. 

The Government of India has introduced noncom-
municable disease registers (NCD registers). People 
with diabetes are registered in these NCD registers 
and should be screened regularly for DR. The DR 
status should be recorded for each patient to enable 
regular monitoring and for audit purposes. 

Patients visiting ophthalmologists for cataract sur-
gery or any other surgical procedures should have 
at least one RBS test done. If the RBS is ≥200 mg/
dl (≥11.1 mmol/l) or Hba1c is > 6.5%, a dilated 
fundus examination and status of DR should be re-
corded before surgery. If there is no fundus view 
due to dense cataract, Bscan should be performed 
to rule out vitreous hemorrhage (VH) or retinal de-
tachment prior to surgery. Fundus examination for 
assessment of DR should be performed during the 
immediate postoperative review. 

In camps or community screening conducted by 
physicians or ophthalmologists, the same recom-
mendations have to be followed. Pharmacies/medi-
cal shops and laboratories are important sources for 
screening for diabetes. Patient information sheets 
on diabetes and its complications and need for DR 
screening can be developed and supplied to these 
local sources to increase public awareness of DR.

Each medical institution should be encouraged to 
maintain a diabetes registry with data on grade 
of DR to ensure patients can be recalled for DR 
screening. Robust data collection enables accurate 
reporting of the prevalence and incidence of STDR. 

This strengthening of data collection will help drive 
public health initiatives and blindness control pro-
grams to reduce visual impairment in people with 
diabetes. 

DR Screening Intervals in diabetic population

SankaraNethralaya Diabetic Retinopathy Epidemiol-
ogy and Molecular Genetics Study (SN_DREAMS 
II) reported that the 4year incidence of DR, DME, 
and STDR as 9.2%, 2.6%, and 5.0%, respectively. In 
subjects with DR at baseline, the incidence of DME 
and STDR increased to 11.5% and 22.7%, respec-
tively.5

Risk Factors

Preexisting DR is, therefore an important risk factor 
for progression. Strong association of DR progres-
sion was also observed with longer duration of dia-
betes, age above 40 years,Higher systolic blood pres-
sure, High HbA1C, Anemia, High serum cholesterol, 
Obesity,Lowfiber diet, Albuminuria,Neuropathy and 
foot ulcerations.13-18

Annual screening for DR is recommended for all di-
abetic population. Patient information sheets should 
be developed and given to each patient with DR. The 
information should contain the recommended indi-
vidualized frequency of screening, explanation that 
STDR may occur before a patient becomes symp-
tomatic, risk factors for progression of DR and asso-
ciations of DR with other complications of diabetes.

Screening Models

 The gold standard for grading the severity of DR 
is stereoscopic fundus photography through dilat-
ed pupils, using seven standard fields, and grading 
guidelines for these photographs established by the 
Early Treatment Diabetic Retinopathy Study (ET-
DRS) group.19 However, in a country such as India 
where there are insufficient ophthalmology services 
to cater to the needs of the population, a step by step 
approach is required. These steps include mass pop-
ulation based screening for DR to improve aware-
ness of this ocular complications among patients, 
public, and health care personnel. More specialized 
services are required for those with DR to enable 
close monitoring and treatment. Several population-
based screening and awareness programs have been 
conducted across the nation. Very few meet the gold 
standard of DR screening. However, India is at a 
point where it is crucial to identify every patient with 
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STDR. So, there is a need to strike a balance between 
gold standard and acceptable screening protocol for 
the large population. Telemedicine and the use of 
non-mydriatic fundus camera are major steps in the 
setup of DR screening.20 However, small pupils and 
cataract degrade the image quality taken in undilated 
conditions.21 

It is therefore, encouraged that mydriatic screening 
for DR becomes routine practice and all ophthal-
mology departments should aim to work towards 
providing a mydriatic DR screening service unless 
nonmydriatic wideangled cameras are used.22 

 Screening for DR can be through communitybased 
screening models or hospitalbased screening models. 

Communitybased screening models:

Community Outreach is an extended service of the 
provider hospital. The main aim of community out-
reach includes reaching out to the people with diabe-
tes at their doorsteps for DR screening and to involve 
the community (voluntary organizations and primary 
care physicians) in DR awareness creation. These 
outreach clinics may be targeted only for people with 
diabetes or general population screening for diabe-
tes followed by DR screening. Exclusive DR camps 
should include diabetologists (or general medical 
practitioners) and ophthalmologists and paramedical 
personnel with sufficient equipment to screen, diag-
nose and refer people who require treatment to attend 
specialized ophthalmology care delivery centers for 
treatment. The screening camps for detecting diabe-
tes followed by DR screening needs specific public-
ity campaigns and separate infrastructure. Screening 
for diabetes and DR is done simultaneously. Screen-
ing for diabetes is usually accomplished through es-
timation of RBS (finger prick sample). However, the 
yield of STDR using this method is less and is less 
costeffective than screening people with known dia-
betes for DR.

Opportunistic DR screening in diabetes clinics/
general physician clinics/pharmacy and/or med-
ical laboratories: The point of contact and care for 
a person with diabetes is usually a physician/diabe-
tologist, the pharmacy, or the laboratory and seldom 
an ophthalmologist. Screening for DR in clinics or 

pharmacies is best achieved by telescreening. A tech-
nician captures the retinal photographs and sends the 
images to the ophthalmologist for a remote diagno-
sis. This screening pathway needs a robust informa-
tion technology (IT) enabled service delivery mod-
el consisting of ophthalmic diagnostic equipment, 
trained technician and internet connectivity in a di-
abetes center and an ophthalmology center to effec-
tively screen for DR. Thus, patients would receive 
remote expert ophthalmologist consultation without 
having to visit an eye hospital. 

Screening in Primary Health Centres (PHCs): 
This involves either the primary health centers 
(PHCs) being selfsufficient to provide this service 
such as in Kerala or establishing a “Public Private 
Partnership” for DR screening. In this regard, the 
district health authority has to give permission to an 
external eye care provider. Trained ophthalmic tech-
nicians perform fundus imaging to screen all the reg-
istered diabetes patients at the PHCs. Screening for 
DR at PHCs may be done on a specific day in a week. 
Mydriatic DR screening is recommended. 

Detecting DR in Vision Centres (Primary Eye 
Care Centres): The core objective of Vision Centres 
is to provide comprehensive eye care by integrating 
IT effectively to provide quality eye care at the door-
steps of the rural population. Primary health center 
(PHC) with an associated vision center has a ded-
icated Paramedical Ophthalmic Assistant (PMOA). 
This setup also called as Primary eye care center. The 
fundus images of patients with diabetes can be taken 
by the PMOA with the help of lowcost fundus camer-
as after mydriasis and the images are sent to the base 
hospital for opinion.  This enables patients examined 
at the vision center to have teleconsultation with an 
ophthalmologist at the base hospital. Patients requir-
ing further management are referred to the base hos-
pital. 

Mobile van approach in DR screening: To reach 
the unreachable and increase compliance, mobile 
van with suitable infrastructure should be used. For 
the patient, this approach helps reduce travel cost and 
saves time. Mydriatic DR screening is recommend-
ed. 
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Hospitalbased screening models 

DR screening can be done in multispeciality hospi-
tals as well as tertiary eye care centers where vitreo-
retinal services are available to provide the expertise 
and treatment. All people coming to the hospital can 
be referred to the retina department where the retinal 
images are captured after mydriasis and a retinal spe-
cialist is available for further or early management of 
STDR. However,the limited number of trained retina 
specialists and eye hospitals is a barrier for the wide 
implementation of hospitalbased screening models.

Dynamic Referral Pathways with Feedback 
Mechanisms

 An appropriate and accountable referral mechanism 
is integral to the screening program, to ensure a con-
tinuum of care, at the specialized eye hospitals for 
the management of DR. Referral consultations be-
tween physicians and ophthalmologists, are not opti-
mal, indicative of lack of coordination and commu-
nication. There is no mechanism to track compliance 
to referral, rendering the physicians and ophthalmol-
ogists unaware of the outcomes of their referrals.23 
The interreferral process has to be dynamic and pro-
vide feedback to both groups of professionals. Elec-
tronic medical records (EMR) or electronic diabetes 
registry should allow all patient records to be shared 
across the two professional groups and this needs to 
be established for a successful DR screening pro-
gram.

Clinical Standards of Care for Screening and 
Management of DR in Hospitals

 • Comprehensive eye examination includes

- Visual acuity,

- Measurement of intraocular pressure,

- Slitlamp examination of the anterior segment 

- Dilated fundus examination by indirect ophthalmo-
scopy and slitlamp biomicroscopy 

- Colour Fundus Photography

 • People with type 1 diabetes should have an initial 
dilated comprehensive eye examination by an oph-

thalmologist within 5 years after the onset of diabe-
tes and annually thereafter.24

 • People with type 2 diabetes should have an initial 
dilated comprehensive eye examination by an oph-
thalmologist at the time of diagnosis of diabetes and 
annually thereafter.24

 • Women who develop gestational diabetes do not 
require an eye examination during pregnancy and do 
not appear to be at increased risk for developing dia-
betic retinopathy during pregnancy.Women with pre-
existing type 1 or type 2 diabetes who are planning a 
pregnancy or who are pregnant should be counseled 
on the risk of development and/or progression of DR 
during pregnancy. Eye examinations prior to con-
ception and in the first trimester and then monitoring 
every trimester and 6 weeks postpartum as indicated 
by the degree of retinopathy and as advised by the 
ophthalmologist. The recommended followup is ev-
ery 312 months for no retinopathy or moderate non 
proliferative diabetic retinopathy (NPDR), or every 
13 months for severe NPDR.24

Table 1 provides the screening and followup guide-
lines of people with varying severity of DR and the 
management. Prompt referral of people with any lev-
el of DME, severe NPDR, and PDR to an ophthal-
mologist/retina specialist who is experienced in the 
management of STDR is essential.

Table 1: Screening and follow-up guidelines for 
people with and without Diabetic Retinopathy

Status of 
retinopa-

thy

Referral 
to oph-

thalmol-
ogist

Follow-
up

Recommended 
ocular treatment

No Diabet-
ic Retinop-
athy (DR)

Within 1 
year

Every 
12 

years None 

Mild 
NonProlif-
erative DR 

(NPDR)         

Within 1 
year

Every 
year

None 

Moderate 
NPDR

Within 36 
months 

Every 3 
months None 
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Severe 
NPDR

Immedi-
ate

Every 3 
months      

Can consider pan-
retinal photo-co-
agulation (PRP) 
under specific 
circumstances

Prolifera-
tive DR

Immedi-
ate

Every 3 
months      

Panretinal photo-
coagulation (PRP) 
and/or intravitreal 
antiVEGF* ther-
apy, especially if 
HRCs† are present 

No Diabet-
ic macular 

edema 
(DME)        

Within 1 
year

Every 
year None

Non-
CiDME 

(noncenter 
involving 

DME)

Immedi-
ate

Every 3 
months

Focal laser photo-
coagulation, and 
observe carefully 
for 
progression to 
CiDME

Centre 
involv-

ing DME 
(CiDME)

Immedi-
ate   

Every 
12 

months 

Anti-VEGF as 
first-line therapy. 
Consider focal 
macular laser as an 
rescue therapy in 
eyes with persistent 
CiDME despite 
antiVEGF. Intravit-
real steroids can be 
used as an alterna-
tive in pseudopha-
kic eyes or in select 
cases if antiVEGF 
is contraindicated 
(like recent MI or 
CVA)

*VEGF 
Vascular 
Endothelial 
Growth 
Factor. 
†HRCHigh 
Risk Char-
acteristics

Standard of Care for Management of Diabetic  
Retinopathy

•  Fundus fluorescein angiography (FFA) is indi-

cated at baseline in the management of STDR- 
to identify areas of leak in DME, ischemia (in 
the macula), areas of non-perfusion and subtle 
neovascularisation.

•  Optical Coherence Tomography (OCT) has 
become indispensable in the management of 
DME. At baseline for qualitative and quanti-
tative assessment (to identify center involving 
DME [CiDME]) and also during follow-up after 
treatment (intravitreal injections).

•  Intravitreal injections of anti-vascular endothe-
lial growth factor (VEGF) agents are indicated 
as the first line therapy for central-involving 
DME (CiDME).30 All three drugs:  ranibizum-
ab, bevacizumab, aflibercept, brolicizumab and 
are effective at improving vision over 1 and 2 
years of treatment for DME.31 Currently the 
role of focal laser/grid photocoagulation is for 
the management of non-center involving DME 
and also can be considered in partial/ non-re-
sponding DME to anti-VEGF injections.

•  Although first-line therapy for most eyes with 
central-involved DME consists of anti-VEGF, 
intravitreal injection of steroids (Triamcinolone 
injection/dexamethasone implant) can also be 
effective for DME treatment especially in pseu-
dophakic eyes or if there is any contraindica-
tion to use of anti-VEGF like any recent stroke/ 
myocardial infarction.32

• The standard doses for the conventional pharma-
cotherapies are:

 - Ranibizumab (Lucentis/Accentrix/Razum-
ab/Ranizural) - 0.5 mg/0.05 ml; 

- Aflibercept (Eylea) - 2 mg/0.05 ml;

- Brolicuizumab (Paganex) 0.5ml

- Bevacizumab (Avastin off lebel)- 1.25 
mg/0.05 ml;

- TriamcinoloneAcetanoid - 2 mg/0.05 ml; 

- Ozurdex (dexamethasone implant) - 0.7 mg.

•  The panretinal laser photocoagulation (PRP) ther-
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apy is the mainstay of treatment to reduce the risk 
of vision loss in patients with high-risk Prolifera-
tive Diabetic Retinopathy (PDR) and, indicated in 
some with severe Non-Proliferative Diabetic Ret-
inopathy (NPDR) (in scenario like poor compli-
ance with follow up, impending cataract surgery 
or pregnancy and status of fellow eye/precious 
eye, etc).

•  Intravitreal injection of the Anti-VEGF can be 
combined with traditional PRP in cases with 
both macular edema and PDR.33 Though there is 
evidence of effectiveness of anti-VEGF agents 
for PDR without DME, the task force does not 
recommend the use of anti-VEGF alone for 
PDR.

•  The presence of DR is not a contraindication to 
aspirin therapy for cardioprotection, as aspirin 
does not increase the risk of pre-retinal or vitre-
ous hemorrhage.

•  Topical Non-steroidal anti-inflammatory eye 
drops like Nepafenac eye drops have no mean-
ingful effect in the treatment of non-central 
DME (OCT measured retinal thickness).34

•  For all people, regardless of the stage or severity 
of DR, medical  management to optimize glyce-
mic control, optimize blood pressure and serum 
lipid levels reduces the risk or slows the pro-
gression of diabetic retinopathy.35

Governance and Quality Assurance

Given the need for early diagnosis, the opportunistic 
diagnosis of DR during routine eye examination is 
insufficient to handle this major burden. Many coun-
tries have adopted systematic screening programs to 
screen their populations with diabetes to reduce the 
number of people developing blindness due to DR. 
Systematic screening of the diabetic population has 
been shown to greatly reduce the prevalence and in-
cidence of blindness within the population.25,26 The 
AIOS recommends that even though a licensed eye 
care professional may not be available at the site of 
DR screening, it becomes the responsibility of an 
ophthalmologist with expertise in evaluation of DR 
to monitor the overall telescreening program, image 

interpretation, providing knowledge and skills to im-
age readers and consultation for needy patients.It is 
important to ensure that those screened and identified 
with STDR undergo prompt management. A future 
systematic nationwide program to prevent visual loss 
due to DR will impact all components of the health 
system in India. This would include the governance 
and leadership, the health workforce (physicians/ 
ophthalmologists/optometrists/nurses), the health 
management information systems, technology and 
infrastructure, and health economics, all of which 
need to be sensitized, adapted and enhanced to deliv-
er screening and management services to people with 
diabetes. Health management information systems 
will need to be adapted to monitor the nationwide 
program. Programs in India such as the Ayushman 
Bharat provide opportunities for health financing by 
reimbursement of costs for treatment, although an 
initial capital outlay for infrastructure and equipment 
will be required. 

Education and Training

Any health care professional who has been trained 
suitably can screen for DR. It can be ophthalmolo-
gists, optometrists,ophthalmic assistants, trained eye 
technicians NCD nurses or physicians. However, the 
screening initiative must have an ophthalmologist 
who plays a pivotal role and takes the overall respon-
sibility of the program. It is important to ensure that 
all staff involved in fundus photography and grading 
and other aspects in the delivery of the DR program 
are appropriately trained, competent and accredited in 
the use of digital fundus camera for fundus imaging, 
storage, and grading of images with documentation 
of the diagnosis and review advice. Ophthalmolo-
gists managing STDR need short-term Medical Retina 
training in performing indirect ophthalmoscopy/slit 
lamp biomicroscopy, interpretation of OCT, perform-
ing laser photocoagulation for PDR and DME and 
administration of intravitreal injections.

Use of Artificial Intelligence

Given the alarming increase in the number of people 
with diabetes and shortage of trained retinal special-
ists and graders of retinal photographs, an automated 
approach involving a computerbased analysis of the 
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fundus images would reduce the burden of the health 
systems in DR screening. In the recent past, there has 
been an increasing interest in the automated analysis 
algorithms that use artificial intelligence (AI)/ma-
chine learning/deep neural learning for analysis of 
retinal images in people with diabetes.27-28 The ma-
chine after being exposed to a lot of annotated imag-
es learns to grade DR by itself. These software can 
automatically analyze retinal images and provide the 
grade and severity of DR and referral recommenda-
tions.2729 The short time taken,accuracy,consistency, 
and scalability are the major advantages that make 
the role of AI in DR detection appear promising.29 In 
the absence of a legal framework for use of AI in di-
abetic retinopathy screening in India, it is empirical 
for ophthalmologists to grade all those who are iden-
tified as referable by the AI algorithm and a subset of 
normal (10%) as identified by AI.

Public awareness

Public awareness is pivotal to the success of DR 
services. The continuous process of awareness cre-
ation should be conducted for the medical personnel, 
paramedical personnel, NonGovernmental Organi-
zations (NGO’s) and different partners. Information, 
education,and communication  materials on dia-
betic retinopathy blindness should be published in  
pamphlets/brochures and posters in local languages 
conveying key messages regarding the need for an 
annual dilated eye examination. The educational ma-
terials about diabetes and DR should be distributed 
during seminars, training programs, exhibitions, and 
guest lectures. Posters can be displayed at Primary 
Health Centres, Hospitals, and Diabetic clinics. Ef-
forts should be done to organize mega diabetic fair 
and exhibitions/rally, awareness campaigns, media 
coverage during World Diabetes Day etc.

Key Points 36

•  Diabetic Retinopathy (DR) can occur in Type 1 
and Type 2 diabetes. Increasing diabetes dura-
tion increases the risk for retinopathy. 

•  Educate people with diabetes that early stages of 
DR are symptomatic and so screening for DR is 
essential. 

•  Routine, repetitive, lifelong, expert, complete 
eye examination is essential for the fundamental 
ophthalmic care of all people with diabetes. 

•  Annual screening may be performed by tele 
medicine or by on site fundus photography. 

•  Opportunistic screening for DR may be done in 
the community through camps, at diabetes clin-
ics, medical laboratories but DR registry should 
be maintained for annual recall. 

•  Fundus photography can be performed by 
trained eye technicians/optometrists and grad-
ing of DR can be performed by certified trained 
eye technicians/optometrists/ ophthalmologists. 

•  Women with preexisting diabetes who are preg-
nant or planning a pregnancy should be coun-
seled regarding the risk of development and/or 
progression of DR. 

•  If any level of DR is present at any examination 
including opportunistic screening, subsequent 
retinal assessment should be repeated at least 
annually or more frequently(in case of sight-
threatening DR) as advised by the ophthalmolo-
gist. 

•  Prompt referral of patients with diabetic macu-
lar edema (DME), severe nonproliferative DR 
(NPDR) or proliferative DR(PDR)to an oph-
thalmologist/retina specialist for further man-
agement of sightthreatening DR (STDR). 

•  The gold standard management of PDR is by 
panretinal laser photo coagulation and center 
involving DME is by intravitreal antiVEGF 
agents and noncentre involving DME with focal 
laser therapy and regular followup is essential. 

•  Nationwide diabetes and DR registry is essen-
tial to ensure monitoring of compliance with 
referral and followup. Impact of DR screening 
and management on blindness can only be mon-
itored by maintaining DR registry. 

•  Use Information technology to store fundus im-
age data and application of artificial intelligence 
(AI) algorithms in DR detection could be way 
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forward in tele medicine screening of DR. 

•  Good glycemic control and control of other sys-
temic factors is beneficial in any stage of DR. It 
delays the onset and slows down the progression 
of DR. 

•  Diabetes, in general and DR, are generally life-
long conditions. Regular followup care with a 
physician and an ophthalmologist is crucial for 
early detection of complications and benefit 
from timely treatment.

Acknowledgement: Raman R et al. Diabetic retinop-
athy screening guidelines in India: AIOS diabetic ret-
inopathy task force and VRSI Consensus Statement.
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Hyperuricemia in Diabetes:  
When to Intervene

Bidita Khandelwal
Abhishek Byahut

Chamma Gupta

INTRODUCTION

Uric acid (UA) a derivative of essential 
metabolism and UA metabolism, is 
gaining evidence as a novel risk factor and 

interventional factor of lifestyle related diseases. 
There is enough evidence to show the association 
between UA metabolism & lifestyle related diseases, 
but distinguishing cause and effect is difficult as 
some diseases raise serum uric acid (SUA) levels and 
at the same time, UA affects disease onset and / or 
their progression. 

Hyperuricemia (HU) is relatively common in T2DM 
with a higher prevalence in those with obesity, 
alcohol use, duration more than 10 years and raised 
diastolic blood pressure and is associated with 
diabetic complications.[1] UA might be a suitable 
marker for both risk evaluation and intervention. 
Awareness regarding early diagnosis of HU and its 
treatment in T2DM is of paramount importance in 
order to reduce the mortality and morbidity of the 
increasing menace of T2DM and its complications.

The debate whether HU is a consequence of insulin 
resistance, or its precursor, has been settled with 
enough evidence that high SUA is a precursor 
of T2DM.  The relationship between SUA and 
decreased insulin sensitivity in T1DM is not strongly 
associated.[2] However, the debate regarding when 
to treat, whom to treat, what should be the target 
level of UA and what are the benefits of lowering the 

SUA, still continues. All symptomatic hyperuricemia 
needs to be treated as per the existing guidelines. In 
the absence of any guidelines on the treatment of 
asymptomatic hyperuricemia in DM, a review of the 
existing evidence is presented.

PATHOPHYSIOlOGY OF HYPERURICEMIA 
IN DM 

It has been noted that diabetic people with abnormal 
glucose tolerance have a negative correlation between 
uric acid and glycated hemoglobin A1c (HbA1c).
[3] Inflammation, oxidative stress, endothelial 
dysfunction, inhibited insulin pathway, renin-
angiotensin-aldosterone system (RAAS) pathway 
and thrombosis are the factors caused by increased 
level of uric acid and are all major contributor of 
DM and associated complication (Figure 1). A 
higher than normal level of circulating UA (5.7 mg/
dl for women and 7.0 mg/dl for men) is referred to 
as hyperuricemia [4]. Different studies have used 
different ranges.  This variation has been connected 
to the female estrogens’ uricosuric effects [5] The 
high concentration of UA causes the acidic nature 
of the bodily fluid which interferes with human 
cells ability to operate normally and eventually 
culminates in metabolic disease. Detrimental impacts 
of UA include inhibitory effect on nitric oxide (NO), 
which is necessary for insulin-stimulated glucose 
absorption, making it less bioavailable, induction of 
platelet aggregation and pro-inflammatory effects.[6] 

Chapter16
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Figure 1. Metabolism of uric acid leading to DM 
and its complications 

Interleukin-1β (IL-1β), IL-6, Tumor Necrosis Factor 
α (TNF α), C-Reactive Protein (CRP) and Reactive 
Oxygen species (ROS) production are all elevated by 
high SUA levels leading to inflammation.[7] UA is a 
potent antioxidant that can eliminate superoxide and 
hydrogen ions from plasma. It also has prooxidant 
effects on vascular tissue by elevating ROS (H2O2). 
UA-mediated oxidative stress causes DNA damage, 
lipid peroxidation and the activation of inflammatory 
factors that leads to cellular damage. Oxidative 
stress can also influence the expression of insulin 
gene, resulting in a reduction in insulin secretion. 
Deficits in the production and/or bioavailability 
of endothelium-derived NO are indicative of 
endothelial dysfunction. Endothelial cell migration, 
proliferation and NO production are all inhibited by 
uric acid. By recruiting the enzyme ectonucleotide 
pyrophosphatase/phosphodiesterase 1 (ENPP1) at 
the receptor level, UA directly blocks the insulin 
signaling pathway also. All the above mentioned 
factors impair the glucose homeostasis resulting in 
development of DM and its complications[8,9] 

DEVElOPMENT OF T2DM AND UA lEVElS

T2DM risk is associated with several factors like 
age, race, body mass index, family history of DM, 

glucose intolerance and Metabolic Syndrome. 
Baseline SUA is a strong and independent risk factor 
for DM.[10]The diabetogenic effect of UA was first 
reported in 1950 [11]and since then rapid advances 
have been made in this field. Link between SUA 
and insulin resistance is well established, and high 
SUA exacerbates insulin resistance.[12]Individuals 
with higher uric acid were at higher risk of T2DM in 
future, as seen in the Framinghan Heart study which 
studied two generations. [13]

Effect of lowering SUA on development of DM

There are convincing evidence to support association 
between eleveated SUA and future risk of DM [14]
but whether reducing it lowers the risk of developing 
DM is not yet established. There is limited evidence 
regarding amelioration of Insulin resistance on 
lowering of uric acid [15] , but due to the small 
sample size, confounding factors and participants 
limited to Chinese urban adults, generalisation of the 
study findings cannot be done. Larger multicentric 
studies involving different geographical locations 
are required to study the beneficial effect. 

COMPlICATIONS OF DM AND 
HYPERURICEMIA: WHEN TO INTERVENE 

Complex genetic and environmental factors 
contribute to DM and its chronic complications. 



105

Hyperuricemia, related to development of DM and its 
complication has been well studied. Further research 
to see the effect of urate lowering therapy on all the 
complications is required. 

Diabetic Neuropathy and hyperuricemia 

Diabetic neuropathy( DN) may be the presenting 
feature of DM or one of the microvascular 
complications. It is one of the most common chronic 
complications of DM [16] with a morbidity of 30 
% to 50 % in T2DM [17].  Diabetic neuropathy 
is multifactorial; various etiological factors like 
free radicals, non-enzymatic glycation, oxidative 
stress (ROS) and inflammation (IL- Iβ, IL- 6, TNF 
α) contribute. Xanthine dehydrogenase (XDH)/ 
Xanthine oxidase (XO) activity is associated with 
oxidative stress and inflammation thus it is speculated 
that UA generation by XDH/XO plays a role in DN. 

Significant differences in the ratio of motor and 
sensory nerve amplitude and conduction velocity (CV) 
parameters have been reported between groups with 
different blood UA levels with a negative correlation 
between blood UA levels and the ratio [18]. In a meta-
analysis by Yu et al, increased SUA was associated 
with increased risk of Peripheral Neuropathy [19].
On controlling the confounding factors such as age, 
gender BMI, Kidney function, duration of DM; 
patients with diabetic polyneuropathy and sudomotor 
dysfunction had higher SUA [20,21]. Benefits on the 
symptoms or the conduction velocity parameters on 
reduction of the SUA levels is not proved.

Diabetic retinopathy and hyperuricemia 

An important complication of DM leading to 
visual loss is Diabetic Retinopathy (DR). There is 
an interplay of several factors and SUA is closely 
related to these pathological changes. Increase in UA 
related metabolites levels in DR [22] and association 
with increased severity has been observed with 
different range of UA. Lee JJ et al after a Cox 
regression analysis concluded that patients with SUA 
levels in the third (5-9 -6.9 mg/dL) and fourth ( > 
7mg/dL) quartiles had increased hazards ratio for 
DR as compared to those in the first (<4.9 mg/dL) 
quartile. [23]. Focal UA production in the vitreous, 
as evidenced by increased UA levels in vitreous in 

proliferative compared to non proliferative DR, is as 
potential factor in the pathogenesis and progression 
of DR [24].In a gender stratification study, higher 
SUA level was associated with increased risk of DR 
in men but not in women probably due to the role 
of sex hormones. [25]  However, effect of lowering 
SUA on the progression of DR needs to be evaluated.

Diabetic nephropathy and hyperuricemia 

Diabetic nephropathy is a chronic microvascular 
complication of DM and a leading causes of 
end stage renal disease ( ESRD) [26]. SUA and 
microalbuminuria levels are positively correlated 
with renal involvement in diabetic patients [27]. In 
T2DM, hyperuricemia is associated with insulin 
resistant syndrome, with early development 
or enhanced progression to overt nephropathy. 
Hypouricemia, or the other hand is observed with  
metabolic control, hyperfiltration and a delayed 
onset or decreased progression to overt nephropathy. 
Significant positive association between higher SUA 
and increased risk of reduced glomerular filtration 
rate (eGFR) has been observed, independent of the 
glycemic control and the duration of diabetes [28].
SUA levels greater than 5.5mg/dL can predict CKD of 
Stage 3 and above in T2DM [29].The optimal cut off 
value is 6.3 mg/dL for men and 5.2 mg/dL for women 
that protects progression of diabetic nephropathy.
Elevation of UA enhances the albuminuria , as in DM 
both XO and UA has been seen to be independently 
associated with albuminuria [30]. In T1DM without 
complications higher UA levels are associated with 
lower GFR due to renal microcirculation ischemia 
due to UA mediated increased resistance in afferent 
renal arteriole [31].DM and hyperuricemia together 
increases the risk of ESRD and all cause mortality 
compared to their individual risks. Hyperuricemia 
ia a risk equivalent to DM for all cause mortality in 
patients with CKD Stage 3 to 5[32].

According to the Japanese guidelines, reducing SUA 
to under 6.0mg/dL is considered to be the appropriate 
target for improving kidney dysfunction in T2DM 
with HU. In a study by Ueno N, urate lowering 
therapy by allopurinol or febuxostat not only slowed 
the progression but also increased the eGFR, an 
effect that lasted 52 weeks [33]. The effect was more 
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pronounced in the stage of microalbuminuria , hence 
early intervention is most beneficial.Febuxostat has 
higher renoprotective effect than allopurinol.

Macrovascular complications of DM and 
hyperuricemia

Macrovascular complications in T2DM are due 
to macroangiopathy. The relationship between the 
macroangiopathy and SUA levels is less researched. 
Four-fold increased risk of atrial fibrillation and 
increased cardiovascular mortality has been 
attributed to HU in T2DM.[34] Relation between 
SUA levels and atherosclerotic diseases has been well 
established  but increased mortality in patients with 
Acute Myocardial Infarction and those undergoing 
Percutaneous Coronary Intervention in presence of 
HU, has conflicting evidence. [35-37].

 HU as an independent risk factor for stroke, has not 
been established as the effect of other established 
risk factors has confounding effect. In those with 
Cardiac Syndrome X and carotid atherosclerosis, 
higher SUA has been observed [38].Association 
between Peripheral Arterial disease and HU require 
further studies. Elevated SUA was found to be an 
independent and significant risk factor for diabetic 
foot in female Chinese population with T2DM [39] 
however conclusive evidence is lacking.

Conclusion

Hyperuricemia ia an emerging novel risk factor 
for develoment of DM and lowering uric acid can 
be an interventional target for preventing DM and 
its complications. All symptomatic hyperuricemia 
with DM needs to be treated.To assess the benefits 
of lowering SUA in DM and its complications, 
prospective clinical trials with multiple point 
measurements is required. Adequately powered, 
double blind, randomized controlled trials, with  
focused primary outcome measures are required 
to address the issue of pharmacological therapy 
of asymptomatic hyperuricemia in DM. No 
definite guidelines exist regarding the treatment of 
asymptomatic hyperuricemia in DM but definite 
evidence pertaining to nephroprotection in CKD is 
available and is thus recommended. 

Testing for hyperuricemia and treatment is easily 
available and economical, but individualising the 
treatment is pertinent. Optimal management of 
metabolic, cardiovascular, cerebrovascular and renal 
comorbidities associated with DM and hyperuricemia 
is a matter of concern. Hence, there is a need to raise 
awareness of lifestyle modification, healthy behavior, 
prompt recognition and treatment of hyperuricemia. 
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Musculoskeletal Disorders  
in Diabetes

Parvati Nandy

Musculoskeletal pain is common in clinical 
practice, it may originate in the joints or 
surrounding structures like bones, liga-

ments, tendons etc. It is important to understand the 
exact source of the pain, it is also important to iden-
tify the different structures which can give rise to the 
pain, and whether the pain is inflammatory or non-in-
flammatory.

Thus while approaching a patient with any musculo-
skeletal complaint, the patient’s history is the single 
most important source of information , followed by 
careful physical examination and judicious use of 
laboratory investigations ,screening questions for the 
patients’ ailment includes details of the Pain, Activi-
ty limitation, Stiffness, Swelling of the joints or soft 
tissues, easily remembered by the acronym (Pass) 1

The approach to MS disorder involves the 3 key 
points

1. Origin of the Pain 

2. Any specific pattern

3. Duration of the pain and activity limitation

This is followed by joint and musculoskeletal parts 
involved, followed by judicious investigations, and 
imaging along with intensive metabolic and endo-
crine workup. Connective tissue disorders have to be 
ruled out with proper evaluation. 1

Diabetes mellitus is acknowledged as a global ep-
idemic 

Now. Current estimates of Diabetes prevalence in 

India has  risen from7.1% in 2009 to 8.9% in 2019.
currently  25.2 million adults are estimated to have 
IGT, which is estimated to increase to 35.7 million in 
the year 2045. 6

Diabetes mellitus is a multisystem disease caus-
ing acute and chronic complications. Among these, 
microvascular and macrovascular complications 
dominate and take up the physician’s and patient’s 
attention. However, musculoskeletal complications 
of Diabetes are one of the commonest endocrine ar-
thropathies and generally under recognized.

Usually they may not be life threatening but cause 
immense pain, morbidity and disability and impair 
quality of life. Musculoskeletal complications usu-
ally relate to disease duration, degree of metabolic 
control, and associated complications.

Musculoskeletal complications are usually seen in 
the elderly with diabetes with long-standing poor di-
abetic control, which is augmented in this age group 
by osteoporosis, pathologic bone fractures, frail-
ty  frequent falls, and sarcopenia, such patients also 
have significant peripheral neuropathy and may lead 
to neuropathic osteoarthropathy. 2

TABlE 1: Prevalence of musculoskeletal disor-
ders in patients with and without Diabetes - 3

Prevalence of muscu-
loskeletal disorders in 
patients

With 
diabetes

Without 
Diabetes

Adhesive capsulitis (Fro-
zen shoulder)

11- 30% 2-10%

Limited joint mobility 8-50% 0-26

Chapter17



110

Dupuytren’s contracture 20-63% 13%
Carpal tunnel syndrome 11-1% 125/ 

100000
Flexor tenosynovitis 11% <1%
Diffuse idiopathic skeletal 
hyperostosis

13-49% 1.6-13%

Estimates of all prevalence of MSK disorders in 
patients with DM vary depending upon the defini-
tions used for the problems and the study population 
with DM. However, table 1 shows the prevalence of 
common MSK disorders in diabetics as compared to 
non-diabetes.

Pathogenesis: - MSK disorder in DM can be grouped 
into the following categories. 3

1. Consequences of diabetic complications. 

2. Consequent to metabolic derangements in-
herent to DM.

3. Syndromes that may share etiologic mecha-
nisms with microvascular disease.

4. Table 2 shows the classification as proposed 
by Arkkila. PE 4

TABlE 2: Musculoskeletal disorders in diabetes 
mellitus (DM)

Intrinsic com-
plications of 
DM

Increased inci-
dence of DM

Likely asso-
ciation

•	 Limit-
ed joint 
mobility 
syndrome

•	 Stiff hand 
syndrome

•	 Muscular 
infarction

•	 Dupuytren’s 
disease

•	 Adhesive cap-
sulitis 

•	 Neuropathic 
arthropathy

•	 Flexor teno-
synovitis

•	 Septic arthri-
tis

•	 Diffuse idio-
pathic skeletal 
hyperostosis

•	 Diabetic neu-
ropathy

•	 Osteo-
arthri-
tis

•	 Carpal 
tunnel 
syn-
drome

As regards the underlying mechanism by which DM 
results in MSK disorder the major hypothesis are:

1. Accumulation advanced glycation end prod-
ucts and their cross linkage with collagen, 
which may lead to adhesive capsulitis, ten-
don degeneration in the rollator cuff, and DM 
related hand disorders.

2. These manifestation are closely linked to age 
, prolonged disease duration, vascular and 
neuropathic complications and presence of 
other comorbidities 

Hand Shoulder abnormalities:- 8

Hand abnormalities are common in patients with di-
abetes, reflecting pathologic changes in the micro-
vasculature, connective tissue and peripheral nerves. 
One study evaluated 100 patients randomly in an out 
patients clinic, hand abnormalities were found in 50  
and 26 had more than one disorder, 25 of these pa-
tients were recommended for surgery. 7

Carpal tunnel syndrome:- This is characterized clin-
ically with pain and paraesthesia from the thumb to 
the middle 4th finger, it is worse at night and radiates 
to the forearm. It is due to compression of median 
nerve between the carpal ligament and other struc-
tures within the carpal tunnel. CTS has been reported 
in upto 20% of patients with DM, but incidence rises 
to 75% in those with limited joint mobility. It is more 
common in females, management involves splinting, 
corticosteroid injections to relieve symptoms, and 
surgery for non-responders. 7

Dupuytren’s contracture: - It is characterized by 
palmar fascia thickening and adherence, pre tendi-
nous band formation, and digital flex contraction 
with thickening, hardening and contraction of the 
fingers, restricting joint movements. DC is seen in 
compressor operators and oarsmen, it may also be 
bilateral, in diabetics it is observed in the 3rd and 4th 
fingers. It is reported in 16-42 percent of out patients 
with diabetes. The prevalence increases with age and 
duration of diabetes. Treatment consists of intrale-
sional steroids, physiotherapy, percolations and nee-
dle fasciotomy. 7
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FIG. 3: Dupuytren’s contracture.

limited joint motility 7 :- 

(Diabetic cheiroarthropathy) LJM involves large 
joints along with pre dilection for hands and feet. 
The characteristic prayer sign -- inability to press 
palms together completely without a gap remaining 
between apposed palms and fingers is diagnostic. It 
is a painless condition. The flexion contraction be-
gins around the first or second decades with waxy 
and stiff appearance or dorsum of hands with pain-
less limitation of interphalangeal IP and metacarpo-
phalangeal (MCP) joints, wrists, ankle, and elbow. 
Such patients cannot keep their hands flat on a table 
top.

FIG. 1: The Preacher’s sign.

Diabetic sclerodactyly refers to the cutaneous sclero-
sis associated with diabetes, which is characterized 
by thickening and waxiness of the skin that is most 

marked in the dorsa of the fingers. It is also associat-
ed with LGL.

Stiff hand syndrome:-

 Diabetes patients with disease duration of more than 
20 years may have restriction of hand movements, 
with stiffness of the palm and fingers

FIG. 2: Diabetic cheiroarthropathy or stiff hand syn-
drome.

Flexor Tenosynovitis (Trigger Finger):- In Patients 
with diabetes, there is a tendency of proliferation of 
fibrous tissue around tendons, with this, tendons be-
come trapped at the MCP joints, for tendons of the 
fingers sometimes multiple on Diabetes.

Thus the involved small points of the hand become 
locked in a flexed position.

The common presentation is pain in the early morn-
ing while rising from bed, pain occurs on finger flex-
ion. On examination of the hand around MCP joint a 
local tenderness or swelling is seen at the base of the 
finger. It is reported in 5% of a series of 250 patients 
with type 1 diabetes and 20% of 100 patients with 
type 1 to 2 diabetes aged 19 – 62. 7

The treatment of stenosing tenosynovitis includes 
NSAIDS, splinting, infiltrations, and surgery as a last 
resort.

Shoulder abnormalities 8 : - 2 main type of shoulder 
problems are detected in patients with diabetes 
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1. Adhesive capsulitis (frozen shoulder ) and 

2. Rotator cuff tendinitis.

3. Frozen shoulder (adhesive capsulitis):- 5

This is defined as a condition of varying severity 
characterized by the gradual development of global 
limitation of active and passive shoulder motion with 
an absence of radiographic findings other than osteo-
penia. Typical estimates among diabetic populations 
of frozen shoulder is about 20% - 30%. Risk factors 
for frozen shoulder in diabetes include increased age, 
long duration of DM, presence of LGL, retinopathy 
was more common in those with capsulitis, whereas 
neuropathy and heavy proteinuria were not. 

There is progressive and painful restriction of shoul-
der movement, especially external rotation and ab-
duction. The diagnosis is made when unilateral 
shoulder pain is present over 3 months and the range 
of external rotation and acute and passive shoulder 
movements is less than 50% in all plains. A focussed 
physiotherapy schedule is very helpful along with 
other interventions like analgesia, intra articular ste-
roids and surgery as the last option.

Rotator cuff tendinopathy:- 

This comprises symptomatic rotator cuff tendon dis-
orders most commonly affecting the supraspinatus 
tendon, these result in pain during overhead activi-
ties. 3

Joint disorders in diabetes

Charcot osteoarthropathy: -

 This affects the foot and the ankle joint. It is a degen-
erative and progressive disease due to long standing 
diabetic neuropathy, it occurs due to loss of joint sen-
sation, in combination with mechanical and vascular 
factors.

The early presentation comprises of swelling, warm-
ness and redness of middle part of foot with loss of 
joint function. Later there may occur ulceration, os-
teomyelitis along with destabilization of the joints. 
This disorder affects less than 1% of patients with 
diabetes annually.  

Charcot Foot Or Diabetic Foot Ulcer:

Diabetic foot is a common and potentially fatal 
complication of diabetes. Elderly diabetics are at in-
creased risk of developing micro and macrovascular 
complication of diabetes including diabetic foot ul-
cers. Lower extremity amputation is the most feared 
outcome of diabetic foot ulcers. 2

Diabetic foot is one of the ominous musculoskeletal 
manifestations of Diabetes, where the pathogenesis 
is linked with peripheral sensorimotor neuropathy, 
foot deformity and high foot pressures with periph-
eral arterial disease; with infection and ulceration in 
the foot.

Treatment consists primarily of prevention and pa-
tient education about foot care, good blood sugar 
control foot ulcers have to be treated with off load-
ing of pressure, antibiotic therapy, debridement and 
wound dressing. 

Diabetes bone disease:- 3

Diabetes increases risk of fractures, bone mineral 
density may not reflect bone fragility, particularly in 
type II DM. Comorbidities like bone fragility, neu-
ro pathy, retinopathy and cerebro vascular  disease 
also increase in the diabetic elderly. Consistent high 
values of blood sugar significantly inhibit growth 
of human osteo blast like cells. The lack of insulin 
and IGF 1 impairs the proliferation of osteo blasts 
required for dynamic growth of bone.
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Diabetic muscle infarction:- 3

Frailty or sarcopenia is more common in diabetics 
than non-diabetics, especially in the elderly. This 
can be prevented or delayed by optimum treatment 
of diabetes along with physiotherapy. Muscle in-
farction, in diabetes, is rare and is associated with 
uncontrolled DM and co existent micro angiopathic 
complications. It presents with acute pain and swell-
ing of the limbs, mostly lower limb, thigh region. 
Management is supportive with rest, analgesics and 
aggressive glycaemic control.

Osteoarthritis: - 3

Diabetes may adversely affect cartilage, increasing 
vulnerability to develop osteoarthritis. Much evi-
dence, including at least 2 meta-analyses,8 show this 
association, especially in type II diabetes. Obesity is 
a confounding factor in this regard. Treatment of os-
teoarthritis is the same, whether having diabetes or 
not.

Diffuse idiopathic skeletal hyperostosis:-

There is limited evidence that DISH may be increased 
in patients with Diabetes. DISH is a non-inflamma-
tory disorder characterized by calcification and ossi-
fication of spinal ligaments and entheses. Symptoms 
of back and neck pain may be present.

Conclusion:- 

A variety of musculoskeletal conditions have been 
associated with Diabetes mellitus. The prevalence 
of hand or shoulder disorders is higher in patients 
with diabetes, and correlates with the duration of Di-
abetes, along with pathologic changes in the micro-

vasculature, connective tissue and peripheral nerves 
Therefore secondary prevention with adequate gly-
caemic control, dietary modifications and exercise 
regimes help in reducing their incidence.                                                                               
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Heart Failure and Diabetes:  
Have We Found a Complete Solution?

Uma Kaimal Saikia

Introduction

The prevalence of Diabetes Mellitus (DM) is in-
creasing all over the world. In India the prev-
alence of diabetes has increased from 7.1% in 

2009 to 8.9% in 2019 and India ranks second next to 
China in the global diabetes epidemic. It is also es-
timated that around 57% of adults with diabetes are 
undiagnosed in India.There has also been a parallel 
increase in impaired glucose tolerance (IGT). The 
burden of heart failure is also increasing at an alarm-
ing rate worldwide as well as in India. The relation-
ship between DM and HF is well known and is an 
important contributor to increased mortality as well 
as poor quality of life. The development of newer 
pharmacological therapies to treat DM and choice of 
a particular option will have an added advantage if it 
targets both the conditions thus reducing overall cost 
of therapy and mortality.

Definition and Classification of Heart failure

A uniform definition and classification of HF was 
agreed upon in 2021 by The Heart Failure Society of 
America, The Heart Failure Association of the ESC, 
The Japanese Heart Failure Society and The Writing 
Committee of The Universal definition of Heart Fail-
ure. According to this HF is a clinical syndrome with 
current or prior symptoms and /or signs which are 
caused by structural and /or functional abnormalities 
of the heart. The presumption of HF is to be con-
firmed by at least one of the following examinations :

•	 Elevated natriuretic peptide levels

•	 Objective evidence of cardio pulmonary or 

systemic congestions by diagnostic modali-
ties or hemodynamic measurements.

Three main categories of HF as defined by the Ejec-
tion Fraction (EF) has been suggested by The Uni-
versal Definition and Classsification of Heart Failure 
and the 2021 European Society of Cardilogyguide-
lines :

•	 HF with preserved EF (HFpEF, LVEF≥50%)

•	 HF with mildly reduced EF(HFmrEF, LVEF 
between 41 and 49%)

•	 HF with reduced EF(HFrEF, LVEF≤40%)

Mortality rates for HFrEF are slightly higher as com-
pared to HFpEF and is mainly due to CV death.

Epidemiology of DM and Heart Failure

The prevalence of HF increases with age from around 
1% at the age of 50-59yrs to 10% at 75 years and 
older. The Framingham Heart Study suggested that 
DM independently increases the risk of HF in men 
2 fold and 5 fold in women. Clinically manifest HF 
is present in 10-30% of subjects 70 years or older 
with Type2DM while 30-40% of all cases of acute 
or chronic HF have Type2DM. Thus the recent Uni-
versal Definition and Classification of HF recogniz-
es Type2DM as a prime risk factor for HF. Also HF 
itself may be an antecedent for Type2DM develop-
ment. Pre diabetes also is recognized as a risk factor 
for developing HF with a 9-58% increased risk in 
various studies.

Subclinical abnormalities of cardiac structure and 

Chapter18
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function may be present in diabetics without symp-
tomatic HF. These include LV systolic dysfunction, 
increase in LV mass, relative wall thickness and dia-
stolic dysfunction.

Risk factors for Heart Failure in Diabetes

A wide range of metabolic alterations underlie the 
development of HF and DM including insulin resis-
tance, hyperinsulinemia and increased levels of free 
fatty acids (FFA). Hyperinsulinemia and FFA are 
also linked to the development of hypertension by 
causing sodium retention and increased sympathet-
ic activity. Increased Epicardial fat tissue is seen in 
diabetics which also predisposes to development of 
HF by being a source of proinflammatory cytokines 
leading to endothelial dysfunction, cardiac fibrosis 
and stiffness.

Renal dysfunction often coexists with HF in diabe-
tes. Microalbuminuria is highly prevalent in subjects 
with HF both with and without DM. Reduced eGFR 
is also prevalent and predictive for the development 
of HF in DM as well as a marker of poor outcome 
of HF. In Type1DM an eGFR ≤30ml/min/1.73m2 is 
associated with a 3 times greater risk of HF as com-
pared to a normal eGFR. Similar findings have been 
reported in CV outcome trials in Type2DM.Also 
observational studies have documented a decrease 
in survival with a reduction in eGFR. Specifically 
survival decreased from 2.8 years at an eGFR of 45-
59ml/min to 0.7 years at an eGFR of ≤ 15ml/min.

Glycemia and Heart Failure

Poorglycemicstatus is associated with the onset and 
progression of micro and macrovascular complica-
tions of diabetes. Higher levels of HbA1c has been 
known to cause worsening cardiac structure and 
function. An HbA1c level ≥ 7% has also been report-
ed to be associated with increased all cause mortality.
Every 1% increase in HbA1c results in an increase 
in incident HF by 8-36%. Prediabetes and undiag-
nosed diabetes increase the risk for HF, CV death and 
all cause death and worsen the prognosis of HFrEF.  
The risk of HF in DM may also be higher in young-
er adults and in women.An important observation is 
also that glycemic variability is also emerging as a 
risk factor for HF. 

Although the level of glycemia has been linked to 
HF, large studies including the UKPDS, ADVANCE, 
ACCORD and VADT trials failed to show any sig-
nificant difference between the event rates of HF 
between the intensive treatment group and standard 
treatment arms. It has also been suggested that the 
mortality in patients with HF and DM is U shaped 
with the lowest mortality at HbA1c levels between 
7-8%.

Diagnosis of Heart Failure in people with Diabe-
tes

A number of symptoms and signs have been listed in 
the diagnosis of HF. However these are nonspecific 
and it is difficult to diagnose HF solely based on clin-
ical findings. Hence some investigative tools are also 
needed to confirm clinical suspicion.

Symptoms- Typical symptoms include reduced ex-
ercise tolerance, breathlessness, orthopnoea, parox-
ysmal nocturnal dyspnoea, fatigue, ankle swelling. 
Less typical symptoms include nocturnal cough, 
wheezing, bloated feeling, postprandial satiety, re-
duced appetite, dizziness, syncope and confusion.

Signs- Specific signs include raised jugular venous 
pressure, third heart sound, summation gallop, hepa-
tojugular reflux, cardiomegaly and Cheyne Stokes 
respiration. Less specific signs are weight gain (<2kg/
week), weight loss with muscle wasting , cachexia, 
oedema, basal crepitations, tachycardia, tachpnoea, 
hepatomegaly, ascites, oliguria and narrow pulse 
pressure.

Electrocardiography (ECG)- Guidelines recommend 
an ECG in patients with suspected acute or chronic 
HF. If the ECG is abnormal, the likelihood of HF in-
creases. In acute HF an ECG is recommended at ad-
mission, during hospital stay and prior to discharge.

Echocardiography- This is the most useful noninva-
sive tool to detect structural changes in the heart in-
cluding changes in cavity diameter, mass and geome-
try as well as to assess systolic and diastolic function. 
Hence recent guidelines recommend echocardiog-
raphy as the first choice approach to assess cardiac 
structure and function in people with DM and HF.
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Biomarker screening- The 2021 ESC guidelines rec-
ommend measurement of natriuretic peptides (proB-
NP or NT-proBNP) to identify pre-HF in patients 
with DM. Risk stratification by measurement of na-
triuretic peptide is recommended to identify people 
at risk of development of HF who can then be subse-
quently referred to a cardiologist.

Effect of Glucose lowering therapies on Cardio-
vascular Risk in Type2DM

The effect of glycaemic control on HF outcomes also 
depends on the type of medication being used for di-
abetic control. The evidence regarding the effects of 
existing medications on CV outcomes can be briefly 
summarized as follows:

Metformin- Metformin is the first line drug in the 
treatment of Type2DM. In the UKPDS metformin 
was associated with reduction in macrovascular 
events and all cause mortality. Meta analysis of stud-
ies involving metformin have shown reduced mor-
tality and need for hospitalization in patients with 
HF. The mechanism for the cardioprotective effects 
of metformin is not properly understood but may in-
volve changes in myocardial substrate utilization and 
function.

Sulfonylureas- Effects of sulfonylureas (SU) on HF 
risk remain controversial. In the UKPDS, treatment 
with SU was not associated with increased rates of 
HF in the intensive treatment arm versus the conven-
tional treatment arm. In the ADVANCE trial treat-
ment with gliclazide in the intensive control group 
was not associated with any difference in HF hos-
pitalization compared to the standard glucose group 
where SU was not used. However some observational 
studies have suggested that SU use may be linked to 
increased risk of HF events compared to metformin 
or newer agents.

Thiazolidinediones- Randomized controlled trials 
have demonstrated an increased risk of HF with 
rosiglitazone or pioglitazone in patients with DM. 
The predominant mechanism may be due to volume 
expansion secondary to renal sodium reabsorption. 
Hence they are contraindicated in patients with HF 
and may increase the risk of HF in susceptible indi-
viduals with DM.

DPP4 inhibitors- Recent cardiovascular outcome 
trials have shown no benefit of DPP4 inhibitors on 
CV morbidity or mortality as compared to placebo. 
The SAVOR TIMI trial with Saxagliptin showed a 
significant increased risk for hospitalization for HF 
compared to placebo. However the CARMELINA 
trial of linagliptin versus placebo which analysed HF 
risk as a tertiary outcome did not show any increased 
risk with linagliptin. The risk benefit balance do not 
justify the use of gliptins in patients with established 
HF or at high risk for HF.

GLP-1 Receptor Agonists- This class of drugs apart 
from stimulating glucose dependant insulin secretion 
also induce satiety, promote weight loss and improve 
lipid parameters. Large studies with GLP-1 receptor 
agonists have shown beneficial effects on cardiovas-
cular outcomes including CV death, myocardial in-
farction and stroke but no significant effect on risk 
for hospitalization for HF.They are safe to use but 
not beneficial in preventing HF in patients at risk. 
However caution is needed in their use in patients 
with pre existing HF as small studies have shown a 
trend towards worse outcomes.

SGLT2 inhibitors- The newest class of oral antidia-
betic agents in the therapy of Type2DM have revo-
lutionized the treatment of DM and HF with major 
trials showing unequivocal cardiovascular benefit. 
The three major drugs in this group which are wide-
ly used include dapagliflozin, empagliflozin and 
canagliflozin. The DAPA-HF trial showed that da-
pagliflozin lowered the risk of progression of HF 
and death in patients with HFrEF independent of the 
glycemic status. In the EMPAREG outcome trial, 
empagliflozin was associated with a lowered risk of 
HF and CV death in people with DM and a history 
of CVD. The EMPEROR preserved trial showed the 
beneficial effect of empagliflozin on the combined 
risk of HF and CV death in patients with HFpEF ir-
respective of the presence of diabetes. The CANVAS 
trial showed benefits in terms of composite endpoint 
of major CV events and reduced HF hospitalization 
in subjects with DM and increased CV risk random-
ized to canagliflozin.

The exact mechanisms of the protective effects of 
SGLT2 inhibitors is not fully understood. Proposed 
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mechanisms include natriuresis, reduction in blood 
pressure, reduced oxidative stress, improvement in 
endothelial function or a change in metabolic fuel 
from glucose oxidation to free fatty acid and ketone 
bodies thus improving myocardial efficiency.

Strategies in Diabetes to reduce the risk of Heart 
Failure

Lifestyle changes-An increased body mass index is a 
risk factor for HF in diabetes. Hence stress should be 
made on prevention or reduction of obesity.

Glycaemic control- Although hyperglycaemia is as-
sociated with a risk of development of HF, intensive 
control in various studies have not shown to reduce 
the incidence of HF. The UKPDS, ADVANCE, AC-
CORD and VADT studies which evaluated the risk of 
HF as a secondary end point did not find a significant 
difference in the event rate between the standard and 
intensive treatment arms. Hence it is suggested that 
moderate glycaemic control with HbA1c between 
7-8% may be optimal.

Blood pressure control- Control of hypertension is 
associated with a lower risk of HF and a target of 
<130/80mm of Hg but not less than 120mm of Hg 
has been recommended by different guidelines in-
cluding ADA 2021 and ESC/EASD 2019. Masked 
hypertension which is highly prevalent in DM should 
be looked for by ambulatory BP monitoring and 
home BP monitoring. Blockade of  RAAS by suit-
able drugs is recommended as first line treatment in 
prediabetes as well as DM with hypertension.

Therapeutic considerations in Diabetes with 
Heart Failure

Lifestyle management- This is an integral part of 
management of patients with DM and HF. Exercise 
is safe and beneficial in DM with HF and has been 
shown to improve peak oxygen consumption and 
6 minute walk distance compared with usual care. 
Cardiac rehabilitation programs encourage exercise 
participation and should be advised.

Glycaemic control- Glycaemic targets in patients 
with DM and HF should be set after taking into con-
sideration various factors like age, life expectancy, 

presence of other co morbidities and the severity 
of HF. As already discussed HbA1c levels between 
7-8% may be optimal for most patients. The choice 
of agents again should take into account patient char-
acterestics  with inclusion of an SGLT2 inhibitor due 
to their proven benefits in HF.

Renin Angiotensin Aldosterone System Inhibition- 
Activation of RAAS remains a pathway to explain the 
changes occurring in the heart in DM and HF. This 
pathway contributes to inflammation, fibrosis and 
oxidative stress which can be prevented by RAAS 
blockade. Hence ACE inhibitors and ARBs remain 
the first line therapy to reduce cardiovascular risk in 
DM improving the left ventricular hypertrophy and 
end systolic volume in patients with DM. Another 
newer molecule used in HF is a neprilysin inhibitor 
which reduces degradation of natriuretic peptides. 
These dual ARNIs (angiotensin receptor- neprilysin 
inhibitor) such as valsartan with sacubitril improves 
cardiac function and reduces hospitalization in pa-
tients with DM and HF. In the PARADIGM-HF trial 
this combination was seen to reduce the risk of death 
and hospitalization for HF in HFrEF as compared to 
enalapril.

Mineralocorticoid receptor antagonists(MRA)- The 
use of spironolactone or eplerenone has been shown 
to improve all cause mortality, CV mortality and hos-
pitalization from HF in diabetes with HF. MRAs and 
sacubitril-valsartan are recommended to reduce the 
risk of sudden cardiac death in patients with HFrEF 
and diabetes.

Lipid Lowering agents- Though many agents are used 
to treat dyslipidemia, the CORONA trial showed a 
reduction in the risk of hospitalization for HF by 15-
20% in patients on rosuvastatin. This could be be-
cause of reduced ischaemic events or direct effects 
on endothelial or microvascular function. 

Pathophysiological mechanisms that could be tar-
geted to treat HF in Diabetes

Cardiac Metabolism- Diabetes mellitus is associat-
ed with increased myocardial fatty acid utilization, 
decreased glucose oxidation, increased myocardial 
oxygen consumption and decreased cardiac efficien-
cy. In spite of this lipid metabolites accumulate in 
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the diabetic heart. In HF also glucose oxidation rates 
are reduced but fatty acid oxidation and utilization 
are also reduced resulting in accumulation of toxic 
lipid intermediates. Hence in DM with HF lipotox-
icity may play a major role in reducing cardiac con-
tractility. Modulating myocardial substrateutilization 
can hence be a target for the development of newer 
molecules to treat HF.

Mitochondrial bioenergetics- Both DM and HF are 
associated with reduced mitochondrial oxidative 
capacity leading to impaired cardiac efficiency. An-
imal models have revealed altered mitochondrial ul-
trastructure and impaired mitochondrial respiration. 
Molecular targets could include reactive oxygen spe-
cies scavenging, repletion of the myocardial pool of 
NAD or calcium reuptake in the sarcoplasmic reticu-
lum which are all impaired in HF.

Lipotoxicity and glucotoxicity- Persistent hypergly-
cemia and increased levels of free fatty acids can lead 
to accumulation of toxic byproducts in the myocar-
dium. The most effective way to reduce this would 
be to reduce substrate delivery to the myocardium 
and reduce hyperinsulinemia. Some of the existing 
therapies in the treatment of DM do partly address 
these issues and drugs like the SGLT2 inhibitors may 
provide additional benefit in this regard.

Endoplasmic reticulum stress- Diabetes mellitus is 
associated with endoplasmic reticulum (ER) stress in 
the vascular smooth muscle cells which also corelates 
with oxidative stress. Activation of ER stress has been 
implicated as a novel risk factor for CVD in humans. 
Chemical chaperones have been used experimentally 
to attenuate ER stress but no studies have examined 
the effect of modulating ER stress pathways on the 
course or risk of diabetic cardiomyopathy.

Inflammation – Proinflammatory cytokines has been 
implicated in the pathogenesis of HF. Both circulat-
ing and intracardiac levels of cytokines including 
TNFα, IL6 and IL8 are elevated in HF and corelate 
with increased mortality in patients with HFrEF. Di-
abetes mellitus being a proinflammatory state may 
promote myocardial inflammation by modulating 
various signalling pathways. Although targeting this 
pathway has been proposed in CVD whether this will 

be beneficial in HF is still to be seen. Some agents 
used in DM like statins and valsartan do have anti 
inflammatory properties and oral antidiabetics like 
metformin and GLP1 have also been suggested to 
target this pathway.

Insulin signalling- Defective myocardial insulin sig-
nalling has been described in animal models as well 
as humans in diabetic cardiomyopathy. Hyperinsu-
linemia leads to hyperactivation of the insulin sig-
nalling pathway leading to increased IRS1 phosphor-
ylation and AKT activation which can exacerbate 
cardiac dysfunction in response to pressure overload. 
It has been suggested that the beneficial effect of 
SGLT2 inhibitors in HF could be due to reduction of 
hyperinsulinemia.

Advanced glycation end products- The formation and 
accumulation of advanced glycation end products 
(AGEs) have long been known to play a role in the 
development of microvascular and macrovascular 
complications of DM including diabetic cardiomy-
opathy. The AGEs crosslink with extracellular ma-
trix proteins to increase fibrosis and impair vascular 
relaxation. They also activate their receptor (RAGE) 
to activate inflammatory signalling, formation of re-
active oxygen species and myosin isoform switching. 
In animal models it has been shown that inhibition of 
AGEs or RAGE might improve the myocardial func-
tion. Hence targeting the AGE or RAGE axis may be 
a potential target for HF in diabetes.

Conclusion

Heart failure remains an important cause of mortality 
and morbidity in patients with diabetes. Recognition 
of HF in mildly symptomatic individuals by ade-
quate screening remains the first step in improving 
outcomes The use of biomarkers like NT-proBNP 
provides diagnostic and prognostic aid in monitoring 
patients with DM and HF. The use of SGLT2 inhib-
itors in these patients has revolutionized treatment 
strategies and led to better management and out-
comes. The modulation of newer molecular targets 
promises to herald the development of new thera-
peutic approaches in this field. As we enter an era 
of personalized diabetes care, it is to be hoped that 
these novel therapeutic approaches will permit opti-
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mal management of patients with diabetes and heart 
failure.
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The Role of Ultrasonograpghy in the Evaluation  
of Musculoskeletal Disorders in Diabetic Patients

Upasana Misra Baruah

Diabetes Mellitus isasystemicdisease not only with wide range of metabolic disorders but also mus-
culoskeletal disorders. These complications lead to disability, morbidity with decreased life quality. 
Early diagnosis and management of these complications are essential and ultrasound plays a great 

role and may be the primary modality of choice. 

The common musculoskeletal disorders in Diabetes mellitus  aredescribed as:

INTRINSIC COMPLICATIONS OF 
DM                              

INCREASED INCIDENCE IN DM                                   LIKELY ASSOCIATION

Limited joint mobility syndrome.

Stiff hand syndrome.

Muscle infracts

Dupuytren’s disease

Adhesive capsulitis 

Neuropathic arthropathy  

tenosynovitis 

Septic arthritis 

DISH 

Diabetic neuropathies

Osteoarthritis

Gout

Carpal tunnel

syndrome

DIABETIC STIFF HAND SYNDROMEor cheiroarthropathy (from the Greek, cheiros = hand) is the name 
reserved to the LJMS that affects that extremity, The prevalence of stiff hand syndrome varies from 38% to 
58% of type 1 DM patients and from 45% to 76% of type 2 DM patients. Patient may present with pain  or 
paresthesia on exercise.

The increase in the formation of AGEs might associate the occurrence of LJMS with micro- and macrovas-
cular complications of DM.

It begins as cutaneous changes around the metacarpophalangeal and proximal interphalangeal joints of the 
fifth Finger.  Cutaneous changes manifests as dermal thickening, accumulation of connective tissue in the 
reticular dermis with increased collagen crosslinking, and small amounts of mucin. Arterial calcification not-
ed. However there no changes in joint mobility.Clinically diagnosed by prayer sign. There is incomplete ap-
proximation of one or more of the digits when the patient attempts to approximate the palmar surfaces of the 
proximal and distal interphalangeal joints with palms pressed together and the fingers abducted.

FROZEN SHOUlDER is an insidious  syndrome of shoulder pain and ROM in absence of primary shoul-

Chapter19
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der impingement  and Rotator cuff injury, predominantly involving perimenopausal women. Associated with 
diabetes mellitus, trauma, reduction of shoulder movement following prolonged immobilization, e.g. stroke, 
shoulder dislocation and drugs like  isoniazide, barbiturates.

There is vascular synovial proliferation followed by  collagen deposition and inflammation. Inflammation is 
followed by fibrosis, scarring, contraction of the capsule and adhesion.

THREE STAGES.  

•	 Freezing stage  6 – 9 weeks with increasing  pain and ROM . 

•	 Frozen stage 4 -6 months with decreasing  pain but persistent stiffness . 

•	 Thawing stage 6months – 2 years with complete or near complete return to normal .

Fig(Right). rotator cuff interval showing thick hypoechoic tissue around long head of Biceps  with thickened 
rotator sling with vascular signal. FIG. Left showing  thickened coracohumeral ligament with reduced sub 
coracoid fatty tissue.

FIG. thickened posterior capsular complex (Right) at axillary view in comparison to normal asymmetrical 
side (Left)

DUPUYTREN’S CONTRACTURE

It affects 16%–32% of the patients.Risk factors : elderly, long duration of DM.

It has a peculiar  tendency to mainly affect the third and fourth fingers, rather than the fourth and fifth fingers, 
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as typically occurs in non diabetic patients.

Hypothesis : The condition results from local hypoxia followed by the release of free radicals, which affect 
the function of fibroblasts that produce altered collagen fibers.

The histological examination shows a dense collagenous matrix containing fibroblasts longitudinally aligned 
along the lines of stress. The nodules contain myofibroblasts and collagen bands, and local blood vessels are 
narrowed. There is an increased amount of glycosaminoglycans, and the local collagen has a higher propor-
tion of type 3 fibers as compared with type 1 fibers.

Dupuytren’s contracture has been treated with intralesional infiltration of corticosteroid, surgery, and phys-
ical therapy. Recently, the injection of collagenase from Clostridium histolyticum has been claimed to be an 
alternative non-surgical treatment. 

Fig. thickened palmar nodule along 4th finger with loss of free movement of the finger. Ultrasound shows nod-
ular thickening of palmar fascia along 4th ray. 

DIABETIC NEUROPATHY :There is Hyperglycemia and glycation end products (AGEs) Increase in 
circulating inflammatory cytokines resulting in demyelination and axonal loss of the peripheral nerve axons.

A. Impaired ability of the person to detect stimuli, 

B. Conformational change of the foot.

This results in inequal pressure distribution over the foot – callus formation. Eventually breaks devel-
oping ulcerations.

There is diffuse enlargement of peripheral nerves, with loss of regular fibrillar pattern and fuzziness. Criteria 
to diagnosis is the CSA. 

Thickened nerves are also vulnerable to compression while passing through fibro osseous tunnel, making 
them prone to compression neuropathy.

Fig. Carpal tunnel syndrome with Thickened me-
dial nerve showing compression with notch sign 
at CT level.
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 Fig. Thickened common peroneal nerve                 Fig. Thick and compressed posterior Tibial nerve     

HEEl PAD ATROPHY

Subcutaneous heel pad is a specialized structure that enable pain free weight bearing and locomotion with 
optimal shock absorption. It has unique structure divided in to superficial micro chamber and deep macro 
chamber layers that contain fat globules and u shaped partition that connected  to skin and heel. Also has spe-
cialized fat containing 19-25% more unsaturated fatty acids than other adipose tissue. 

Patient is with central shooting and burning  heel pain feels like ‘walking on pebbles’.

Aetiology: Aging, micro trauma, AO, RH arthritis, Joint dislocation, deviation, foot deformity, cortisone in-
jection.

Atrophic heel pad leads to calcaneal periostitis.

Buschmann et al demonstrated from a cadaveric study mean 30% smaller surface area and 16%  smaller diam-
eter of adipocytes in diabetic heel fat pad atrophy from normal heel fat pad atrophy. 10 – 25% thicker septae 
and finally perineural fibrosis and hypertrophy of Schwann cells was also observed in diabetic heel fat pad 
atrophy.There has been a much debate regarding pathophysiological consequences of DM on planter foot and 
subsequent development of foot ulcers.

Traditional theory : Firstly it is thought to be due to irregular arrangement of collagen fibrils within the septal 
walls as a result of glycation as well as subsequent reducing size of adipocytes.

Another hypothesis is that there is distal fat pad migration from under the metatarsal heads rendering the part 
vulnerable to increased pressure, that predispose ulceration. Migration of MT fat pad can lead to claw foot 
deformity.

Normal heel pad thickness in right image in comparison to decreased heel pad thickness in left image.
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PlANTER FASCIOPATHY/ FASCIOSIS: Planter fascia is the thick web like fascia that connect heel to 
the toes.

Normal USG appearance :  Fibrillar with hyper echoic Type I collagen fibbers embedded within a  background 
of hypoechoic loose connective tissue matrix. Also contains Type III collagen fibres and elastic tissue.

FUNCTION : attached from medial tubercle of calcaneus to MTP joints, maintains biomechanics, stress 
though tibia passed to foot via Planter fascia, that absorbs and redistribute it in to the foot, also preserves the 
longitudinal arch of the foot. 

Planter fasciopathy/ fasciosis is the correct term to be used, as it basically a degenerative disease, rather than 
inflammatory.

Incidence : 1 Million adult /year.

Cause : 1. Biomechanical 2. Medical.

Degeneration is due to shearing forces rather than tensile force.

Histological changes:

* Disruption of collagen fibres both longitudinal and crosswise.

* Vascular hyperplasia

* Increased tenocytes concentration.

 Lemont et al demonstrated no inflammatory mediator there.There are some nociceptors within the planter 
fascia with Paccini and Ruffini corpuscles as well as nerve endings.Patient with type I DM assessment of PF 
at insertion site

gives a prognostic benefit as this tissue has high affinity for glycosylation and can be a very accurate predictor 
of developing retinopathy,also with development of peripheral and autonomic neuropathy (Craig et al).

Fig. thick hypoechoic planter fascia at insertion site.     Fig. torn deep fibers of planter fascia.

FIG. stain elastography shows increased stiffness of planter fascia.



125

THICKENED RETINACUlUM, PUllEY THICKENING AND TRIGGER FINGER : Retinaculum 
and pulleys hold the tendons in places, may get thickened causing stenosing tenosynovitis with reduced free 
movement of underlying tendons.

Fig. De Quervain’s tenosynovitisof first ex-
tensor compartment of wrist. Tendons are in-
flamed, oedematous with thickened overlying 
retinaculum showing subcutaneous peritendi-
nous hyperaemia on Doppler study.

DM AND SKElETAl MUSClES

There is a negative impact of diabetes mellitus on the growth and reparative capacities of skeletal muscle.
DM negatively affectthe muscle progenitor cell population (particularly the muscle satellite cell population).
CLIP: chronic low-grade inflammatory profile, oxidative stress, and impaired extracellular matrix remodel-
ling.Manifests through changes in muscle size, fiber-type distribution, and/or metabolism. Reduced physical 
capacity, strength, and muscle mass.Skeletal muscle functions as the largest site for glucose uptake and there-
fore changes to skeletal muscle health can impact whole-body glucose homeostasis. 

TYPE 1 (10%):Lack of insulin leads to lack of glucose to fuel the muscles that can lead to atrophy of the dy-
ing muscle cells as mitochondria produces lower than normal amount of energy and releases high amount of 
toxins resulting in loss of muscle mass and myofibril size.

TYPE 2 (90%):Systemic inflammation initiated by obesity and prolonged overnutrition contributes to insulin 
resistance and promotes muscle atrophy by decreased muscle protein synthesis and increased ubiquitin prote-
asome, lysosomal proteasome and caspase 3- mediated protein degradation. A finding strongly correlated with 
intramuscular fat storage (Hilton et al., 2008). Reversible by exercise.

Fig. diffuse muscle atrophy with fatty in-
filtration of thigh muscles.
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DIABETIC MUSClE INFRACT: First described by Angervall and Sterner in 1965 as “tumoriform focal 
muscular degeneration”

Seen mostly in Type 1 DM(85%), with poorly controlled disease and severe end-organ microvascular compli-
cations. Usual age of presentation is around 40 years. 

Typically unilateral, involving lower limb ,mostly affecting thigh muscles. Presents with excruciating sudden 
onset pain , swollen leg, however no restriction of joint movement. Likely pathogenesis described is vascular 
occlusion. Creatinine Kinase, LC, ESR are mostly normal.Self-limiting by 4 weeks, treated by analgesic and 
physiotherapy.

Fig. diabetic infraction of Hamstring muscles. There 
is mass like non specific area in semi membranous 
muscle with loss of fascicular pattern with diffuse 
subcutaneous soft tissue and fascial edema.

SOFT TISSUE INFECTION:

DM causes severe deregulation of the immune response, the balance between human host and microorganism 
is lost and pathogens can invade the systemic host response.It has a wide spectrum of presentation. Prompt 
diagnosis is the key in the management algorithm to avoid further progression and complication. We can aid 
clinicians playing pivotal role in differentiating various type of infections, anatomical extents, identifying 
collections potentially amenable to intervention and ruling out other diff, diagnosis like DVT, tumors.Sonog-
raphy is most useful in-

Diagnosis of fluid collection.
Periosteal involvement.
Early bone erosion.
Surrounding soft tissue abnormalities including vascularity.
Provides guidance for therapeutic aspiration, drainage and tissue biopsy.
Rule out other non infective differentials.

Fig. patient presented with painful swelling along the base of thumb nail. Ultrasound suggest paronychia with 
collection in periungual tissue( eponychium, perinychium).
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Fig. ultrasound shows diffuse emphy-
sematous collection along myofascial 
and myoaponeurotic plans of calf mus-
cle. Per operative pictures showing 
thick pus drained out from deep inter-
muscular area.

CHARCOT ARTHROPATHY (JEAN MARTIN CHARCOT): Progressive degenerative / destructive 
joint disorder in patients with abnormal pain sensation and proprioception. 

Joints/ foot is swollen with normal temperature, no elevation of inflammatory markers, painless, there is initial 
insult/ injury followed by inflammation, both continues due to lack of perception’.

It may be atrophic form (commonest) or hypertrophic form. Common in poorly controlled Type I DM. NEU-
ROPATHIC JOINT: Jean Martin Charcot(1886): CJ results from damage to the CNS trophic centres that 
controlled bone and joint nutrition.

Present theory :

Neurotraumatic (sensory loss, repeated trauma-bone destruction), Neurovascular (loss of sympathetic tones 
leads to vasodilatation, bone resorption), Joint effusion, destruction and fragmentation, disorganization, re-
sorption/sclerosis, fracture and exuberant callus formation, osseous deposits, effusion. Predominant mid tarsal 
involvement. Subluxation starts at second MTP joint and than proceeds laterally.



128

Fig. X – Ray shows subchondral osteopenia predominantly involving mid foot with bony fragmentations, 
dissolution and joint malalignment. 

USG reveals gross bone destruction with eroded articular surfaces, intra articular debris, effusion and hyper-
aemia.

POST OPERATIVE  COMPlICATIONS
Non healing of the wound
Super added infection.
Deep vein thrombosis.
Pulmonary embolism.

DISCUSSION:

Focused ultrasound is an early stage, is a non-invasive therapeutic technology which is  highly useful with 
proper application that can reduce the cost of care.Ultrasound is highly accurate with new high resolution 
technology and a protocol based scanning by experienced examiner.Ultrasound should be the first modality of 
choice for diagnosis and guided interventions of soft tissue, muscles, nerve and joints.Ultrasound can detect 
bony erosion or osteomyelitis much earlier than conventional x ray or even CT scan.A wide and timely appli-
cation of ultrasound in detection and management of diabetes complications can not only provide our patient 
an excellent prevention but also a much better quality of life.
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Recent American Diabetes Association 
Guidelines: Critical Appraisal and Takeaways

Mukut Roy

Introduction

Diabetes mellitus (DM) is a complex, chron-
ic disease which needs continuous medical 
care with multi-factorial risk-reduction strat-

egies beyond glycemic control for prevention of dis-
ease related complications. The field of diabetes care 
is rapidly changing as new research, technology and 
treatments that can improve the health and well-be-
ing of people with diabetes continue to emerge. Type 
1diabetes and type 2diabetes are two important types 
of diabetes mellitus in which clinical presentation and 
disease progression may vary considerably and yet 
again may overlap each other.  Significant evidence 
exist that supports a series of interventions is need-
ed to improve diabetes outcomes. The Professional 
Practice Committee (PPC) of the American Diabe-
tes Association (ADA) is responsible for the “Stan-
dards of Medical Care in Diabetes,” referred to as 
the Standards of Care. The ADA guided “Standards 
of Medical Care in Diabetes,” is intended to provide 
clinicians, researchers, policy makers and other in-
terested individuals with the components of diabetes 
care, general treatment goals and tools to evaluate 
the quality of care.1 The ADA 2022 guidelines has 
been divided into seventeen sections and the current 
short review highlights on the important changes of 
different sections and their critical appraisal in rela-
tion to current diabetes practice.

Critical appraisal of different sections of current 
ADA guidelines

Section1

This section of ADA guidelines deals on “Improv-
ing Care and Promoting Health in Populations”. 

This year additional information has been included 
on online platforms to support behavior change and 
well-being. The renamed “Cost Considerations for 
Medication-Taking Behaviors” subsection has been 
expanded to include more discussion about costs 
of medications and treatment goals. The concept of 
health numeracy and its role in diabetes prevention 
and management was added to the newly named 
“Health literacy and Numeracy” Sub-section. 
Health literacy is defined as the degree to which in-
dividuals have the capacity to obtain, process, and 
understand basic health information and services 
needed to make appropriate decisions.  Therefore, 
Clinicians and diabetes care and education special-
ists should ensure that they provide easy-to-under-
stand information and reduce unnecessary complex-
ity when developing care plans with patients.  On 
the other hand, Health numeracy requires primary 
numeric skills, applied health numeracy and inter-
pretive health numeracy. People with pre-diabetes or 
diabetes often need to perform numeric tasks such as 
interpreting food labels and blood glucose levels to 
make treatment decisions such as medication dosing. 
Adjunctive education and support may be indicated 
if limited health literacy and numeracy are barriers to 
optimal care decisions.2

Section 2 

This section discusses on the importance of “Clas-
sification and Diagnosis of Diabetes”. The recom-
mendation about adequate carbohydrate intake prior 
to oral glucose tolerance testing as a screen for dia-
betes was added. When using oral glucose tolerance 
testing as a screen for diabetes, adequate carbohy-
drate intake (at least 150 g/ day) should be assured 
for 3 days prior to testing. The discussion regarding 

Chapter20
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use of point of-care A1C assays for the diagnosis of 
diabetes also has been revised. More information has 
been added to the “Race/Ethnicity/Hemoglobinop-
athies” subsection. For patients with a hemoglobin 
variant but normal red blood cell turnover, such as 
those with the sickle cell trait, an A1C assay with-
out interference from hemoglobin variants should be 
used. African Americans heterozygous for the com-
mon hemoglobin variant HbS may have, for any giv-
en level of mean glycemia, lower A1C by about 0.3% 
compared with those without the trait. But, the asso-
ciation of A1C with risk for complications appears 
to be similar in African Americans and non-Hispan-
ic Whites. In the Taiwanese population, age and sex 
have been reported to be associated with increased 
A1C in men; the clinical implications of this find-
ing are unclear at this time. Recommendation 2.9 
has been revised to recommend that, for all people 
screening for pre-diabetes and diabetes should be-
gin at age 35 years. Computer simulation modeling 
studies suggest that major benefits are likely to ac-
crue from the early diagnosis and treatment of hy-
perglycemia and cardiovascular risk factors in type 
2 diabetes. Recommendation 2.24 regarding genetic 
testing for those who do not have typical characteris-
tics of type 1 or  type 2 diabetes has been revised. A 
diagnosis of Maturity-Onset Diabetes of the Young 
(MODY) should be considered in individuals who 
have atypical diabetes and multiple family members 
with diabetes not characteristic of type 1 or type 2di-
abetes, although admittedly “atypical diabetes” is 
becoming increasingly difficult to precisely define 
in the absence of a definitive set of tests for either 
type of diabetes. Under “Classification,” immune 
checkpoint inhibitors have been added as a cause of 
medication-induced diabetes. Additional evidence 
and discussion have been added to the subsection 
“Screening for Type 1 Diabetes Risk.” The gesta-
tional diabetes mellitus recommendations have been 
revised with changes made regarding preconception 
and early pregnancy screening for diabetes and ab-
normal glucose metabolism.3

Section 3 

This section gives us the glimpses on to deal effec-
tively for “Prevention or Delay of Type 2 Diabetes 
and Associated Co-morbidities”. Recommenda-

tion 3.1 has been modified to better individualize 
monitoring for the development of type 2 diabetes 
in those with pre-diabetes. Testing high-risk patients 
for pre-diabetes is warranted because the laboratory 
assessment is safe and reasonable in cost, substantial 
time exists before the development of type 2 diabetes 
and its complications during which one can intervene 
and there is an effective means of preventing type 
2 diabetes in those determined to have pre-diabetes 
with an A1C 5.7– 6.4%, impaired glucose tolerance 
or impaired fasting glucose. Adults with overweight/
obesity are recommended to be referred to an in-
tensive lifestyle behavior change program (Recom-
mendation 3.2). The Diabetes Prevention Program 
(DPP) demonstrated that intensive lifestyle interven-
tion could reduce the risk of incident type 2 diabetes 
by 58% over 3 years. Follow-up of three large stud-
ies of lifestyle intervention for diabetes prevention 
has shown sustained reduction in the risk of progres-
sion to type 2 diabetes: 39% reduction at 30 years in 
the Da Qing study, 43% reduction at 7 years in the 
Finnish DPS and 34% reduction at 10 years and 27% 
reduction at 15 years in the U.S. Diabetes Preven-
tion Program Outcomes Study (DPPOS). Additional 
considerations have been added to the recommenda-
tion regarding metformin therapy (Recommenda-
tion 3.6). Metformin has the strongest evidence base 
and demonstrated long-term safety as pharmacologic 
therapy for diabetes prevention.  In the Indian Diabe-
tes Prevention Program (IDPP-1), metformin and the 
lifestyle intervention reduced diabetes risk similar-
ly at 30 months; of note, the lifestyle intervention in 
IDPP-1 was less intensive than that in the DPP. More 
discussion has been added on vitamin D supplemen-
tation in the “Pharmacologic Interventions” subsec-
tion. There is a new subsection and recommendation 
on patient-centered care aimed at weight loss or pre-
vention of weight gain, minimizing progression of 
hyperglycemia and attention to cardiovascular Risk 
and associated co-morbidities.4

Section 4

This section discusses on “Comprehensive Medical 
Evaluation and Assessment of Co-morbidities”. 
The “Immunizations” subsection has been revised 
and more information and evidence on the influenza 
vaccine for people with diabetes and cardiovascu-



135

lar disease has been added to the “Influenza” sub-
section. Within this sub-section, coronavirus disease 
2019 (COVID-19) vaccination information has been 
added based on evolving evidence. Management of 
patients with nonalcoholic fatty liver disease (NA-
FLD) and nonalcoholic steato-hepatitis (NASH) and 
summary of published NAFLD guidelines has been 
reproduced from “Preparing for the NASH Epidem-
ic: A Call to Action” which has provided more infor-
mation on management of these diseases with better 
preparedness.5

Section 5

This section highlights on “Facilitating Behavior 
Change and Well-being to Improve Health Out-
comes”. Recommendation 5.5 has been added to 
the “Diabetes Self-Management Education and Sup-
port” subsection to address digital coaching and digi-
tal self-management interviews as effective methods 
of education and support. Technologies such as mo-
bile apps, simulation tools, digital coaching and digi-
tal self-management interventions can be used to de-
liver DSMES. These methods provide comparable or 
even improved outcomes compared with traditional 
in-person care.  In the “Carbohydrates” subsection, 
more emphasis has been placed on the quality of 
carbohydrates selected. Regardless of amount of car-
bohydrate in the meal plan, focus should be placed 
on high-quality, nutrient-dense carbohydrate sourc-
es that are high in fiber and minimally processed. In 
Recommendation 5.15, a fiber goal has been add-
ed for additional clarity. People with diabetes and 
those at risk for diabetes are encouraged to consume 
a minimum of 14 g of fiber/1,000 kcal, with at least 
half of grain consumption being whole, intact grains. 
Evidence on consumption of mixed meals, insulin 
dosing and impact on glycemia has also been add-
ed to this subsection. A new subsection on cognitive 
capacity/ impairment has been added, with recom-
mendations for monitoring (Recommendation 5.51) 
and referral (Recommendation 5.52) for formal as-
sessment, and a discussion of the evidence regarding 
cognitive impairment and diabetes.6

Section 6 

This section discusses on “Glycemic Targets”. 

“Time in range” (TIR) has been more fully incorpo-
rated into the “Glycemic Assessment” subsection. 
Published data suggest a strong correlation between 
TIR and A1C with a goal of 70% TIR aligning with 
an A1C of ~7% in two prospective studies. Glucose 
variability and the association of hypoglycemia were 
added to the “Hypoglycemia” subsection, as well as 
information on hypoglycemia prevention, including 
the Blood Glucose Awareness Training.7

Section 7

This sections stresses on “Diabetes Technology”. 
General recommendations on the selection

of technology has been based on individual and care-
giver preferences (Recommendation 7.1), ongoing 
education on use of devices (Recommendation 7.2), 
continued access to devices across payers (Recom-
mendation 7.3), support of students using devices in 
school settings (Recommendation 7.4) and early ini-
tiation of technology (Recommendation 7.5). “Self 
monitoring of blood glucose (SMBG)” was replaced 
with the more commonly used “blood glucose moni-
toring (BGM)” in this section. Patients vary in terms 
of comfort level with technology and some prefer 
in-person training and support. Patients with more 
education regarding device use have better outcomes; 
therefore, the need for additional education should 
be periodically assessed, particularly if outcomes are 
not being met. The recommendations regarding use 
of continuous glucose monitoring (CGM) were di-
vided between adults (Recommendations 7.11 and 
7.12) and youth (Recommendations 7.13 and 7.14) 
and the recommendation regarding periodic use of 
CGM or the use of professional CGM has been sim-
plified. Real-time continuous glucose monitoring 
or intermittently scanned continuous glucose mon-
itoring should be offered for diabetes management 
in adults with diabetes on multiple daily injections 
or continuous subcutaneous insulin infusion who are 
capable of using devices safely (either by themselves 
or with a caregiver). The choice of device should be 
made based on patient circumstances, desires, and 
needs. “Smart pens” are now referred to as “connect-
ed insulin pens,” and more discussion and evidence 
has been added to the insulin pens content. The dis-
cussion of automated insulin delivery (AID) systems 
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has been combined with the insulin pumps subsec-
tion and is separate from the “Do-It-Yourself Closed-
Loop Systems” subsection. Recommendation 7.29 
has been modified to include outpatient procedures 
and the consideration that people should be allowed 
continued use of diabetes devices during inpatient or 
outpatient procedures when they can safely use them 
and supervision is available.8

Section 8

Title of this section has been changed to “Obesity 
and Weight Management for the Prevention and 
Treatment of Type 2 Diabetes.” Evidence has been 
added regarding the importance of addressing obesi-
ty, as both obesity and diabetes increase risk for more 
severe COVID-19 infections. The concept of weight 
distribution and weight gain pattern and trajectory, in 
addition to weight and BMI, has been added to the 
“Assessment” subsection. Recommendation 8.12 
and its associated text discussion has been added to 
the “Diet, Physical Activity, and Behavioral Thera-
py”  which does not mark any clear evidence that di-
etary supplements are effective for weight loss. The 
“Medical Devices for Weight Loss” sub-section has 
been revised to include more information on a newly 
approved oral hydrogel. Recommendation 8.21 has 
been revised to include behavioral support and rou-
tine monitoring of metabolic status. A new recom-
mendation (Recommendation 8.22) and discussion 
on post-bariatric hypoglycemia, its causes, diagnosis 
and management have been added. Table 8.2, med-
ications approved by the FDA for the treatment of 
obesity, has been updated to include semaglutide.9

Section 9

This section stresses on “Pharmacologic approach-
es to glycemic treatment”. Recommendation 9.3 
has been revised to include fat and protein content, 
in addition to carbohydrates, as part of education on 
matching mealtime insulin dosing. “Choices of insu-
lin regimens in people with type 1 diabetes,” “Sim-
plified overview of indications for b-cell replace-
ment therapy in people with type 1 diabetes,” and 
“Examples of subcutaneous insulin regimens,” were 
highlighted. Individuals with type 1 diabetes should 
receive education on how to match mealtime insulin 

doses to carbohydrate intake, fat and protein content, 
and anticipated physical activity. For individuals in 
whom carbohydrate counting is effective, estimates 
of the fat and protein content of meals can be incor-
porated into their prandial dosing for added bene-
fit. Again a Consensus Report by the ADA and the 
EASD has been added to the “Pharmacologic Ther-
apy for Adults with Type 1 Diabetes” sub-section. 
Recommendation 9.4 has been revised and is now 
have two recommendations (Recommendations 
9.4a and 9.4b) on first-line therapies and initial ther-
apies, all based on co-morbidities, patient-centered 
treatment factors and management needs. First-line 
therapy depends on co-morbidities, patient centered 
treatment factors, and management needs and gener-
ally includes metformin and comprehensive lifestyle 
modification. Other medications (glucagon like pep-
tide 1 receptor agonists, sodium–glucose co-trans-
porter 2 inhibitors), with or without metformin based 
on glycemic needs, are appropriate initial therapy for 
individuals with type 2 diabetes with or at high risk 
for atherosclerotic cardiovascular disease, heart fail-
ure, and/or chronic kidney disease. Recommenda-
tion 9.5 has been updated with other considerations 
for the continuation of metformin therapy after pa-
tients have been initiated on insulin. A new recom-
mendation has been added regarding the use of in-
sulin and combination therapy with a glucagon like 
peptide 1 (GLP-1) receptor agonist for greater effi-
cacy and durability (Recommendation 9.11). The 
section now concludes with an overview of changes 
made to “Pharmacologic treatment of hyperglycemia 
in adults with type 2 diabetes,” in a direction to rec-
oncile emerging evidence and support harmonization 
of guidelines recognizing alternative initial treatment 
approaches to metformin as acceptable, depending 
on co-morbidities, patient centered treatment factors, 
and glycemic and co-morbidity management needs.10

Section 10

This section discusses on “Cardiovascular Disease 
and Risk Management” and is endorsed for the 
fourth consecutive year by the American College of 
Cardiology. A new figure (Fig. 10.1) has been added 
to depict the recommended comprehensive approach 
to the reduction in risk of diabetes-related compli-
cations. Recommendation 10.1 which highlights on 
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screening and diagnosis of blood pressure has been 
revised to include diagnosis of hypertension at a sin-
gle health care visit for individuals with blood pres-
sure measuring ≥ 180/110 mmHg and cardiovascular 
disease. More information on low diastolic blood 
pressure and blood pressure management has been 
added to the “Individualization of Treatment Tar-
gets” subsection under “Hypertension/Blood Pres-
sure Control.” In the “Treatment Strategies: Life-
style Interventions” subsection under “Hypertension/ 
Blood Pressure Control,” discussion has been added 
on the use of internet or mobile-based digital plat-
forms to reinforce healthy behaviors and their ability 
to enhance the efficacy of medical therapy for hyper-
tension. More information on use of ACE inhibitors 
and angiotensin receptor blocker (ARB) therapy for 
those with kidney function decline has been added to 
the “Pharmacologic Interventions” subsection under 
“Hypertension/Blood Pressure Control.” Ezetimibe 
being preferential due to its lower cost has been re-
moved from Recommendation 10.24. More discus-
sion was added on use of evolocumab therapy and 
reduction in all strokes and ischemic stroke. A new 
subsection on statins and bempedoic acid has been 
added. A discussion of the ADAPTABLE  (Aspirin 
Dosing: A Patient-Centric Trial Assessing Benefits 
and Long-term Effectiveness) trial has been added 
to the “Aspirin Dosing” subsection. A discussion of 
the TWILIGHT (Ticagrelor With Aspirin or Alone 
in High- Risk Patients After Coronary Intervention) 
trial has been added to the “Indications for P2Y12 
Receptor Antagonist Use” subsection. Recommen-
dation 10.42c has been added to the “Cardiovascu-
lar Disease: Treatment” subsection, providing guid-
ance for patients with type 2 diabetes and established 
atherosclerotic cardiovascular disease (ASCVD) or 
multiple risk factors for ASCVD on the use of com-
bined therapy with a sodium–glucose co-transporter 
2 (SGLT2) inhibitor with demonstrated cardiovascu-
lar benefit and a GLP-1 receptor agonist with demon-
strated cardiovascular benefit. A discussion of the 
Dapagliflozin and Prevention of Adverse Outcomes 
in Chronic Kidney Disease (DAPA-CKD) trial, the 
Effect of Sotagliflozin on Cardiovascular Events in 
Patients With Type 2 Diabetes Post Worsening Heart 
Failure (SOLOIST-WHF) trial and the Effect of Ef-
peglenatide on Cardiovascular Outcomes (AMPLI-

TUDE-O) have been added, in addition to the re-
sults of the Dapagliflozin and Prevention of Adverse 
Outcomes in Heart Failure (DAPA-HF) trial, the 
Evaluation of Ertugliflozin Efficacy and Safety Car-
diovascular Outcomes Trial (VERTIS CV), and the 
Effect of Sotagliflozin on Cardiovascular and Renal 
Events in Patients With Type 2 Diabetes and Mod-
erate Renal Impairment Who Are at Cardiovascular 
Risk (SCORED) trial, which were added as a Living 
Standards update in June 2021. A new subsection, 
“Clinical Approach,” now concludes this section on 
risk reduction with SGLT2 inhibitors or GLP-1 re-
ceptor agonist therapy. Fig. 10.3 has been reproduced 
from the ADA-endorsed American College of Cardi-
ology “2020 Expert Consensus Decision Pathway on 
Novel Therapies for Cardiovascular Risk Reduction 
in Patients with Type 2 Diabetes” and outlines the 
approach to risk reduction with SGLT2 inhibitor or 
GLP-1 receptor agonist therapy in conjunction with 
other traditional, guideline-based preventive medical 
therapies for blood pressure as well as lipid, glyce-
mic and anti-platelet therapy.11

Section 11

This section now discusses on “Chronic Kidney 
Disease and Risk Management”. Formerly, this 
Section 11 was titled as “Micro-vascular Compli-
cations and Foot Care,” had the content on chron-
ic kidney disease, retinopathy, neuropathy and foot 
care. This section has now been divided into two 
sections: Section 11 titled as “Chronic Kidney Dis-
ease and Risk Management” and Section 12 titled 
as “Retinopathy, Neuropathy, and Foot Care”. 
Recommendation 11.3a has been revised to include 
lower glomerular filtration rates and lower urinary 
albumin as indicators for use of to reduce chronic 
kidney disease (CKD) progression and cardiovas-
cular events. For patients with type 2 diabetes and 
diabetic kidney disease, use of SGLT2 inhibitors in 
patients with an estimated glomerular filtration rate 
≥25 mL/min/1.73 m2 and urinary albumin ≥300 
mg/g creatinine is recommended to reduce chron-
ic kidney disease, progression and cardiovascular 
events. Recommendation 11.3c has also been re-
vised in patients with chronic kidney disease who 
are at increased risk for cardiovascular events or 
chronic kidney disease progression or are unable to 



138

use a sodium–glucose cotransporter 2 inhibitor, a 
non-steroidal mineralocorticoid receptor antagonist 
(finerenone) is recommended to reduce chronic kid-
ney disease progression. In patients with chronic kid-
ney disease who have ≥300 mg/g urinary albumin, a 
reduction of 30% or greater in mg/g urinary albumin 
is also recommended to slow chronic kidney disease 
progression (Recommendation 11.3d). The concept 
of blood pressure variability has been added to Rec-
ommendation 11.4. More discussion has been added 
to the “Acute Kidney Injury” subsection regarding 
use of ACE inhibitors or ARBs.12

Section 12

This section puts highlight on “Retinopathy, Neu-
ropathy, and Foot Care”. More discussion was 
added to the “Diabetic Retinopathy” subsection re-
garding use of GLP-1 receptor agonists and retinopa-
thy. Recommendation 12.11 has been updated to in-
dicate that intra-vitreous injections of anti–vascular 
endothelial growth factor are a reasonable alternative 
to traditional pan-retinal laser photocoagulation for 
some patients with proliferative diabetic retinopathy 
and also reduce the risk of vision loss in these pa-
tients. Recommendation 12.12 was also updated to 
recommend intra-vitreous injections of anti–vascular 
endothelial growth factor as first-line treatment for 
most eyes with diabetic macular edema that involves 
the foveal center and impairs visions acuity. Howev-
er, a potential drawback in using anti-VEGF therapy 
to manage proliferative disease is that patients were 
required to have a greater number of visits and re-
ceived a greater number of treatments than is typi-
cally required for management with pan-retinal laser, 
which may not be optimal for some patients. A new 
recommendation (Recommendation 12.13) was 
added on macular focal/grid photocoagulation and 
intra-vitreal injections of corticosteroid.13

Section 13

This section stresses on the management of diabetes 
in “Older Adults”. In the “Hypoglycemia” subsec-
tion, glycemic variability and older adults with phys-
ical or cognitive limitations was added to the discus-
sion of use of CGM. The upper threshold of 8.5% 
(69mmol/mol) was removed from the example of 

less stringent goals for those with multiple coexist-
ing chronic illnesses, cognitive impairment, or func-
tional dependence in Recommendation 13.6. More 
discussion was added on classification of older adults 
in the “Patients with complications and reduced 
functionality” subsection. The benefit of a structured 
exercise program (as in the Lifestyle Interventions 
and Independence for Elders [LIFE] Study) was in-
corporated into the “Lifestyle Management” subsec-
tion. More discussion of overtreatment was added to 
the “Pharmacologic Therapy” subsection, as was the 
consideration that for those taking metformin long 
terms, monitoring vitamin B12 deficiency should be 
considered. The insulin therapy discussion was also 
updated with more information on avoidance of hy-
poglycemia.14

Section 14

This section stresses on the management of diabetes 
in “Children and Adolescents”. Table 14.1A and 
Table 14.1B have been newly created and provide an 
overview of the recommendations for screening and 
treatment of complications and related conditions 
in pediatric type 1diabetes (Table 14.1A) and type 
2 diabetes (Table 14.1B). The “Diabetes Self-Man-
agement Education and Support” subsection now 
discusses adult caregivers as critical to diabetes 
self-management in youth, and how they should be 
engaged to ensure there is not a premature transfer of 
responsibility for self-management to the youth. Rec-
ommendation 14.7 has been simplified. Youth and 
their parents/caregivers should receive education on 
targets and management of glycemia before, during 
and  after physical activity, individualized according 
to the type and intensity of the planned physical ac-
tivity. Recommendations in the renamed “Glycemic 
Monitoring, Insulin Delivery, and Targets” subsec-
tion (Recommendations 14.18–14.27) have been 
reorganized and revised to better align with recom-
mendations in Section 7, “Diabetes Technology”. 
The recommendations in the type 1 diabetes “Man-
agement of Cardiovascular Risk Factors” subsection 
(Recommendations 14.34–14.42) have been revised 
to include more information on timing of screening 
and treatment and updates to indicators for screen-
ing and treatment. In addition to lifestyle modifica-
tion, ACE inhibitors or angiotensin receptor blockers 
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should be started for treatment of confirmed hyper-
tension (defined as blood pressure consistently ≥95th 
percentile for age, sex, and height or, in adolescents 
aged ≥13 years, ≥130/80 mmHg). Throughout the 
section, more has been added regarding reproduc-
tive counseling in female youth considering ACE 
inhibitors and ARBs. A new recommendation (Rec-
ommendation 14.49) was added to the “Retinopa-
thy” subsection for type 1 diabetes regarding retinal 
photography. A new recommendation (Recommen-
dation 14.61) has been added on the use of CGM 
for youth with type 2 diabetes on multiple daily in-
jections or continuous subcutaneous insulin infusion. 
The recommendations for hypertension screening 
and management (Recommendations 14.77–14.80) 
for type 2 diabetes have been revised. 15

Section 15

This section highlights on “Management of Diabe-
tes in Pregnancy”. A new recommendation (Rec-
ommendation 15.16) and discussion of the evidence 
on tele-health visits for pregnant women with gesta-
tional diabetes mellitus has been added to the “Man-
agement of Gestational Diabetes Mellitus” subsec-
tion. Again a new subsection on “Physical Activity” 
has been added. Additional discussion was added 
regarding insulin as the preferred treatment for type 
2diabetes in pregnancy.16

Section 16 

This section discusses on “Diabetes Care in the 
Hospital”. Additional information has been added 
on the use of CGM during the COVID-19 pandemic 
to minimize contact between health care providers 
and patients, especially those in the intensive care 
unit.17

Section 17

This section shows the importance of “Diabetes Ad-
vocacy”. However, no changes have been made to 
this section in this current ADA guideline from the 
previous year.18

Conclusion

The ADA recommendations in the “Standards of 
Medical Care in Diabetes” include screening, di-

agnostic and therapeutic actions that are known or 
believed to favorably affect health outcomes of pa-
tients with diabetes. All recommendations receive a 
rating for the strength of the evidence and not for 
the strength of the recommendation. We also need to 
remember that published evidence is only one com-
ponent of clinical decision-making. In real world of 
practice, clinicians care for individual patient but 
not populations in general. Therefore, current ADA 
guidelines also should be interpreted with the indi-
vidual patient in mind. Individual circumstances, 
such as co-morbid and coexisting diseases, age, edu-
cation, disability and above all, patients’ values and 
preferences, must be considered and may lead to dif-
ferent treatment targets and strategies.
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Time in Range: Should it be a Critical 
Component in Therapeutics

Sreeniwas Murthy

Introduction

Hemoglobin A1ctest (HbA1c) has been used 
as a gold standard of glycemiccontrol since 
DCCT, while the self- monitoringblood glu-

cose (SMBG) has been a cornerstone of diabetescare 
to verify glucose variability (GV) on daily basis. 
One of themain limitations ofA1C considered to be 
its inability to represent acute glycemic excursions.
Additionally, A1C can be subject to many variations 
in accuracy in patients with anemia, specific hemo-
globinopathies, iron deficiency, pregnancy, and he-
patic disease, and it can vary among different racial 
and ethnic groups. Therefore, in recent years, along 
with the emergence of continuous glucose monitor-
ing (CGM) technology, glycemic control modalities 
have extended beyond HbA1c.They include mod-
ern glucometrics, such as glycemic variability (GV) 
and time-in-range(TIR). The key advantage of these 
newer metrics over HbA1c is that they allow per-
sonalized diabetes management with person-centric 
glycemic control.Glycemic variability (GV) is an in-
dicator ofhyper- and hypoglycemia which  takes into 
consideration boththe amplitude of the excursion 
(how far out of range a bloodglucose measurement 
is) and the time spent in the excursion.1

Time in Range and impact on diabetes outcomes

TIR can predict long-term complications of diabetes 
and as well as pregnancy outcomes. Advanced Tech-
nologies & Treatments for Diabetes (ATTD) interna-
tional consensus on the use of CGM 2017 standard-
ized the use of CGM to promote therapy adjustments 
in people with both type 1 and type 2 diabetes mel-
litus. the ATTD consensus panel defined TIR as the 

time spent in an individual’s target glucose range of 
70–180 mg/dL (3.9–10 mmol/L). The TIR metric 
includes three CGM measurements: percentage of 
readings and time per day above target glucose range 
(TAR), within target glucose range (TIR), and time 
below target glucose range (TBR). As perthe recent 
ATTD international consensus on TIR(2019), most 
people with T1DM and T2DMshould aim to spend 
more than 70% of time perday (approx. [17 h) in TIR 
(70–180 mg/dL),with TBR (\70 mg/dL) less than 4% 
and TAR([180 mg/dL) being less than 25% of time 
perday.Using the dataset of the DCCT trial, Beck et 
al. evaluated the association between TIR and devel-
opment and/or progression of microalbuminuria, and 
diabetic retinopathy. For every 10 percentage-point-
decrease in TIR, the hazard rate for the development 
of microalbuminuria was increased by40% (95% CI 
25–56), while a increase in retinopathy progression 
was64%.This indicates a strong association between 
TIR and the risk of microvascular complications. 
Another common microvascular complication is di-
abetic peripheral neuropathy (DPN).In a study on 
the association between TIR and DPN, Mayeda et 
al. demonstrated that DPN prevalence was 43% and 
74% among participantswho were within the target 
range.For every10% decrease in TIR, there was a 
25% increase in the risk of DPN.2,3

Relationship between TIR and HbA1c

To date, very few data are presented on the mag-
nitude of TIR attainable in patients with T2D. In 
Multiple Daily Injections and Continuous Glucose 
Monitoring in Diabetes (DIAMOND) trial, Beck et 
al substantially demonstrated that 158 T2D patients-
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receiving multiple daily injections (MDI) of insulin 
had improved their TIR from 55.6% to 61.3% after 
24 weeks of CGM use.Evidence on how TIR relate 
to clinical outcomes in T2D management have ma-
terialized from some of the most recent studies. In 
2019, a meta-analysis by Vigersky and McMahon 
reported that every 10% change in TIR, resulted in a 
0.8% change in HbA1c in a mixed type 1/type 2 dia-
betes population. The study proclaimed the prospects 
of %TIR as a preferred metric for determining the 
endpoint of clinical studies, forecasting the risk of 
diabetes complications, and measuring the glycemic 
status of an individual patient.4A study conducted by 
Lu J et al at Onduo’s Virtual Diabetes Clinic (VDC), 
USA, emphasised the correlation between TIR and 
A1c. The group observed a mean TIR of 84% in 194 
T2D patients with a mean HbA1c of 7%.4Majority 
of these existing studies have reported a linear rela-
tionship between TIR and HbA1c. But the exact as-
sociation can be more complicated. Interestingly Lu 
J et al observed that GV has a modifier effect on this 
relationship. The study highlighted  a higher variabil-
ity of TIR values in T2D patients in the high-or low-
range of eHbA1c or unstable coefficient of variation 
(CV)5

TIR and macrovascular outcomes

Carotid intima-media thickness (CIMT) considered 
as a biomarker of subclinical atherosclerosis and can 
be used to predict incident cardiovascular events. A 
recent study investigated the use of TIR, measured 
by CGM and CIMT, as a surrogate marker of car-
diovascular disease. It was observed that people with 
T2DM and abnormalCIMT had significantly lower 
TIR compared to those with normal CIMT.These 
findings suggest a correlation between TIR and mac-
rovascular disease.3

Impact of TIR

CGM should be considered in pregnancy, renal fail-
ure, discordance between HbA1cand clinical fea-
tures/SMBG.TIR is an ‘‘additional’’ measure (along 
withother glycemic parameters), mainly if moreac-
cessible parameters are inconclusive.

There is a need for many longitudinal stud-
ies(cross-sectional) to establish TIR as a surrogate-

marker of complications. .Second-generation basal 
insulin found to be  better than insulin regimens in 
terms of increased duration of action, lesser GV, im-
proved quality of life, reduction of diabetes distress, 
better adherence, prevention of cognitivedysfunc-
tion, and long-term complications.

In reality, second-generation basal insulin lowers 
blood glucose with lower hypoglycemia compared to 
first-generation insulin for equivalent glucose levels.

TIR recommendations remain the same regardless of 
the modality of treatment. The treatment should be 
directed at achieving TIR. This can be achieved with 
basal insulins, especially second-generation basalin-
sulins.2

Time-in-Range Determination

In order to calculate the TIR, a sufficient data basis in 
theform of sufficient CGM data should be available. 
In concreteterms, this means CGM measurements 
over 14 days shouldbe available in order to be able to 
fall back on data of at least10 days with a usage dura-
tion of 70% to 80%. In addition, asufficient number 
of data points per day should be availableto achieve 
an acceptable description of the “typical” CGMpro-
file in an individual patient.

The CGM system software, used for analyzing CGM 
data,provides various options that can also influence 
the glucoseprofiles and the parameters calculated 
therefrom. To ourknowledge, there are no published 
evidences as to how muchthe results of calculating 
TIR value differ when identical datasets are analyzed 
with different evaluation programs.5

Challenges in implementing TIR

The key challenges in accepting TIR are the high cost 
of CGM and unavailability of the latest and more ac-
curate devices in some parts of the world. Barriers to 
uptake include cost (the high cost to procure sensors 
and replacing system parts as well as lack of insur-
ance coverage), technical issues (variability in sensor 
performance), human factors issues (inconvenience 
due to wearing a device continuously), absence of a 
standardized format for displaying results, and lack 
of understanding or consensus on how to exploit 
CGM data to make therapeutic decisions. 8The less  
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number of studies correlating TIR and micro-and 
macrovascular complications in diabetes has been 
another concern.Lack of effective diabetes education 
programs to support the physicians and patients in 
CGM data analysis and better interpretation of the 
TIR data is another limitation. To date, the training 
programs have been focusing on the technical as-
pects of the devices rather than the optimal usage of 
the indices. Training programs plays a integral role 
in implementing TIR as a useful clinical measure 
that complement HbA1c in daily treatment decision 
making.9

Conclusion 

The idea of time-in-range has challenged the con-
ventional viewpointof using HbA1c as a “one-size-
fit-all” screening tool for diabetes management. Nu-
merous studies have explained the utility of TIR in 
therapeutics. Even though targets for T1D and T2D 
are intimate, their clinical/biochemical profiles and 
demographic prevalence vary considerably.TIR is 
considered to be the corner stone in therapeutics with 
further efforts on research focusing use of CGM met-
rics in diabetes management.
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Hypoglycemia in Diabetics

Barnali Bhuyan
 Ashutosh Kumar Singh

The global Hypoglycemia Assessment Tool 
(HAT) study was a multicentre, non- inter-
ventional, 6-month retrospective and 4-week 

prospective study which used self- assessment ques-
tionnaire and patient diaries which included 27 585 
patients, aged more than and equal to 18 years, with 
type 1 diabetes (T1D; n=8022) and type 2 diabetes 
(T2D; n=19563) and treated with insulin for less than 
12 months, at 2004 sites in 24 countries worldwide. 
The primary endpoint was taken as the proportion 
of patients experiencing at least one hypoglycaemic 
event during the observational period.(1) During this 
study in prospective period, 83.0% of the patients 
with T1DM and 46.5% of the patients with T2DM 
reported hypoglycaemia. The rate of number of 
events of any, nocturnal and severe hypoglycaemia 
were 73.3, 11.3 and 4.9 events/patient-year for T1D 
and 19.3, 3.7 and 2.5 events/patient-year for T2D, 
respectively. It was found that glycated haemoglobin 
level was not a significant predictor of hypoglycae-
mia.(1)

Recently Zucara Therapeutics. Inc, a diabetes life 
sciences company announced that its proof- of-con-
cept phase 1b trial has been completed and was 
showing positive results. The company is developing 
ZT-01, a first-in-class therapeutic substance to pre-
vent insulin-induced hypoglycemia in patients who 
are using insulin therapy. The drug is designed to in-
hibit somatostatin, which in turn impairs the gluca-
gon response to hypoglycemia in people with insulin 
dependent diabetes. This will help those patients on 
Insulin therapy and suffering from frequent hypogly-

cemic episodes, further hoping to change the disease 
management and improve both patient’s health and 
quality of life.(2)

Occurrence of hypoglycemia is a fact of life for pa-
tients suffering from type 1 diabetes and many with 
type 2 diabetes. The patients suffering from this dis-
ease are at the risk for the same hypoglycemic disor-
ders as those without diabetes and further in addition 
to the vast majority of their hypoglycemic episodes 
resulting from the treatment of their diabetes.

DEFINITION

Combined consensus of the American Diabetes As-
sociation and the International Hypoglycemia Study 
Group has defined clinically significant hypoglyce-
mia as a blood glucose of less than 54 mg/dl which 
is detected by individual’s self-monitoring blood 
glucose (SMBG) as well as by continuous glucose 
monitoring ((CGM), glucose values of less than 54 
mg/dl for at least 20 min) or laboratory measurement 
of plasma glucose which is sufficiently low to indi-
cate clinically significant hypoglycemia.(3,4) Also, the 
blood glucose less than or equal to 70 mg/dl is con-
sidered a hypoglycemia alert value. This represents 
an important cutoff for glucose which needs to be 
treated with fast acting carbohydrates and dose ad-
justments of antidiabetic medications.

ADA Workgroup on Hypoglycemia has classified 
hypoglycemia in persons with diabetes as given be-
low:

Severe hypoglycemia: It is occurrence of an event 
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requiring assistance of another person to actively ad-
minister carbohydrate, glucagon or other resuscita-
tive measures employed in hypoglycemia. The mea-
surement of plasma glucose may not be available at 
that given time, but neurological recovery after the 
restoration of plasma glucose to normal is considered 
sufficient that the event occurred due to low plasma 
glucose concentration.

Documented symptomatic hypoglycemia: An 
event during which the typical symptoms of hypo-
glycemia are accompanied by a measured plasma 
glucose concentration of less than or equal to 70 mg/
dl.

Asymptomatic hypoglycemia: An event which is 
not accompanied by typical symptoms of hypoglyce-
mia but when plasma glucose concentration is mea-
sured it is less than or equal to 70 mg/dl.

Probable symptomatic hypoglycemia: An event 
during which symptoms typical of hypoglycemia are 
not accompanied by a plasma glucose determination 
(but that was presumably caused by a plasma glucose 
concentration less than or equal to 70 mg/dl).

Relative hypoglycemia: It is an event during which 
the patient with diabetes reports the typical symptoms 
of hypoglycemia and interprets those as indicative of 
hypoglycemia, with a measured plasma glucose con-
centration still more than 70 mg/dl but approaching 
that level.(5)

PATHOPHYSIOlOGY

Glucose is solely most important substance oblig-
atory for brain function by acting as its fuel. Brain 
cannot synthesize glucose by itself and hence uses 
physiological circulating concentrations of alterna-
tive energy providing substances effectively. Also, it 
can store supply of glycogen that can maintain brain 
functioning for a few minutes and ultimately helps 
to survive in glucose deficient instances. Maintaining 
blood glucose in the normal levels is necessary as it 
is a direct reflection of glucose at the other side of 
blood brain barrier. Working glucose counterregula-
tory mechanisms effectively prevent or rapidly cor-
rect hypoglycemia when needed. The critical phys-

iological defences include: 1) A decrease in insulin 
secretion from beta cells as glucose levels decline 
within the physiological range; 2) An increase in 
glucagon secretion; or 3) An increase in epinephrine 
secretion, both of which occurring as glucose levels 
decline just below the physiological range. Increased 
cortisol and growth hormone secretion are involved 
in defence against prolonged hypoglycemia. If these 
defenses fail to reverse the episode, plasma glucose 
levels will continue to fall.(6)

Figure 1. Symptoms and signs associated with 
progressive hypoglycemia(7)

HYPOGlYCEMIC UNAWARENESS

HAAF (Hypoglycemia associated autonomic fail-
ure) can be considered both maladaptive as well as 
adaptive response. Patient suffering from HU has 
faster recovery after achieving normoglycemia as 
compared to other hypoglycemic patients. Patients 
with HAAF has less neuronal damage after moderate 
hyperglycemia as well as less mortality in severe hy-
poglycemia as compared to those without recurrent 
hypoglycmeia. Furthermore it is considered a mal-
adaptive response due to exposure of the patient to se-
vere hypoglycemic levels without any warning signs 
and hence increasing morbidity and mortality.(7)
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Figure 2. Recurrent hypoglycemia leads to cellular 
adaptation and hypoglycemia associated autonom-
ic failure(7)

ClASSIFICATION

A blood glucose concentration of 70 mg/dL (3.9 
mmol/L) has been recognized as a threshold for neu-
roendocrine responses to falling glucose in people 
without diabetes. Because many people with diabe-
tes demonstrate impaired counterregulatory respons-
es to hypoglycemia and experience hypoglycemia 
unawareness, a measured glucose level of 70 mg/dL 
(3.9 mmol/L) is considered clinically important (inde-
pendent of the severity of acute hypoglycemic symp-
toms). Level 2 hypoglycemia (defined as a blood glu-
cose concentration of 54 mg/dL [3.0 mmol/L]) is the 
threshold at which neuroglycopenic symptoms begin 

to occur and requires immediate action to resolve the 
hypoglycemic event. If a patient is having level 2 hy-
poglycemia without any adrenergic or neuroglycope-
nic symptoms, they are likely to have hypoglycemia 
unawareness. Lastly, level 3 hypoglycemia is defined 
as a severe event characterized by altered mental and/
or physical functioning that requires assistance from 
another person for recovery.(8)

Glycaemic criteria/Description
level 1 Glucose < 70 mg/dL (3.9 mmol/L) and 

>54
mg/dL (3.0 mmol/L)

level 2 Glucose <54 mg/dL (3.0 mmol/L)
level 3 A severe event characterized by altered 

mental and/or physical status requiring 
assistance for treatment of hypoglycemia

Table 1. Classification of hypoglycemia(3)
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ClINICAl FEATURES

The symptoms of hypoglycemia include irritability, 
shakiness, confusion, tachycardia and hunger. Level 
3 hypoglycemia may be recognized or unrecognized 
and can progress to loss of consciousness, coma, sei-
zure or death.(8)

Neurogenic (autonomic) symptoms comprise of 
trembling, palpitations, anxiety, sweating, hunger, 
nausea and tingling

Neuroglycopenic symptoms are confusion, difficulty 
concentrating, weakness, drowsiness, vision chang-
es, difficulty speaking, headache and dizziness(9)

COMPlICATIONS OF SEVERE HYPOGlY-
CEMIA

Hypoglycemia causing prolonged coma is some-
times associated with transient neurological symp-
toms, such as paresis, convulsions and encephalopa-
thy. The potential long-term complications of severe 
hypoglycemia are mild intellectual impairment and 
permanent neurologic sequelae, i.e., hemiparesis 
and pontine dysfunction. Recurrent hypoglycemia 
can lead to hypoglycemic unawarenesss. The person 
suffering from cognitive disorders is at high risk of 
future severe hypoglycemic episodes, possibly be-
cause of medication errors. Prospective studies done 
for the same have not found an association between 
intensive insulin therapy and cognitive function or 
between severe hypoglycemia and future cognitive 
function. It is found that poor cognitive performance 
is significantly associated with the presence of mi-
crovascular complications of diabetes or poor met-
abolic control than with the occurrence of severe hy-
poglycemic episodes. In people with type 2 diabetes 
and established or very high risk for cardiovascular 
disease (CVD), there is a clear association between 
an increased mortality and severe hypoglycemia and 
symptomatic hypoglycemia. Hypoglycemia occur-
ring in acute conditions is proinflammatory which in 
turn increases platelet activation and decreases fibri-
nolysis, leading to a prothrombotic state. It is also 
associated with increase in heart rate, myocardial 
contractility, systolic blood pressure, stroke volume 
and cardiac output, and can induce ST and T wave 
changes with a increase in the length of the QT inter-

val (signifying slower repolarization), which in turn 
may increase the risk of arrhythmias. Severe hypo-
glycemia may also be considered as a marker of vul-
nerability, without any direct causal contribution to 
the increased mortality.(9)

INVESTIGATIONS

It is recommended that evaluation and management 
of hypoglycemia should be done only in patients who 
fulfils Whipple’s triad—symptoms, signs or both 
consistent with hypoglycemia, low plasma glucose 
concentration and resolution of those symptoms or 
signs when plasma glucose concentration is raised. 
In patients with hypoglycemia without diabetes mel-
litus following strategy should be practiced. First, 
pursue clinical clues to potential hypoglycemic eti-
ologies—drugs, critical illnesses, hormone deficien-
cies, non-islet cell tumors. After these causes have 
been ruled out, the differential diagnosis decreases 
to surreptitious, accidental or even malicious hypo-
glycemia or endogenous hyperinsulinism. In patients 
suspected of having endogenous hyperinsulinism, it 
is recommended to measure insulin, plasma glucose, 
c-peptide, proinsulin, beta-hydroxybutyrate and cir-
culating oral hypoglycemic agents during an episode 
of hypoglycemia and also measure insulin antibodies. 
Insulin or insulin secretagogue treatment of diabetes 
mellitus is the most common cause of hypoglycemia 
in the patient suffering from diabetes. It is recom-
mended that one should practice hypoglycemia risk 
factor reduction i.e., applying the principles of inten-
sive glycemic therapy, addressing the issue of hypo-
glycemia and consideration of both the conventional 
risk factors and those indicative of compromised de-
fences against falling plasma glucose concentrations 
in persons with diabetes.(6)

TREATMENT

Hypoglycemia which are mild-to-moderate should 
be treated by the ingestion of 15 g carbohydrate, pref-
erably as glucose, sucrose tablets or solution. These 
are more preferred to glucose gels and orange juice. 
People with diabetes should retest blood glucose in 
15 minutes and readminister with another 15 g carbo-
hydrate if the blood glucose level remains less than 
70mg/dL. Note: The given treatment does not apply 
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to children.

Examples of 15 g of equivalent carbohydrate for the 
treatment of mild-to-moderate hypoglycemia are as 
follows:

• 15 g of glucose in the the form of glucose tablets.

• 3 packets or 15 mL of table sugar dissolved in wa-
ter.

• 5 cubes of sugar.

• 150 mL of regular soft drink or juice.

• 15 mL (1 tablespoon) of honey.

If severe hypoglycemia is present in a conscious per-
son with diabetes, it should be treated by oral inges-
tion of 20 g carbohydrate, glucose tablets or equiva-
lent are preferred. Blood glucose should be retested 
in 15 minutes and then retreated with another 15 g of 
glucose if the blood glucose level remains less than 
70mg/dL.

Severe hypoglycemia in an unconscious person with 
diabetes can be treated in following ways:

1) No intravenous access available: 1 mg glucagon 
should be given subcutaneously or intramuscular-
ly. The caregivers and support group should call 
for emergency services.

2) If intravenous access present: 10–25 g (20–50 
mL of D50W) of glucose should be given intra-
venously over 1–3 minutes.

After the hypoglycemia has been reversed, the patient 
should have the usual meal or snack that is due at that 
time of the day to prevent repeated hypoglycemia. If 
the meal is less than 1 hour away, a snack (including 
15 g carbohydrate and a protein source) should be 
taken.

For those people with diabetes at risk of severe hy-
poglycemia, support persons should be taught how to 
administer glucagon in case needed.(9)

HYPOGlYCEMIA PREVENTION

In 2015, the ADA changed its pre-prandial glycemic 

target from 70–130 mg/dL to 80–130 mg/dL. This 
change reflects the results of the ADAG (A1C-de-
rived average glucose) study, which demonstrated 
that higher glycemic targets corresponded to A1C 
goals. The more important goal of raising the low-
er range of the glycemic target was to decrease inci-
dences of overtreatment and provide a safety margin 
in patients titrating antidiabetic drugs such as insulin 
to required glycemic targets.(8)

In people having diabetes and are at increased risk 
of hypoglycemia, the following strategies should be 
used to reduce the risk of hypoglycemia:

a. To avoid medications which predisposes pa-
tients to increased risk of recurrent or severe 
hypoglycemia.

b. A standardized education program should be 
implemented targeting avoidance of hypogly-
cemia while maintaining overall target glycemic 
control.

c. Increased frequency of SMBG (Self-monitor-
ing of blood glucose), including periodic as-
sessment during sleeping hours.

d. Glycemic targets which are less strict with avoid-
ance of hypoglycemia for up to 3 months.

e. An intervention program which helps in psy-
chobehavioural changes should be incorporated. 
(blood glucose awareness training).

f. Structured diabetes education and frequent follow 
up.(9)

In patients with diabetes with recurrent or severe 
hypoglycemic episodes or impaired awareness of 
hypoglycemia, the following strategies should be 
considered to reduce or eliminate the risk of severe 
hypoglycemia and to attempt to regain hypoglyce-
mia awareness:

a. Less strict glycemic targets with goal to avoid hy-
poglycemia for up to 3 months.

b. CSII (Continuous subcutaneous insulin infusion) 
or CGM (continuous glucose monitoring) or sen-
sor augmented pump with education and follow 
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up for type 1 diabetes.

c. Islet transplantation for type 1 diabetes.

d. Pancreas transplantation for type 1 diabetes.(9)

WHAT NExT?

Automated Insulin delivery systems are now com-
mercially available and has improved glycemic con-
trol in Type 1 as well as Type 2 diabetes mellitus 
patients. They have greater time-in-range, less occur-
rence of hypoglycemia and less glucose variability 
in comparison to traditional insulin therapy regimen. 
Only concern about day time variability are being 
tackled with new studies i.e. adding SGLT2 inhibitor 
in addition to these systems.(10)

In healthy population, insulin secretion decreases 
while glucagon secretion increases to prevent hypo-
glycemic episodes. However, in patients with insu-
lin-dependent diabetes, this response is compromised 
due to elevated secretion of pancreatic somatostatin. 
Zucara has demonstrated that, in people with T1D, 
the glucagon response can be restored by inhibiting 
SST with ZT-01, a first-in-class SST receptor 2 an-
tagonist.(11)

CASE STUDY

Hypoglycemia is a commonly encountered in patients 
with chronic kidney disease. Particularly patients with 
diabetes treated with sulfonylureas are at increased 
risk of developing hypoglycemia if they have kidney 
injury. In one case series, hypoglycemic agents ac-
counted for 46% of the patients with hypoglycemia 
in the intensive care unit and sepsis was the second 
most common cause of patients with end-stage renal 
disease.(12)

A 66-year-old gentleman man came with a history of 
congestive heart failure, atrial fibrillation, and Type 
2 diabetes mellitus because of cough, fever and 
weakness. He was taking sulfonylurea medications 
for around 20 years. Around three to four days be-
fore the patient’s presentation, he had complaints 
of diaphoresis, fever and insomnia. Despite weak-
ness and decreased appetite, he continued to take 
his medications, including glyburide (7.5 mg twice 
daily). He went to an emergency department, where 

hypoglycemia was treated with IV glucose and he 
was discharged with oral antibiotics. Next day, the 
patient again had diaphoresis, nightmares and fever. 
His family brought him to the New York Universi-
ty Medical Center emergency department after they 
found him to be in disoriented state. His finger-stick 
glucose level was 35 mg/dL and a blood glucose level 
was 33 mg/dL. He had elevated levels of blood urea 
nitrogen and creatinine.

In ER he was given one ampule of 50% dextrose IV 
bolus and was started with an infusion of 5% dextrose 
at 500 mL/h for 1 hour. His glucose level varied be-
tween 70 and 79 mg/dL for the next 3 hours. During 
the fourth hour, the glucose concentration decreased 
to 59 mg/dL. Again, after administration of a second 
ampule of 50% dextrose, the glucose level increased 
to only 62 mg/dL after which, an IV infusion of 10% 
dextrose at 150 mL/h was initiated. He required an 
infusion of 50% dextrose to maintain euglycemia.

He was given the first dose of octreotide (50 µg SC) 
14 hours after presentation. Second dose of octreotide 
was given 6 hours later. After the second dose, hypo-
glycemia resolved.(13)

This published case report and other studies describe 
the use of octreotide to prevent the recurrent hypo-
glycemia after sulfonylurea overdose. One of the 
retrospective case series demonstrated that admin-
istration of octreotide decreases needs for sup-
plemental dextrose boluses as well as number of 
hypoglycemic events. There are two prospective, 
controlled trials determining that octreotide and sup-
plemental dextrose increase blood glucose concen-
trations with fewer hypoglycemic events. Based on 
this data, there is sufficient evidence to recommend 
the use of octreotide administration with supplemen-
tal dextrose for the treatment of sulfonylurea induced 
hypoglycemia.(14)
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Inpatient Management of Diabetes Mellitus

Bipul Kumar Choudhury

INTRODUCTION

It has been observed that patients with either type 
1 or type 2 diabetes mellitus are frequently ad-
mitted to hospital, usually for treatment of con-

ditions other than that for diabetes. In one study, 25 
percent of patients with onset of diabetes before the 
age of 30 years and 30 percent of patients with onset 
of diabetes after the age of 30 years had a hospital 
admission during one year; patients with higher val-
ues for glycated hemoglobin (A1C) were at highest 
risk for admission (1). Hyperglycaemia is very often 
detected first time after hospitalization and stress hy-
perglycaemia is not uncommon.

Extensive data indicates that inpatient hyperglyce-
mia, in patients with or without prior diagnosis of 
diabetes, is associated with an increased risk of com-
plications and mortality. Similarly inpatient hypo-
glycaemia is also associated with prolonged hospi-
tal stay and poor clinical outcome. The mainstay of 
managing inpatient hyperglycaemia is insulin. Oral 
hypoglycaemics can also be used in some patients. 
Close monitoring can prevent hypoglycaemia.

PREVAlANCE OF HYPERGlYCAEMIA IN 
IPD

Hyperglycemia is common in hospitals with high 
prevalence rate. In a study by Umpierrez et al hyper-
glycemia was present in 38% of patients admitted to 
the hospital, of whom 26% had a known history of 
diabetes, and 12% had no history of diabetes before 
the admission (2). Poor glycaemic status has been 
observed in 70-80% of patients with diabetes having 
critical illnesses or who had cardiac surgery (3).

PATHOPHYSIOlOGY& CONSEQUENCES 
OF HYPERGlYCAEMIA IN HOSPITAlIZED 
PATIENTS

In individuals who do not have diabetes, the blood 
glucose homeostatsisis maintained by a dynamic, 
minute-to-minute regulation of endogenous glucose 
production and of glucose utilization by peripheral 
tissues (4). Endogenous glucose production occurs 
by gluconeogenesis and glycogenolysisin liver and 
kidney, whereas insulin facilitates peripheral glucose 
utilization and also controls hepatic glucose produc-
tion by suppressing hepatic gluconeogenesis and gly-
cogenolysis. Insulin also prevents protein breakdown 
and is a powerful inhibitor of lipolysis, free fatty acid 
oxidation, and ketogenesis.Hyperglycemia results 
from increased hepatic glucose output and impaired 
glucose utilization in peripheral tissues.

During illness the major pathogenetic mechanism 
of hyperglycaemia is increased hepatic glucose out-
put. There is increased availability of precursors of 
gluconeogenesis like alanine and glutamine (due 
to accelerated proteolysis and decreased protein 
synthesis), lactate (due to increased muscleglycog-
enolysis) and glycerol (due to increased lipolysis). 
There is also increased activity of gluconeogenic 
enzyme phosphoenol pyruvate carboxykinase, fruc-
tose-1,6-bisphosphatase, and pyruvate carboxylase 
(5). Counter-regulatory hormones (glucagon, corti-
sol, catecholamines and growth hormone) also play 
an important role in the regulation of glucose pro-
duction and utilization. During illness there is over-
production of counter-regulatory hormones which 
results in altered glucose metabolism by inducing 
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insulin resistance, increasing hepatic glucose output, 
and reducing peripheral glucose utilization. Acute 
stress and hyperglycaemia per se leads to increased 
pro inflammatory cytokines like tumor necrosis fac-
tor-α (TNF-α), interleukin-6, and interleukin-8 (6). 
Increased concentrations of these inflammatory cy-
tokines can increase insulin resistance by interfering 
with insulin signalling there by contribute to hyper-
glycaemia.

Numerous studies have shown that there is a strong 
association between hyperglycaemia and poor clini-
cal outcomes in terms of mortality, infections, hos-
pital complications and readmissions (7). It has also 
been observed that there is increased risk of compli-
cations and mortality in patients without a history of 
diabetes compared to patients with known diagnosis 
of diabetes (8). Hyperglycaemia is identified as an 
independent risk factor for mortality and complica-
tions in patients admitted in ICU (9)

The mechanisms implicated on the detrimental ef-
fects of hyperglycaemia during acute illnesses are 
not completely understood. Current evidence indi-
cates that severe hyperglycaemia results in impaired 
neutrophil granulocyte function, high circulating free 
fatty acids, and overproduction of pro-inflammato-
ry cytokines and reactive oxygen species (ROS) that 
can result in direct cellular damage, and vascular and 
immune dysfunction(10)

Apart from hyperglycaemia, hypoglycaemia is also 
associated with adverse outcomes in hospitalized 
patients. Hypoglycaemia in ICUs has been linked to 
increased risk of mortality, seizures, and coma and 
even a single episode of severe hypoglycaemia was 
independently associated with increased risk of mor-
tality (11). It has also been observed that patients ad-
mitted to General wards who develop hypoglycaemia 
have increased length of stay and higher mortality 
both during and after admission (12).

MONITORING GlYCAEMIC STATUS IN 
HOSPITAlIZED PATIENTS

The ADA recommends that HbA1C should be mea-
sured for all patients with diabetes or hyperglycaemia 
admitted to the hospital if the test has not been per-
formed in the previous 3 months. During admission 

glucose measurements should be done frequently 
and the frequency of measurement depends upon the 
patient’s status, the results of earlier measurements, 
and the steps taken as a result of those measurements. 
Generally in patients with diabetes (or hyperglycae-
mia) who are eating, the blood glucose monitoring 
should occur just before the meal. In those who are 
receiving nothing by mouth, or receiving continu-
ous tube feeds or total parenteral nutrition, the blood 
glucose monitoring should occur at regular, fixed in-
tervals, usually every four to six hours (14). Capil-
lary Point-of-care (POC) testing has been for many 
years the standard of care in the hospital setting. It 
is important to note that when using POC blood glu-
cose meters several things should be kept in mind 
that might affect the POC value such as haemoglobin 
level, perfusion, and medications. Real-time contin-
uous glucose monitoring (CGM) provides frequent 
measurements of interstitial glucose levels as well as 
the direction and magnitude of glucose trends. Even 
though CGM has theoretical advantages over POC 
glucose testing in detecting and reducing the inci-
dence of hypoglycemia, it has not been approved by 
the FDA for inpatient use. However the FDA has ap-
proved two continuous glucose monitoring systems 
(GlucoScout and OptiScanner 5000) that extract ve-
nous blood frequently and intermittently from a cen-
tral or peripheral vein catheter for use in the hospital 
setting.

WHEN TO START TREATMENTFOR HYPER-
GlYCAEMIA AND GlYCAEMIC TARGETS

Hyperglycemia in hospitalized patients is defined as 
blood glucose levels >140 mg/dL. Hypoglycemia in 
hospitalized patients is categorized by blood glucose 
concentration and clinical correlates (13). Level 1 
hypoglycemia is a glucose concentration 54–70 mg/
dL, Level 2 hypoglycemia is a blood glucose con-
centration < 54 mg/dLandLevel 3 hypoglycemia is 
a clinical event characterized by altered mental and/
or physical functioning that requires assistance from 
another person for recovery. Levels 2 and 3 hypogly-
caemia require immediate correction of low blood 
glucose.

The ADA (American Diabetes Association) recom-
mends that insulin therapy should be initiated for 



153

treatment of persistent hyperglycaemia starting at a 
threshold of 180 mg/dL(checked on two occasions). 
Once insulin therapy is started, a target glucose range 
of 140–180 mg/dL is recommended for the majori-
ty of critically ill and noncriticallyill patients. More 
stringent goals, such as 110–140 mg/dL , may be ap-
propriate for selected patients if they can be achieved 
without significant hypoglycaemia. In terminally ill 
patients, those with severe comorbidities, or in inpa-
tient care settings where frequent glucose monitoring 
or close nursing supervision is not feasible, higher 
glucose ranges between 180 mg/dL and 250 mg/dL 
might be acceptable. Glycemic levels above 250 mg/
dL may be acceptable in terminally ill patients with 
short life expectancy.

INSUlIN THERAPY

There are various modes of insulin delivery in hos-
pitalized patients which includes continuous intra-
venous insulin infusion, continuous subcutaneous 
insulin infusion and intermittent subcutaneous insu-
lin regimen like basal bolus regimen, basal plus ap-
proach, correction insulin doses and sliding scale.

Continuous intravenous insulin infusion thera-
py:It is the preferred regimen for ICU patients with 
hyperglycaemia, including those without a diagnosis 
of diabetes, and for most patients with hyperglycae-
mic crises. Additionally, patients with severe hyper-
glycaemia induced by steroids or those undergoing 
solid transplant might also benefit from continuous 
insulin infusion. Once patients are stable and close 
to discharge from ICU, they can be transitioned to 
subcutaneous insulin regimens. Factors to consider 
when transitioning patients from continuous insulin 
infusion to subcutaneous insulin include stable glu-
cose measurements for at least 4–6 h consecutively, 
normal anion gap and resolution of acidosis in dia-
betic ketoacidosis, haemodynamic stability (not on 
vasopressors), stable nutrition plan, and stable intra-
venous infusion rates (15). There is a lack of consen-
sus on how to best deliver intravenous insulin infu-
sions, and individual patients may require different 
strategies. The best protocols take into account not 
only the prevailing blood glucose, but also its rate of 
change and the current insulin infusion rate. Sever-
al published insulin infusion protocols appear to be 

both safe and effective, with low rates of hypoglyce-
mia, although most have been validated only in the 
ICU setting, where the nurse-to-patient ratio is high-
er than on the general medical and surgical wards. 

Continuous subcutaneous insulin infusion: Data 
from observational studies suggest that the use of 
continuous subcutaneous insulin infusion is associat-
ed with reductions in severe hyperglycaemic events 
(blood glucose >300 mg/dL) and hypoglycaemic 
events (< 50 mg/dL) in hospitalised patients with 
diabetes   (18). Professional societies advocate for 
continuation of continuous subcutaneous insulin in-
fusion therapy in appropriate hospitalised patients, 
with support of hospital policies, inpatient diabetes 
management teams, and a signed agreement from 
the patient (19). More recently, the insulin pump and 
continuous glucose monitoring technologies have 
been integrated with algorithms for automated insu-
lin delivery (so-called closed-loop or artificial pan-
creas systems). Recent studies have reported that 
closed-loop systems have reported good efficacy 
with improved time in target and lower mean daily 
blood glucose without an increased rate of hypogly-
cemia in the ICU  and in non-ICU settings.

Basal-bolus insulin regimens: Insulin is given 
subcutaneously with an intermediate acting insulin, 
such as neutral protamine hagedorn (human NPH), 
or a long-acting (basal) insulin analogue, such as 
Glargine, Detemir, or Degludec combined with a 
pre-meal rapid-acting insulin analog (lispro, Aspart, 
Glulisine) or regular human insulin in patients who 
are eating regular meals. For insulin-naive patients 
or those treated with low doses of insulin, a total dai-
ly insulin dose between 0∙3 and 0∙5 U/kg is recom-
mended, with half of the total daily insulin dose al-
located to basal insulin dosing (1–2 times daily) and 
the other half to rapid-acting insulin (divided three 
times daily before meals). Lower doses are reserved 
for patients with higher risk of hypoglycaemia (ie, 
older patients [>65 years], those with renal failure, 
and those with poor oral intake).For patients treated 
with higher doses of insulin at home (≥0·6 U/kg per 
day), a 20% reduction in the total daily insulin dose 
is recommended while they are in hospital to prevent 
hypoglycaemia in patients with poor oral intake (16).
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Basal-plus approach: This regimen consists of a 
single dose of basal insulin (about 0·1–0·25 U/kg 
per day) along with corrective doses of insulin for in-
creased glucose concentrations before meals or every 
6 h (if nil by mouth). A basal-plus approach might 
be preferred for patients with mild hyperglycaemia, 
those with decreased oral intake, and for patients un-
dergoing surgery.

Correction insulin: Varying doses of rapid-acting 
insulin can be added to usual pre-meal rapid-
acting insulin in patients on basal-bolus regimens 
to correct pre-meal glucose excursions. In this 
setting, the additional insulin is referred to as 
correction insulin. The dose of correction insulin 
should be individualized based upon relevant patient 
characteristics, such as previous level of glucose 
management, previous insulin requirements, and, 
if possible, the carbohydrate content of meals. For 
every 50 mg/dL excursion of  pre meal blood glucose 
beyond 150 mg/dL, correction insulin of 1-4 units is 
added to prescribed pre meal insulin dose.

Sliding-scale insulin : The use of sliding scale insu-
lin is associated with clinically significant hypergly-
caemia in many patients and its use has been discour-
aged. It has no role when used alone in those with 
type 1 diabetes, who always require basal insulin, 
even when receiving nothing by mouth. In patients 
without diabetes who have mild stress hyperglycae-
mia, the use of sliding scale insulin might be appro-
priate. Also in the usual patient with type 2 diabetes 
managed with oral agents or injectable glucagon like 
peptide 1 (GLP-1) receptor agonists, and whose glu-
cose management is good on admission, the tempo-
rary use of a sliding scale is reasonable for just one 
to two days as the trajectory of the patient’s glycemic 
management becomes apparent.

Premixed insulin therapy: Premixed insulin regi-
mens are not routinely recommended for inhospital 
use. A recent inpatient study of premixed insulin ver-
sus basal-bolus therapy showed comparable glyce-
mic control but significantly increased hypoglycemia 
in the group receiving premixed insulin (17).

MEDICAl NUTRITION THERAPY IN HOSPITAl

For patients with diabetes or for those without di-

abetes with sustained hyperglycaemia on enteral 
nutrition, basal insulin (isophane insulin every 8 
h, detemir every 12 h, or glargine/Degludeg every 
24 h) along with short-acting insulin every 4–6 h 
is recommended (20). If enteral nutrition is inter-
rupted, a 10% dextrose infusion at 50 mL/h must 
be started immediately to prevent hypoglycemia 
and to allow time to select more appropriate insu-
lin doses. It is particularly important that patients 
with type 1 diabetes continue to receive basal in-
sulin even if feedings are discontinued. For pa-
tients receiving continuous peripheral or central 
parenteral nutrition, human regular insulin may be 
added to the solution. A starting dose of 1 unit of 
human regular insulin for every 10 g dextrose has 
been recommended and should be adjusted daily 
in the solution (21). To determine the correct dose 
of insulin to add to the TPN fluid, a separate infu-
sion of regular insulin can also be used initially. 
When glucoses have reached goal, the total daily 
dose of regular insulin provided by the insulin drip 
is calculated; 80 percent of this amount is added 
to the TPN fluid as regular insulin to be delivered 
over 24 hours.

MANAGING GlUCOCORTICOID INDUCED 
HYPERGlYCAEMIA

In subjects on once- or twice-daily steroids, ad-
ministration of intermediateacting (NPH) insulin 
is a standard approach. NPH is usually adminis-
tered in addition to daily basal-bolus insulin or in 
addition to oral antidiabetes medications. Because 
NPH action peaks at 4–6 h after administration, 
it is best to give it concomitantly with steroids. 
For long-acting glucocorticoids such as dexameth-
asone and multidose or continuous glucocorticoid 
use, long-acting insulin may be required to con-
trol fasting blood glucose. For higher doses of 
glucocorticoids, increasing doses of prandial and 
correctional insulin, sometimes in extraordinary 
amounts, are often needed in addition to basal in-
sulin (22). Insulin requirements can decline rap-
idly after dexamethasone is stopped and insulin 
doses should be adjusted accordingly. The use of 
sulfonylureas is not recommended in this clinical 
scenario.
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PERIOPERATIVE MANAGEMENT OF HY-
PERGlYCAEMIA

Findings from clinical trials enrolling non-critically 
ill patients with type 2 diabetes undergoing surgery 
have shown adequate glycaemic control with a bas-
al–bolus approach (23). Evidence from a recent study 
indicates that compared with usual dosing, a reduc-
tion of insulin given the evening before surgery by 
25% was more likely to achieve perioperative blood 
glucose levels in the target range with a lower risk 
for hypoglycaemia (24). The target range for blood 
glucose in the perioperative period should be 80–180 
mg/dL . Metformin should be withheld on the day 
of surgery. SGLT2 inhibitors must be discontinued 
3–4 days before surgery because of the potential risk 
of euglycaemic diabetic ketoacidosis. Any other oral 
glucose lowering agents should be withheld on the 
morning of surgery or procedure. It is recommended 
to give half of NPH dose or 75–80% doses of long 
acting analog or pump basal insulin on the day of 
surgery. Blood glucose should be monitored at least 
every 2 to 4 hours while the patient is taking nothing 
by mouth and short- or rapid-acting insulin can be 
given as needed.

USE OF ORAl ANTIDIABETIC AGENTS IN 
HOSPITAlIZED PATIENTS

Oral anti diabetic agents can also be used in manage-
ment of admitted patients of Type 2 diabetes Melli-
tus who have mild or moderate hyperglycaemia, and 
are associated with a low risk of hypoglycaemia(25). 
Oral agents should not be used if the patient is not 
eating. 

Metformin is one of the most commonly used oral 
agents and it should be continued only after careful 
assessment of the patient. It should not be used in sit-
uations in which renal function and/or hemodynamic 
status is either impaired or threatened, due to the in-
creased risk of lactic acidosis. Dose reduction should 
be done if eGFR is between 30–45 mL/min per 1·73 
m² and discontinued if eGFR is less than 30 mL/min 
per 1·73 m² (26). Sulfonylureas should preferably be 
discontinued due to high risk of hypoglycaemia and 
most professional societies recommend against the 
use of sulfonylureas in the hospital. Thiazolidinedi-

ones are usually not used in admitted patients because 
of its slow onset of action and fluid retention ability. 
Similarly Alpha-glucosidase inhibitors are also used 
infrequently in admitted patients. DPP-4 inhibitors 
are well tolerated and effective for glycaemic con-
trol, with a low risk of hypoglycaemia in patients 
with mild-to-moderate hyperglycaemia, however it 
has not been tested extensively in the acute care set-
ting. SGLT2 inhibitors are known to increase calorie 
losses, risk of dehydration and volume contraction, 
and genitourinary tract infections and should there-
fore generally not be used in the inpatient setting. 
However there are some evidence of benefit of SGLT 
2 inhibitors in acute decompensated heart failure pa-
tients (27). GLP-1 receptor agonists are usually not 
used in hospitalized patients with acute illness as it 
mainly controls post prandial hyperglycaemia, are 
costly and its side effect includes nausea.

HYPOGlYCEMIA IN IPD

Patients with or without diabetes may experience hy-
poglycemiain the hospital setting. Hypoglycemia is 
associated with increased mortality; however in many 
cases it is a marker of underlying disease rather than 
the cause of fatality.The key predictors of hypogly-
cemic events in those hospitalized include older age, 
greater illness severity, diabetes, and the use of oral 
glucose lowering medications and/or insulin. A com-
mon cause of inpatient hypoglycemia is insulin pre-
scription errors including misreading poorly written 
prescriptions – when ‘U’ is used for units (i.e. 4U be-
coming 40 units) or confusing the insulin name with 
the dose (e.g. Humalog Mix25 becoming Humalog 
25 units). Hypoglycemia has been associated with 
adverse cardiovascular outcomes, such as increased 
myocardial contractility, prolonged QT interval (pos-
sibly due to the rapid drop in potassium concentra-
tions due to the increased circulating epinephrine 
and norepinephrine), ischemic electrocardiogram 
changes and repolarization abnormalities, angina, 
arrhythmias, increased inflammation, and sudden 
death. A standardized hospital-wide, nurse-initiated 
hypoglycemia treatment protocol should be in place 
to immediately address blood glucose levels of < 70 
mg/dL. An American Diabetes Association consen-
sus statement recommends that a patient’s treatment 
regimen be reviewed any time a blood glucose value 
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of < 70 mg/dL occurs, as such readings often predict 
subsequent level 3 hypoglycemia (28).

CONClUSION

Hyperglycaemia in hospitalized patients is common. 
The mainstay of managinghyperglycaemia is insulin. 
Some oral agents can be used in select patients with 
careful monitoring. Management of patients on par-
enteral and enteral feeding, and perioperative man-
agement includes frequent blood glucose monitor-
ing with subcutaneous or intravenous insulin as and 
when required. Hypoglycaemia should be avoided 
and addressed properly if it occurs.
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Remote Monitoring of Blood Glucose in 
Critical Covid-19 Patients

Vanlalhruaii

Introduction to COVID-19

Covid-19 outbreak which was first detected in 
December, 2019 has taken the world by storm. 
According to the World Health Organization, 

just under 553 million confirmed cases and over 6.3 
million deaths have been reported globallyas on 10th 
July, 2022.India has a total of 1,52,200 active cases 
at present. 

After battling this virus for over two years, we were 
able to resume our daily activities after the 3rd wave. 
Enforcing COVID Appropriate Behavior (CAB) has 
become the new normal. In spite of this, the summer 
of 2022 has shown a rapid climb in the number of ac-
tive cases worldwide, and our corner of the country 
is not spared from this fresh wave.  

From the current scenario, it looks like we will be 
dealing with COVID 19 for a while. In spite of the 
advances made in the management of COVID- 19, 
we have to be better equipped in our management of 
the critical cases, especially in view of itsclose affin-
ity with Diabetes Mellitus.

Relationship between COVID-19 and Diabetes

Chronic diseases like hypertension, diabetes, and cor-
onary heart disease affect the severity of COVID-19 
which may be related to the imbalance of angioten-
sin-converting enzyme 2 (ACE2) and the cytokine 
storm induced by Glucolipid metabolic disorders 
(GLMD)(2).Studies have shown that the risk of fatal 
outcome from COVID- 19 is 50% higher in diabetes 
patients compared to non- diabetes. Thismay be ex-
plained by several hypothesis relating to the defects 

in innate immunity. Also, high incidence of Diabetes 
in serious cases of COVID-19 may be a reflection of 
higher prevalence of T2DM in older people(3).

There is a specific mechanism proposed that might 
play a role in COVID-19 infection. To gain entry to 
its target cells, the SARS-CoV-2 virus attacks ACE-
2pathway. ACE2 has protective effects primarily re-
garding inflammation. COVID-19 infection reduces 
ACE2 expression inducing cellular damage, hyper-
inflammation, and respiratory failure(1).Acute hy-
perglycemia has been shown to upregulate ACE2 
expression on cells which might facilitate viral cell 
entry. However, chronic hyperglycemia is known 
to downregulate ACE2 expression making the cells 
vulnerable to the inflammatory and damaging ef-
fect of the virus. In animal studies, the expression 
of ACE2 on pancreatic β cells can lead to a direct 
effect on β cell function and theresearchers suggest 
that COVID-19 infection could induce new onset di-
abetes. (4-6).

Frequent cases of severe diabetic ketoacidosis and 
high insulin requirement at the time of hospital ad-
mission were observed across the world among the 
COVID- 19 patients. (1)

Need for glycemic control

When these diabetes patients are admitted in the crit-
ical care unit with severe COVID-19 infection, like 
in any other critical cases, stringent control of glyce-
mia is important to facilitate recovery.

The NICE-SUGAR study in 2009 has revolutionized 
the concept of glycemic control in critical care set-

Chapter24
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tings. After its publication, glycemic targets in ICU 
settings are maintained at the range of 140-180 mg% 
which has been found to have less rate of morbidity 
and mortality compared to the previous strict target 
(7).Consensus still exists that lower glycemic target 
are beneficial if hypoglycemia can be avoided. The 
Society of Critical Care Medicine 2017 has published 
guidelines recommending a moderate target range of 
100-180 mg/dL(8). There is strong evidence that hy-
poglycemia and hyperglycemia are associated with 
worse outcomes in the ICU population and that good 
glucose control is associated with better outcomes. 

ADA 2022 has advocated the use of continuous in-
travenous insulin infusion for achieving glycemic 
targets in critical care. (9). To maintain optimal con-
trol of blood glucose for such patients, we have to en-
sure close and accurate monitoring of blood glucose. 

Point-of-care devices were not designed for ICU use 
or to regulate insulin infusions in critically ill pa-
tients. Rapid changes in hematocrit or oxygenation, 
interference from medications and other physical or 
chemical factors contribute to inaccuracies of these 
devices. Several studies have been conducted on this 
subject with the near-universal conclusion that they 
are not sufficiently accurate for use in the ICU(10).

Measurements in the hospital’s central laboratory or 
using a blood gas analyzer in the ICU are the other 
two options we have. Central laboratory measure-
ment is much more accurate but the time delay makes 
this an impractical solution for the ICUs in most hos-
pitals. Measuring the blood glucose concentration in 
a blood gas analyzer offers an accuracy that is com-
parable to measurements from the central laboratory 
and a result that is available to the concerned phy-
sician/ nurse within a span of 2 minutes(11). Blood 
gas analyzers require sampling from the arterial line 
or venous line and it is expensive and may not be 
available in all the COVID-19 care facilities in India. 

Role of CGM in COVID-19

The main advantage of using CGM in COVID-19 
cases is the reduction in contact time by the HCW. In 
June 2016, Diabetes Technology Society convened a 
panel of US experts in endocrinology where the pa-
nelconcluded that in patients requiring hourly blood 

glucose monitoring in the ICU, it took nursing staff 
4.72 minutes to obtain a glucose measurement and 
adjust insulin doses(12). In a study by Aragon D in 
2006, 2 hours of direct nursing time was spent per 
patient per day to achieve tight glycemic control.A 
recent European study demonstrated a 12 euro/pa-
tient savings with CGM use versus standard moni-
toring. In a 24-hour time period, nurses in the con-
trol group spent 36 minutes obtaining point-of-care 
glucose measurements. Despite the added workload 
of CGM sensor placement and calibration, nurses 
in the intervention group (CGM) spent significant-
ly less time on glucose monitoring than those in the 
point-of-care group, which translated to a 19-minute 
reduction in nursing workload (13).

Continuous glucose monitoring (CGM)(14)

CGMS uses a subcutaneous sensor to monitor in-
terstitial glucose levels. It records and displays con-
tinuous glucose level, thedirection and magnitude 
of change of glucose levels. Itcan be used as a tool 
to predict impending glucose excursionsboth hypo-
glycemia and hyperglycemia, with ‘24/7’coverage 
to assess glycemic variations.Currently, available 
CGM devices areconsidered minimally invasive 
and possess enzyme-coatedelectrodes to measure 
interstitial glucose concentrations andconvert these 
values to blood glucose levels. CGM devices sam-
ple interstitialfluid glucose intermittently and the re-
corder receives a signalevery 10s, and the average 
recorded signal in every 5 min isconverted into a 
blood glucose level and saved. Patients haveto wear 
the recorder for 6–14 days depending on the type of-
CGM used, during which time a minimum of four 
fingertipblood glucose readings must be recorded a 
day to calibratethe device, as well as the factors that 
can affect blood glucosefluctuations such as meals, 
physical activity, anti-hyperglycemicdrugs and hy-
poglycemic events.

Two types of CGMSs exist and can be defined as:

Retrospective systems – they measure the glucose 
concentrationduring a certain time span and the in-
formation is stored in amonitor to be downloaded 
later. They first record theglucose levels, providing 
retrospective information of theoverall glycemic 
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profile, without a real time display of glycemicvalue. 

Real Time (RT) systems -they continuously provide 
the actual glucose concentration on a display. Ital-
so provides alarms when glucose values are below 
orabove a predetermined level. While false-negative 
andfalse-positive alarms are frequent, subjects must 
detecttheir glucose level also through the SMBG(14).

Interestingly, Endocrine Society 2011 has recom-
mended against the use of RT-CGM alone for glu-
cose management in the intensive care unit (ICU) 
or operating room until further studies provide suf-
ficient evidence for its accuracy and safety in those 
settings(11).

This may be because the glucose levels inintersti-
tial fluid could vary depending on the degreeof tis-
sue perfusion which will be affected by factors such 
as interstitial edema, shock, acidosis, and theuse of 
vasopressors and, therefore, create a difference be-
tween blood andinterstitial glucose levels, thus re-
sulting in a disparitybetween BG and CGMS read-
ings. There was a study conducted Prabhudesai S, 
et al(15) published in 2015 on the use of RT-CGMS 
in pediatric patients in shock. They concluded that 
CGMS provides a fairly, accurate estimate of BG in 
children with septic shock and is unaffected by a va-
riety of clinical variables although the accuracy over 
extremes of blood sugar may be a concern. 

The effects of edema, vasopressors,acidosis, and ste-
roids have been investigated by otherresearchers as 
well, and with similar findings(16-18).

STANDARDIZATION OF CGM METRICS 

In February 2017, the ATTD Congress convened an 
international panel of experts to define core metrics 
for assessing CGM data. The list of core CGM met-
rics listed below in Table 2 has now been streamlined 
for use in clinical practice based on the expert opin-
ion of this international consensus group (19).

Table 
2

Standardized CGM metrics 2017 interna-
tional consensus on CGM metrics (16) 
Number of days CGM worn
 Percentage of time CGM is active

 Mean glucose
 Estimated A1C
 Glycemic variability (%CV or SD)
Time >250 mg/dL
Time >180 mg/dL
Time 70–180 mg/dL
Time <70 mg/dL
Time <54 mg/dL
LBGI and HBGI (risk indices)
Episodes (hypoglycemia and hyperglyce-
mia) 15 min
 Area under the curve
Time blocks (24-h, day, night)
Use of Ambulatory Glucose Profile (AGP) 
for CGM report

CV, coefficient of variation; LBGI, low blood glucose 
index; HBGI, high blood glucose

It is often impractical to assess and fully utilize many 
of these metrics in real-world clinical practices. To 
streamline data interpretation, the consensus panel 
identified “time in ranges” as a metric of glycemic 
control that provides more actionable information 
than A1C alone. Of the 14 core metrics, the panel 
selected that 10 metrics that may be most useful in 
clinical practice (Table 3). The primary goal for ef-
fective and safe glucose control is to increase the TIR 
while reducing the TBR.

The International Consensus in Time in Range (TIR) 
was recently released and defined the concept of 
the time spent in the target range between 70 and 
180 mg/dL while reducing time in hypoglycemia, 
for patients using CGM. TIR was validated as an 
outcome measure for clinical trials complementing 
other components of glycemic control like blood glu-
cose and HbA1c(22).Although it remains a challenge 
to implement this practice in general diabetes popu-
lation in developing countries like India, it may be a 
useful tool to help us in monitoring Diabetes patients 
with COVID-19 infection. 

Table 4: Guidance on target for assessment of glyce-
mic control in patients with diabetes(20)
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TIR Time in hypoglycemia Time in hyperglycemia
T1DM and T2DM > 70% (70–180 mg/dL) < 4% below 70 mg/

dL,< 1% below 54 mg/dL
< 25%

T1DM and T2DM “fragile” > 50% (70–180 mg/dL) < 1% below 70 mg/dL > 90% below 250 mg/dL
T1DM pregnancy > 70% (63–140 mg/dL) < 4% below 63 mg/dL < 25% above 140 mg/dL
Gestational DM and T2DM 
pregnancy

> 85–90% (63–
140 mg/dL)

< 4% below 63 mg/dL < 10% above 140 mg/dL

Omar et al. (21) determined the whole time of insulin 
infusion (A) and the time within the proposed target 
range (B) during insulin infusion and expressed TIR 
as TIR = (B/A) × 100. They found that patients with 
more than 80% TIR, with or without diabetes, had 
better outcomes than those with less than 80% TIR. 
Additionally, they had less hypoglycemia. Krinsley 
and Preiser(22) had previously found that survival 
in critically ill patients without diabetes is strongly 
associated with TIR (70 to 140 mg/dL) above 80%. 
Their findings are independent of the ICU length of 
stay and severity of the individual’s illness. The au-
thors suggest that individualized algorithms for pa-
tients with and without diabetes could replace pub-
lished working guidelines that may be unnecessarily 
restrictive.

Important characteristics of a CGMS(23)

Accuracy is of utmost importance before we rely on 
CGM as a tool to achieve glycemic control in critical 
care.

Below are the various accuracy assessment tools in 
use:

1.  Mean Absolute Relative Difference(MARD)- 
Percentage difference between CGM sensor 
reading and a value measured at the same time 
using a reference method.

2. ISO 15197 guideline (2003)- Percentage CGM 
sensor readings within 15 mg/dL from the ref-
erence when the blood glucose is <75 mg/dL or 
within 20% from the reference when the blood 
glucose is >75 mg/dL.

3. ISO 15197guideline (2013)- Percentage CGM 
sensor readings within 15 mg/dL fromthe refer-
ence when the blood glucose is <100 mg/dL or 
within15% from the reference when the blood 

glucose is >100 mg/dL.

4. Clarke error grid- Pairs CGM sensor readings 
with reference measurements and categorizes 
pairs in terms of the consequence oftreatment 
decisions.

5. Bland-Altman plot- Plot of the reference mea-
surement or average of the two (x-axis) against 
the difference between CGM system and refer-
ence measurement (y-axis).

Safety

Complications of the subcutaneous device were mi-
nor bleeding after insertion in 4 (20%) of 20 patients 
(24), bruises in13 (13%) of 102 sensors and redness 
in 13(13%) of 102 sensors (25).One study reported 
a thrombus rate (on ultrasound) of 21% in arterial 
devices and even of 66% in venous devices, with two 
complete venous occlusions that required treatment, 
one of which turned out to be device related throm-
bosis (26). Macken et al. and Crane et al. reported 
both cases of thrombus formation on ultrasound with 
two intra-arterial catheters (but no treatment wasre-
quired (27, 28).

Cost 

This is another major concern. Although studies have 
shown that there are few cost-effective data forCGM 
systems, we have to weigh the benefit vs the risk in 
this pandemic.

Transitioning of patients on CGM from inpatient 
to home care

In a panel discussion (29)published in 2016, the Pan-
el noted that Hospitals are yet to develop policies for 
CGM use in transitional care management. Patients 
with wide glycemic excursions requiring frequent 
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admissions, those recently started on insulin therapy 
and patients on multi doses of insulin are the main 
targets. They, therefore reached a consensus that 
CGM can be used as an alert system provided it is 
calibrated to the meter used by the hospital. CGM 
may be used in an outpatient surgery setting and 
possibly in transitional care, and in high-risk groups 
such as: type 1 DM, steroid, pregnancy, transplant, 
renal failure, TPN, tube-feeding, and hematology 
patients. Patients recovering from severe COVID-19 
pneumonia or those with terminal co- morbidities 
may be considered as the right population for home 
CGM until glycemic control is achieved.  

Indian consensus on CGM

In a retrospective study conducted by Kevasavadev et 
al (30) to assess the therapeutic utility of professional 
CGM in T2DM, they found that predominant pattern 
of hyperglycemia was postprandial while previously 
unknown hypoglycemia was found in 38% of the 
patients; over half of the cases of hypoglycemia 
were nocturnal. In critical careunits where patients 
are usually in medically induced coma or unable to 
show symptoms of hypoglycemia/ hyperglycemia, 
this tool can help to reduce mortality and morbidity.   

ADA 2022- Standard of Diabetes Care(9) stated that 
at present, there are insufficient data on clinical out-
comes, safety, or cost effectiveness to recommend 
widespread use of CGM in hospitalized patients. In 
particular, more research is needed to support appli-
cation of CGM for critical care.

Remote monitoring for out- patients

With the enforcement of country wide lockdown, we 
had to manage with different forms of remote moni-
toring for our patients. Many of the physicians across 
the country had to rely on SMBG values of the pa-
tients relayed over telephones calls and messages. 
We all understand the many loopholes in this method 
of remote monitoring which lacks structure, uniform 
and reliability.  If the physicians of North East India 
can work out a feasible and reliable method, it willbe 
useful for our patients in the less accessible parts of 
the states. 

Various methods like bioimpedance spectroscopy, 

electromagnetic sensing, fluorescence technologyetc 
are being explored. Many devices that are based on 
these technologies require nothing more than placing 
a finger on or in a sensor. They can also be linked to 
a smartphone or a personal computer and thus allows 
the user to store data in the cloud(30).

With rapid change in the field of Diabetes, Guidelines 
will probably emerge regarding the recommended 
frequency of useof each of these technologies once 
proven accurate and cost- effective. 

Conclusion:

Although the use of CGM systems does not seem to 
improvethe glycemic control of critically ill patients, 
the need of the hour is a safer alternative to mon-
itoring of blood glucose without compromising the 
efficacy. As mentioned before, COVID 19 is linked 
to higher insulin requirement in patients previously 
diagnosed with diabetes or newly detected hyper-
glycemia which calls for more frequent monitoring. 
Though it may seem like a relatively new method 
with the very recent FDA approval for FSL in April 
2020, CGM has actually been around for a while, 
with the first approval granted by FDA for commer-
cial use in 1999. There is limited data of its use in 
India especially in critical care but looking at the ex-
tensive studies done abroad, it is safe to say CGM or 
more precisely, flash glucose monitoring may be our 
beacon of hope.
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Basal Insulin, the Past,  
the Present and the Future

Ksh Achouba Singh

ABSTRACT

Basal insulin treatment is indispensable for 
patients with type 1 diabetes and often required 
by many with type 2 diabetes. Incremental 

advances lengthening the duration of action of 
insulin analogues and reducing pharmacodynamic 
variability have resulted in truly once-daily, long-
acting basal insulin analogues. In the quest for better 
basal insulins to facilitate improvements in glycaemic 
control and long-term outcomes, the driving need 
is to remove barriers delaying timely initiation of 
basal insulin, to maximize treatment adherence and 
persistence and reduce treatment burden without 
increasing risk of hypoglycaemia.

1. Development of Basal Insulin

Over the past 100 years, insulin therapy for patients 
with diabetes has evolved alongside advances in 
chemistry, molecular biology, and technologies for 
drug administration. The first insulin treatments 
were relatively crude preparations of bovine or 
porcine pancreases. These were associated with 
lipodystrophy and allergic reactions [1–3] and, given 
their short-lived action, they were administered 
up to four times a day [4]. Once insulin could be 
crystallized, purer preparations were possible, and 
the formulation could be altered to lengthen the time–
activity profile. The first commercial extended action 
insulin was protamine zinc insulin (PZI), produced 
by crystallizing insulin with zinc in the presence of 
the basic poly-arginine peptide protamine [3,5–7]. 
This was followed, in 1950, by neutral protamine 
Hagedorn (NPH) insulin, the first intermediate-

acting insulin; it had a shorter duration of action than 
PZI and could be combined with soluble, regular, 
short-acting insulin [3,8,9]. From the mid-1950s, 
a series of insulins with different time–activity 
characteristics (ultra Lente, Lente, and semi Lente) 
were produced by altering the amount of zinc in 
the formulation and capitalizing on the different 
solubilities of porcine and bovine insulins [3,10–14]. 
In the 1960s, gel filtration and then ion exchange were 
introduced as better purification techniques for mass 
production of nanocomponent and less antigenic 
insulin [15]. The next major development was in the 
early 1980s, when genetic and protein engineering 
technologies enabled the production of recombinant 
human insulin, reproducing the identical amino acid 
sequence of native insulin [3,14,16]. This opened 
the door to the present era of ‘boutique’ insulin 
analogues, in which designer pharmacokinetic (PK) 
and pharmacodynamic (PD) profiles are achieved 
by manipulating the sequence and structure of 
recombinant human insulin.

2. Basal Insulin Analogues

Basal insulin is a key component of insulin therapy in 
type 1 diabetes (T1D) and remains an indispensable 
option for controlling glucose levels throughout 
nocturnal fasting and intra-prandial periods in type 2 
diabetes (T2D). Over the past 20 years, a vast body 
of research has focused on producing long-acting 
basal insulin analogues with more predictable, more 
reliable, and flatter PK and PD profiles, which have 
considerably reduced the risk of hypoglycaemia 
compared with previouslydeveloped basal insulins 
[14,15,17,18].The first generation of long-acting 
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basal insulin analogues, insulinglargine U100 and 
insulin detemir, have half-lives of approximately 12h 
and 5–7 h, respectively, and a duration of action of up 
to 24 h [14,19].The PD profiles for insulin glargine 
U100 and insulin detemir have nopronounced 
peaks [14,20]. These analogues can achieve similar 
glycaemiccontrol to each other, and both have 
a lower risk of hypoglycaemia thanNPH insulin 
[21,22]. However, their half-lives – especially that of 
insulindetemir – are not long enough to consistently 
permit once daily dosingin all patients [23].The 
second generation of basal insulin analogues, insulin 
degludec andinsulin glargine U300, have sufficiently 
prolonged (>24 h) and evenlydistributed activity 
profiles to make reliable once-daily basal insulindoses 
a reality for many patients. Insulin degludec has a half-
life of 42 hand lower PD variability from day to day 
than insulin glargine U100[23,24]. A meta-analysis 
of phase 3 trials confirmed that insulin degludeccan 
achieve similar improvements in glycaemic 
control to insulin glargineU100, with significantly 
fewer hypoglycaemic episodes, including 
severehypoglycaemia, especially at night [25]. 
Insulin glargine U300 is a concentratedformulation 
of insulin glargine U100, which slows dissolution 
fromthe injection site, producing a lower peak and 
longer duration of action[18,26,27]. Combined 
patient-level data from pivotal studies show thatthis 
translates to a more sustained glycaemic control and 
a significantlylower risk of night time as well as 
daytime hypoglycaemia than insulinglargine U100 
[28]. In combination with other glucose-lowering 
agents,insulin degludec and insulin glargine U300 
have a lower risk of hypoglycaemiathan the earlier 
long-acting insulins [29,30].

Mechanism of increasing the half-life of basal 
insulin analogues

Long-acting insulin analogues achieve PK profiles 
that are suitable for once-daily subcutaneous 
injections in different ways [13,18]. Insulin glargine 
was designed with an increased isoelectric point 
that results in precipitation of insulin hexamers at 
physiological pH in vivo, producing a subcutaneous 
depot with slower absorption. Insulin detemir is 
acylated with a fatty acid side chain that promotes 
dimerization of the insulin hexamers and reversible 

binding to albumin, in both the subcutaneous depot 
and the circulation, thus slowing absorption [50]. 
Insulin degludec is an insulin analogue acetylated 
with a 16-carbon diacid side chain [51]. Di hexamers 
of degludec in the formulation can assemble into 
multi hexamers in the subcutaneous depot, with the 
fatty acid side chains linking hexamers like ‘pearls 
on a string’, thus prolonging the residence time at 
the injection depot. The fatty acid side chain also 
promotes reversible binding of degludec monomers 
in the circulation to albumin, which contributes to 
extend its half-life [51].

3. Future of Basal Insulin

In spite of a growing armamentarium of drug classes 
and multiple glucose-lowering agents, many patients 
with T2D may still eventually require insulin therapy 
to attain individual glycaemic goals [29]. Guidelines 
recommend considering basal insulin as the first 
injectable therapy whenever a patient with T2D has 
significant (generally blood glucose ≥300 mg/dL 
[≥16.7 mmol/L] or glycated haemoglobin [HbA1c] 
>10%) or symptomatic hyperglycaemia, or if the 
patient has signs of catabolism, such as weight loss, 
hypertriglyceridemia, or ketosis [29]. Otherwise, 
a glucagon-like peptide-1 receptor agonist (GLP-
1 RA) is generally the preferred first injectable, 
but basal insulin is recommended when GLP-1 RA 
treatment intensification is needed, when a GLP-1 
RA is not appropriate, or when insulin is preferred 
[29]. Although current basal insulin formulations 
are very efficacious and have a reduced risk of 
hypoglycaemia compared with earlier-generation 
insulins, their initiation is often delayed, even when 
indicated, mainly due to clinical inertia and partly 
because of the concerns of patients and healthcare 
professionals [31,32]. For example, a population-
based analysis in the UK estimated a median delay 
to insulin initiation of 4.9 years and 4.2 years for 
patients with HbA1c levels of ≥8.0% and ≥9.0%, 
respectively [33]. Clinical inertia on the part of 
either clinicians or their patients has been attributed 
to concerns related to hypoglycaemia and weight 
gain, fear of injections, and anticipation of problems 
with treatment adherence and a reduced quality of 
life [31,32,34–41]. Technological advances (e.g., in 
formulations and devices) have addressed some of 
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these concerns, and many can be managed through 
education and support [32,42]; as such, these 
concerns may often be unwarranted. However, 
further progress on insulin formulations and delivery 
systems is needed to overcome them. Poor adherence 
to daily administration is common and associated 
with poor glycaemic control and high healthcare 
costs [43,44]. In addition, basal insulin therapy is 
often sub optimally implemented (with inefficient 
titration methods used, for example), which can lead 
to poor clinical outcomes and adherence [42]. Poor 
treatment persistence in patients with T2D is another 
barrier to achieving glycaemic control [45]. The 
rates and reasons for discontinuations vary by study 
[46–49], but injection frequency is one important 
contributing factor. If a basal insulin could be injected 
just once weekly, it is reasonable to predict that this 
would reduce clinical inertia, increase treatment 
adherence, and improve patients’ quality of life, 
provided that the risk of hypoglycaemia remains 
low. It is reasonable to extrapolate such assumption 
from the comparisons of once-weekly GLP-1 RAs 
with once-daily GLP-1 RAs that are encouraging in 
this regard [38–41]. Developing a once-weekly basal 
insulin is not simply a case of extending half-life. PK 
and PD profiles also need to be more predictable than 
those of existing long-acting basal insulin analogues, 
with less inter- and intra-patient variation to reduce 
the risk of hypoglycaemia. 

Once - weekly formulations: technological prin-
ciples

Various approaches have been investigated to slow 
the absorption of insulin analogues, to prolong their 
activity, and to reduce peak: trough ratios further 
(Table 1 and Fig. 1). 

Linking polyethylene glycol (PEG) polymer chains to 
a therapeutic moiety increases half-life by increasing 
hydrodynamic size, which delays absorption and 
reduces renal clearance from the circulation. This 
PEGylation approach was used in the development 
of the insulin analogue AB101 (Rezolute Press 
Release, Dec 18, 2019, AB101 phase 1; Table 1 and 
Fig. 1), while elastin-like polypeptide (ELP) ylation 
was similarly used to develop Insumera (PE0139; 
Table 1) [52–54]. Linking insulin to the fragment 

crystallizable (Fc) region of immunoglobulin G 
(IgG) extends the insulin’s half-life because the 
fusion protein benefits from the same recycling 
pathway that confers a relatively long half-life to 
endogenous IgG [55,56]. When IgG is taken up by 
cells through micropinocytosis, the Fc region binds 
to the membrane bound neonatal Fc receptor (FcRn) 
in acidified endocytic vesicles. Recycling endosomes 
return the FcRn–IgG complexes to the cell surface, 
and the physiological pH of the extracellular 
environment allows the release of IgG. The three 
most advanced investigational Fc-fusion insulins 
reported in the quest for once-weekly treatments 
are basal insulin Fc (BIF) [57], and HM12460A and 
HM12470 [58–60] (Table 1). Of these once-weekly 
Fc-fusion insulins, only BIF has reached phase 2 
clinical development (Table 1); the limited data 
available are reviewed below. Both insulin degludec 
and insulin icodec are acylated insulin analogues [61]. 
Insulin icodec is based on a re-engineered version of 
the investigational oral basal insulin OI338, which 
led to a once-weekly insulin formulation (Table 
1 and Fig. 1) [61]. The attachment of a 20-carbon 
fatty diacid (icosanedioic acid) to the B chain of the 
insulin molecule allows strong reversible binding to 
albumin. Additionally, three amino acid substitutions, 
at A14, B16, and B25, enhance stability and minimize 
enzymatic degradation. These modifications also 
reduce the insulin receptor binding affinity of icodec 
and subsequent insulin receptor-mediated clearance, 
to confer a longer half-life [61,62].

4. Clinical perspectives on implementation of 
once-weekly basal insulin: an eye to the future

BIF and insulin icodec have demonstrated sufficiently 
long durations of action, flat PD profiles, and low PD 
variability to support once-weekly dosing; phase 3 
data are needed to establish their efficacy and safety 
profiles. With an eye to the future, we can speculate 
on what information clinicians and patients may need 
when initiating or switching to once-weekly insulin 
therapy, and what aspects of management are likely 
to be forefront for the medical community. 

4.1. Once-weekly insulins in clinical practice

 Once-weekly basal insulin will be a substantial 
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advance on once daily insulin, allowing further 
facilitation of basal insulin replacement, but the 
practicalities of once-weekly diabetes management 
cannot simply be extrapolated from the current 
once-daily insulin treatments. Practical new insulin 
titration strategies will need to be developed. Rapid 
glucose lowering is not expected with the initial doses 
because steady state is likely to take approximately 
3–4 weeks of dosing. Frequent adjustments to basal 
insulin levels may not be possible, and loading doses 

may be necessary when initiating once-weekly 
basal insulins, even in insulin-naive patients who 
have inadequate glycaemic control with multiple 
glucose-lowering agents. Clinicians and patients 
will need to learn how to initiate and titrate once-
weekly insulin, how to manage the dose size, and 
how to manage concomitant pre-prandial insulin if 
needed. Consistent insulin titration for new users is 
critical for achieving timely glycaemic control [35], 
and simple but well-evidenced titration regimens 
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will be important to provide confidence in the use 
of once-weekly insulins.  insulin icodec titrations 
were compared in one of the largest studies designed 
to have TIR as a primary endpoint, and the results 
need to be confirmed in larger and longer phase 3 
studies [76]. The potential for overtreatment with 
basal insulins, which was highlighted by the latest 
American Diabetes Association guidelines [29], will 

also need to be evaluated for once-weekly insulins 
and, at the same time, balanced with education to 
avoid under-titration. Conversely, patients switching 
from a once-daily to a once-weekly basal insulin 
could be vulnerable to a transient reduction in 
glycaemic control prior to a new steady state being 
achieved; however, this can be mitigated with an 
initial loading dose, as recently shown with insulin 
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icodec [77]. With respect to safety, an understanding 
of the risk of hypoglycaemic events and how these 
should be managed will be key. For both T1D and 
T2D, focused studies will be needed to address the 
major challenges of adjusting once-weekly insulin 
to manage exercise, sick days, and surgery. There 
will also be questions concerning potential risks and 
longer-term implications of once-weekly insulin, for 
example, with respect to body weight gain, although 
insulin icodec had a similar overall safety profile to 
once-daily insulin glargine U100 in phase 2 studies 
[75–77]. The importance of educating clinicians and 
patients on diabetes management with new once-
weekly insulins and how dosing may fit with different 
lifestyles cannot be overemphasized. Re-education 
of switching patients is an additional challenge that 
is not to be underestimated. 

4.2. Will the risk of hypoglycaemia be 
manageable? 

The long duration of action of once-weekly insulin 
analogues makes it particularly important to 
understand the risk of hypoglycaemia with respect 
to severity, frequency, and duration. Longer-lasting 
hypoglycaemia, perhaps with a slow recovery, may 
be a common theoretical concern among some 
clinicians for a once-weekly insulin. However, 
evidence to date has been reassuring, indicating 
that the risk of level 2 or 3 hypoglycaemic events 
with once-weekly insulin is relatively low and not 
greater than that associated with once-daily basal 
insulin. Indeed, Frias et al. reported fewer level 1 
hypoglycaemic events with BIF (fasting glucose 
target of ≤140mg/dL and ≤ 120mg/dL) than with 
once-daily insulin degludec (fasting glucose target 
of ≤100mg/dL) [73]. Additionally, there have been 
no episodes of hypoglycaemia in patients treated 
with insulin icodec that have not responded to 
standard corrective measures and only one episode 
of severe (level 3) hypoglycaemia, which was treated 
successfully with oral carbohydrate alone [75–
77,82]. Furthermore, when episodes occur, they do 
not last longer than those observed with once-daily 
insulin [73,75–77]. Concerns that patients may have 
a slow recovery from hypoglycaemia with once-
weekly insulin, which maintains constant insulin 
levels, did not bear out. The results of the initial 

clinical trials with insulin icodec have shown no 
difference in duration of hypoglycaemia compared 
with once-daily insulin glargine U100 [75,81]. 
Indeed, recovery with once-weekly insulin proved to 
be no different than that with once-daily basal insulin 
when given 3–4 h before; people still recovered 
rapidly from hypoglycaemia, even when there was 
‘plenty of insulin on board’. Of course, the clinical 
trial setting is very different from the clinical practice 
setting, and both clinicians and patients are likely to 
have concerns about prolonged hypoglycaemia, that 
so far has not been substantiated, but still needs to be 
addressed with robust evidence from phase 3 studies 
[83]. Education of both clinicians and patients will 
also be required to address any psychological impact 
of administering large, once-weekly insulin doses 
(daily dose times seven). 

4.3. Which patients are likely to be candidates for 
a potential once-weekly insulin option? 

People with T2D with inadequate glycaemic 
control while receiving multiple glucose-lowering 
agents are the likely candidates for once weekly 
insulin. This indication is not different from the 
one currently adopted for once-daily basal insulin. 
Therefore, it is likely that treatment adherence and 
quality of life may be considered as well when 
selecting the best candidates. These include all 
individuals with insufficient glycaemic control with 
other injectable treatments such as GLP-1 RAs, 
or with contraindications or intolerance to other 
glucose-lowering treatments, and patients who need 
assistance with injections. Requiring one rather than 
seven injections per week will reduce the workload 
of visiting nurses or family members. For patients 
needing intensification of a once-weekly GLP-1 
RA regimen, taking a basal insulin with the same 
injection frequency would simplify management. 
The relative inflexibility introduced by once-weekly 
dosing suggests that it may be best suited to patients 
with stable glucose control, relatively low variation 
in basal insulin requirements (allowing for slow 
but consistent weekly titration), and predictable 
lifestyles. Although using once weekly insulin in 
T1D is more challenging than in T2D, the potential 
benefits make it worth pursuing. Fewer injections 
for people receiving multiple-dose injection therapy 
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are inherently desirable and may improve adherence 
and glucose control in patients liable to miss doses, 
especially teenagers. An interesting possibility is that 
having a relatively constant level of insulin might 
reduce the frequency of diabetic ketoacidosis, which 
is still an issue in T1D. 

4.4. How will once-weekly basal insulin be used 
with other agents for diabetes?

Once-weekly basal insulins have been investigated, 
so far, on a background of up to three oral antidiabetic 
medications (Tables 2 and 3) [73,75–77].of particular 
interest will be their use with an injectable GLP-1 RA. 
However, a fixed ratio of once-weekly insulin icodec 
and once-weekly semaglutide has huge potential and 
is currently in phase 1 clinical development. Currently 
available fixed ratio combinations of a basal insulin 
and a GLP-1 RA – IDegLira and iGlarLixi – have 
strong efficacies, reassuring safety profiles, and 
reduced injection burdens [84,85]. Gastrointestinal 
AEs are mitigated with the slow titration of the GLP-
1 RA component combined with once-daily basal 
insulin. 

4.5. In practice, what impact is once-weekly 
basal insulin likely to have on clinical inertia 
and patient adherence?

The potential success of once-weekly basal insulin 
in reducing clinical and titration inertia, thereby 
increasing patient adherence, will depend on both 
perceptions and clinical facts. Second-generation 
basal insulin analogues like insulin glargine U300 
and insulin degludec have reduced injection burden, 
but evidence is lacking to show that they have 
improved adherence compared with first-generation 
basal insulin analogs [35]. Nevertheless, patients with 
diabetes have a positive attitude toward once-weekly 
injections [86], and lower frequency of injections is 
a valued attribute for injectable therapies [87]. The 
progression from once-daily to once weekly GLP-
1 RA dosing is a meaningful example to illustrate 
this point. In a meta-analysis of >75,000 patients 
with T2D, once-weekly GLP-1 RA dosing was 
associated with better adherence than once-daily 
dosing (relative risk reduction of nonadherence 0.89; 
95% CI 0.83 to 0.95) [40]. Injection experienced 

patients have expressed a significant preference for a 
hypothetical GLP-1 RA using a once-weekly, rather 
than a once-daily, frequency of administration (odds 
ratio 2.26; 95% CI 2.13 to 2.39; p < 0.001) [39]. 
Other observational studies [38,41] support these 
findings and also show that persistence is improved 
by once-weekly compared with once-daily GLP-1 
RA injections [41,88]. The same preference may also 
conceivably be expected for once-weekly over once-
daily basal insulins to facilitate and improve basal 
insulin replacement.

Conclusion

Insulin was discovered 100 years ago and, since 
its initial therapeutic use, it has been a wonderful 
example of scientific innovation, with a formidable 
evolution of insulin formulations. In spite of 
multiple milestones achieved over the last 100 
years, insulin is still in constant development; the 
next achievement is once-weekly basal insulin. This 
novel once-weekly formulation has the potential 
to be a true game changer and will represent one 
of the great strides in the development of insulin 
therapies. So far, these once-weekly formulations 
have demonstrated similar glycaemic control to 
once-daily long-acting insulin analogues (insulin 
glargine U100 and insulin degludec) and, despite 
having a longer half-life and activity extending 
over a week, they have been associated with rates 
and incidences of hypoglycaemic episodes that are 
similar to those of marketed basal insulins. Although 
many unknowns remain, the future looks bright for 
once-weekly insulins, and data addressing some of 
the clinical concerns are reassuring. 
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Insulin Co-formulation:  
Revolutionary Innovation

Hemanga Barman

Introduction 

Type 2 diabetes mellitus (T2DM) is associated 
with significant morbidity and mortality across 
the globe. It is reported that the developing 

countries will account for 70% of world diabetic 
population by 2025 India with 69.2 million patients 
living with T2DM, has the second largest diabetic 
population in the world. The American Diabetes 
Association (ADA) Standards of Medical Care in 
Diabetes recommends glycemic targets of glycated 
hemoglobin (HbA1c) < 7.0% (53 mmol/mol) and 
fasting blood glucose (FBG) of 80-130 mg/dL for 
most adults with T2DM . Studies have shown that 
low or high mean HbA1c values (<6.5% or >9.0%) 
are associated with increased mortality and cardiac 
events. Given the progressive nature of T2DM, 
many patients will eventually require intensification 
of initial oral antidiabetes drug (OAD) treatment 
with the addition of a second-line OAD, insulin, or 
non-insulin injectable, with some of these patients 
requiring further treatment intensification to maintain 
glycemic targets as recommended. 

In recent years, and in light of the aforementioned 
limitations, fixed ratio co-formulation products 
have been developed. These are composed of two 
antihyperglycaemic drugs that maintain their distinct 
pharmacokinetic (PK) and pharmacodynamic (PD) 
properties despite being administered as a co-
formulation and can allow for a comparatively simple 
insulin regimen, with fewer injections and greater 
flexibility in dosingtime than basal-plus/basal-
bolus therapy. Available fixed-ratio co-formulations 
include insulin degludec/ insulin aspart. 

IDegAsp is the first fixed-ratio co-formulation of 
two different insulin analogues, comprising insulin 
degludec (degludec) (70%), a basal insulin analogue 
with an ultra-long duration of action, and rapid-
acting insulin aspart (IAsp) (30%), thereby providing 
basal and prandial insulin cover when administered 
with meals. Combining two analogues together 
has not previously been possible because of either 
incompatibilities in the required pH. 

Action of Degludec and Aspart. Structure : 

Rapid-acting insulin analogs contain minor 
modifications to the amino acid sequence in regions 
involved in self-association that are designed to 
weaken insulin-insulin binding and accelerate 
absorption, producing a kinetic profile similar to 
the natural prandial response. In insulin aspart (B28 
aspartic acid human insulin) in which proline is 
substituted by aspartic acid at the B28 position. 

Insulin degludec (Ne-hexadecandioyl-y-Glu-Lys 
desB30 human insulin) is the latest basal insulin 
analog to be marketed. It differs from human 
insulin by deletion of the 30 threonine and addition 
by acylation at B29 with a glutamate spacer and 
16-carbon fatty diacid side chain. The protraction 
mechanism involves post-injection formation of 
long multihexamer chains from which monomers are 
slowly released producing a flat, glucose-lowering 
action at steady state, with lower intra-patient day-
to-day variability than insulin glargine. 

Actions: Aspart Endogenous insulin is naturally 
produced by the pancreas, and insulin apart is 
manufactured through recombinant DNA technology 

Chapter26
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using Saccharomyces cerevisiae expression system. 
Insulin aspart differs from endogenous insulin by 
containing aspartic acid instead of proline at position 
B28. Insulins as medications can be categorized 
as rapid-, short-, intermediate-, and long-acting 
depending on their pharmacologic effects, e.g., onset, 
peak, and duration. Peak Action : 45-90minutes. 
Duration 3-5 hours given in 0.1u/kg/meal. 

Degludec: 

Insulin degludec forms multihexamers that result in 
a subcutaneous depot of insulin degludec. Overall, 
2 phenomena contribute to its protracted time-action 
profile-(1) delayed absorption of insulin degludec 
from the subcutaneous tissue into the systemic 
circulation, and (2) binding of insulin degludec to 
circulating albumin. A study in patients with type 
1 diabetes demonstrated that the glucose-lowering 
effect of insulin degludec lasted at least 42 hours 
after the last of 8 once-daily injections. Unlike insulin 
degludec, which has a delayed absorption into the 
circulation, insulin aspart monomers are released 
rapidly into the circulation. 

BENEFITS OF CO-FORMUlATION OVER 
REGUlAR PREMIx INSUlIN. 

IDegasp is the first fixed-ratio co-formulation of two 
different insulin analogues, comprising rapid-acting 
insulin aspart (30%) and ultra-long-acting insulin 
degludec (70%) in solution The basal component, 
insulin degludec, exhibits flat and stable steady-
state pharmacokinetic and pharmacodynamic 
profiles in patients with diabetes .Stable and soluble 
multihexamers are formed upon injection, from 
which insulin monomers slowly and gradually 
dissociate providing a duration of action >42 h with 
a half-life of approximately 25 h . Insulin degludec 
achieves a steady state in 2-3 days and exhibits lower 
day-to-day variability in glucose-lowering effect 
compared to insulin glargine, with a relatively lower 
risk of hypoglycaemia . Importantly, dose timing 
can be flexible from day to day (within 8–40 h of 
the previous dose with once daily (OD) dosing). In 
countries where insulin degludec is available, these 
properties have made it a popular choice. Whereas 
To recreate the basal level of circulating insulin, 

several principles have been applied, all of which 
serve to increase the molecular mass/self-association 
state of the insulin in the depot. In the case of neutral 
protamine Hagedorn (NPH) insulin, the peptide 
protamine is added to the formulation causing the 
insulin to form a crystalline precipitate that dissolves 
after injection. NPH has been widely used, but its 
kinetic profile is an imperfect approximation of 
basal insulin secretion, with absorption still tending 
to rise and fall from a peak concentration (Cmax) 
value. Furthermore, its absorption rate is rather 
unpredictable, and this problem is compounded 
by the need to re-suspend the precipitate prior to 
injection, which patients may not do effectively. 

Benefits over Basal Insulin 

Each of these basal insulin analogs can be used to 
supplement or recreate physiological basal insulin 
availability, and rapid-acting analogs can be given 
additionally at mealtimes to supplement or recreate 
the prandial insulin response. Such basal-bolus 
insulin regimens are, however, challenging for 
patients as they require multiple daily injections with 
frequent blood glucose sampling to ensure optimal 
dose adjustment. This is of vital importance in type 
1 and advanced type 2 diabetes where the regimen 
constitutes full insulin replacement therapy but, 
in earlier stages of type 2 diabetes, simpler, more 
convenient regimens may suffice and aid adherence. 

Evidence For co formulation over the premix 
Insulin. 

A popular option in type 2 diabetes is to use a 
‘premixed’ insulin formulation whereby a single 
injection can be given with main meals to supplement 
both prandial and basal insulin output. Ideally, this 
would be a mixture of two insulin analogs designed 
specifically for these roles, but there are problems: 
rapid-acting analogs require neutral formulations 
to remain stable, while insulin glargine requires an 
acidic formulation to remain soluble; hence, this 
mixture is considered incompatible. Indeed, a clamp 
study has shown that the pharmacodynamic (PD) 
profile of insulin lispro is flattened when combined 
with glargine Insulin detemir can be coformulated in 
a neutral environment with other insulins, but 
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there are self-association equilibriums for these 
components that could enable monomers to 
recombine in hybrid hexamers. Again, a clamp study 
has shown that the peaked PD profile of insulin 
aspart is attenuated and prolonged when combined 
with detemir [13], consistent with hybrid hexamer 
formation. Until now, premixed insulin products have 
therefore reverted to the protamination technology 
used for NPH insulin. Thus, human insulin or a rapid-
acting analog is formulated with sufficient protamine 
to crystallize a percentage (e.g., 70%) of the insulin 
content. This then acts as the basal component, with 
the remaining insulin solute absorbing rapidly to 
provide a prandial dose [3]. Unsurprisingly, however, 
such products bring with them the kinetic limitations 
associated with NPH insulin [8, 14]. Adequate 
resuspension is required to ensure dose accuracy, 
and the absorption kinetics of the basal component 
is faster and with more of a peak effect than would 
be desired. 

In newly diagnosed T2DM patients with symptomatic 
hyperglycemia and/or metabolic decompensation 
(glucotoxicity), short-term therapy with premix 
insulin is recommended. - Premix insulin analogues 
are preferred over human premix insulins in view 
of the lower incidence of major and nocturnal 
hypoglycemia and flexibility of administration as 
seen in treatment naïve patients (dose 0.2 to 0.3 
U/kg) body weight in 2 divided doses). - IDegAsp 
may be preferred over premix insulin analogues in 
view of the lower incidence of overall and nocturnal 
hypoglycemia and superior fasting plasma control 
as seen in treatment naïve patients (6U BID). - JAPI 
2014 recommends premix insulin/co-formulation 
OD in patients with HbA1c > 9% and high FPG and 
PPG. 

Open-label, treat-to-target trial on Insulin-naïve 
Japanese adultswith T2DM (Onishi et al 2013) 
To demonstrate the non-inferiority of IDegAsp to 
IGlar in terms of change from baseline HbA1c for 
26 weeks in 296 subjects {IDegAsp (147)and IGlar 
(149)} resulted Mean HbA1c reduced by -1.4% with 
IDegasp and - 1.2% with IGlar [ETD: -0.28% (95% 
CI: -0.46,-0.10) confirming superiority of IDegAsp 
to IGlar] 

• Proportion of patients achieving HbA1c <7%: 59% 
and 40% with IDegAsp 30 and IGlar respectively. 
Hypoglycemia event rates (per subject-year): Severe- 
No events in either group 

• Nocturnal confirmed: 0.39 (IDegAsp) and 0.53 
(IGlar); RR: 0.75 (p =NS) 

• Overall confirmed: 1.91 (IDeg Asp) and 2.71 
(IGlar); RR: 0.75 (p = 0.73) 

Multinational, open-label, parallel-group, treat-to-
target trial in insulin naïve T2DM patients (Franek et 
al 2015) To demonstrate non-inferiority of IDegAsp 
to BIAps 30 in terms of change from baseline HbA1c 
for 26 weeks in 394 subjects (BID IDegAsp (197) 
BID BIAsp 30 (197)} resulted Mean HbA1c reduced 
by -1.71% with IDegAsp and -1.73% with BIAsp 30 
[ETD: 0.02% 

(95% CI: -0.12, 0.17) confirming non-inferiority of 
IDegAsp to BIAsp30] Hypoglycemia event rates 
(per PYE): 

• Severe: 0.05 (IDegAsp) and 0.03 (BIAsp 30) 

• Nocturnal confirmed: 0.63 (IDegAsp) and 2.77 
(BIAsp 30); RR: 0.25 (p <0.001) 

• Overall confirmed: 5.8 (IDegAsp) and 13.01 (BIAsp 
30); RR: 0.46 (p < 0.001) 

Global Recommendations and Indian Guidelines 

• RSSDI: Insulin should be considered in cases 
where a person fails to achieve or maintain HbA1c 
levels after the administration of three OADs, out of 
which one should be a newer agent, or if the person 
is intolerant to any individual agent or a combination 
of agents. When there is evidence of glucotoxicity 
or lipotoxicity, and if HbA1c is >10% at the time of 
diagnosis, a short course of insulin for about a month 
can be considered. 

In addition, regional guidelines designed after 
considering local realities and patient demographics, 
including those from RSSDI, Diabetes Australia, 
Clinical Practice Guidelines (Malaysia) and 
East African Diabetes Study Group (EADSG), 
recommend basal insulin, premix insulin, or insulin 
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co-formulation for initiating insulin therapy and thus 
are more relevant. 

IDegAsp has been extensively investigated in 
people with T2DM and also in people with type 1 
diabetes (T1DM) through the BOOST clinical trial 
programme. 

When starting IDegAsp treatment, it is administered 
with the main meal(s) of the day, generally regarded 
as the most carbohydrate rich meal(s). flexibility in 
dose timing of IDegAsp allows the main meal to be 
eaten at any time during the day. 10,32 However, if 
a dose is missed, it should be taken with the next 
main meal of that day; an extra dose should not be 
taken at any other time to compensate for a missed 
dose. After the missed dose is taken, the usual dosing 
schedule should be resumed. The main meal is 
usually the evening meal; however, based on clinical 
practice, in some regions (e.g. Mexico, parts of India 
and other regions), the main meal is often the midday 
meal. Despite the main meal being the evening meal 
in Japan, IDegAsp is often administered before 
breakfast as part of BID regimens, as this may 
promote adherence.38 In our experience, adherence 
in OD regimens may also be improved with IDeg 
Asp administration at breakfast. Therefore, the 
main meal concept is recommended to determine 
dose timings as per the label, but in clinical practice 
other factors may also contribute. In summary, the 
timing of IDegAsp administration should be based 
on the carbohydrate content of the meal (main meal 
concept). However, considerations around promoting 
compliance (adherence strategy) may also influence 
optimal injection timing. 

We would consider initiating IDegAsp OD in people 
with HbA1c 2 7.0% (53 mmol/mol) and postprandial 
glucose 180 mg/DI (10.0 mmol/L) already on 
maximum OAD therapy. However, if fasting blood 
glucose levels are low (<100 mg/dL [5.6 mmol/L]), 
basal insulin would not be the therapy of choice. 

When to shift from Basal insulin to insulin co-
formulation When there is a need for simple 
once-/twice-daily regimen, When lesser risk of 
hypoglycemia is preferred or patient has a high risk 
of hypoglycemia, In those who feel carbohydrate 

counting is cumbersome, Patients who prefer 
fewer injections and less frequent self-monitoring 
of blood glucose and who may have a diminished 
ability to inject (e.g., limited manual dexterity) . We 
recommend that IDegAsp OD could be considered as 
one among the choices for initiating insulin treatment 
for people with T2D. 

This fixed-ratio insulin co-formulation may 
be preferable to initiating basal insulin alone, 
particularly for people in whom extreme and 
symptomatic hyperglycaemia is a major concern, 
and in whom postprandial hyperglycaemia is an 
additional concern. Based on clinical experience, 
we recommend that intensification to IDegAsp OD 
may also be appropriate in people with a low body 
mass index (BMI), in whom weight gain is less of 
a concern, and whose lower BMI may reflect beta-
cell insufficiency, which is likely to necessitate 
insulin therapy. However, for people with obesity, 
established CVD, at high risk of CVD or with diabetic 
kidney disease, aGLP-1RA may be more suitable, as 
discussed above. 
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Novel Insulin Development:  
Recent and Future

Dipti Sarma

Introduction       

While celebrating the 100th anniversary of 
the first useful pancreatic extract of insu-
lin for therapeutic use, research into the 

effective management of type 1 diabetes still needs 
to be both very active and very diverse. Essentially, 
the unmet need is large, with 24-h normoglycaemia 
never achieved despite a plethora of insulin types 
and insulin delivery devices, supported by high-tech 
means of measuring plasma glucose, and with educa-
tional initiatives to support individuals using insulin. 
Severe hypoglycemia remains a personal and health 
service burden, and symptomatic hypoglycemia un-
pleasant and embarrassing.

The discovery of insulin by Banting and Best first 
established by year March 11, 1922 . They described 
in their notebook, the positive effects of the pancreat-
ic extract on test subject. Subsequently a letter from 
first patient TEDDY Rider to Banting describing his 
wellness following insulin infusion. In 1923,  Dr 
Frederick   Grant Banting  and Professor .John James 
Richard Macleod  receive Nobel prize in physiology 
and medicine (1,2).

 THE FUTURE OF INSUlIN THERAPY: NON-
INJECTING INSUlINS

 The first inhalable insulin, Exubera (Pfizer Inc., New 
York, NY, USA), was approved and marketed in 
2006 but was soon withdrawn from the market by the 
manufacturer due to poor sales (3,4). Intrapulmonary 
delivery of insulin seemed to be an attractive alterna-
tive route but failed to become popular due to cost, 
inconvenience of the device and procedure, high de-
mands of instruction, and safety concerns Ultra rap-

id acting inhalable insulin approved by the FDA in 
2014. This is a  dry powder of recombinant human 
insulin adsorbed onto an excipient of fumaryl dike-
topiperazine based on techno sphere particle technol-
ogy.   It has been shown to be as effective as twice 
daily premixed bi aspart insulin when combined with 
insulin glargine with significantly lower weight gain 
and fewer hypoglycemic events, but reported a high-
er incidence of mild cough and slight reversible de-
cline in pulmonary function relative to comparators. 
Oral delivery of insulin is probably the most prefer-
able method with a more physiologic portal-to-pe-
ripheral insulin ratio . However, major challenges in 
developing oral insulin, such as interference by meal 
ingestion, high absorption variability, low bioavail-
ability, and resulting commercial unavailability, are 
still a significant obstacle to success. Phase 2 and 3 
studies of prandial oral insulin, including insulin tre-
gopil (IN-105, recombinant insulin conjugated with 
polyethylene glycol via an acetyl chain and ORMD-
0801  (enteric coated capsule containing insulin and 
adjuvant  to protect the protein and promote intesti-
nal uptake) ,  failed to show impressive results to date 
with no or negligible glucose lowering.   Oral insulin 
338 (I338) is a long-acting basal insulin analog co 
formulated in a gastrointestinal permeation enhance-
ment technology one (GIPET I) tablet with sodium 
caprate as an absorption enhancer and shows an ex-
tended half-life of up to 70 hours at a steady state 
despite relatively fast absorption. In an 8-week phase 
2 trial comparing once-daily I338 with once-dai-
ly insulin glargine in insulin-naïve patients with 
T2DM, there were no significant differences in the 
efficacy measures, including fasting plasma glucose, 
10-point plasma glucose concentrations, HbA1c, 
fructosamine and fasting C-peptide concentration, 
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or safety profile, between the two groups. Despite 
promising results, further development of I338 was 
discontinued because the dose required was high due 
to low bioavailability and therefore it was not com-
mercially viable for mass production.

THE FUTURE OF INSUlIN THERAPY: HEPA-
TO PREFERENTIAl INSUlINS:

Endogenous insulin secreted from the pancreas is 
delivered to the liver through the portal vein before 
entering systemic circulation and being exposed to 
peripheral tissues. Conventional subcutaneous insu-
lin administration results in much greater exposure 
of insulin to muscle and lower exposure to liver, re-
sulting in different degrees of action in these organs 
compared to physiologic endogenous insulin.  Hepa-
topreferential insulin has been suggested as an alter-
native to restore the physiologic portal-to-peripheral 
insulin ratio and reduce the risk of hypoglycemia, 
weight gain, and insulin resistance (5). Insulin peg 
lispro is a molecule consisting of a polyethylene 
glycol chain covalently bound to B28 lysine of in-
sulin lispro and has hepatopreferential effects due 
to its large hydrodynamic size. More than 6,000 pa-
tients with T1DM and T2DM were included in the 
IMAGINE phase 3 clinical trial program, and insulin 
peglispro consistently showed a greater HbA1c re-
duction, less glycemic variability,  reduced nocturnal 
hypoglycemia, and tendency to gain less weight com-
pared to glargine and NPH Despite its potential effi-
cacy(6).Insulin peglispro was associated with higher 
liver fat and triglycerides and a higher frequency of 
elevation of amino transferase levels . Although it 
was not due to severe liver injury, the manufacturer 
decided to stop the development program in 2015. 
Hepatic-directed vesicle (HDV) insulin is another in-
sulin delivery system that contains biotin-phosphati-
dylethanolamine as a hepatocyte-targeting molecule 
in phospholipid bilayer vesicles .(7)  In a phase 2b 
study of T1DM, HDV insulin lispro showed non in-
ferior HbA1c lowering and no significant differences 
in hypoglycemia or insulin dosing compared with in-
sulin lispro.

THE FUTURE OF INSUlIN THERAPY: GlU-
COSE-RESPONSIVE INSUlINS

Using glucose-responsive insulin (GRI), which only 
acts in the hyperglycemic milieu without causing hy-
poglycemia, would be the most ideal option for in-

sulin treatment.  ‘Smart’ insulin requires advances in 
various fields, such as formulation chemistry, protein 
engineering, glucose-sensing technology, and deliv-
ery devices, and many challenges still exist(8,9) Be-
cause blood glucose levels fluctuate rapidly, a fast 
responding system without a time lag is necessary. 
Additionally, to control the glucose level in a narrow 
normoglycemic range, insulin level or activity must 
be altered significantly over a narrow glucose con-
centration range. The glucose-reactive motif should 
selectively respond to glucose, and the material must 
be safe (nonallergenic, nontoxic) and stable for long-
term use. A closed-loop insulin delivery system or 
artificial pancreas that uses continuous glucose mon-
itoring and an automated pump using an intelligent 
algorithm is a form of mechanical GRI, and clinical 
application has been  started.

Conclusion

Non injectable insulin is yet an unfulfilled dream. 

Once-weekly insulins will most likely be the next ad-
dition to the insulin armamentarium. 

It will take much longer, before glucose-responsive 
“smart” insulins will be available. 

Nevertheless, it is reassuring that the search for better 
insulins has never stopped since its first use one-hun-
dred years ago and is still ongoing. 

New developments have a high potential of further 
improving the safety and efficacy of insulin therapy 
in the future
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GLP 1 Receptor Agonist... 
Journey so Far

Nilakshi Deka

Introduction to Diabetes:

Diabetes has emerged as one of the largest 
global health emergencies of this century, 
ranking among the 10 leading causes of mor-

tality. The condition has reached alarming levels with 
more than half a billion people living with diabetes 
worldwide in the present scenario.(1) According  to 
the World Health Organization, Non-Communica-
ble Diseases (NCDs) accounted for 74% of deaths 
globally in 2019, out of which, diabetes resulted in 
approximately 1.6 million deaths and therefore be-
coming the ninth leading cause of death globally.(2)

Type 2 diabetes, constituting about 90% of all dia-
betes cases, earlier considered to be the disease of 
affluent “Western” countries has now spread global-
ly, and it has become a major cause of disability and 
death affecting across all age groups. The number of 
children and adolescents living with diabetes is in-
creasing annually. In 2021, over 1.2 million children 
and adolescents have been diagnosed with type 1 di-
abetes. The economic burden thus resulting in direct 
health expenditures due to diabetes already close to 
about one trillion USD and is expected to exceed this 
figure by 2030 worldwide. (1)

Global burden: 

Worldwide, an estimated 537 million adults in the 
age group of 20–79 years (about 10.5% of all adults 
belonging in this age group) have been shown to 
have diabetes. By 2030, 643 million and by 2045, 
783 million adults (aged 20–79 years) are projected 
to be living with diabetes. Thus, while the world’s 
population is estimated to grow 20% over this peri-

od, the number with diabetes is estimated to increase 
by 46%. (1)

Burden of Diabetes in India: 

The disease patterns in India have reflected a switch 
due to an epidemiological transition. This has led to 
a significant decrease in mortality due to Commu-
nicable, Maternal, Neonatal and Nutritional diseases 
(CMNNDs) while NCDs and injuries have marked-
ly shown to have increased their contribution to the 
overall disease burden and mortality. The prevalence 
of diabetes in India has risen from 7.1% in 2009 to 
8.9% in 2019. (3)

Approximately, 74.2 million with diabetes in 2021 
and by 2045 the count is expected to rise to 124.9 
million with undiagnosed diabetes in 53.1% cases. 
(1)

Advent of the GlP-1 RAs:

Appropriate management of Type 2 diabetes is a 
complex phenomenon and quality care requires care-
ful consideration of patient factors like preference, 
engagement in self-care, presence of co-morbidities 
if any and cost factor. Goals of diabetes care must 
include prevention of diabetes-related complications 
and enhancing quality of life. Since Type 2 diabetes 
is a progressive disease, thus achieving these goals 
would require intensification of injectable therapy. In 
the United States, insulin was used as the only inject-
able option for diabetes until 2005 when exenatide, 
a glucagon-like peptide 1 receptor agonist (GLP-1 
RA) was approved by the Food and Drug Associa-
tion (FDA). Since then, there were five additional 
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GLP-1 RAs approved for use such as lixisenatide, 
albiglutide, liraglutide, dulaglutide and semaglutide. 
Although albiglutide was withdrawn from the mar-
ket in 2018. (4)

Since the discovery of GLP-1 in 1923, various phys-
iological effects exerted by the GLP-1 have been 
increasingly detailed. GLP-1 is released from the 
intestinal L-cells mainly upon fat and carbohydrate 
intake. Secretion of GLP- 1 stimulates the release 
of insulin by pancreatic beta-cells in a glucose-de-
pendent manner. Simultaneously, GLP-1 reduces 
glucagon secretion by the alpha-cells, potentially 
by increasing somatostatin release by pancreatic 
delta-cells. Therefore, these two actions of GLP-1 
contribute evenly to the postprandial dampening of 
blood glucose excursions. (5)

In addition, GLP-1 also lowers the postprandial glu-
cose levels by slowing down the gastric emptying, 
reduction in intestinal glucose uptake, suppressing 
hepatic glucose production and improving insulin 
sensitivity of muscle and liver. (6)

Development of GlP-1RAs:

GLP-1 belong to the family of incretin hormones 
leading to the development of GLP-1 RAs. The 
groups around Jens Holst (Copenhagen, Denmark) 
and Joel Habener (Boston, MA, USA) were the first 
to correctly identify “truncated” GLP-1 (GLP-1 
[7–36 amide], the amidated form, or GLP-1, the gly-
cine-extended form, as the product(s) of proglucagon 
translational processing in the mammalian gut muco-
sa (L cells) as published in 1987. 

Based on the pro glucagon nucleotide sequence, pri-
or assumptions regarding processing enzymes led to 
an erroneous GLP-1 sequence longer by 6-N termi-
nal amino acid residues. 

However, “truncated” GLP-1 clearly was insulino-
tropic at much lower (picomolar) concentrations 
compared to that of the extended GLP-1 sequence. 
Initial studies with rodent models highlighted that 
GLP-1 is highly effective as an insulinotropic agent 
in non-diabetic, metabolically healthy animals but 
shared substantially reduced biological activity in 
diabetic animals with previously identified incretin 

glucose-dependent insulinotropic polypeptide (GIP). 

Further, studies among human subjects with type 2 
diabetes surprisingly showed well-preserved insu-
linotropic activity of both GLP-1 [7e36 amide] and 
GLP-1 [7e36] along with a short-term reduction in 
plasma glucose in the normal fasting range in patients 
that were previously characterized by persistent hy-
perglycemia. 

However, GLP-1 was proteolytically degraded and 
inactivated by the ubiquitous protease, the dipeptidyl 
peptidase-4 (DPP-4) and hence leading to both, the 
intact GLP-1 molecule and DPP- 4-generated metab-
olites (GLP-1 [9e36 amide] or [9e36]) being subject-
ed to rapid elimination from the circulation with an 
elimination half-life of only about 2 minutes. 

Therefore, GLP-1 allow the “proof-of-principle” that 
GLP-1 receptor stimulation is suggested to be a suit-
able method of reducing plasma glucose in patients 
with Type 2 diabetes. It also helped clarify the three 
main mechanisms leading to reductions in plasma 
glucose concentrations such as: 

(a) glucose-dependent insulinotropic actions

(b) suppression of glucagon hypersecretion (except 
during episodes characterized by hypoglycemia)

(c) deceleration of gastric emptying found to be as-
sociated with marked effects on post meal glycemic 
excursions. (8)

The consensus statement on the management of type 
2 diabetes - 2018 American Diabetes Association 
and the European Association for the study of Dia-
betes (ADA-EASD) recognized GLP-1 RAs as the 
first-line injectable therapy before basal insulin, ex-
cept in scenarios when:

1) HbA1c > 11%, 

2) Evidence of catabolism (weight loss, polyuria and 
polydipsia)

3) Patient may have type 1 or pancreatogenic diabe-
tes. (9)

GLP-1 RAs have emerged as a modern therapy in the 
treatment of type 2 diabetes with multifactorial ben-
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efits with reducing glycated hemoglobin (HbA1c), 
body weight and low risk of hypoglycemia.(10) 

The most recent consensus statement released by 
EASD-ADA too states that GLP-1 receptor agonists 
must be considered for people with type 2 diabetes 
not being able to achieve glycemic control targets 
on metformin, particularly those with an established 
cardiovascular disease, where evidence for a cardi-
oprotective effect is found to be strongest with lira-
glutide and semaglutide, with a compelling need to 
minimize hypoglycemia, or with a compelling need 
to minimize weight gain/promote weight loss.(11) 

GLP-1 RAs also emerged in preference to insulin as 
an initial injectable therapy because of the compa-
rable efficacy along with weight loss phenomenon 
instead of weight gain, minimal chance of hypogly-
cemia and in the setting of CVD, showed benefits 
on stroke, myocardial infarction and cardiovascular 
deaths. However, in many cases, rates of drug dis-
continuation were found to be higher with GLP-1 
RAs than with basal insulin. (4)

Classification of GLP-1 RAs:

GLP-1RAs are distinguished based on their half-life 
into short- or long-acting. While this difference de-
termines administration interval, there is also a dif-
ference in effects on the glucose levels. Short acting 
agents predominantly affect the postprandial glu-
cose levels mainly by reduction in gastric emptying 
speed, while long-acting agents more strongly affect 
the fasting glucose levels by combining increased 
fasting insulin and reduced hepatic gluconeogenesis. 
The long-acting agents demonstrate a slightly stron-
ger glucose-lowering potential compared to that of 
short acting GLP-1RAs, but the general effect is drop 
in HbA1c by 1–2%. (7)

These agents are broadly characterized into xeno-
peptides such as exenatide and lixisenatide, human 
GLP-1 analogues comprising of liraglutide and 
semaglutide, and fusion peptides such as albiglutide 
and dulaglutide. The xenopeptides are short-act-
ing agents, though exenatide is also available in a 
long-acting weekly formulation. Liraglutide can be 
administered once daily and the four once-weekly 
formulations (albiglutide, dulaglutide, weekly exen-

atide and semaglutide) provide longer durations of 
action. (4)

Efficacy of injectable agents in diabetes:

Glycemic benefits - Treatment with GLP-1RA pro-
vide beneficial effects that is not just limited to the 
improvement of glucose homeostasis (such as the 
glycemic effect).  Evidence have been suggested that 
the glycemic efficacy is greatest for semaglutide in-
jectable dose once weekly, followed by other agents 
such as dulaglutide, liraglutide, albiglutide, exen-
atide, and lixisenatide in descending order. There 
have been multiple studies that have compared the 
efficacy of GLP-1 RAs versus basal insulin glargine, 
detemir and degludec in patients who are inadequate-
ly controlled on oral glucose lowering therapies. In 
general, the glycemic benefit of long-acting GLP-1 
RAs has been greater than basal insulin. For exam-
ple, in a head-to-head trial of once-weekly semaglu-
tide versus glargine once-daily, change from baseline 
HbA1c levels with semaglutide was double that ob-
served with glargine.

Several extra glycemic effects of GLP-1RAs have 
been identified. Among these, GLP-1RAs are sug-
gestively seen to reduce body weight (by delaying 
gastric emptying and increasing the satiety) and re-
duce blood pressure (via reduction in body weight, 
but also trough increase in natriuresis and inducing 
vasodilation), as well as to improve microcirculation 
perfusion, endothelial function and lipid profile (re-
ducing low-dense-lipoprotein and triglyceride-rich 
lipoproteins concentrations). (12)

Weight benefits- Weight loss with GLP-1 RAs ranges 
between 1.5 kg to 6.0 kg over 30 weeks in clinical 
trials settings. Evidence have suggested that weight 
loss efficacy is greatest for semaglutide once weekly 
(mean 4.11 kg versus placebo), followed in by lira-
glutide, dulaglutide, exenatide, albiglutide and lix-
isenatide. Insulin on the other hand, leads to a weight 
gain of 3 to 9 kg within the first year of initiation. 
While obese patients are traditionally considered 
at highest risk of further weight gain and its conse-
quences, real-world data suggests that patients with 
normal body mass index experience more relative 
weight gain when starting insulin compared to obese 
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patients. This is noteworthy since there is a tendency 
to prescribe basal insulin over GLP-1 RA as a first 
injectable for patients with normal BMI, though this 
population appears to be at equal, or even higher risk 
of insulin-associated weight gain and its subsequent 
consequences. (13)

Cardiovascular outcome- There have been benefits 
on atherosclerotic cardiovascular disease outcomes 
and/or mortality in patients with pre existing CVD 
as demonstrated by GLP-1RAs Dulaglutide was the 
only marketed GLP-1 RA without cardiovascular out-
comes data. The Researching cardiovascular Events 
with a Weekly INcretin in Diabetes (REWIND) trial 
results were released in June 2019, and dulaglutide 
was found to reduce cardiovascular events compared 
to placebo; driven primarily by reduction in non-fa-
tal stroke. In contrast to previous cardiovascular 
outcomes trials of GLP-1 RAs, REWIND had the 
lowest proportion of participants with pre-existing 
CVD (31%), lowest baseline HbA1c (7.3gm%) with 
longest median follow-up time (5.4 years). The large 
proportion of patients without established CVD in 
REWIND suggests a potential role for GLP-1 RAs 
in primary prevention of CVD in those with diabetes 
and cardiovascular risk factors (at least two of the 
following- tobacco abuse, dyslipidemia, hyperten-
sion or abdominal adiposity). (14) Most importantly, 
four different long-acting GLP-1RAs (semaglutide, 
liraglutide, albiglutide and dulaglutide) have found 
to reduce the risk of future Major Adverse Cardio-
vascular Events (MACE including cardiovascular 
deaths, non-fatal myocardial infarction and stroke) in 
patients with T2D, with the other long-acting GLP-
1RAs, exenatide once-weekly (exeOW) showing a 
trend towards reduction in MACE combined with a 
nominally significant reduction in overall mortality. 
When combined together in a meta-analyses, cardio-
vascular outcome trials on GLP-1RAs have showed 
efficacy in reducing occurrence of cardiovascular 
and renal outcomes (progression of albuminuria), 
and of overall mortality. (15)

Administration of injectable therapies:

Adherence and persistence to therapies largely influ-
ence the ease of medication delivery, frequency of 
dosing, and other aspects of administration that may 

add complexity to the daily routine. Non-adherence 
is greater with injectables compared to that of pills 
as injectables are more challenging to administer and 
can be unpleasant for some patients. Currently GLP-
1 RAs are available as pen, however delivery sys-
tems vary in complexity. 

The initial extended-release exenatide pen was more 
complex to use than other GLP-1 RAs as it required 
reconstitution, and that relied on the patient firmly 
tapping the pen on their palm or more times prior 
to use. In contrast, semaglutide and liraglutide em-
ployed multi use pens which simply required the pa-
tient to dial to the correct dose, remove the needle 
cap and inject the medication. The difference in com-
plexity between the two delivery systems could ac-
count for better adherence observed with liraglutide 
versus exenatide in real-world settings. (16)

Oral GlP-1 agonist:

Though GLP-1 analogues were first approved for 
the treatment of T2DM in 2005, only the injectable 
form has been available because peptide drugs are 
usually not suitable for administration via the oral 
route, as they present low oral bioavailability, are 
inactivated when they reach the gastrointestinal 
tract, and have low rates of diffusion into the cell . 
Peptide drugs are highly specific, with less toxicity 
and fewer drug interactions.

Recently, the first orally administered GLP-1 ana-
logue was approved for the treatment of T2DM. The 
permeation enhancer sodium N-[8-(2-hydroxyben-
zoyl)amino] caprylate (SNAC) co-formulated with 
semaglutide prevents enzyme degradation, increases 
its absorption in the stomach, and results in suitable 
bioavailability. The Peptide Innovation for Early Di-
abetes Treatment (PIONEER) programme consisted 
of eight phase 3, randomized, controlled clinical 
studies and showed that oral semaglutide reduces 
glycated haemoglobin (HbA1c) and body weight in 
patients with T2DM and has potential cardiovascu-
lar benefits

Opportunities for future development of GlP-
1RAs:

Since 2005, from the time when exenatide was first 
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approved, rapid development began that yielded 
progress with respect to GLP-1 RAs pharmacokinet-
ics with the obvious consequence that instead of two 
or more injections per day, now the schedule dosing 
of once-weekly injections are available. 

While advances of making GLP-1 RA treatment 
more comfortable are appreciable, it must not be 
overlooked that the effectiveness of GLP-1 RAs have 
increased in large steps (e.g. going from exenatide to 
liraglutide, the first long-acting GLP-1 RA, but also 
advancing to Semaglutide, which clearly has shown 
superior efficacy than that of other GLP-1 RAs, es-
pecially with respect to reduction in body weight. 
These significant advances occurring in substantial 
leaps have suggested that this massive development 
has not yet come to an end.

HARMONY, LEADER, REWIND, and SUSTAIN-6 
trials, where CVD incidence decreased after only 
a few years of treatment, it can be suggested that 
non-glycaemic effects are involved. The in this re-
view elaborated effects on BP, inflammation, micro-
circulation, EF, and lipid profile beneficially affect 
CV risk.

Potential novel indications:

Use of GLP-1 RAs to treat neurodegenerative dis-
eases emerged from preclinical studies that revelaed 
GLP-1 receptor signaling involvement in cognitive 
functions with neuronal growth and synaptic plas-
ticity and reduce apoptosis and oxidative stress.(15) 
In Alzheimer’s disease, animal studies have demon-
strated positive effects of GLP-1 RAs on cognitive 
impairment. In a clinical trial conducted among pa-
tients with prediabetes and Type 2 diabetes, memory 
function had improved after 4 months of liraglutide 
administration. (18) However, there was no placebo 
control. 

In another trial conducted with non-diabetes indi-
viduals at increased risk of Alzheimer’s disease, a 3 
months administration of liraglutide improved brain 
region connectivity which was assessed by function-
al MRI but cognitive functions had no improvement.
(19) 

Another trial conducted among non-diabetic patients 

with Alzheimer’s disease found that 6 months of 
liraglutide treatment prevented a further decline in 
brain glucose uptake assessed by positron emission 
tomography but did not change cognitive function 
tests. (20)

Conclusion:

Clinical research conducted over the years have es-
tablished GLP-1 RAs as a widely recommended 
class of glucose-lowering agents. The best in the 
class have shown their capability of lowering plasma 
glucose comparable to insulin regimen. On a positive 
side, there has been a lower risk of hypoglycemia 
along with the added benefits of weight loss. GLP-
1RAs have effectively reduced cardiovascular events 
in T2DM patients, by significantly lowering the mor-
tality rate from CV causes, non-fatal stroke, and 
myocardial infarction. Most patients usually respond 
well to GLP-1RA treatment and the CV benefits cer-
tainly exceeds the risks of GLP-1RA use. Despite 
these achievements, there is a potential for further 
increasing effectivity, optimizing molecules and dos-
ing regimens and exploring specific patient groups 
that will particularly benefit from GLP-1 RAs. 
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Peptide in a Pill: Will it Prove to be the 
Promise of the Millennium?

Indira Maisnam

ABSTRACT

The number of peptides and proteins for the 
treatment of diseases is growing at an impres-
sive speed. There are major barriers to the de-

livery of peptides via the oral route. Therefore, for 
decades, peptides including insulin have been de-
livered via the parenteral route. However, the quest 
for oral delivery of peptides continued and in recent 
years there have been significant scientific and tech-
nological advances in the oral delivery of peptides. 
Recently 2 peptides, semaglutide and octreotide have 
been developed for oral delivery via the use of ab-
sorption enhancers. Oral semaglutide is approved for 
the use in type 2 diabetes mellitus (T2DM) in India 
and other countries. Semaglutide is a GLP1 receptor 
agonist (GLP1-RA). GLP1-RAs, a class of anti-di-
abetic agents have potent glucose lowering proper-
ties without causing hypoglycemia or weight gain. 
They also provide cardiovascular benefit; are renal 
safe; and GLP1-RAs, liraglutide and semaglutide 
reverse fibrosis in non-alcoholic fatty liver disease. 
However, the agents have been underused on ac-
count of their being injectable agents. Semaglutide 
is the only GLP1-RA that is available as both inject-
able and oral form. It is hoped that the availability 
of semaglutide as an oral agent will help improve 
the access of GLP1-RA to T2DM patients. While 
the quest for oral insulin is older than the quest for 
an oral GLP1-RA, oral GLP1-RA has already been 
developed and approved but oral insulin has not yet 
reached that stage. The limitations and challenges 
to development of oral insulin is discussed in de-
tail in the article. The approval of oral semaglutide 
within the first 2 decades of the current millennium; 

the simultaneous scientific advancements in similar 
modes and other modes of oral delivery of peptides; 
and the hope associated with its development may be 
considered ‘breaking the last barrier’ to oral deliv-
ery of peptides. This baby-step may therefore signal 
a promise for the development of more oral peptides 
in the coming years of the millennium. It is to be 
noted, however, that every peptide is unique and we 
will encounter expected and unexpected challenges 
along the way. 

Word Count: 4317 

Introduction

The number of proteins and peptides for the treat-
ment of diseases is growing at an impressive rate 
due to advances in biotechnology. Peptides and pro-
teins are composed of amino acids linked by peptide 
bonds. Oligopeptides have up to 10-15, polypeptides 
have 15-50 and proteins have more than 50 amino 
acids1. There are however no strict criteria for such 
classification and insulin with 51 amino acids is con-
sidered both a polypeptide and a protein. For the de-
livery of drugs with systemic effects the oral route 
of delivery is most preferred. There are numerous 
challenges to the delivery of peptides and proteins 
via the oral route. 

There is ongoing significant research in the field of 
oral delivery of peptides and proteins. Some of the 
researches are in advanced stages of development 
and have found application in therapeutics.  Sema-
glutide is a polypeptide antidiabetic agent belonging 
to the class of GLP1 receptor agonist (GLP1-RA). 
First developed as once weekly subcutaneous inject-

Chapter29
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able, the addition of an absorption enhancer has made 
possible the development of oral semaglutide. The 
USFDA approved oral semaglutide (Rybelsus, Novo 
Nordisk) for the treatment of T2DM in September 
2019. The DCGI, India approved oral semaglutide 
for the treatment of T2DM in 2020. Semaglutide is 
the only GLP1-RAs available in both injectable and 
oral formulation. The development and approval of 
oral semaglutide is an important landmark not only 
in the field of diabetes but also in other branches of 
medicine like cancer chemotherapy and other meta-
bolic diseases where the immense potential for ther-
apeutic peptides and proteins is increasingly being 
recognized.

The question we are asking today is, will the arrival 
and the approval of this oral peptide (semaglutide) 
within the first 2 decades of the current millennium 
herald a sea-change in the science and art of pharma-
cotherapeutics delivery? Is this baby-step a prelude 
to bigger things to come; a giant leap for the scientif-
ic community and for our patients? 

This article will focus on the challenges to oral de-
livery of peptides/proteins and ways to overcome 
them; the pathophysiology of diabetes and its com-
plications; the role of peptides and proteins in its 
management; the development, efficacy and safety 
of oral semaglutide; and where we stand today in our 
endeavor of delivering peptide in a pill. 

Challenges to oral delivery of peptides

There exist significant barriers to oral delivery of 
peptides. These barriers are pH barrier, degradation 
by proteolytic enzymes, mucosal and epithelial bar-
riers and inter-individual variability. 

The pH in the gastrointestinal tract (GIT) varies 
widely. The pH in the stomach; duodenum, and distal 
jejunum and ileum are 1.5-3.5; 5-6; and 6-8 respec-
tively2. In the colon the pH is around 8 with large 
inter-individual variability3. Proteins are stable in a 
narrow pH range. The variable pH in the GIT can 
result in unfolding of and conformational change in 
proteins, and subject them to enzymatic degradation. 

The oral peptide and proteins are susceptible to pro-
teolysis by a variety of proteolytic enzymes in the 

GIT. The entry of the protein stimulates the gastric 
mucosa to secrete pepsinogen by the cells lining the 
stomach. Pepsinogen is then activated to pepsin in 
the acidic medium of the gastric juice. Pepsin hydro-
lyzes the peptide bonds and degrades the proteins 
into smaller fragments of peptides. In the small in-
testine trypsin, chymotrypsin, carboxypeptidase and 
elastase secreted from the pancreas further proteo-
lyzes the peptides. Finally, aminopeptidase and di-
peptidase in brush border located in epithelial lining 
cells further breakdown polypeptides and proteins 
into tripeptides, dipeptides and amino acids which 
are then absorbed into the blood capillaries from ep-
ithelium.

The next barrier oral peptides and proteins encoun-
ter is the mucosal barrier. The mucosal layer of the 
GIT lies between the gastric lumen and the epithelial 
layer and is composed of 2 layers, a loosely adherent 
layer on the luminal side and a firmly adherent layer 
on the epithelial site. The thickness of the mucosal 
layer varies and is highest in the stomach (180 um) 
followed by the colon (110-160 um) 4. The mucus 
layer is a sticky and viscoelastic gel layer covering 
the entire GIT and is secreted by the goblet cells. It 
traps exogenous pathogens and foreign bodies there-
by protecting the GIT. The mucosal layer acts as a 
hindrance to protein absorption by decreasing the 
diffusivity of the peptides on account of their size 
and thereby trapping them, and by structural modifi-
cation of the protein due to non-covalent binding of 
mucin with proteins and peptides5,6. The average mu-
cus turnover time in the intestine is 50-270 minutes7. 
The mucosal turnover removes the trapped proteins 
thereby hindering access to the blood stream. 

The next challenge in oral absorption of peptides and 
proteins in the GIT epithelial layer. The epithelial 
layer lies beneath the mucus layer and is composed 
of multiple cell types. The enterocytes comprising 
around 90% of intestinal epithelium are absorptive 
cells8. A continuous monolayer of epithelial cells, 
separates the intestinal lumen from the underlying 
lamina propria. The tight junctions located between 
two neighboring epithelial cells, further makes the 
intestinal epithelium more impermeable to macro-
molecules. The paracellular pathway is responsible 
for absorption of small hydrophilic molecules and 
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most drugs are absorbed by the transcellular route. 
Molecules larger than 500 Da are not transported 
through the small pores of the tight junctions9.

Options for oral delivery of peptides

Impressive biotechnological advancements in dif-
ferent stages of development have been designed to 
overcome the barriers to oral delivery of peptides. 
They may be broadly classified into stabilizers, ab-
sorption enhancement and mucus-directed therapies. 
Briefly, stabilizers include pH modulators, enzyme 
inhibitors, enteric coating including nano-encapsula-
tion, peptide pegylation and cyclization. Absorption 
enhancement can be brought about by the use of pro-
drugs, absorption enhancers, active targeting, ionic 
liquids, nano-particle facilitated oral delivery of pep-
tides. Mucus targeted therapies include mucolytics; 
and mucoadhesive systems like hydrogels which by 
virtue of their mucoadhesive properties allow pep-
tides/proteins to reside within specific gut regions for 
prolonged time and also make them resistant to enzy-
matic degradation. 

Absorption enhancement have allowed the oral de-
livery of the 2 recently approved peptides, semaglu-
tide and octreotide and is described below.  

Absorption enhancers improve the intestinal perme-
ability by altering the epithelial or mucosal structure 
or permeability transiently. In 1961, a study in dogs 
found that sodium ethylene diamine tetra-acetic acid 
(EDTA) improved the oral absorption of heparin in 
dogs10. EDTA and citric acid enhance paracellular 
absorption by opening tight junctions through reduc-
tion of intracellular calcium on account of their che-
lating properties. 

Sodium caprylate/caprate and their derivatives are 
surfactants that allow the oral delivery of peptides 
and proteins. SNAC ([sodium N-[8-(2-hydroxyben-
zoyl) amino] caprylate]) improves the oral delivery 
of semaglutide. SNAC, developed by Emisphere 
(USA) was already approved for oral delivery of vi-
tamin B12. Following the USFDA approval of oral 
semaglutide in 2019, oral octreotide [sodium capry-
late in oral octreotide (Mycappssa, Chiasma Pharma, 
USA/Israel)] was approved by USFDA in 2020. 

Other modes of absorption enhancements include 
self- emulsifying drug delivery systems (SEDDS), 
Gastrointestinal Permeation Enhancement Technol-
ogy (GIPET1) etc. 

SEDDS is composed of a mixture of lipids, surfac-
tants, and co-solvents. When exposed to the GIT 
fluids emulsions and microemulsions are formed; 
which protect against proteolytic digestion and en-
hances permeability through the intestinal mucus 
layer11. Cyclosporin A is delivered orally via the 
SEDDS system. In GIPET1 sodium salt of capric 
acid, a soluble anionic surfactant is delivered in an 
enteric-coated solid form. IO338, a Novo Nordisk 
insulin formulated with GIPET1 when given once 
daily provided glycemic control not significantly dif-
ferent from once daily glargine over 8 weeks12. 

Type 2 diabetes mellitus: complex pathophysiolo-
gy and multisystemic complications. Highlighting 
the role of GlP1-RAs.

Type 2 diabetes mellitus (T2DM) is a disease of mul-
tiple and complex pathophysiologic perturbations. 
There are at least eight factors known as ominous oc-
tet involved in the pathogenesis of T2DM. The fac-
tors are decreased insulin secretion, increased glu-
cagon secretion, decreased incretin effect, increased 
lipolysis, increased hepatic glucose output, decreased 
glucose uptake, increased renal glucose reabsorption 
and neurotransmitter dysfunction. A complex inter-
play of these (and newly identified) pathophysiolog-
ic insults on a genetic and epigenetic background re-
sults in the development of T2DM. Novel agents like 
sodium-glucose transporter 2 inhibitors (SGLT2i), 
glucagon-like peptide receptor agonists (GLP1-RAs) 
and older ones like thiazolidinediones that target the 
pathophysiological perturbations in diabetes are con-
sidered disease modifying agents in diabetes. 

The UKPDS demonstrated that good glycemic con-
trol in the early years of diabetes decreases microvas-
cular complications in the short term; and decreases 
macro-and microvascular complications over long 
term follow-up. Older anti-diabetic agents like sul-
phonylureas and insulin can cause hypoglycemia and 
weight gain, and these were the rate limiting factors 
for achieving a near normal HbA1c. Therefore, de-
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spite a HbA1c <5.7% being accepted as a definition 
for normoglycemia; for a T2DM on pharmacologic 
treatment the target HbA1c ≤7%. This is to account 
for the risk of hypoglycemia that may occur with 
pharmacotherapy. The DIRECT study showed that 
T2DM may be kept in remission and that the single 
determining factor for diabetes remission is weight 
loss.  Older agents like sulphonylureas, thiazolidine-
diones and insulin cause weight gain, newer agents 
like GLP1-RAs and SGLT2i cause weight loss, with 
GLP1-RAs causing significantly greater weight loss 
than SGLT2i. GLP1-RAs are therefore approved as 
anti-obesity agents even without diabetes in USA 
and other countries. They are very effective glucose 
lowering agents but have no or negligible risk of hy-
poglycemia. The early and timely use of these agents 
with potential to promote weight loss while being 
devoid of hypoglycemia is expected to reduce the 
chronic T2DM complications.

The major cause of death in T2DM is cardiovascu-
lar disease (CVD). Other important chronic compli-
cations and associations are chronic kidney disease 
(CKD), non-alcoholic fatty liver disease (NAFLD), 
retinopathy and neuropathy. CVD, CKD and NA-
FLD frequently co-exist and one is a risk factor for 
the other. The Nissen’s meta-analysis of 2008 which 
showed increased risk of mortality with rosiglitazone 
opened the era of cardiovascular outcome trials (CV-
OTs).  The FDA issued a mandate in 2008 that all 
new anti-diabetic drugs should pass a cardiovascular 
safety test. The results of the CVOT opened a new 
chapter for the scientific community. Our pursuit for 
CV safe drugs helped us identify CV ‘protective’ 
drugs like GLP1-RAs and SGLT2i. The proposed 
mechanism of CV benefit with GLP-RAs are inhibi-
tion of atherogenesis and improvement of endothelial 
dysfunction among others. The GLP-RAs liraglutide 
and semaglutide are the only pharmacotherapeutic 
agents that have been shown to reverse fibrosis in 
NAFLD. Advanced stage of liver fibrosis is a risk for 
cardiovascular disease. 

GLP1-RAs therefore address hyperglycemia without 
causing hypoglycemia, promote weight loss by de-
creasing appetite by central and peripheral mecha-
nisms, are CV protective, renal safe and can reverse 
fibrosis in NAFLD. The 2 major challenges to the 

delivery of GLP1-RAs are their extremely short half-
life and poor oral bioavailability. The first challenge 
has been successfully addressed (since 2005) by op-
timizing exendin 4 peptide (derived from Heloder-
ma lizard with 54% homology to human GLP1) or 
by introducing structural and biochemical change 
in native human GLP1 molecule. It is only recently 
(2019) that the second barrier, namely challenge to 
oral delivery, has been overcome with the introduc-
tion of oral semaglutide. Before the arrival of oral 
semaglutide, the incretin benefit could be provided to 
patients via injectable GLP1-RAs or the oral DPP4 
inhibitors (gliptins) which delayed the breakdown of 
endogenous GLP1. Gliptins though extremely im-
portant agents in our armamentarium against T2DM 
may be considered lesser cousins to GLP1-RAs as 
regards HbA1c, weight reduction and CV protection. 
The fear and hesitancy to injectables resulted in un-
deruse of GLP1-RAs. 

Peptides and proteins in T2DM therapy: the chal-
lenges and promises 

The peptides and proteins available for the manage-
ment of T2DM are insulin and GLP1-RAs, and in 
T1DM are insulin and amylin analogs. Amylin ana-
logs are infrequently used. 

In 1921, Dr. Frederick Banting and Dr. Charles dis-
covered insulin13. There has always been a quest for 
oral insulin since its discovery. The first attempt at 
development of oral insulin was made as early as in 
192214. The first paper on oral delivery of insulin was 
published in 192315. And the first patent for oral in-
sulin was won in 1965 when Dr. Ferguson tried to 
mix anhydroformaldehyde-aniline with insulin as 
oral absorption enhancer16. All these firsts met with 
failure and it became a generally accepted view that 
it was impossible to deliver peptides and proteins via 
the oral route. 

While the work for oral insulin was ongoing, si-
multaneous work was on for oral delivery of other 
peptides and was in fact moving at a faster pace. In 
1990, the USFDA approved the first cyclic peptide, 
Sandimmune an oral preparation of cyclosporine. 
Emisphere in USA, Biocon in India, and Oramed in 
Israel and others have been on the persistent quest for 
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oral insulin. These companies have developed plat-
forms that find application not only for the oral de-
livery of insulin but also other peptides. Emisphere 
developed the absorption enhancer, SNAC initially 
aimed at improving oral delivery of insulin, which 
was subsequently used with semaglutide17. With the 
USFDA approval of oral semaglutide in 2019 and 
oral capsule of octreotide in 2020, has the last barrier 
to oral delivery of peptides been crossed? Are we to 
see many more oral peptides in the coming years of 
the current millennium? 

Semaglutide

Semaglutide is a human GLP-1 analog with 94% 
similarity to natural human GLP-1 with amino acid 
changes improving albumin binding, decreasing re-
nal clearance, and enhanced resistance to DPP-4 de-
struction. It is a polypeptide of 31 amino acids. It was 
originally designed as a once-weekly subcutaneous 
long-acting GLP-1RA. The SUSTAIN trials demon-
strated the glycemic and weight reducing superiority 
of injectable semaglutide compared to placebo and 
other anti-diabetic agents. 

Semaglutide is the only GLP-1RA available in an 
injectable and an oral formulation. Co-formulation 
with an absorption enhancer SNAC increases the 
oral bioavailability of semaglutide. SNAC transient-
ly increases the local pH of the stomach, increasing 
the solubility of semaglutide and protecting it from 
proteolysis in the stomach18. Also in a concentration 
dependent manner, SNAC forms a noncovalent bond 
with semaglutide thereby increasing its lipophilici-
ty and transcellular absorption through the stomach 
epithelium. Oral semaglutide is absorbed only in the 
stomach. After 15–35 min of oral intake, the med-
ication reaches its maximal concentration. SNAC’s 
activity is brief and reversible, it separates from the 
medication once it reaches the bloodstream. 

Oral semaglutide was studied in the PIONEER tri-
als19-26. The study included T2DM population across 
a wide spectrum: short and long duration disease, on 
diet and exercise alone, on glucose-lowering drugs 
and/or insulin, patients with comorbidities like CVD 
and CKD. Exclusion criteria varied by trial but gen-
erally were a family or personal history of certain 

cancers, including thyroid carcinoma, history of pan-
creatitis, and proliferative retinopathy or maculopa-
thy.

Brief summary of PIONEER programs

The PIONEER 1 was a double-blind RCT where oral 
semaglutide 3, 7 and 14 mg were compared with pla-
cebo in patients of T2DM on diet and exercise with 
HbA1c 7-9%. The mean age was 55 years, duration of 
DM 3.5 years, average HbA1c was 8%, mean weight 
was 88.1 kg. At 26 weeks there was greater reduction 
of HbA1c with oral semaglutide (3 mg: 0.8%; 7 mg: 
1.3%, 14 mg: 1.5%) than placebo (0.1%) which was 
statistically significant (p < 0.005). There was statis-
tically significant reduction in body weight at week 
26 with oral semaglutide 3 mg (-1.7 kg), 7 mg (-2.5 
kg), 14 mg (-4.1 kg) compared to placebo (-1.5 kg) 
which was statistically significant (p < 0.005). 

The PIONEER 2 was an open-label RCT of 52 weeks 
where oral semaglutide 14 mg was compared with 
empagliflozin 25 mg in patients of T2DM on back-
ground metformin with HbA1c 7-10.5%. The mean 
age was 58 years, duration of DM 7.4 years, average 
HbA1c was 8.1%, body weight was 91.6 kg.

At 26 weeks there was greater reduction of HbA1c 
with oral semaglutide (14 mg, -1.5%) than empagli-
flozin (25 mg, -0.9%) which was statistically signifi-
cant (p < 0.005). There was greater reduction in body 
weight at week 26 with oral semaglutide 14 mg (-4.2 
kg) compared to empagliflozin 25 mg (-3.8 kg) which 
was not statistically significant. At week 52, HbA1c 
and body weight (trial product estimand) were sig-
nificantly reduced with oral semaglutide versus em-
pagliflozin.

The PIONEER 3 was a double-blind RCT of 78 
weeks where oral semaglutide 3 mg, 7 mg and 14 mg 
were compared with sitagliptin 100 mg in patients of 
T2DM on background metformin± sulphonylureas 
with HbA1c 7-10.5%. The mean age was 58 years, 
duration of DM 8.6 years, HbA1c was 8.3%, body 
weight was 91.2 kg. 

At 26 weeks the HbA1c with oral semaglutide 3 mg 
(-0.5%), 7 mg (-1.1%, p <0.0005), 14 mg (-1.4%, 
p-value <0.005) compared to sitagliptin 100 mg 



200

(-0.8%). There was statistically significant reduction 
in body weight at week 26 with oral semaglutide 3 
mg (-1.2 kg), 7 mg (-2.2 kg), 14 mg (-3.3 kg) com-
pared to sitagliptin 100 mg (-0.7 kg) which was sta-
tistically significant (p < 0.005). Week 78 reductions 
in both end points (HbA1c and body weight) were 
statistically significantly greater with semaglutide 14 
mg versus sitagliptin 100mg. 

The PIONEER 4 was a double-blind RCT of 52 
weeks where oral semaglutide 14 mg was compared 
with Liraglutide 1.8 mg and placebo in patients of 
T2DM on background metformin±SGLT2i with 
HbA1c 7-9.5%. The mean age was 56 years, dura-
tion of DM 7.6 years, average HbA1c was 8%, body 
weight was 94 kg. 

At 26 weeks there was greater reduction of HbA1c 
with oral semaglutide (14 mg, -1.3%) than liraglu-
tide (1.8 mg, -1.1%) and placebo (-0.1%) which was 
statistically significant (p < 0.005). There was great-
er reduction in body weight at week 26 with oral 
semaglutide 14 mg (-4.7kg) compared to liraglutide 
(-3.2 kg), placebo (-0.7 kg) which was statistically 
significant (p< 0.005). At week 52, HbA1c and body 
weight (trial product estimand) were significantly re-
duced with oral semaglutide versus liraglutude. 277 
(97%) participants in the oral semaglutide group, 274 
(96%) in the liraglutide group, and 134 (94%) in the 
placebo group completed the 52-week trial period

The PIONEER 5 was a double-blind RCT of 26 
weeks where oral semaglutide 14 mg, was com-
pared with placebo in patients of T2DM moderate 
renal impairment (glomerular filtration rate 30–59 
mL/min/1.73 m2) on background metformin±SU or 
metformin ± insulin with HbA1c 7-9.5%. The mean 
age was 70 years, duration of DM 14 years, average 
HbA1c was 8%, body weight was 90.8 kg. 

At 26 weeks there was greater reduction of HbA1c 
with oral semaglutide (14 mg, -1.1%) compared to 
placebo (-0.1%) which was statistically significant (p 
< 0.005). There was greater reduction in body weight 
at week 26 with oral semaglutide 14 mg (-3.7kg) 
compared placebo (-1.1 kg) which was statistically 
significant (p< 0.005). 

The PIONEER 6 was an event driven RCT where 

oral semaglutide 14 mg, was compared with placebo 
in patients of T2DM who were ≥ 50 years with CVD/
CKD or ≥ 60 years with CV risk factors on back-
ground standard of care. The mean age was 66 years, 
duration of DM 14.9 years, HbA1c was 8.2 %, body 
weight was 90.9 kg. 

Major adverse cardiovascular events occurred in 61 
of 1591 patients (3.8%) in the oral semaglutide group 
and 76 of 1592 (4.8%) in the placebo group (HR: 
0.79, 95% CI: 0.57-1.11; p< 0.001 for noninferiori-
ty). The cardiovascular risk profile of oral semaglu-
tide was not inferior to that of placebo. 

The baseline characteristics of participant were sim-
ilar in the SUSTAIN 6 and PIONEER 6 trials. How-
ever, while cardiovascular superiority was seen with 
injection semaglutide in the SUSTAIN 6 trial, only 
cardiovascular non-inferiority was seen in the PIO-
NEER 6 trial with oral semaglutide. The discrepancy 
could have resulted due to the difference in trial du-
ration and hence the number of cardiovascular events 
between the PIONEER 6 (137 events in 64 weeks) 
and SUSTAIN 6 (254 events in 104 weeks) trials. It 
however needs to be established whether the route 
of administration had any impact on cardiovascular 
outcomes. A CVOT of oral semagluitide, Heart Dis-
ease Study of Semaglutide in Patients with Type 2 
Diabetes (SOUL), may provide us more insights.

The PIONEER 7 was an open label RCT of 52 weeks 
where once daily flexibly dosed oral semaglutide 3 
mg, 7 mg and 14 mg were compared with once daily 
sitagliptin 100 mg in patients of T2DM on 1-2 back-
ground glucose lowering medications with HbA1c 
7.5-9.5%. The mean age was 57 years, duration of 
DM 8.8 years, HbA1c was 8.3%, body weight was 
88.6 kg. 

At 52 weeks there was a statistically significant (p< 
0.005) HbA1c reduction with oral semaglutide 14 
mg (-1.4%, p-value< 0.005) compared to sitagliptin 
100mg (-0.7%). There was statistically significant re-
duction in body weight at week 52 with 14 mg (-2.9 
kg) compared to sitagliptin 100mg (-0.8 kg) which 
was statistically significant (p< 0.005). 

The PIONEER 8 was a double-blind RCT of 52 
weeks where once daily oral semaglutide 3 mg, 7 mg 
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and 14 mg were compared with placebo in patients of 
T2DM on background insulin with HbA1c 7-9.5%. 
The mean age was 61 years, duration of DM 15 
years, HbA1c was 8.2%, body weight was 85.9 kg. 

At 26 weeks the HbA1c with oral semaglutide 3 mg 
(-0.6%), 7 mg (-1. %), 14mg (-1.4%) compared to 
placebo (-0.0%) which was statistically significant 
(p< 0.005). There was statistically significant re-
duction in body weight at week 26 with oral sema-
glutide 3 mg (-1.3 kg), 7 mg (-3.0 kg), 14 mg (-4.1 
kg) compared to placebo (-0.4 kg) which was statis-
tically significant (p < 0.005). Significantly greater 
dose-dependent HbA1c and body weight reductions 
versus placebo were achieved with oral semaglutide 
at weeks 26 and 52. 

PIONEER 9 and PIONEER 10 were done in Japa-
nese and showed the superiority of oral semaglutide 
in reducing HbA1c and body weight of compared to 
placebo and dulaglutide

A network meta-analysis showed that once-daily oral 
semaglutide 14 mg was associated with numerical-
ly greater HbA1c reductions than once-weekly sub-
cutaneous semaglutide 0.5 mg and dulaglutide 1.5 
mg and daily liraglutide 1.8 mg27. Oral semaglutide 
provided significantly greater body weight reduction 
than all GLP-1RA comparators except subcutaneous 
semaglutide 0.5 mg and 1.0 mg27. There is no head-
to-head comparison of oral semaglutide and inject-
able subcutaneous semaglutide.

Thus, oral semaglutide is an important weapon in 
our therapeutic armamentarium of oral anti-diabetic 
drugs that targets numerous pathophysiology pertur-
bations of T2DM, having excellent glucose lowering 
potential without causing hypoglycemia; with the 
extra-glycemic benefits of weight loss (having the 
highest potential compared to all other anti-diabetic 
agents other than injectable semaglutide) and cardio-
vascular safety. 

Oral semaglutide should be taken in a fasting state 
with up to 120 ml of water, as food and water inter-
feres with its absorption28. Post-dose fasting should 
be 30 minutes. No dose adjustment is required in with 
renal and hepatic impairment29,30. The dose is escalat-
ed in 4-week increments, starting at 3 mg once daily, 

to address potential GI side effects Oral semaglutide 
can increase the bioavailability of levothyroxine by 
33%, hence thyroid function should be monitored in 
those taking both agents. 

The future of oral insulin

Insulin is a poor candidate for oral delivery because 
of certain limitations. Typical bioavailability of oral 
peptides is <1% with large coefficient of variation. 
Despite low oral bioavailability, oral semaglutide 
made it to the markets but oral insulin has not yet 
done so. One of the reasons is that insulin has a has a 
very low therapeutic index. Because of the low ther-
apeutic index, excursions in insulin level (which are 
bound to occur in cases of low bioavailability) will 
diminish the benefits (poor glycemic control) and 
could cause harm (hypoglycemia) if the oral insulin 
failed to deliver the exact amount of insulin to the 
blood via the oral route on every occasion. Such lim-
itation is a lesser issue with oral semaglutide, despite 
a bioavailability of <1%. This is because along with 
its exceptional potency; its stability and long half-
life addresses intra-subject variability. The mitogenic 
effects of insulin on the GIT where insulin receptors 
are also present may also be a cause of concern. 

The oral bioavailability of IO338 developed by Novo 
Nordisk was low at 1–2% (though higher than that 
achieved with earlier New Drug Applications pro-
grams)12. The dose of oral insulin to provide simi-
lar responses with the subcutaneous insulin was ~60 
times the injection dose. Even if efficacious, the cost 
of production would be enormous. Hence the pro-
gram was discontinued. However, this study is the 
most significant clinical trial ever published on an 
oral insulin. The challenges to delivery of prandial 
insulin are the need for improved speed of insulin 
delivery ahead of a meal and the possibility of inter-
actions with food.

Meanwhile, other technological advances have been 
made in the delivery of insulin. This includes the use 
of continuous subcutaneous insulin infusion both 
open-loop and closed-loop mode of insulin delivery 
via the subcutaneous route. Transdermal delivery is 
also developing at an appreciable speed.  In the past 
few years, there has been a range of impressive de-
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vice designs for transdermal delivery that appear to 
out-perform permeation enhancers and other modes 
of oral delivery. 

It needs to be seen if the advancements in parenter-
al delivery of insulin and the numerous limitations 
to oral delivery of insulin shift the focus from oral 
delivery of insulin to more effective, convenient and 
safe delivery of insulin via the parenteral route.

Conclusion: 

There has been a relentless quest for mankind’s en-
deavor for oral delivery of peptides especially of in-
sulin. The dream for oral delivery has been fulfilled 
for a few polypeptides, namely semaglutide and oct-
reotide. There are others in different phases of devel-
opment. However, every peptide is different thereby 
posing unique options and challenges. The favorable 
pharmacokinetic and pharmacodynamic properties 
of semaglutide; and the unique feature of SNAC 
allowing its combination with semaglutide (but not 
with other GLP1-RAs eg liraglutide) has allowed 
the oral development of this important molecule in 
T2DM treatment. It is hoped that with a flurry of sci-
entific advancements and the success of oral sema-
glutide, greater development of more oral peptides 
would follow in the years to come. So, the peptide in 
a pill is definitely a promise of the current millenni-
um and we have just taken our first baby-steps. 
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GLP-1RA Coformulations with Insulin:  
Is it just a Marriage of Convenience?

Sunil Kumar Kota

Introduction: 

Type 2 Diabetes (T2DM) leads to increased risk 
of micro and macrovascular complications. 
T2DM is associated with abdominal obesity, 

arterial hypertension, low high-density lipoprotein 
cholesterol and high triglyceride levels. The coexis-
tence of at least three of these conditions points to  
metabolic syndrome, with increased all-cause and 
cardiovascular (CV) mortality by accentuated athero-
sclerosis. Medications acting on multiple pathophys-
iological aspects of De Fronzo’s ominous octet are 
always preferred. The new classes of drugs such as 
the glucagon-like peptide 1 receptor agonists (GLP1 
RA) or the sodium-glucose cotransporter 2 inhibitors 
(SGLT2i) act on several ‘novel’ targets including the 
incretin system, CV system, kidneys, brain. Apart 
from glycemic reduction (HbA1C), these molecules 
also reduce body weight, blood pressure, have favor-
able effect on Lipid profile, reduce CV morbidity and 
mortality and slower the progression of diabetic ne-
phropathy 

There is both increased fasting plasma glucose 
(FPG) and postprandial glucose (PPG) in T2DM. 
Both of these components contribute independently 
to increased HbA1C. In comparison to biphasic in-
sulin twice daily or prandial insulin thrice daily as 
add-on to metformin and sulfonylurea, Basal insulin 
in T2DM patients, showed similar glucose-lowering 
efficacy with less weight gain and lower hypoglyce-
mia risk. Therefore current guidelines recommend 
initiation with basal insulin to predominantly target 
the FPG by inhibition of hepatic glucose production. 
Progressive β cell failure is the reason for institu-
tion of Insulin therapy. Weight reduction, education, 

healthy lifestyle and usage of GLP-1 RA and SGLT2i 
will lead to delayed insulin initiation or complete ab-
olition of the need for insulin initiation in good num-
ber of patients.

Glucagon-like peptide 1 (GLP-1) is secreted from 
intestinal L cells and lowers glycemia by augment-
ing insulin secretion, supressing glucagon secretion 
in the pancreas in a glucose dependent manner. Ad-
ditionally GLP-1 decreases gastric motility, gastric 
emptying and therefore reduces appetite and increas-
es satiety in the central nervous system. There are 
multiple agonists of GLP-1 receptors (GLP-1 RA) 
including short-acting GLP-1 RAs (lixisenatide and 
exenatide with half-lives of 2–3 hours) and long act-
ing GLP-1 RAs (liraglutide, dulaglutide, semaglu-
tide, exenatide long-acting release and albiglutide 
with half-lives of up to several days). Short-acting 
GLP-1 RAs result in reduction of PPG by delaying 
gastric emptying. Whereas Long-acting GLP-1 RAs 
lead to greater FPG reduction by  glucose depen-
dent stimulation of insulin secretion and inhibition 
of glucagon secretion. There is weight loss due to 
reduced food intake resulting from delayed gastric 
emptying, increased satiety and decreased appetite 
leads. The combination of Basal insulin and GLP-
1 RA address seven of the eight pathophysiological 
processes of the ominous octet. Availability of both 
of them in fixed ratio combination (FRC)has the ad-
vantages of a single injection per day (lower number 
of injections per day), simplified treatment regimen, 
increased adherence to therapy  with health-relat-
ed quality-of-life. Table 1 depicts complementary 
mechanism of action by this combination. This can 
be an alternative to more complex treatments such as 
twice daily pre-mixed insulin injections or multiple 
daily injections regimen (MDI).

Chapter30
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Available insulin-glp-1 receptor agonist combina-
tions 

There are currently two fixed-ratio combinations of 
insulin and GLP-1 RA (FRC) available  They are iG-
larLixi and IDegLira. iGlarLixi is a once-daily FRC 
containing 100 units/ml of insulin glargine (iGlar) 
and 50 mcg/ml (pen A) or 33 mcg/ml (pen B) of lix-
isenatide (Lixi) in a 3 ml prefilled injection pen. iG-
larLixi is administered in dose steps (DS). One DS 
contains 1 unit of iGlar and 0.5 mcg of Lixi (pen A)/ 
0.33 mcg of Lira (pen B). In the U.S., the recom-
mended starting dose is 15 DS in patients on < 30 
units of basal insulin per day and 30 DS in patients 
on 30–60 units of basal insulin per day with a max-
imum daily dose of 60 DS per day . In Europe, the 
recommended starting formulation of iGlarLixi is as 
follows: 20 DS of iGlarLixi 100/50 for insulin naïve 
patients, 20 DS of iGlarLixi 100/50 for patients on 
20 to < 30 units of basal insulin per day and 30 DS 
of iGlarLixi 100/33 for patients on 30–60 units of 
basal insulin per day. Maximum daily dose is 40 DS 
of iGlarLixi 100/50 (40 units of iGlar and 20 mcg of 
Lixi) and 60 DS of iGlarLixix 100/33 (60 units of 
iGlar and 19.8 mcg of Lixi) per day. 

IDegLira is a once-daily FRC containing 100 units/
ml of insulin degludec (IDeg) and 3.6 mg/ml of GLP-
1 RA analog liraglutide (Lira) in a 3 ml prefilled in-
jection pen. One DS of IDegLira contains 1 unit of 
IDeg and 0.036 mg of Lira and the maximum daily 
dose is 50 DS per day (50 units of IDeg and 1.8 mg 
of Lira). The recommended starting dose is 10 DS as 
an add-on to oral glucose-lowering medications and 
16 DS when transferring from a therapy that includes 
a basal insulin component

Evidence of the available FRCs: 

The LixiLan and DUAL studies have demonstrated 
the efficacy and safety of iGlarLixi and IDegLira. 

a. iGlarlixi

The efficacy of iGlarLixi was proven in the LixiLan 
trial in insulin naïve patients on oral antidiabetic 
drugs (OADs). Greater reduction in HbA1C (Base-
line- 8.0%) was observed with iGlarLixi  (to 6.3%) 
than iGlar (6.5%) (least-squared [LS] mean differ-

ence of −0.17% P = 0.01). Furthermore LixiLan-O 
trial demonstrated that in patients inadequately con-
trolled on metformin with or without a second OAD 
(baseline HbA1C 8.1%) initiation of iGlarLixi led to 
higher reductions in HbA1C (to 6.5%) in compari-
son to addition of its individual components iGlar (to 
6.8%) and Lixi (to 7.3%) (both P < 0.0001). More 
number of participants reached target HbA1C of < 
7% (P <0.0001 for all). iGlarLixi performed consis-
tently superior to iGlar and Lixi alone in LixiLan-O 
trial subgroups according to baseline HbA1C (< 
0.001).

In the LixiLan-L trial, in patients inadequately con-
trolled on basal insulin with or without up to two 
OADs, initiation of iGlarLixi also led to greater 
reductions in HbA1C from baseline (to 6.5%) in 
comparison to addition of iGlar only (to 7.5%) (P < 
0.0001). Fifty five percent of patients on iGlarLixi  
achieved target HbA1C value compared to only 30% 
of those on iGlar. iGlarLixi was effective in HbA1C 
reduction irrespective of duration of Diabetes and 
baseline HbA1C with greatest reduction being ob-
served in patients with longest T2DM duration and 
in older population (age ≥ 65 years). Additionally 
there is earlier achievement of target HbA1C (at 12 
weeks). 

The LixiLan-G trial was performed to observe the ef-
fect of switching to iGlarLixi versus continuing with 
the GLP-1 RA therapy in patients inadequately con-
trolled on maximum tolerated doses of a GLP-1 RA 
with metformin ± pioglitazone or SGLT2i. In this tri-
al, iGlarLixi reduced HbA1C more than continuation 
with GLP-1 RA from a baseline value of 7.8%  in 
both arms to 6.7%  and 7.4%, respectively with mean 
difference 20.6%, (P < 0.0001). More iGlarLixi pa-
tients achieved target HbA1C (P< 0.0001) and the 
secondary superiority endpoint for iGlarLixi (P < 
0.001). Additionally in Comparison with sequential 
addition of iGlar and Lixi, initiation of iGlarLixi led 
to greater HbA1C reductions with associated weight 
loss and more patients reached target HbA1C < 7% 
despite lower insulin doses . A Bayesian network me-
ta-analysis of 8 RCTs including over 3500 patients 
demonstrated that ) in T2DM patients inadequately 
controlled on basal insulin and OAD(s), iGlarLixi 
showed similar glycemic control compared to thrice 
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daily mealtime insulin/basal insulin regimen and had 
better efficacy in comparison to the remaining inten-
sification strategies.

b. IDeglira

The DUAL-I trial demonstrated that, in people with 
T2DM inadequately controlled on metformin ± pi-
oglitazone (baseline HbA1C- 8.3%) initiation of IDe-
gLira led to greater reductions in HbA1C (to 6.4%) 
than initiation of IDeg (to 6.9%) or Lira (to 7%). A 
higher proportion of patients achieved an HbA1C of 
>7.0% with IDegLira (81%)  than with IDeg (65%, 
OR- 2.38, P < 0.0001) or Lira (60%, OR 3.26, P < 
0.0001). A superior glucose lowering was ensured 
over 26-week-long extension of DUAL-I study. The 
glucose lowering effect of IDegLira is consistently 
observed independent of the baseline HbA1C.

In the DUAL-IX trial, in patients with T2DM uncon-
trolled on oral therapy with SGLT2i ± other OADs 
(metformin, DPP-4 inhibitors and/or pioglitazone) 
IDegLira performed better than iGlar. DUAL- VIII 
trial demonstrated greater durability of addition of 
IDegLira to insulin naïve patients with T2DM inad-
equately controlled on OADs than iGlar alone. Pa-
tients on IDegLira had significantly longer time (me-
dian time > 2yrs) for requirement of intensification 
compared to those on iGlar (1 year). Fewer patients 
on IDegLira (37%) required treatemnt intensification 
than on iGlar (66%).  

In the DUAL-V trial, in people with T2DM inade-
quately controlled on iGlar and metformin, initia-
tion of IDegLira led to greater reductions in HbA1C 
(−1.81%)compared to those with continued titration 
of the IGlar (−1.13%, P < 0.001 for superiority). The 
DUAL-II trial demonstrated that, IDegLira resulted 
in greater reduction in HbA1C (−1.9%) than iDeg 
alone (−0.9%, P < 0.0001). As per DUAL- VII tri-
al, in patients with T2DM inadequately controlled 
on basal insulin (iGlar) and metformin, IDegLira 
was associated with equal glycemic efficacy as that 
of basal-bolus regimen, with lesser hypoglycemia 
and there was weight reduction benefit as well. As 
per DUAL-III trial, IDegLira demonstrated great-
er reduction of HbA1C (1.4%) vs continued GLP-
1RA therapy (0.3%, P < 0.001). Target HbA1C was 

achieved in higher proportion of patients. A number 
of prospective and retrospective observational stud-
ies from various countries including UK, US, Swe-
den, Israel and Switzerland have established the effi-
cacy of IDegLira in the ‘real world’ settings.

Hypoglycemia

Insulin therapy is associated with Hypoglycemia, 
which increases with the complexity of insulin regi-
mens. However the risk of hypoglycemia caused by 
the GLP-1 RAs is minimal. In comparison to iGlar 
in people with T2DM, IDeg was associated with less 
overall hypoglycemic episodes (estimated rate ratio 
[ERR] 0.83) and nocturnal hypoglycemic episodes 
(ERR 0.68).

a. iGlarlixi 

In the LixiLan-O trial, rates of documented symp-
tomatic hypoglycemia (< 70 mg/dl) were similar with 
iGlarLixi (1.4 events/ patient-year) and iGlar (1.2 
events) and lower with Lixi (0.3 events/patient-year). 
All total, 25.6% patients on iGlarLixi, 23.6% patients 
on iGlar and 6.4% of patients on Lixi experienced at 
least one hypoglycemic episode. Similarly as per the 
LixiLan-L trial hypoglycemia incidence were similar 
with iGlarLixi (40.0%) and iGlar (42.5%). Interest-
ingly, the biggest reduction of hypoglycemia event 
rate was seen in people with the longest T2DM dura-
tion and in older subjects ≥65 years. In the SoliMix 
trial, hypoglycemia events were lower by one-third 
in participants initiated on iGlarLixi in comparison 
to premix insulin BIAsp 30. Importantly, more dan-
gerous level 2 hypoglycemia events witnessed high-
est reductions. 

b. Ideglira

The DUAL-I established lower hypoglycemia rate 
with IDegLira vs IDeg (ERR 0.63, P < 0.0001) and 
higher rate vs Lira (ERR 8.52, P < 0.0001). These 
results were independent of baseline HbA1C. DU-
AL-IX trial confirmed lesser hypoglycemia with 
IDegLira than iGlar as an add-on to oral therapy 
with SGLT2i ± other OADs (ERR 0.42, P = 0.0035). 
Lower rates of hypoglycemia were observed with 
IDegLira vs IDeg, when used as add-on to OADs 
(mostly metformin and sulphonylurea), (ERR 0.44, P 
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< 0.0001- DUAL-VIII trial). As per DUAL-V, Initi-
ation of IDegLira vs continued titration of iGlar was 
accompanied by less hypoglycemic events (ERR 
0.43, P < 0.001). In the DUAL-II trial, the rates of 
hypoglycemia were similar between IDegLira and 
IDeg used.  IDegLira was associated with lesser in-
cidence of hypoglycemia (19.8%) versus basal bolus 
regimen (52.8%,  P < 0.0001). As per EXTRA study, 
initiation of IDegLira in patients led to an overall 
82% reduction of hypoglycemia after 6 months.

Body weight:

Insulin Therapy is linked with weight gain. Whereas, 
use of GLP-1 Ras is associated with weight loss. 

a. iGlarlixi

In the LixiLan-O trial, iGlarLixi and Lixi led to body 
weight reduction (−0.3 kg and −2.3 kg, respectively) 
and increased with iGlar (+1.1 kg), ultimately result-
ing in a significant difference of 1.4 kg between the 
iGlarLixi and iGlar treatment groups (P < 0.0001). 
The weight loss was consistently across baseline 
HbA1C, T2DM duration and BMI. Interestingly the 
weight reduction was more observed in those with 
shorter duration of diabetes, lower baseline HbA1C, 
and in obese individuals. At the end of LixiLan-L 
trial, the mean weight difference between iGlarLixi 
and iGlar group was 1.4 Kg (P < 0.0001). In the iG-
larLixi group, 54% patients didn’t gain any weight, 
whereas 62% of patients on iGlar gained weight. In 
the LixiLan-G, addition of iGlarLixi led to a mean 
weight gain of 1.9 kg.  Similarly, iGlarLixi was asso-
ciated with greater weight reduction in comparison 
to sequential approach of adding iGlar for 12 weeks 
followed by Lixi administration. As per the Bayesian 
network meta-analysis of 8 RCTs, there was higher 
weight reduction with iGlarLixi than addition of pre-
mix insulin (ETD in body weight reduction −2.2 kg), 
but IGlarLixi was not superior to mealtime insulin 
once/thrice daily + basal insulin regimens. 

b. Ideglira

In the DUAL-I trial, weight changes with IDegLira, 
Lira and iDeg were -0.5 kg, -3.0 Kg and +1.6 Kg re-
spectively resulting in an ETD for IDegLira vs IDeg 
of −2.22 kg (P < 0.001). In the Dual-IX, as an add-on 

to oral therapy with SGLT2i ± other OADs, IDegLira 
didn’t lead to any weight change, but body weight 
increased following iGlar by 2 Kg at 26 weeks (P < 
0.0001). In patients inadequately controlled on IG-
lar and metformin, IDegLira was superior (in weight 
change) to continued titration of (−1.4 kg vs +1.8 
kg, respectively with ETD of 3.2 Kg, P < 0.01). As 
per DUAL-VII, in patients inadequately controlled 
on iGlar and metformin, body weight decreased 
with IDegLira (−0.9 kg) and increased with the bas-
al-bolus regimen (2.6 kg) (ETD −3.6 kg P < 0.0001)  
with comparable glycemic efficacy. There was 0.7 
Kg weight reduction with IDegLira after usage for 
6 months in patients inadequately controlled on var-
ious treatment regimens. It is supported by studies 
from Switzerland, Sweden

Cardiovascular risk Reduction

There are no direct CV outcome trials with either of 
the two FRCs. There are indirect evidences support-
ing their CV neutrality or CV benefit from the CV 
outcome trials of their individual components. The 
ORIGIN and DEVOTE trials confirmed CV safety 
of iGlar and IDeg respectively people with T2DM. In 
people with T2DM and an acute coronary syndrome 
(myocardial infarction or hospitalization for unstable 
angina) within 180 days, the ELIXA trial, Lixi (10 
or 20 mcg) proved its CV safety, but didn’t demon-
strate CV benefit (4-point MACE. Lira (1.8 mg or the 
maximum tolerated dose) in people with T2DM and 
high CV risk, demonstrated CV benefit (reduction in 
3-point MACE, P = 0.01 for superiority), as per the 
LEADER trial. Efpeglenatide (4 mg and 6 mg doses) 
suggest a possible dose–response effect in relation 
to CV benefits of this GLP-1 RA (AMPLITUDE-O 
trial). Lira too has probable dose–response effect, 
therefore Lira in larger doses of IDegLira would be 
beneficial to effectuate its CV benefit.

Current place of insulin-glp-1 receptor agonist 
combinations: 

As per the Consensus report by American Diabetes 
Association (ADA) and European Association for 
the Study of Diabetes (EASD), the first injectable 
medication recommended is GLP-1 RA. In the event 
of HbA1C >10% and/or >2% above the target, an 
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FRC should be considered. In most of the situations, 
the first injectable drug should be GLP-1 RA, but in 
presence of catabolism, hyperglycemic symptoms, 
very high HbA1C (>10%) or blood glucose levels 
(>300 mg/dl),basal insulin is preferred. An FRC is 
considered in patients who are already on one in-
jectable medication (GLP-1 RA or basal insulin) and 
don’t meet their HbA1C target.

Adverse effects profile:

Insulin components in the FRCs  relates mainly to 
the risk of hypoglycemia and weight gain. Adverse 
effects of GLP-1 RAs include nausea, vomiting and 
diarrhea, injection-site reactions, antibody formation 
and increased heart rate (on average by 2–5 bpm). In 
particular, nausea is the most common adverse effect 
with incidence between 25% and 60%, which are of 
mild intensity and improve with time. The propor-
tion of patients requiring treatment discontinuation 
(because of GI side effects) was much lower: 4.9% 
(vs 1.2% with placebo). Furthermore iGlarLixi in the 
LixiLan-O trial, demonstrated lesser GI side effects 
than Lixi (9.6% vs 24% for nausea, 3.2% vs 6.4% for 
vomiting and 9.0% vs 9.0% for diarrhea). Older pa-
tients aged ≥65 years were more likely to discontin-
ue iGlarLixi in comparison to younger patients due 
to higher chances of nausea. Initiation of iGlarLixi 
has better GI tolerability than sequential approach 
of adding iGlar followed by initiation of Lixi after 
variable duration of treatment with iGlar. IDegLira 
too demonstrated fewer GI adverse effects than Lira 
used alone. As per the DUAL-I program, nausea (9% 
vs20%), vomiting (8% vs 8%) and diarrhea (13% 
vs 13%) were reported by IDegLira vs Lira. Similar 
trends were reported by DUAL- IX, DUAL- II trials 
and RWEs from Switzerland, UK. IDegLira was as-
sociated with more GI adverse effects than MDI regi-
men (11.1% vs 1.6%, DUAL-VII trial). Higher doses 
are associated with greater chances of discontinua-
tion due to early onset of GI adverse effects such as 
nausea and vomiting. 

Conclusion

Both iGlarLixi and IDegLira have better effect on 
glycemic control than their individual components, 
in T2DM patients inadequately controlled on oral 
therapy and other strategies like basal insulin up-ti-
tration or continuation with a GLP-1 Ras. They were 

similar in glycemic efficacy in comparison to initia-
tion of a basal-bolus regimen, with lesser weight gain 
and hypoglycemia. The weight gain due to insulin is 
significantly mitigated by the weight reducing effects 
of the GLP-1 RA and, conversely GLP-1 RA driven 
GI adverse effects can be substantially mitigated by 
the gradual up-titration of the FRC dose. There can 
be positive impact on patients’ quality of life because 
of a single dose per day. Because of these favorable 
characteristics, the FRCs are rightfully placed in the 
therapeutic guidelines for management of T2DM.
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Basal Insulin GLP-1 Receptor 
Agonist

Primary 
Effects

↓ Mainly FPG ↓ PPG (Short acting)  
↓ Interprandial 
glucose

↓ FPG (Long Acting)

Mecha-
nism

↓ Hepatic glucose 
production 

↑ Glucose-dependent in-
sulin secretion 

↑ Non-glucose 
dependent endog-
enous insulin

↓Glucose-dependent 
glucagon secretion

↓ Glucagon secre-
tion

↓ Gastric emptying rate

↑ Insulin concen-
tration

↑ Satiety

↓ Food intake
Effect on 
Weight

↑ Body weight  ↓Body weight

Table 1: . The complementary mechanisms of action of 
basal insulin and a GLP-1 receptor agonist. FPG, fasting 
plasma glucose; GLP-1, glucagon-like peptide 1; PPG, 
postprandial glucose
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The Sulfonylureas:  
The Game is Not Over Yet!

Kunjan Saikia

Introduction

The class of Sulphonylureas (SUs), has been in 
use for more than six decades,making it the 
oldest class of oral antidiabetic agent (OAD).

There has been addition of several newer agents to 
the OAD armamentarium for the treatment of type 2 
diabetes (T2D). In this article we aimed to highlight 
the continued advantage of specific SUs in terms of 
efficacy and underscore their cardiovascular safety 
compared to these newer classes of OADs.

A1C reduction

Persistent hyperglycemia needs to be controlled 
since it is an independent risk factor for CVD. Also, 
glycemic control is vital in reducing the risk of oth-
er microvascular and macrovascular complications.1 
The DiabCare India 2011 study and UKPDS 35 study 
for risk reduction have demonstrated that every 1% 
decrease in A1C may result in 14% CVD risk reduc-
tion and 19-43% reduction in risk of microvascular 
complications.5The cardiovascular outcome trials 
(CVOTs) and renal benefits beyond glycaemic con-
trol does not essentially underrate the significance 
of appropriate glycaemic control. This has also sub-
stantiated by the results of a Swedish cohort study 
in more than 4 lac participants which reiterated that 
A1c level outside the recommended target range was 
the strongest predictor of stroke and acute MI.2 A me-
ta-regression analysis of data from CVOTs and other 
studies involving antihyperglycemic agents showed 
that the trials with the highest A1c reduction had the 
lowest HR of major adverse cardiovascular events 
(MACE). 3,4

Thus, glucose-lowering and subsequent reduc-
tion in A1C are important considerations in treat-
ment of T2D and preventing complications. The 
enhanced and quicker efficacy in terms of A1C re-
duction of SUs over metformin monotherapy and as 
second-line instead of TZD is already well-estab-
lished.5,6SUs have demonstrated highest potency in 
terms of A1C reduction compared to even the new-
er classes of OADs which have demonstrated lesser 
decrements.7,8A systematic review and meta-analysis 
showed a 12% greater reduction in A1C with SUs 
compared to DPP-4I.9

A model-based meta-analysisof antihyperglycemic 
agents that included data from 229 RCTs and more 
than one lac twenty-one thousand patients found that 
A1Creduction was greater with glimepiride (1.5-
2.0%) gliclazide(1.04%) than with DPP4i (0.58–
0.72%), SGLT2i (0.65–1.01%) and thiazolidinedio-
nes(0.62–0.98%).10,11,12Its A1C reduction efficiency 
is comparable to the first-line OAD metformin and 
parenteral agent insulin.2As an add-on to metformin 
and insulin it additionally reduced A1C by 0.6% and 
0.46%, respectively.1,13

Hypoglycemia and Cardiovascular Safety

Among the several SUsthat were marketed in last 60 
years, the modern SUs (glimepiride and gliclazide) 
seems to have more advantages over the conven-
tional ones (glyburide/glibenclamide) specifically 
in terms of severity ofhypoglycemia. A large cohort 
study using U.K. Clinical Practice Research Data-
base in more than 17,000 patients spanned across 25 
years demonstrated that the conventional SUs have 
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more than twice as higher risk of severe hypoglyce-
mia than modern ones.14Among these SUs the rela-
tive hypoglycaemia risk was significantly lower with 
gliclazide than with glibenclamide and glipizide (3.6 
vs 8.9, 10.2and 13.9, respectively).3 Also,the GUIDE 
study demonstrated though theglycemic control was 
similar, Gliclazide MR was associated with 50% less-
er hypoglycemic episodes compared to long-acting 
SUs.15Though rates of hypoglycaemia were higher 
with SUs than with other OADs such as linagliptin, 
it is noteworthy that the absolute risk of hypoglycae-
mia is rather small, even in the SU-treated patients.16

Hypoglycemiais a known risk factor for adverse car-
diovascular events (CVE) and all-cause mortality 
(ACM) in patients with diabetes as affirmed by the 
Veterans Affairs Diabetes Trial (VADT) and the Ac-
tion in Diabetes and Vascular Disease: Preterax and 
Diamicron MR Controlled Evaluation (ADVANCE) 
trial.17,18,19Nevertheless, compared with specific, 
short-acting SUs, nonspecific, long-acting SUs were 
not associated with an elevated risk of acute myo-
cardial infarction (HR 0.86; CI 0.55–1.34), ischemic 
stroke (HR 0.92; CI 0.59–1.45), cardiovascular death 
(HR 1.01; CI 0.72–1.40), or all-cause mortality (HR 
0.81; CI 0.66–1.003). Thus, challenging the older 
inferences which recommended against long-acting 
SUs such as glimepiride. 

Given the hypoglycemia risk associated with SUs, 
their cardiovascular safety has often been a matter of 
debate. A meta-analysis of 47 RCTs, with a total of 
37,650 patients each spanning more than a year, con-
cluded that SUs were not associated with increased 
risk of ACM, (OR 1.12 [95% CI 0.96 to 1.30]), CV 
death (OR 1.12 [95% CI 0.87 to 1.42]), MI (OR 0.92 
[95% CI 0.76 to 1.12]), or stroke (OR 1.16 [95% CI 
0.81 to 1.66]) compared to placebo/diet interven-
tions, and other active interventions. Besides,several 
important studies put the CVE safety issue regarding 
SUs to rest.20,21The ADVANCE study in more than 
10000 patients ranging more than 5 years showed 
that the intensification of glycemic control with gli-
clazide modified release (MR) was not accompanied 
with an increase in the incidence of CVE despite 
slightly greater rate of hypoglycemia, rather it was 
similar to standard therapy.22,23,24The TOSCA-IT 
(“Thiazolidinediones Or Sulphonylureas and Cardio-

vascular Accidents-Intervention Trial”) was a 5-year 
trial in more than 3000 patients inadequately con-
trolled on metformin monotherapy. This study found 
that the incidence ofCVE was comparable in patients 
treated with either SU (glibenclamide, glimepiride or 
gliclazide) or treated with pioglitazone (HR for add-on 
pioglitazone vs sulfonylurea 0.96, 95% CI 0.74–1.26 
(p = 0.79).25 The latter has demonstrated CV benefits in 
the PROactive (“PROspec-tivepioglitAzone Clinical 
Trial In macroVascular Events”) study.26Among the 
various CVOTs an individual analysis of hospitaliza-
tion for heart failure as a stand-alone exploratory end-
point demonstrated a potential concern for saxagliptin 
but not for sitagliptin or alogliptin in TECOS and 
EXAMINE, respectively. However,the SGLT2 inhib-
itors empagliflozin and canagliflozin demonstrated 
non-inferiority aswell as superiority on MACE versus 
placebo in the EMPA-REG OUTCOME and CAN-
VAS trials, respectively.27,28In all of the above trials 
a high proportion of patients wereusing concomitant 
SUs (40.2–46.5%), which were maintainedduring the 
entire trial period.  This indicates that the improved 
cardiovascular outcomes notedalsooccur with a high 
proportion of pre-existing and concomitant SU use.

CAROLINA (“CARdiovascular Outcome study of 
LINAgliptinversus glimepiride in patients with type 
2 diabetes”) 6.3-year study compared glimepiride 
with a newer agent from DPP-4i class (Linagliptin) in 
more than 6000 patients at high CV risk with T2D.16 
CAROLINA reported no difference in the incidence 
of MACEs between Linagliptin and glimepiride (HR 
0.98; 95.47% CI 0.84, 1.14; (p<0.0001). The study 
reported similar between-group risks of CV mortality 
(HR 1.00; 95% CI 0.81, 1.24), non-CV mortality (HR 
1.00;95% CI 0.66, 1.03) and ACM (HR 0.91; 95% CI 
0.78, 1.06)with practically completely aligned curves.
It is worth mentioning that the CV safety of Linagliptin 
has been established in theCARMELINA (“CARdio-
vascular and renal Microvascular outcoMEstudy with 
LINAgliptin in patients with T2D at highvascular 
risk”) trial.29However, a real-world, multicentre ret-
rospective study that compared SUs (Gliclazide MR) 
with DPP-4i demonstrated significantly higher risk of 
HHF with DPP-4i both at 3 (1.47 (1.07-2.04) and 5 
years (1.34 (1.00–1.81); P<0.05, even with submaxi-
mal doses of the SU.
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Body weight

Most studies have shown clinically irrelevant weight 
difference between SUs and newer OADs such as 
DPP-4i.5 The weightgain associated with SUs is pos-
sibly associated with improved utilization of glucose 
and a ensuing decrease in glycosuria, thus reducing 
glucotoxicity.30

New problems of newer class of OADs

DPP-4i are commonly associated with nasopharyn-
gitis, upper respiratorytract infection, and headache 
and acute pancreatitis. SGLT2 inhibitors may cause 
urinary tract infections resulting in urosepsis and py-
elonephritis, as well as genital mycosis.These OADs 
may also increase the risk of dehydration and hypo-
tension in combination with diuretics,lower limb am-
putation and bone fractures.8

Cost Effectiveness

Since diabetes is a chronic disease necessitating reg-
ular and long-term treatment, cost-effectiveness of 
OADs plays a major role in optimization of therapy. 
Sulfonylureas have shown to be cost-effective com-
pared to other OADs including DPP-4i.31SUs are 
associated with a significantlylesser cost per quali-
ty-adjusted-life-years (QALYs) and result in length-
iest delay to insulin dependence.32 Sensitivityanaly-
sis on the medication cost reported lowest cost per 
QALY with SUs, nearly four times less than DPP-
4i.32

Insights from guidelines

Several national and International guidelines includ-
ing the American Diabetes Association (ADA) rec-
ommends second-generation SUs for use inASCVD 
or patients with HF or diabetic kidney disease (DKD) 
considering their innocuityon these comorbidities 
and excellent glycemic control. 

Summary

The long-established efficacy of SUs across sixty 
years needs to be weighed over newer OADs which 
are less than two decades old with emerging tolera-
bility issues. SUs are still widely proposed as second 
line treatment after metformin and often ranked at 

the same level as newer glucose-lowering medica-
tions.Moreover, the concerns regarding the cardio-
vascular safety of SUs have been hushed and clinical 
recommendations to select an OAD as second-line 
after metformin based on proven cardiovascular ben-
efitsreiterated.Lower cost with excellent glycemic 
control and adequate tolerabilitycan sustain SUs as 
second-line choice oftreatment of T2D.Glimepiride 
and gliclazide MR, are efficacious, cost-effective 
with lower absolute rates of hypoglycemia versus 
newer OADs. Therefore, even with incessant entry 
of newer classes of OADs, SUs remain unfinished.
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SGLT2 I: How it is Changing  
Our Approach to Managing Diabetes

N K Singh

Introduction

SGLT-2 inhibitors (SGLT-2i) are perhaps the 
most exciting newer anti-diabetics which 
now have garnered attention even beyond its 

traditional indication for type-2 diabetes mellitus 
(T2DM). Its clinical dimensions presently encom-
pass as frontline metabolic, cardiovascular (CV) and 
renal therapeutics. Three prototype agents– empagli-
flozin, canagliflozin and dapagliflozin have shown 
reductions in major adverse cardiovascular events 
(MACE) including CV deaths, non-fatal myocardial 
infarction (MI), stroke and heart failure (HF) hos-
pitalizations, but the Pandora’s Box is still likely to 
be unfolded [1]. SGLT2-Inhibitors have changed the 
whole perspective of current diabetes management.

Historical perspective

SGLT-2i has a remarkable history dating back more 
than 150 years. It was first isolated from the root bark 
of apple tree as a substance called Phlorizin as early 
as 1835. The first clue about how kidneys reabsorb 
glucose came in the early 1980s [2]. Canagliflozin 
was approved by FDA in 2013 as the first SGLT-2i, 
followed by dapagliflozin in January 2014, empagli-
flozin in August 2014 and ertugliflozin in 2017 [3]. 
Remogliflozin is the most recent addition to the list, 
approved by health regulatory authority in India in 
2019 [4]. Today SGLT-2i are being successfully be-
ing used to treat diabetes by harnessing the kidneys. 
This journey of SGLT2 inhibitors is going through 
an unimaginable curve showing tremendous benefits 
to meeting the multitudes of unmet needs of diabetic 
patients.

How SGlT2-Inhibitors have changed concepts 
and practices 

The tight glycemic control has been remained as 
backbone of diabetesmanagement.Over the last two 
decades, cardiovascular (CV) morbidity and mortali-
ty, has progressively declined in patients with diabe-
tes over the last two decades, but the trend in micro-
vascular complications has remained substantially 
unchanged. But recent trials have focused on car-
diovascular risk reduction as the primary objective. 
Now we find a contemporary shift in recommended 
strategy which extends beyond glycaemic control. 

We also must not forget that there are compelling and 
established data which support the benefit of long-
term glycaemic control in reducing the risk of mi-
crovascular complications. Also, the importance of 
legacy effect is quite clear.

What has changed now in 2022

It is a great leap that now the ESC guidelines have 
gone far ahead in recommending GLP-1 RAs (or 
SGLT-2 inhibitors) as first-line therapy in patients 
with established atherosclerotic cardiovascular dis-
ease or in those at high or very high risk (that is, three 
or more major risk factors or diabetes duration ≥ 10 
years without target organ damage, plus any other 
additional risk factors)

Most common complications of diabetes are: 
CKD& DKD.There has been a sea change in the 
management of DKD due to emergence of strong 
data with SGlT2 -Inhibitors.

Chapter32
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DKD a major contributor to CKD and ESRD, it also 
portends worse outcomes with a five-year survival 
rate of <40% in ESRD patients.

DKD has been shown to be a large contributor to 
the excess risk for all-cause and cardiovascular dis-
ease-related mortality amongst type 2 diabetic pa-
tients.

Now SGLT2 inhibitors, with or without metformin 
based on glycemic needs, are appropriate initial ther-
apy for individuals with type 2 diabetes with or at 
high risk for atherosclerotic cardiovascular disease 
(ASCVD), HF, and/or chronic kidney disease (CKD).

The Ways Forward

Can SGLT2-I be used to Prevent diabetes?

First evidence emerges from DAPA-HF trial which 
revealed among the participants who did not have 
T2DM at the start of the trial, treatment with da-
pagliflozin reduced the risk of developing diabetes 
by a whopping 32% compared to placebo [5]. After 
18 months, 4.9% of the dapagliflozin group had been 
diagnosed with diabetes compared to 7.1% of the 
placebo group (p=0.019). Implications of this new 
finding need to be translated. Amelioration of gluco-
toxicity and β-cell preservation might be the poten-
tial mechanisms [6].

Heart Failure: Compelling Indications to start in 
HFrEF

 It is now well known that empagliflozin in EM-
PA-REG OUTCOME trial, canagliflozin in CAN-
VAS trial and dapagliflozin in DECLARE-TIMI58 
trial have changed the way we treat diabetes today 
[1].

All guidelines have been changed recently as CV 
events prevention, renoprotection and reduction in 
hospitalization for heart failure are top most priority 
in diabetes.

 In 2019, when DAPA-HF results came, it amazed the 
scientific community.  DAPA-HF trial showed 26% 
relative risk (RR) reduction (HR 0.74;95% CI,0.65-
0.85) in primary end point– composite of CV death, 
or hospitalization or urgent emergency visit for HF, 

30% RR reduction (HR 0.70; 95% CI,0.59-0.83) in 
worsening HF and 18% RR reduction (HR 0.82; 95% 
CI,0.69-0.98) in CV death with all-cause death re-
duction of 17% [7]. 

Interestingly, DAPA-HF had 55% non-diabetics and 
when results were compared in pre-specified sub-
group of diabetics and non-diabetics, the benefits 
were observed in equal proportion in both groups 
without greater incidence of adverse outcome, sug-
gesting the drug’s efficacy is independent of glyce-
mic control. 

Multiple pleotropic effects of SGLT-2i (preload re-
duction by osmotic diuresis, neurohormonal modu-
lation, decreased blood pressure, improved oxygen 
delivery, improved endothelial function, renopro-
tection, reduced oxidative stress, inhibition of Na+/
H+ exchanger-1 etc) have been suggested in various 
experimental studies to explain this clinical outcome 
[1,8]. The message is loud and clear that dapaglifloz-
in can be used as a novel therapeutic drug to treat 
HF, irrespective of the presence of diabetes. Latest 
Canadian guidelines have already included this ben-
efit and extended use of dapagliflozin in non-diabet-
ics [9].

In a meta-analysis of the EMPEROR-Reduced and 
DAPA-HF trials, both of which investigated SGLT2 
inhibitors in patients with chronic HF with reduced 
ejection fraction (HFrEF), SGLT2 inhibitors resulted 
in a 13% reduction in all-cause death, 14% reduc-
tion in cardiovascular death, 31% reduction in first 
hospitalization for HF, and 38% reduction in adverse 
renal outcomes in these patients [8]. Given the robust 
evidence supporting the use of SGLT2 inhibitors in 
patients with HFrEF, the updated American and Eu-
ropean guidelines in 2021 included SGLT2 inhibitors 
in the guideline-directed medical therapies (GDMT) 
for chronic HFrEF

2022 heart failure guidelines represent a collabo-
rative effort by the ACC/AHA/HFSA and include 
major additions, including a new focus on the use 
of SGLT2 inhibitors

1. GDMT for HFrEF includes 4 medication classes 
that now includes SGLT2 inhibitors.
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2. SGLT2 inhibitors carry a Class 2a recommenda-
tion in HFmrEF

Use in HF with preserved ejection fraction (HF-
pEF):

Current treatment strategies in HFpEF are limited.
We have  treatments focusing on symptom control 
rather than morbidity or mortality benefit. Now 
promising results from the EMPEROR-Preserved 
study that show significantly reduced cardiovascular 
death or hospitalisation for heart failure (HHF) in pa-
tients taking empagliflozin, compared to those taking 
placebo. These results indicate a promising future for 
sodium-glucose co-transporter 2 (SGLT2) inhibitors 
in HFpEF.

Recently DElIVER trial (Top line results declared 
on 5th May 2022) showed to have have met the pri-
mary endpoint in this patient population of HFpE-
Ftoo.DELIVER is the largest and broadest trial to 
date in heart failure with mildly reduced or pre-
served ejection fraction. DELIVER trial extends 
the benefit of dapagliflozin to the full spectrum of 
patients with heart failure.

The EMPEROR-Preserved trial is the first random-
ized controlled trial testing the efficacy and safety 
of SGLT2 inhibitor (empagliflozin) in patients with 
HFpEF. The trial proves that SGLT2 inhibitors (em-
pagliflozin) can significantly reduce HF hospital-
ization with neutral effect on cardiovascular (CV) 
death. rovide further evidence of support for SGLT2 
inhibitors in HFpEF.

In HFpEF, SGLT2 inhibitors carry a Class 2a recom-
mendation

Acute Heart Failure

Initiation of SGLT2 inhibitors in patients hospi-
talized for AHF during hospitalization or early 
post-discharge (within 3 days) reduces the risk of 
rehospitalization for heart failure and improves pa-
tient-reported outcomes with no excess risk of ad-
verse effects. (EMPA-RESPONSE-AHF study)

Prefer SGLT2-I in diabetes with hypertension?

SGLT-2i have been shown to be effective in mod-

est reduction in systolic and diastolic blood pres-
sure. This reduction takes account for the 5–6 mm 
Hg decrease in systolic and the 1–2 mm Hg decrease 
in diastolic blood pressure (BP). The BP reduction 
seems independent from the improvement in glyce-
mic control. Initial diuretic mechanisms may lead to 
immediate antihypertensive effect but improvement 
in vascular stiffness and endothelial dysfunction also 
play key roles [10]. It is unique that SGLT2i-medi-
ated osmotic diuresis leads to more electrolyte-free 
water clearance leading to more prominent fluid loss 
from interstitial spaces compared to classical natri-
uretic dieresis. Moreover, BP reduction was not ac-
companied by deleterious neurohormonal activation. 
SGLT-2i have also been found to be beneficial in 
controlling nocturnal, non-dipping, resistant hyper-
tension [1].

Preventing  diabetic kidney disease (DKD)/CKD-
New nectar in Diabetes

Emerging evidence derived from trials and meta-anal-
yses point to cardio-protective and renoprotective ef-
fects of SGLT-2i that are maintained in patients with 
full blown DKD with baseline eGFR up to 30mL/
min/1.73m2 [11,12]. Decreased sodium reabsorption, 
neurohormoal modulation, favorable tubuloglomeru-
lar feedback, amelioration of glomerular hyperfiltra-
tion, downregulation of sodium-hydrogen exchang-
er-3, and increased hematocrit have been suggested 
as potential mechanisms of nephroprotection [1]. 
Scientific societies have moved to recommend the 
preferential use of SGLT-2i in patients with DKD. It 
is expected that regulatory authorities will increase 
the range of eGFR at which SGLT-2i can be used and 
also extend its possible use in non-DKD [1,13]. 

Some Illuminating aspects of SGLT2-Inhibitors in 
CKD

1. Large SGLT2-i- RCTs in diabetic and non-di-
abetic CKD patients on RAS blockade have 
shown that they slow kidney disease progres-
sion, decrease CV events and improve survival 
independent ofthe presence of diabetes.

2. The benefits appear to extend beyond diabetes 
to include patients with the second (hyperten-
sion/vascular nephropathy) and third (glomeru-
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lonephritis) most common causes of CKD

3. With all of this promising evidence, are we us-
ing SGLT2 inhibitors appropriately? And if not, 
why not? 

4. SGLT2 Inhibitors are an important weapon in 
our arsenal against not only type 2 diabetes, but 
also the conditions that we encounter that go 
hand-in-hand, including CKD and cardiovascu-
lar disease

5. Time has come, clinicians should initiate SGLT-
2 inhibitors for patients with type 2 diabetes and 
diabetic kidney disease who have an eGFR of at 
least 25 mL/min/1.73 m2

6. Do not delay initiation of SGLT-2 inhibitors as 
it will result in a faster progression of diabetic 
kidney disease irrespective of glycemic control, 
and it is crucial to initiate these medications as 
early as possible. 

7. Physician  should be aware of the initial revers-
ible drop in eGFR of approximately 5 to 8 mL/
min/1.73 m2 (up to a 20% drop) in the first 2 
weeks after starting SGLT-2 inhibitors, which is 
due to the hemodynamic effects of the drug

Point of Utmost Concern: 

1. Diabetic kidneys subject to RAAS blockade still 
progressed to kidney failure at a fairly signifi-
cant pace. 

2. To date, RAAS blockade has been the last suc-
cessful drug class for GFR preservation, inde-
pendent of the effect on blood pressure. That suc-
cess takes us back almost two decades, to 2001, 
when the RENAAL and IDNT trials showed that 
losartan and irbesartan, respectively, reduced the 
composite kidney endpoint (ESKD, doubling of 
serum creatinine, and mortality) by 15-20%.

While advances had been made in the treatment of 
various glomerulonephritides, the mantra for DKD 
seemed to be fixed on the time-tested but archaic 
principles of managing any kidney disease, namely 
blood pressure control, proteinuria reduction, and 
use of ACEI/ARBs.

• This approach has an unsatisfactory high rate of 
kidney failure and death

• It is important to remember that the majority of 
patients (~80%) in the early SGLT2i trials were 
on an ACEi or ARB and all of the patients

• In CREDENCE were on maximally tolerated 
doses of ACEi/ARB therapy.

•  So, SGLT2 inhibitors work in patients with 
DKD on RAAS blockade, which produces ef-
ferent vasoconstriction, but the crucial question 
remains: Why?

EMPA-KIDNEY-Illuminating Findings

•	 EMPA-KIDNEY trial stops early due to evidence 
of efficacy(16 March 2022)

•	 EMPA-KIDNEY is the largest and most inclu-
sive SGLT2 inhibitor trial in chronic kidney dis-
ease to date

• EMPA-KIDNEY, the trial enrollment crite-
ria aimed to include adults with CKD who 
are frequently seen in practice but were un-
derrepresented in previous SGlT2 inhibitor 
trials.

• The success of empagliflozin in EMPA-KID-
NEY follows its positive results in both 
the EMPEROR-Reduced and EMPER-
OR-Preserved trials

EMPA-KIDNEY includes a broad spectrum of 
adults with CKD, including people:

•	 With mildly to severely reduced eGFR (a mea-
sure of kidney function);

•	 With normal and increased levels of albumin (a 
type of protein present in the urine);

•	 With and without diabetes
•	 With CKD attributable to a wide range of under-

lying causes.
•	 Many of these patients have been under-repre-

sented in previous trials

Big Picture,which emerges now with SGlT2-In-
hibitors in CKD

1. Slowing in eGFR Decline by 0.5-1 ml/
min/1.73m

2
/year, predicts long-term Risk-Re-

duction for CKD Events
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2. Average patient would delay develop eGFR 
10 by over 15 years by taking Canagliflozin 
(CANVAS Trial)

3. Only SGlT2-inhibitor exert improve HHF 
and Kidney disease progression

Primary prevention of cardio-renal complications 
in T2DM:

While initial trials clearly pointed out reduced CV 
morbidity and mortality events with use of SGLT-2i 
among T2DM patients with high established athero-
sclerotic cardiovascular diseases (ASCVD) [11], the 
drug’s potential CV benefits among diabetics even 
without cardio-renal diseases are being actively ex-
plored. Meta-analysis [14] combining all the four 
big trials (EMPA-REG OUTCOME, CANVAS pro-
gram, DECLARE-TIMI58 and CREDENCE) has 
revealed SGLT-2i protects against CV disease and 
death among diabetics, irrespective of history of car-
dio-renal diseases. Thus, the researchers have called 
for revision of current anti-diabetic guidelines with 
placing SGLT-2i as a potential first line drug, at least 
for diabetics with high CV risk [15]. 

Diabeteic with Hyperurecemia-Lower gout risk by 
SGLT2 Inhibitors:

A meta-analysis of 62 studies, comprising 34941 
patients shows that any of the SGLT-2i significantly 
decreased serum uric acid levels compared to con-
trol [16]. A more recent real-world experience from 
295307 diabetic patients showed patients prescribed 
with SGLT-2i had 39% lower incidence of gout than 
those prescribed GLP1 agonist (4.9 events versus 7.8 
events per 1000 person-years) [17]. The resulting 
urate lowering effect of SGLT-2i secondary to renal 
glucosuric actions might be a potential mechanism 
through which these drugs provide CV and renal 
benefits [18].

Diabetic with Abdominal Obesity:Consider

SGLT-2i, in combination with other drugs (such as 
GLP-1 agonists) have been shown to reduce body 
weight, visceral adiposity, ectopic fat deposition and 
improves adipose tissue function and weight-relat-
ed quality of life [19]. Caloric loss via glucosuria, 
creating a hormonal balance favoring lipolysis and 

inhibiting lipogenesis, anti-inflammatory milieu, and 
promoting thermogenesis by enhanced browning of 
white adipose tissues with increased expression of 
uncouplers have been suggested as potential mech-
anisms [19,20]. Yet, as a monotherapy it’s unlikely 
that SGLT-2i can be deployed as anti-obesity with 
sole purpose of weight reduction due to activation 
of counter-regulatory pathways promoting compen-
satory hyperphagia and other factors [21].

Diabetic with  NASH/NAFLD:Consider

SGLT-2i are showing promising results in non-al-
coholic steatohepatitis (NASH) and non-Alcoholic 
fatty liver disease (NAFLD), a common accompani-
ment among diabetic and obese. Various studies have 
already shown that SGLT-2i improve serum level of 
liver enzymes, decrease liver fat, fibrosis, necroin-
flammation [22]. While SGLT-2i is probably the most 
ideal agent to treat coexistent T2DM and NAFLD, its 
use in non-diabetic NAFLD needs further research.

SGLT-2i in T1 diabetes -Needs very intelligent con-
sideration

SGLT-2i has been a lucrative option to treat T1DM 
due to its insulin-independent action. Some re-
cent trials like DEPICT-1,2. EASE-2,3, and inTan-
dem-1,2,3 were done to evaluate its effectiveness in 
T1DM. Although the glucose-lowering effect was 
modest, the risk for diabetic keto-acidosis (DKA) 
was substantial [23]. The increased risk of DKA is 
attributable to the failure to promptly recognize ear-
ly metabolic derangements that occur at much lower 
than usual glucose levels (euglycemic DKA) among 
SGLT-2i users. Thus, FDA has still not approved its 
use among T1DM, while other organizations like Eu-
ropean Medical Agency have limited its use in very 
strict clinical settings. SGLT-2i (dapagliflozin, sota-
gliflozin) should be avoided in people with T1DM 
with low insulin needs, who are at high risk of DKA, 
have difficulty adhering to their insulin regimen or 
have difficulty understanding and following treat-
ment instructions [1,23].

Diabetic with OSA-Consider

SGLT-2i significantly reduced the risk of new-onset 
obstructive sleep apnea (OSA) probably as a second-
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ary gain of weight loss [24].Study done with dapagli-
flozin showed that it reduced atrial fibrillation/flutter 
(AF) risk by 19% in T2DM regardless of previous 
history of AF, ASCVD or HF [25]Paper presented at 
ADA virtual meeting 2020 showed that empaglifloz-
in significantly reduced the requirement of insulin by 
59% (new-initiation of insulin, or >20% increase in 
insulin requirement) [26]. Thus, it appears SGLT-2i 
are emerging as insulin dose modifier.

Conclusion 

Usual indications of SGLT-2i keep changing in light 
of latest clinical trials. Some stories are well known 
but immense potential has not been yet explored. 
SGLT-2i which started its anti-diabetic journey with 
huge controversies has now emerged as an amazing 
weapon to fight not only in prevention of secondary 
cardio-renal complications but also in primary car-
dio-renal protection along with hosts of other meta-
bolic disorders.
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Dpp4 Inhibitors in the Treatment of 
Diabetes: Is it Relevant Today?
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Introduction: 

One of the largest global health emergencies of 
the 21st century, diabetes, which affects vul-
nerable population exponentially. The Inter-

national Diabetes Federation (IDF) in 2015 reported 
India as the country with second highest number of 
adults with diabetes(69.2 million) just behind Chi-
na. If the trend continues, the diabetes population in 
India has been estimated to reach 123.5 million by 
2040. In the meantime, management of diabetes have 
revolutionised over the last few decades. Various 
classes of antidiabetic drugs have been developed 
to treat T2DM. Recent researches have also focused 
on incretin-based therapies, which are widely used 
as treatment options in clinical practice. The 2 types 
of incretin-based therapies are glucagon-like pep-
tide (GLP)-1 receptor agonists, and inhibitors of the 
incretin degrading enzyme dipeptidyl peptidase-4 
(DPP-4)1.

Since the first DPP-4 inhibitor was approved to treat 
T2DM in 2006, 10 types of DPP4 inhibitors have be-
come available worldwide. They are also known as 
Gliptins, are mainly approved by FDA to be used as 
oral antidiabetic drugs in Type-2 Diabetes mellitus in 
adults. Currently FDA approved DPP4 inhibitors are 
sitagliptin, saxagliptin, linagliptin, teneliglitin and 
alogliptin. Another widely used gliptin, Vildagliptin 
is yet to receive FDA approval but has received ap-
proval from the European Medicines Agency (EMA). 
Beside usage as anti-diabetic drugs, recent studies 
have found their other properties like antihyperten-
sive effects, anti-inflammatory effects, antiapoptotic 
effects, and immunomodulatory effects on the heart, 

kidneys, and blood vessels which are independent of 
the incretin pathway2. 

How does DPP4 inhibitors works?

Enteroendocrine L cells of distal part of small in-
testine secrete Glucagon Like Peptide-1(GLP-1) in 
response to food taken orally. It stimulates glucose 
dependent Insulin release from the pancreatic islets, 
reduce post-meal glucagon secretions, delays gastric 
emptying time and reduce appetite. These glucose 
dependent insulin release and delayed gastric emp-
tying prevents hypoglycaemic events and leads to 
weight loss. GLP-1 has got a half-life of 1-2 mins as 
it’s degraded by DPP4 enzymes at N-terminal. 

The other neuroendocrine hormone, GIP is secreted 
from the K cells of stomach and proximal small in-
testine has half-life of 7 minutes in healthy popula-
tion and 5 minutes in population with Diabetes. 

As these incretins(GLP-1 and GIP) are having short 
half-life and degraded by DDP4 enzymes within min-
utes, DPP4 inhibitors act on these incretins(GLP-1 
and GIP) when administered, thereby increase their 
half-life which in turn increase beta-cell insulin se-
cretion in the pancreas, preventing postprandial

and fasting hyperglycaemia. Some studies also sug-
gest that GLP-1 stimulate growth of developed B- 
cells and also prevents B-cell apoptosis in pancreas 
in vivo limiting B-cell dysfunction in Type 2 diabetes 
patients3.

Chapter33
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DPP4 INHIBITORS AND IMPACT ON GlYCE-
MIC CONTROl: 

DPP4 inhibitors have no direct hypoglycaemic ef-
fect  as they act indirectly by alternation of endog-
enous GLP1 and GIP, thereby inhibiting catalytic 
activity of DPP4 enzymes. Once ingested, DPP4 
inhibitors increase post-prandial insulin secretion, 
at the same time, they supress glucagon secretion 
leading to decrease hepatic glucose production and 
improve peripheral glucose uptake causing reduction 
in post-prandial glucose levels in Type-2 DM. Stud-
ies also have demonstrated that Gliptins significantly 
achieve fasting blood sugar targets levels by around 
50% of patients4. 

While DPP4 inhibitors are used as a component of  
dual or triple therapy along with other OADs like 
metformin, sulphonylureas, SGLT2 inhibitors, and 
Insulin, the glycaemic control are better   and has 
been found to reduce HbA1C significantly without 
higher incidence of hypoglycaemia5. 

The glycaemic variability of gliptins in comparison 
to other OADs is lesser irrespective of their baseline 
HbA1c levels if started as combination or add on 
therapy. DPP4 inhibitors are known to have modest 
effect in terms of glycaemic control having average 
HbA1c reduction in the range of 0.5 to 0.8%.  

Some studies have reported that Gliptins have dec-
remental effects if they are used more than 2 years.6

DPP-4 inhibitors in Special Scenario:

Diabetes is known to be associated with both micro 
and macrovascular complications involving major 
organs like Kidney, Heart, Liver etc. That’s why 
while selecting DPP4 inhibitors, the associated co-
morbidities and  different complications are to be 
considered before specific management and to be in-
dividualised accordingly. Importantly, few diabetes 
mellitus trials have prospectively evaluated and ad-
judicated heart failure as an end point. DPP4 enzyme 
is expressed in tissues the heart and blood vessels 
beside kidney. Thus, the inhibition of this enzyme by 
DPP4 inhibitors may affect these organs. Recent re-
sults of cardiovascular outcome trials (CVOTs) and 
other clinical trials on DPP-4 inhibitors are available. 

DPP-4 inhibitors on cardiovascular diseases:

The SAVOR-TIMI Trial, Saxagliptin was compared 
with Placebo in 16,492 patients to assess the isch-
emic events in comparison to placebo arm where 
Saxagliptin was not associated with increased risk 
of ischemic events compared to placebo arm. In 
the context of balanced primary and secondary end 
points, saxagliptin treatment was associated with an 
higher risk or hospitalization for heart failure. This 
increase in risk was highest among patients with el-
evated levels of natriuretic peptides, previous heart 
failure, or chronic kidney disease7.

A randomized, double-blind non-inferiority trial 
(TECOS) was conducted in 14,671 patients to com-
pare whether sitagliptin was noninferior to placebo. 
Sitagliptin was found to be noninferior to placebo for 
the primary composite cardiovascular outcome (haz-
ard ratio, 0.98; 95% CI, 0.88 to 1.09; P<0.001). Rates 
of hospitalization for heart failure did not differ be-
tween the two groups (hazard ratio, 1.00; 95% CI, 
0.83 to 1.20; P=0.98).  Among patients with type 2 
diabetes and established cardiovascular disease, add-
ing sitagliptin to usual care did not appear to increase 
the risk of major adverse cardiovascular events, hos-
pitalization for heart failure, or other adverse events8. 

CAROlINA9 trial assessed cardiovascular out-
comes of linagliptin vs glimepiride (sulfonylurea) 
in patients with type 2 diabetes(relatively early) and 
risk factors for or established atherosclerotic cardio-
vascular disease in 6042 participants up to  was 6.3 
years(median). Among adults type 2 diabetes and 
elevated cardiovascular risk, the use of linagliptin 
compared with glimepiride resulted in a noninferi-
or risk of a composite cardiovascular outcome. In 
another trial, which was Randomized, placebo-con-
trolled, multicenter noninferiority trial (CARMElI-
NA)10, linagliptin was evaluated for CV and kidney 
outcomes in patients with type 2 diabetes at high risk 
of CV and kidney events. Among adults with type 2 
diabetes and high CV and renal risk, linagliptin add-
ed to usual care compared with placebo added to usu-
al care resulted in a noninferior risk of a composite 
CV outcome over a median 2.2 years.

Vildagliptin is an effective and safe therapeutic op-
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tion for patients with T2DM, both as monotherapy 
and as add-on treatment Sixty-nine studies (28,006 
patients) were included in the meta-analysis. Com-
pared with placebo, vildagliptin was as effective as 
other antidiabetic agents without increasing the risk 
for hypoglycaemia (OR 0.19; 95 % CI 0.15 to 0.24; 
I  = 78 % versus active comparators)11. While us-
ing Teneligliptin, in a retrospective cohort study in 
6,682 T2DM patients from south Korea, the subjects 
were newly prescribed DPP-4 inhibitors or sulfony-
lurea and matched in a 1:1 ratio by propensity score. 
During 641 days of follow-up, the use of teneligliptin 
was not associated with an increased risk of all-cause 
mortality. Among T2DM patients, teneligliptin ther-
apy was not associated

with an increased risk of CV events including HHF, 
but was associated with a lower risk of hypoglyce-
mia compared to sulfonylurea therapy12.

The EXAMINE trial tested the efficacy and safety 
of alogliptin, an inhibitor of dipeptidyl peptidase 4, 
compared with placebo in 5380 patients with type 
2 diabetes and a recent acute coronary syndrome. 
As the Alogliptin was mainly cleared through renal 
route, the study was also assessed the efficacy and 
safety of alogliptin vs. placebo according to the renal 
function strata. It was found that Alogliptin may ben-
efit patients with eGFR ≥ 60, but may be detrimental 
to patients with eGFR < 60 ml/min/1.73m2.13

OPTIMUS study was performed to evaluate the long-
term cardiovascular safety of gemigliptin in patients 
with type 2 diabetes mellitus (T2DM). The incidence 
of all-cause mortality was 0.82% (3.2 events per 1000 
person-years) and the incidences of other cardiovas-
cular events were all less than 0.3%. In conclusion, 

T2DM patients who received gemigliptin exhibited a 
low incidence of the primary composite MACE and 
all-cause mortality. Therefore, the use of gemigliptin 
is expected to be safe without an increase in cardio-
vascular risk.14

Table-1: DPP-4 inhibitors in Cardiovascular 
diseases:

DPP4 Inhibitors
CV effects

ASCVD HF
Sitagliptin Neutral Neutral

Vildagliptin No CVOT No CVOT
linagliptin Neutral Neutral

Teneligliptin No CVOT No CVOT
Alogliptin Neutral Neutral
Evogliptin No CVOT No CVOT

DPP4 inhibitors in renal impairment: 

Most of the DPP4 inhibitors available today in mar-
ket show a renal elimination, therefore they require 
dosage modification in patients with renal impair-
ment except Linagliptin, which is eliminated through 
a hepatobiliary route. Therefore, it can be used in 
diabetes patients with normal kidney function for a 
prolonged period as well as with Diabetes Kidney 
disease in all stages even with  glomerular filtra-
tion rate <15 ml/min/1.73 m2 without dose adjust-
ments.15 Approximately, 34% of administered dose 
of Teneligliptin is excreted unchanged via the renal 
route, while 66% is metabolized and eliminated via., 
the hepatic and renal routes. In reported literature, 
teneligliptin has shown to exhibit stable pharma-
cokinetic parameters irrespective of stages of renal 
impairment. All DPP4 inhibitors can be given to pa-
tients with stage-1 renal impairment or if eGFR  is  
>50 ml/min/1.73m2)16 .

Table-2: DPP-4 inhibitors in renal Impairment:

DPP4 Inhibitors Standard Dose eGFR (30-50 ml/
min/1.73m2) 

eGFR (15-29 ml/
min/1.73m2) 

eGFR (< 15 ml/
min/1.73m2)

Alogliptin 25mg Reduce dose to 12.5mg Reduce dose to 6.25mg Reduce dose to 6.25mg
Evogliptin 5 mg No Dosage adjustment No Dosage adjustment No Dosage adjustment
linagliptin 5mg No dose change No dose change No dose change
Saxagliptin 5mg Reduce dose to 2.5mg Reduce dose to 2.5mg Not recommended
Sitagliptin 100mg Reduce dose to 50mg Reduce dose to 25mg Reduce dose to 25mg
Teneligliptin 20 No Dosage adjustment No Dosage adjustment No Dosage adjustment
Vildagliptin 100mg Reduce dose to 50mg Reduce dose to 50mg Reduce dose to 50mg
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DPP4 inhibitors in Hepatic impairment:

Among DPP4 inhibitors, Alogliptin, is not required 
for dosage adjustment in mild to moderate hepatic 
impairment but there was no study in severe hepatic 
impairment, therefore it’s not recommended in 
patients with severe hepatic dysfunction.  Studies 
suggest that pharmacokinetically, linagliptin 
doesn’t need for dosage adjustment in hepatic 
impairment but robust data of post marketing analysis 
as well as clinical experiences are lacking. On the 
other hand, Saxagliptin can be used with caution in 
patients with mild to moderate hepatic dysfunction 
but not recommended in severe impairment. Dosage 
adjustment of Sitagliptin also not necessary in mild 
to moderate hepatic dysfunction, but it was not been 
studied in individuals with severe hepatic impairment, 
therefore care should be exercised or better avoid. 
Vildagliptin should be used cautiously in any form of 
hepatic dysfunction or better to avoid16,17  

Table-3: DPP-4 inhibitors with Hepatic 
Impairment: 

DPP4 Inhibitors
Hepatic Impairment(Child class)

CTP A/B CTP C
Sitagliptin Can be given No studies

Vildagliptin High risk High risk
linagliptin Can be given Can be given

Teneligliptin Can be given No studies
Alogliptin High risk High risk
Evogliptin No studies No studies

DPP4 inhibitors during Ramadan or Fasting: 
Several studies(VIRTUE and VERDI ) have found 
that DPP4 inhibitors have lower incidences of hy-
poglycaemia if used during fasting period or festive 
seasons like Ramadan18,19,20.

DPP4 inhibitors in Elderly Population:  In spite 
of elderly population are more susceptible to hypo-
glycaemia due to various factors like autonomic dys-
function, polypharmacy etc, DPP4 inhibitors have 
been found to be safer in elderly in comparison to 
SGLT2i, GLP1RA, Sus, Glinides  and AGIs.20 

ADVERSE EFFECTS AND CONTRAINDICA-
TIONS:

Adverse effects with the gliptins are usually mild 
and transient. The most common adverse reactions 
occurring in  patients who received DPP-4 inhibitors 
were upper respiratory tract infection/Sore Throat 
(5-7%), nasopharyngitis(7-9%), Dizziness(4-6%), 
Dyspepsia(3-5%), Arthralgia(3-5%),headache (3-
5%), Diarrhoea (2-5%), Pruritis(1-2%). Studies have 
found that the incidence of hypoglycaemia lower if 
DPP4 inhibitors are used alone. The risk of Hypo-
glycaemia is reportedly increased when DPP4 inhib-
itors are used in combination with a sulfonylurea or 
insulin; In patients with renal impairment, dosage 
adjustments of most of the Gliptins are  necessary to 
minimize the potential risk for hypoglycaemia.

Other adverse events that have been identified from 
post-marketing reports of DPP4 inhibitors include 
serious allergic reactions, including anaphylaxis,  
angioedema, pancreatitis and Stevens–John-son syn-
drome.  The long-term safety profile of the gliptins is 
yet to be established. Ideally, DPP4 inhibitors should 
not be used in those individuals with hypersensitivity 
to any of the components of the formulation or with 
definite adverse effects and in cases of pregnancy, 
Lactation,  and type-1 DM. There is also limited data 
on the use of  DPP4 inhibitors in diabetic Ketoacido-
sis or non-ketotic Coma, Severe Heart-Failure(NY-
HA-III/IV), Severe Hepatic and renal Impairment. 
Of course, there is no obvious drug to drug interac-
tions with gliptins as reported.21, 22

CURRENT RECOMMENDATIONS:

Following the recent demonstration of several long-
term cardiovascular outcomes trials and other new 
studies, the EASD/ADA position statement on man-
agement of hyperglycaemia in type 2 diabetes was re-
vised again in 2022. As per ADA 2022 recommenda-
tion, the suggestion in this novel position document 
is that metformin is still the first line glucose-low-
ering pharmacotherapy. When this is insufficient 
for managing the hyperglycaemia, when there is a 
compelling need to promote weight loss or minimise 
weight gain, and to minimize the risk of hypogly-
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caemia, DPP-4 inhibitors are preferred, except when 
cost may be an issue with some of the gliptins.23

DPP4 inhibitors as  combination or add on ther-
apy: : 

Further clinical development has focused on the po-
tential combination and as add on therapy between 

DPP-4 inhibitors,  SGLT2 inhibition, sulfonylureas 
and Insulin. Few of these combinations have been 
suggested as a potential early glucose lowering treat-
ment of type 2 diabetes due to their complement-
ing mechanism of action. Clinical studies have also 
verified augmented glucose-lowering action of this 
combination in association with low risk for hypo-
glycaemia24,25.

Table-4: DPP-4 inhibitors with Combinations or add on therapy: 

DPP4 inhibi-
tors

With MF With MF 
and SU 

With Insu-
lin and MF 

Monotherapy

(If Metformin  not 
tolerated or con-
traindicated) 

With PG With SU With insulin 

Alogliptin Yes Yes Yes No Yes Yes Yes 
linagliptin Yes Yes Yes Yes No No Yes 
Saxagliptin Yes Yes Yes Yes Yes Yes Yes 
Sitagliptin Yes Yes Yes Yes Yes Yes Yes 
Vildagliptin Yes Yes Yes Yes Yes Yes Yes 

MF = metformin SU = sulfonylurea PG = pioglitazone

CONClUSION:

Although gliptins are approved as adjunctive thera-
pies to diet and exercise in type-2 diabetes, current 
data suggest that metformin  still remains as a first-
line treatment for significantly lowering blood glu-
cose levels unless contraindicated or not well tolerat-
ed. The potential benefits of DPP-4 inhibitors include 
their complementary mechanism of action with other 
antidiabetic medications, a favourable adverse-effect 
profile, and a neutral effect on weight. With a low risk of 
hypoglycaemia, DPP4 inhibitors may also be tried for 
those who are close to their target HbA1c but contin-
ue to experience elevated glucose levels after meals. 
Though cost was a major issue with gliptins, most of 
them are now coming with reduced cost. While se-
lecting one DPP-4 inhibitor over another, compara-
tive clinical data are limited. Identifying appropriate 
patients for DPP-4 inhibitors therapy should include 
the risk of adverse effects or other special clinical 
conditions and the modest treatment benefits associ-
ated with this drug class. Thus, it appears that when 
we have plethora of options in managing diabetes, 
DPP4 inhibitors as a class is still very much relevant 
in today’s diabetes care.  
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Metformin:  
“The Good Old Friend”

Manoj Kumar Gogoi

Abstract

Metformin is one of the earliest oral anti-
diabetic medications and is still recom-
mended as the first-line treatment for type 

2 diabetes (T2D) by practically all current guide-
lines. It has evolved into a drug with many possible 
therapeutic applications.Metformin showsbenefitsin 
pathological disorders like prediabetes, type 1 dia-
betes (T1D), gestational diabetes mellitus (GDM), 
and polycystic ovarian syndrome (PCOS).It exhibits 
anti-inflammatory properties making it a promising 
treatment option for various diseases.Studies suggest 
that metformin may have cardioprotective, hepato-
protective, and nephroprotective properties.Further 
studies have shown that metformin reduces the risk 
of developing cancer, suppresses the development of 
neurodegenerative diseases, and has antiaging prop-
erties. Metformin is also a viable candidate drug for 
diabetic coronavirus disease 2019 (COVID-19).This 
paper aims to briefly overview metformin’s thera-
peutic use, potential mechanisms, pleiotropic effects, 
and future indications beyond diabetes.

Keywords: Cardioprotective, Hepatoprotective, 
Metformin, Nephroprotective, Pleiotropic, Prediabe-
tes, Type 2 diabetes

Introduction

Metformin is one of the earliest and most extensive-
ly prescribed medications for type 2 diabetes (T2D) 
treatment.It is listed as an essential medicine by the 
World Health Organization.Metformin has evolved 
from a compound with unclear therapeutic potential 
to a routinely prescribed drug.1Nearly all guidelines 

since the United Kingdom Prospective Diabetes 
Study (UKPDS) recommend metformin as the first-
line therapy for T2D.2Metformin is available in both 
immediate-release and extended-release forms and 
is frequently used in combination with other antidia-
betic agents.3In recent years, novel insights into met-
formin’s mechanism of action and the latest clinical 
data have been unraveled, which may make it helpful 
in treating conditions other than diabetes.4

This review article explores metformin’s history and 
clinical use, possible mechanisms, and its future in-
dications beyond diabetes.

Historical overview 

Galega officinalis, popularly known as the French 
lilac, is the source of metformin (1,1-dimethylbigu-
anide). The first mention of its glucose-lowering 
effects in the literature was reported way back in 
1772.1During the 1920s and 1930s, guanidine com-
pounds, such as metformin, were created and de-
veloped as diabetes therapies but abandoned due to 
their toxicity and availability of insulin.Metformin 
was unearthed in the 1940s while looking for anti-
malarial drugs and was found effective in treating in-
fluenza and lowering blood glucose levels. 5Despite 
substantial doubt about metformin for the treatment 
of T2D due to phenformin’s failure, additional trials 
in the 1980s and 1990s produced good evidence for 
metformin’s glucose-lowering effectiveness in T2D 
patients with minimal adverse effects.As a result, 
the US Food and Drug Administration (FDA)ap-
proved metformin in 1994, and since then, it has rad-

Chapter34
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ically changed the standard of care for people with 
T2D.1The UKPDS identified long-term cardiovascu-
lar (CV) advantages of metformin in 1998, offering a 
new rationale for using metformin as the initial treat-
ment for T2D hyperglycemia.5

Metformin and Diabetes

Metformin is a low-cost drug shown to reduce blood 
sugar levels in obese and non-obese T2D patients.6It 
reduces serum glucose levels in multipleways. Met-
formin is known as an “insulin sensitizer” because it 
enhances the effects of insulin. It inhibits the liver’s 
endogenous glucose synthesis, owing to a decrease 
in the rate of gluconeogenesis and a little impact on 
glycogenolysis. It also activates the adenosine mo-
nophosphate kinase (AMPK), inhibiting the liver’s 
crucial enzymes involved in gluconeogenesis and 
glycogen formation. It promotes insulin signaling 
and glucose transport in muscles. Metformin also 
improves peripheral glucose elimination,primarily 

due to enhanced non-oxidative glucose disposal into 
skeletal muscle.7

Metformin lowers HbA1c levels by 1%–1.5%, de-
pending on baseline levels, and is well-tolerated, 
while gastrointestinal (GI) side effects are prevalent 
during the first few weeks of treatment.Hypoglyce-
mia is infrequent during metformin medication, and 
lactic acidosis, a potentially fatal side effect, Is rare.6

The landmark UKPDS showed that intensive glucose 
control with metformin decreased the risk of diabe-
tes-related outcomes in overweight, diabetic patients 
and was linked with less weight gain and fewer hy-
poglycemic incidents than insulin and sulfonylureas.
The major benefits of metformin therapy in the UK-
PDS are shown in Figure 1.8,9 Also, long-term treat-
ment with metformin might reduce CV events and 
improve survival.In 2008, a 10-year follow-up of the 
UKPDS revealed that early metformin treatment had 
a continuing CV benefit.5

Figure 1:Key findings of metformin in UKPDS

(*P value = 0.0023; **P= Not significant; *** P value = 0.017; ****P value = 0.011; P value = 0.01)

Metformin is effective as both monotherapy and in combination with other glucose-lowering medicines. 
10The global DISCOVER study revealed that metformin was the most used first-line treatment (70%), either 
as a monotherapy (55.6%) or in combination with a sulfonylurea (14.4 %) (Figure 2).The combination of 
metformin and a dipeptidyl peptidase-4 inhibitor (DDP4i) (23.5 %) or a sulfonylurea (20.9%) were the most 
prescribed second-line treatments.11 p value = Ns



233

Figure 1:Key findings of metformin in UKPDS

(*P value = 0.0023; **P= Not significant; *** P value = 0.017; ****P value = 0.011; P value = 0.01)

Metformin is effective as both monotherapy and in combination with other glucose-lowering medicines. 
10The global DISCOVER study revealed that metformin was the most used first-line treatment (70%), either 
as a monotherapy (55.6%) or in combination with a sulfonylurea (14.4 %) (Figure 2).The combination of 
metformin and a dipeptidyl peptidase-4 inhibitor (DDP4i) (23.5 %) or a sulfonylurea (20.9%) were the most 
prescribed second-line treatments.11 p value = Ns

Figure 2:First-line therapy of patients participating in the global DISCOVER study

(DPP4i = Dipeptidyl peptidase-4 inhibitor; SU= Sulfonylurea )

First-line therapy

DeFronzo et al., in 1995, best demonstrated the metformin’s efficacy. In ‘protocol 1’ of this study, 289 obese 
participants with uncontrolled diabetes, treated with diet alone, were randomized to receive metformin or pla-
cebo. If fasting plasma glucose (FPG) surpassed 140 mg/dl and side effects were manageable, the metformin 
dose was increased from 850 mg per day to 850 mg three times daily. At week 29,FPG was reduced by 52 mg 
/dl in the metformin group and increased by 6 mg/dl in the placebo group (P<0.001) (Figure 3). With met-
formin,HbA1c decreased by -1.4%, while, with placebo, it increased by 0.4% (P<0.001). At 29 weeks,22% of 
the patients treated with metformin had FPG concentrations of ≤ 140 mg /dl, vs. 6 % in the placebo group (P 
= 0.001).Metformin also showed statistically significant decreases in plasma total and low-density lipoprotein 
cholesterol (LDL-C) and triglyceride concentrations.12

Figure 3: Mean change in fasting plasma glucose

A study by Garber and colleagues demonstrated the dose-dependent efficacy of metformin.Metformin, at 
dosages of 500 to 2000 mg daily, reduced adjusted mean FPG and adjusted mean HbA1c more than placebo 
(Figure 4).13
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Figure 4: Adjusted mean changes from baseline in glucose parameter at the endpoint

Metformin was well tolerated in both DeFronzo et al. and Garber et al. studies, with mild GI side effects and 
no increased risk of hypoglycemia.10

Combination therapy

Metformin can be combined with practically any 
other glucose-lowering medication.2One of the most 
prescribed drug combinations is metformin and sul-
fonylurea. In a 29-week study undertaken by De-
Fronzo et al, the combination group (i.e., metformin 
+ glyburide) had superior glycemic results than the 
glyburide alone [mean FPG, 187 ± 4 vs. 261± 4 mg/
dl (P<0.001), HbA1c 7.1 % vs. 8.7% (p 0.001)].10,12

The addition of metformin to insulin therapy (basal/
bolus regimens) resulted in greater glycemic control 
in a 16-week randomized clinical trial including 390 
people.The metformin use, as compared with place-
bo, was associated with improved glycemic control 
(mean daily glucose at 16 weeks 140.4 vs. 158.4mg/
dl, P = 0.006; mean HbA1c 6.9 vs. 7.6%, P < 0.0001); 
reduced insulin requirements (63.8 vs. 71.3 IU, P < 
0.0001); reduced weight gain (-0.4 vs. +1.2 kg, P < 
0.01); and decreased plasma LDL-C (-0.21 vs. -0.02 
mmol/l, P < 0.01). Risk of hypoglycemia was similar 
in both groups. 14

In the list of metformin-based combinations with 
newer antidiabetic agents, metformin-sodium-glu-
cose co-transporter-2 inhibitors (SGLT-2i) com-
bination therapy appears to have the best effect on 
HbA1c reduction; a longer duration of glycemic con-
trol, and the convenience of taking it by mouth with-
out apparent effects on hypoglycemia.Metformin, 

combined with DPP-4i, and glucagon-like peptide-1 
receptor agonists (GLP-1RA), can prevent the rise in 
glucagon levels while suppressing SGLT-2i-induced 
hepatic glucose production. Additionally, metformin 
increases GLP-1 and can further enhance GLP-1 ef-
fects when combined with DPP-4i.15

Off-label uses of metformin

Prediabetes

Metformin is the sole pharmacologic drug recom-
mended for preventing or delaying T2D in at-risk 
people, owing to its efficacy established in well-de-
signed trials, good tolerability, and low cost. Met-
formin has been studied extensively in different pop-
ulations for the prevention of diabetes. The important 
trials include the US diabetes prevention program 
(DPP), epidemiologic follow-up study of US DPP, 
i.e.,DPP Outcomes Study (DPPOS), the Indian DPP 
(IDDP), Canadian Normoglycemia Outcomes Eval-
uation (CANOE). These trials demonstrated signifi-
cant reductions in the risk of progressing from predi-
abetes, mainly impaired glucose tolerance to T2D in 
subjects treated with metformin.16

Over 22 years of average follow-up, new data from 
DDPOS showed a 25 % and 18 % reduction in T2D 
development with lifestyle modification and met-
formin, respectively. Participants who did not devel-
op diabetes had a significantly decreased risk of hav-
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ing early changes in the eyes and kidneys, as well as 
a lower risk of major CV diseases (CVD) endpoints 
like heart attacks and stroke.17

As recommended by the American Diabetes Associ-
ation (ADA), metformin can be considered for pa-
tients who have prediabetes (FPG levels in the range 
of 100 - 125 mg/dL, post-load glucose levels in the 
range of 140 and- 199 mg/dL, or HbA1c of 5.7 - 
6.4%), particularly in people who are younger than 
60, have a body mass index (BMI) greater than 35 
kg/m2 or have a history of gestational diabetes.18

The Indian Council of Medical Research 2018 guide-
lines state that if lifestyle alone does not seem suf-
ficient and people with combined impaired fasting 
glucose and impaired glucose tolerance in which pro-
gression to T2D appears likely, the use of metformin 
should be considered along with lifestyle measures, 
particularly for Indians who progress rapidly to dia-
betes from the stage of prediabetes.19

Type 1 diabetes (T1D)

Metformin is often used off-label as an adjunct to in-
sulin in patients with T1D. There has been evidence 
that it may improve peripheral insulin resistance 
and whole-body insulin resistance in young diabet-
ics with obesity. Thus, until recently, the rationale 
for using it was mainly based on its ability to reduce 
insulin requirements. Early trials of metformin per-
formed in the mid-1980s in T1D patients yielded 
somewhat disappointing results. But investigations 
conducted in the following years yielded more posi-
tive outcomes.20

The outcomes of the Reducing with Metformin Vas-
cular Adverse Lesions (REMOVAL) trial presented a 
new perspective on the usage of metformin in T1D. 
Metformin therapy reduced atherosclerosis progres-
sion, weight, and LDL-C levels in T1D patients, sug-
gesting that it may have a role in lowering the long-
term risk of CVD.21

Gestational diabetes mellitus (GDM)

Metformin’s increased use in treating glucose metab-
olism abnormalities in pregnancy is another advan-
tage over newer hypoglycemic medications. Several 

clinical trials show that metformin is an effective, 
safe, and affordable choice for pregnant women with 
GDM and T2D and that treatment may enhance ma-
ternal and perinatal outcomes.The Metformin in Ges-
tational Diabetes [MiG] and MiG the offspring fol-
low-up (MiG TOFU) studies found that metformin 
had similar pregnancy outcomes to insulin therapy 
with less maternal weight gain and high patient ac-
ceptability has had a significant effect on the medical 
practice.Metformin is a pregnancy category B med-
icine deemed safe if there is a therapeutic need. All 
newer hypoglycemic medicines, unlike metformin, 
are categorized as pregnancy category C drugs and 
are not utilized in the treatment of GDM and T2D 
during pregnancy.20

Polycystic Ovary Syndrome (PCOS)

Metformin is the sole anti-diabetic medication used 
to treat metabolic abnormalities in women with 
PCOS. Metformin reduces the risk of glucose intol-
erance in women with PCOS by increasing insulin 
sensitivity in target organs, reducing androgen lev-
els, and controlling the menstrual cycle.Zeng et al. 
conducted a meta-analysis of 13 trials comprising 
1606 pregnant women with PCOS. They found that 
metformin medication can enhance clinical pregnan-
cy rates and reduce the risk of premature delivery.
Metformin may also lower the risk of pregnancy-in-
duced hypertension and early pregnancy loss and 
raise the rate of vaginal delivery and live births. Even 
though metformin reduces high blood glucose levels 
in pregnant women, it does so without increasing the 
risk of hypoglycemia.Metformin is not approved for 
the treatment of PCOS;still,it is the most widely rec-
ommended medicine in women with PCOS, either 
alone or in conjunction with clomiphene.20

Pleiotropic effectof metformin

Several unexpected yet successful uses of metformin 
have been revealed in recent years.Metformin has 
been shown to lower inflammation, making it a 
promising treatment option for various diseases. It is 
effective in treatingdifferent types of cancer, CVD, 
liver disease, renal and neurodegenerative diseases, 
and has anti-aging properties.22-23
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Anti-inflammatory effect

Metformin inhibits hyperglycemia–related low–
grade inflammation by inhibiting the nuclear fac-
tor-kappa B (NF-kB) signaling cascade in different 
cells via AMPK-dependent and AMPK-independent 
mechanisms. By inhibiting NF-kB, AMPK inhib-
its the expression of pro-inflammatory cytokines, 
such as interleukin (IL) 1β, IL 6, and tumor necro-
sis factor-alpha. Conversely, the drug increases the 
production of anti-inflammatory cytokines (IL-4 and 
IL-10). Furthermore, metformin inhibits chronic in-
flammation indirectly by improving insulin sensitiv-
ity, controlling hyperglycemia, advanced glycation 
end products formation, loss of body mass, and dia-
betic atherogenic dyslipidemia.20

Cardioprotection

Multiple mechanisms may contribute to the benefi-

cial effects of metformin in preventing CVD. First 
of all, it lowers the level of LDL-C by activating 
AMPK. In addition, metformin is associated with 
weight loss or less weight gain. A meta-analysis by 
Thomopoulos etal. suggested that metformin could 
effectively lower systolic blood pressure (SBP) in 
non-diabetic patients. Moreover, metformin can re-
duce oxidative stress and inflammation and improve 
endothelial function.24

A randomized controlled trial in patients with coro-
nary artery disease (CAD) without diabetes demon-
strated that metformin significantly reduced left ven-
tricular mass indexed to height (LVMI) (P = 0.033) 
in patients without T2D who have CAD with insu-
lin resistance and/or prediabetes (Figure 5).Met-
formin also significantly reduced LVM (P = 0.032), 
body weight (P = 0.001), subcutaneous adipose tissue 
(P = 0.024), SBP (P = 0.022), and concentration of 
biomarker for oxidative stress (P = 0.04).25

Figure 4:Effect of metformin on left ventricular mass indexed to height

In the Study on the Prognosis and Effect of Antidi-
abetic Drugs on Type 2 Diabetes Mellitus with Cor-
onary Artery Disease (SPREAD-DIMCAD),met-
formin was found to be more effective than glipizide 
in preventing the recurrence of composite CV events 
in T2D and CAD patients who were followed for 5.0 
years [Hazard ratio (HR)= 0.54, 95 % Confidence in-
terval (CI) 0.30–0.90, P = 0.026].26

The Reduction of Atherothrombosis for Continued 
Health (REACH) trial reported that mortality rates 
in patients having diabetes with established athero-

thrombosis were 6.3% (95% CI, 5.2%-7.4%) and 
9.8% (8.4%-11.2%) among metformin users and 
nonusers, respectively. The metformin use was asso-
ciated with a significant 24.0% reduction in all-cause 
mortality after a 2-year follow-up.27

Nephroprotection

Researchers found that oral administration of met-
formin daily could reduce kidney fibrosis and im-
prove kidney structure and function. The AMPK 
signaling pathway, which can affect cell growth and 
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energy utilization, may be responsible for these ef-
fects. An appropriate dose of metformin is essen-
tial in the treatment of renal diseases. Metformin is 
thought to have kidney protective effects due to its 
modulation of glucose utilization, its ability to re-
duce inflammation, and its antioxidant properties.22

In a cohort of more than 25,000 T2D patients, there 
was no evidence that current metformin use negative-
ly affects the incidence of acute kidney injury (AKI)

or survival following AKI across different estimated 
glomerular filtration rates strata (eGFR)(Figure 5). 
On the contrary,metformin was associated with high-
er 28-day survival following incident AKI(HR 0.81, 
95% CI 0.69, 0.94, p = 0.006) even after adjustment 
for age, sex, pre-admission eGFR, HbA1c and diabe-
tes duration.It supports the revision of FDA and Eu-
ropean Medicines Agency guidance for metformin 
that it can be used in patients with mild renal impair-
ment and some with moderate renal impairment. 28

Figure 5: Death rate in acute kidney injury patients on metformin vs. not on metformin

According to Charytan et al.,metformin treatment in 
T2D and chronic kidney disease patients was linked 
to a 51 % lower risk of all-cause mortality and CV 
death. Furthermore, the medication reduced the 
composite endpoints for CVD and kidney disease by 
23%.29

Anticancerproperties

Metformin inhibits cancer cells’ growth, survival, 
and metastasis, including breast, liver, bone, pancre-
as, endometrial, colorectal, kidney, and lung cancer 
cells. AMPK-dependent and AMPK-independent 
pathways mediate the direct anticancer effects of 
metformin. It stimulates AMPK, inhibiting mamma-
lian rapamycin target (mTOR) signaling, disrupting 
protein synthesis, and inhibiting cell growth and pro-

liferation.Metformin’s anticancer actions are also 
thought to be mediated via p53. Besides, metformin 
also inhibits mitochondrial complex I, which prevents 
the production of reactive oxygen species (ROS) and 
reduces DNA damage, slowing cancer progression.
Metformin’s indirect anticancer effects suggest that 
it may affect angiogenesis, fibroblasts, tumor-asso-
ciated macrophages, and immunosuppression, alter-
ing the tumor microenvironment. Since metformin is 
an antidiabetic medicine, it lowers plasma glucose 
levels, preventing cancer cells from proliferating and 
surviving.2

Hepatoprotective effect

Liver dysfunction may lead to many diseases, such 
as diabetes, non-alcoholic fatty liver disease (NA-
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FLD), cirrhosis, non-alcoholic hepatitis, and hepato-
cellular carcinoma (HCC). 22 A retrospective analysis 
by Zhang et al. in hospitalized patients with T2D and 
liver cirrhosis reported that patients who continued 
metformin had a significantly longer median surviv-

al than those who discontinued metformin within 
one year after cirrhosis diagnosis (11.8 vs. 5.6 years 
overall, P <0.0001) (Figure 6).In addition, continued 
metformin use was linked to a 57 % lower risk of 
death.30

Figure 6: Median survival of diabetic patients who continued metformin vs. those who discontinued 
metformin within one year after cirrhosis diagnosis

A meta-analysis of observational studies showed a 
50% reduction in HCC incidence with metformin 
use, 62% and 161% increase in HCC incidence with 
sulfonylurea {n=8 studies; odds ratio(OR) 1.62, 95% 
CI 1.16-2.24} or insulin use, respectively. Thiazoli-
dinediones did not affect HCC risk.31As per the avail-
able clinical data, metformin therapy in patients with 
NAFLD causes weight loss, reduces liver transam-
inases, improves liver histology (reduction of liver 
steatosis and inflammatory necrosis), improves in-
sulin sensitivity, and reduces liver fibrosis.32Despite 
studies suggesting that metformin may be effective 
in treating NAFLD, the only approved therapeutic 
choices for NAFLD are exercise and calorie restric-
tion. Nonetheless, metformin is routinely recom-
mended off-label to patients with this condition since 
it is thought that activation of AMPK is linked to a 
variety of positive outcomes, including reduced oxi-
dative stress and liver inflammation.20

Neuroprotection

According to recent studies, metformin can swiftly 
pass the blood-brain barrier, conferring neuropro-
tection against stroke, cognitive impairment, Hun-
tington’s disease, and possibly preventing dementia. 

Metformin has been shown to lower α-synuclein 
phosphorylation and aggregation, as well as alter cel-
lular processes linked to aging, such as inflammation 
and autophagy.33

A retrospective cohort study by Orkaby et al. report-
ed that metformin use was linked to a decreased risk 
of eventual dementia than sulfonylurea in T2D pa-
tients aged <75.34According to the meta-analysis of 
cross-sectional studies, cognitive impairment was 
significantly less common in T2D subjects on met-
formin (OR = 0.55, 95% CI 0.38 to 0.78), and demen-
tia incidence was similarly significantly lower (HR= 
0.76, 95% CI 0.39 to 0.88). This review suggested 
that metformin should be used as first-line therapy 
for T2D patients at risk of developing dementia or 
Alzheimer’s.35

However, more research is needed to determine the 
efficacy of metformin in terms of neuroprotection.23

Antiaging effect

Metformin’s effects on aging are partly dependent on 
glucose metabolism regulation. It inhibits endoge-
nous production of ROS and thereby DNA damage by 
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blocking mitochondrial complex I.Metformin inhib-
its NF-kB activation and reduces cell inflammation 
via activating AMPK. It also lowers insulin levels 
and inhibits insulin-like growth factor 1 and mTOR 
signaling, all of which contribute to a reduction in 
inflammation and autophagy, which is favorable to 
the aging process.Metformin has been demonstrated 
to regulate the microbiome, which could be another 
approach to influence aging. In addition, metformin 
enhances neuronal survival and neuroprotective 
functions by reducing neuronal damage and allevi-
ating oxygen/glucose deficit. 22Nonetheless, a better 
understanding of the drug’s effects in humans is re-
quired before metformin becomes a standard antiag-
ing treatment.36

Metformin in coronavirus disease 
2019(COVID-19)

The cytokine storm caused by the severe acute re-
spiratory syndrome corona virus dramatically affects 
the prognosis in diabetic patients due to disruption 
of the AMPK/mTOR signaling pathway. As a re-
sult, medication development for COVID-19 ther-
apy could include activation of AMPK and/or sup-
pression of the mTOR-mediated signaling pathway. 
Metformin is relevant in this regard as it suppresses 
mTOR by altering the activity of AMPK. As a result, 
activating AMPK and/or inhibiting the mTOR-medi-
ated signaling pathway could be a promising new tar-
get for COVID-19 pharmacological therapy, mainly 
due to lowering pro-inflammatory signaling and cy-
tokine storm.Metformin treatment has been linked to 
a lower mortality rate in patients with T2D who were 
admitted to the hospital with severe COVID-19. Al-
most all trials found a favorable effect (whether sig-
nificant or not), with an overall reduction in mortality 
of 25%.Additionally, metformin is also considered 
safe, well-tolerated, has few adverse effects, is in ex-
pensive, and can be widely available to COVID-19 
patients who might benefit from it.

Conclusion

Despite its long history and a rough start,metformin 
remains an essential drug in managingT2D. It is an 
effective and safe anti-hyperglycemic that can be 
used alone or in combination with other anti-diabet-

ic medications. Metformin is becoming increasingly 
popular as a treatment for prediabetes, T1D, GDM, 
and PCOS. A growing body of evidence suggests the 
anti-inflammatory role of metformin in various con-
ditions. Metformin positively affects the CV system 
and lowers risk factors for CVD.According to new 
data, metformin can not only be used more liberally 
with regard to renal function, but it could also pro-
tect the kidneys. In addition, metformin appears to 
have anti-aging properties and may reduce the risk of 
neurodegenerative conditions. Metformin has been 
proven to have anticancer properties against several 
types of cancer.Recently, it has been discovered that 
metformin can reduce cytokine storms in COVID-19 
infected patients.To conclude, metformin, with its 
multi-directional properties, is a very attractive 
choice;nevertheless, whether these potential indica-
tions of metformin can be observed in non-diabetics 
will require extensive clinical research.
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Insulin Pump Therapy  
(Continuous Subcutaneous Insulin Infusion)

Rupam Das

Chapter35

History

In 1963, Dr. Arnold Kadish designed the first 
insulin pump to be worn as a backpack. A more 
wearable version was later devised by Dean 

Kamen in 1976. Kamen formed a company called 
“AutoSyringe” to market the product, which he sold 
to Baxter Health Care in 1981.

The insulin pump was first endorsed in the United 
Kingdom in 2003. 

 

Fig 1: First Insulin pump

Introduction to Insulin Pump Therapy/ IPT

The goal of insulin delivery in diabetes is to regulate 
glucose levels to achieve normal sugar levels. In 
a person without diabetes, pancreatic beta cells 
continuously deliver short acting insulin. Insulin 
pumps mimic this natural pancreatic insulin delivery 
by infusing ultra-fast acting insulin, usually an 
analogue in two ways-

•	 Continuously throughout the day and night in 
small doses (basal)

•	 On demand in larger doses (bolus) to cover a 
meal and snack or to correct for hyperglycemia

The pump user programs and adjusts these basal and 
bolus doses according to his individual needs. Prior 
to the advent of IPT, the only option for people with 
diabetes who required insulin was a combination 
of long and short acting insulin injections. Because 
injections do not simulate the pancreatic delivery 
of insulin, this option has numerous limitations. 
First, injections cannot accommodate for normal 
variations in food intake and activities. Second, 
the absorption of longer-acting insulin delivered 
by injection varies up to 52% and accounts for up 
to 80% of the day-today variation in blood glucose 
levels. Shorter-acting insulin delivered through 
a pump has less than 3% variation1. In addition to 
providing clinical benefits; insulin pump therapy 
enables people with diabetes to live a more normal 
life. The ability to control how and when insulin is 
delivered enables the pump users to schedule their 
day to day activities as they wish without worrying 
about the effects of longer-acting injected insulin.
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Fig 2: Pattern of insulin delivery through pump

Patient indications for IPT

Type 1 and insulin-requiring type 2 patients who are 
unable to achieve acceptable glycemic

control, including those with:

• Elevated A1C
• Glycemic variability
• Insulin resistance/glucose toxicity
• Post prandial hyperglycemic
•  Large total daily dose
• Recurrent hypoglycemia, nocturnal 

hypoglycemia,  activity - induced   hypoglycemia  
and hypoglycemia unawareness

• Pregnancy/Pre-pregnancy
• Recurrent diabetic ketoacidosis (DKA)/recurrent 

hospitalizations
• Dawn phenomenon
• Gastroparesis
• Patient preference, meal-timing flexibility and 

normalization of lifestyle
• Low insulin requirements (not easily measured 

via syringe)
• Inability to self-administer insulin (pre-school/

grade school)
• Inability to predict food or meal intake (infant/

toddler)

Components of IPT

1. Insulin Pump

A small medical device that is made out of a durable 
material that has:

•	 Buttons to program insulin delivery
•	 LCD screen to show what the patient is 

programming
•	 Battery compartment to hold 1 AAA alkaline 

battery
•	 Reservoir compartment that holds insulin

2. Reservoir

Plastic cartridge that holds the insulin that is locked 
into the insulin pump. It comes with a transfer guard 
(blue piece at the top) that assists with pulling the 
insulin from a vial into the reservoir. A reservoir can 
hold up to 300 units of insulin and is changed every 
two to three days.

3. Infusion Set

An infusion set includes a thin tube that goes from 
the reservoir to the infusion site on patient’s body. 
The cannula is inserted with a small needle that is 
removed after it is in place. It goes into sites (areas) 
similar to where patient takes insulin injections. The 
infusion set is changed every two to three days.

4. Infusion Set Insertion Device

An infusion set is placed into the insertion device and 
with a push of a button the infusion set is inserted 
quickly and easily.
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Fig 4: How does the insulin infusion occur?

The insulin pump delivers insulin through the 
cannula into the fatty tissue. Both the basal and 
bolus insulin doses are delivered slowly in very 
small increments, allowing the rapid-acting 
insulin to be absorbed into the fatty tissue as it is 
being delivered. This helps to decrease the insulin 
variability and improves insulin absorption. 

For short periods of time, one can disconnect 
the pump and tubing while leaving the cannula 
in place for showers, swimming, and other 
activities.

Insulin delivery with the pump

Insulin pump delivers precise doses of rapid-acting 
insulin to closely match body’s needs:

Basal Dose: The pump delivers small amounts of 
basal insulin 24 hours a day. Basal insulin covers 
insulin needs between meals and through the night. 
The amount of basal insulin the pump delivers 
can be adjusted to match body’s varying insulin 
requirements throughout the day. For example, if 
a patient needs less basal insulin during the night 
than during the day or more insulin during the early 
morning hours than the afternoon, hispump can be 
programmed to deliver basal insulin at different 
rates and times to match his needs. Once basal 
rates are set, the pump will continue to deliver the 
same basal rate profile every day until programmed 
to deliver different basal rates.

Bolus Dose: The pump can also deliver boluses (large 
single doses) of insulin. A bolus is given when one 
eats food that contains carbohydrate, or has a high 
blood glucose (BG) level. The amount of each bolus 
is determined by current BG reading, the number of 
grams of carbohydrate one plans to eat, and other 
settings (such as the target glucose range) that are 
programmed into the pump. Once these settings 
are programmed, BG reading and the amount of 
carbohydrateone is planning to eat is entered,the 
pump will calculate and recommend the amount of 
bolus insulin to deliver.

Benefits of IPT

Insulin pump therapy is a fast-growing choice for 
diabetes management. In fact, the majority of diabetes 
specialists who have type 1 diabetes use pump 
therapy to manage their condition.2 Less than three 
percent of pump patients ever discontinue insulin 
pump therapy.3 Insulin pump therapy offers clinical 
and lifestyle benefits. Several studies on adults and 
children have proved that insulin pump therapy leads 
to significant improvements over injection therapy:

•	 Decrease in HbA1c 
•	 Reduction in DKA 
•	  Less severe hypoglycaemia
•	 Less variability in insulin absorption 
•	 Exact dosing of bolus and basal insulin
•	 Increased Flexibility for a Better Quality of Life
•	 Delay the onset and progression of complications- 

The excellent blood glucose control that is attainable 
with pump therapy has been shown in research 
settings to stop and/or delay the progression of 
diabetic kidney disease and diabetic eye disease and 
to improve nerve conduction velocities.

•	 8. Improve glucose control post renal transplant

While transplanting a healthy kidney into a person 
with diabetes who is in renal failure is necessary 
for the patient, blood glucose management after the 
transplant may be difficult. This is due to both the 
effects of surgery and the need for anti-rejection 
medication that creates insulin resistance. Insulin 
pump therapy has been shown to improve both 
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glucose and metabolic control both immediately and 
several months after renal transplant.

Real-life patient data:

We do get very good control of blood sugar after the 
usage of the insulin pump therapy. And the insulin 
dose can be titrated by doing CGM ( continuous 
glucose monitoring) at 3 to 6 months period.

Advancement in insulin pump therapy:

Real-World Data on Over 4,000 Patients Using the 
Medtronic MiniMed™ 780G System Demonstrate 
Time in Range Mirroring Pivotal Trial

Results Demonstrate 76% Time in Range and 94% 
Time in Advanced Hybrid Closed Loop Mode

Real-world clinical outcomes for 4,120 individuals 
on the MiniMed™ 780G system, a small subset of 
those on the latest system today across nine countries 
in Europe. Data showed an average overall Time in 
Range of 76.2% and an overnight Time in Range of 
83%, mirroring results from the pivotal trial. From an 
experience perspective, users remained in Advanced 
Hybrid Closed Loop (AHCL) mode, also referred 
to as the SmartGuard™ algorithm, for an average 
of 94% of the time, and an overall reduction in 
interactions required with the system demonstrated 
a more seamless experience than previous insulin 
pump systems.*

The advanced SmartGuard algorithm in the MiniMed 
780G system automates and personalizes the delivery 
of basal insulin by adjusting every five minutes, 
24 hours a day. The latest system also includes an 
advanced algorithm that automatically corrects 
highs every five minutes through autocorrection 
dosing, in addition to protecting against lows.1,2. 
Autocorrection dosing is designed to correct highs 
that may result from not logging a meal (also known 
as bolusing), logging a meal late, or underestimating 
the carbohydrate content of the meal. 

The MiniMed 780G system is the most advanced 
insulin pump system from Medtronic, currently 
approved for the treatment of type 1 diabetes in 
people age 7 to 80 years. The system enables the 
personalization of glucose goals with an adjustable 
target setting as low as 100 mg/dL (5.5 mmol/L) 
— lower than any other insulin pump system. The 
MiniMed 780G system is now available in 30 
countries across Europe, the Middle East and Africa, 
and is currently being reviewed by the Food and 
Drug Administration (FDA) for approval in the U.S.

The real-world performance analysis aggregates 
information from individuals who uploaded their 
data to CareLink™ Personal from August 27, 
2020 to March 3, 2021. A large majority of real-world 
users studied are achieving glycemic goals shared by 
major diabetes professional organizations, including:

79% of individuals had a Glucose Management 
Indicator (GMI) less than 7%, which mirrors the 
average A1C level that would be expected based on 
mean glucose. 
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77.3% of individuals had a Time in Range above 
70%. 

74.1% of individuals achieved both, a GMI less than 
7% and a Time in Range above 70%.

In addition to the data reported from the overall 
cohort of 4,120 individuals, a smaller cohort of 812 
individuals was analyzed, to compare the difference 
in outcomes as individuals move from pre-AHCL 
initiation (also referred to as open loop) to post-
AHCL initiation. Within that cohort, individuals 
experienced an average Time in Range increase of 
12.1% (from 63.4% to 75.5%), a 15.7 mg/dL or 0.9 
mmol/L drop in mean sensor glucose (from 162.2 
mg/dL to 146.5 mg/dL or 9.0 mmol/L to 8.1 mmol/L), 
and a 0.4% drop in GMI (from 7.2% to 6.8%) post 
AHCL initiation.

“The MiniMed 780G system is doing the job we built 
it to do – automatically correcting for high glucose 
when carbs are miscalculated or individuals forget to 
take extra insulin with their food,” 

Time in Range

Clinical consensus regarding Time in Range means 

that a person living with diabetes should be in 
the recommended range of 70-180 mg/dL (3.9 
– 10 mmol/L) for at least 70% of time to be well-
controlled. This may increase the likelihood that 
short and long-term complications of this chronic 
disease can be avoided

In a nut shell, the future of diabetes management 
with the help of insulin pump holds good. But a lot 
of deserving patients are not able to avail the pump 
therapy because of the prohibiting cost. 
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Stem Cell Therapy in Type 1 DM:  
Has Science Achieved What was Expected

Samiran Das

Type 1 diabetes mellitus (T1DM) is a chron-
ic multifactorial autoimmune, idiopathic or 
genetic disorder of the pancreas causing pro-

gressive destruction of insulin secreting β cells. It is 
the disease of children and adolescents, usually no-
ticed for the first time around the age of 5–7 years. 
The typical symptoms are polydipsia, polyuria and 
polyphagia with overt hyperglycaemia [1]. Males are 
more frequently affected than females [2]. The dis-
ease is believed to be autoimmune in nature and trig-
gered by several factors like seasons of autumn and 
winter, viral/bacterial infections and environmental 
pollutants [3–5]. 
Histopatholo-
gy of islets has 
shown insulitis 
in early stag-
es and later on 
chronic irrevers-
ible changes of 
β-cell depletion, 
atrophy and fi-
brosis. With 
the increase in 
prevalence of 
T1DM and its 
wide-spread ill 
effects, interest 
in understanding the etio-pathogenesis and cure of 
T1DM are increasing the world over. [6]

Today, the effects of T1D can be mitigated through a 
combination of careful blood glucose monitoring and 
insulin administration. However, despite advances in 
automated insulin delivery systems, for most people 

this means a life dominated by the need to conscien-
tiously manage their own physiology. And even with 
people taking on this burden, the life expectancy for 
somebody with T1D is 12 years below average. Fred-
erick Banting, who won a share of the Nobel Prize in 
Physiology in 1923 for discovering insulin, knew his 
work offered no panacea — he concluded his Nobel 
lecture by saying “insulin is not a cure fordiabetes”.
Now, though, a growing number of scientists and 
physicians are talking about curing T1D. Their focus 
is not supplying the body with insulin, but rather re-
placing the β cells that make it.

Fig1: Attempts to cure T1DM:  The discovery of in-
sulin has enhanced the life span of T1DM patients, 
and successes in islet/pancreastransplantation have 
provided direct evidence for the feasibility of re-es-
tablishing β cells in vivo to treat T1DM. However, 
the restriction of apancreas shortage has driven sci-
entists to generate IPCs( insulin producing cells), 
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and even whole pancreas, in vitro from hESCs( hu-
man embryonic stem cells), iPSCs( induced pluripo-
tent stem cells) and adult stem cells. Studiesfocusing 
on the immune mechanism of T/B cell destruction in 
T1DM have made breakthroughs. Gene therapy has 
shown great promise as apotential therapeutic to treat 
T1DM, although its safety still needs to be confirmed 
in humans.[7]

Alternative approach to islet/pancreas transplan-
tation: stem cell therapy

 The need for unlimited supply of a substitute for 
insulin-secreting β cells led to research on the suit-
ability of stem or progenitor cells to generate insu-
linsecreting cells (ISC).The main objectives of these 
cell-based therapies were to down-regulate the im-
mune system and abrogate or at least halt the process 
of autoimmune destruction of these cells. The other 
aim was to generate stem cells (SCs) and differenti-
ate them in to functional insulin-secreting β cell/β-
like cells to treat T1DM. The main goal of SC thera-
py (SCT) is to achieve stable, normalized glycaemic 
control and absence of severe hypoglycaemic epi-
sodes, thus improving quality of life, preventing long-
term diabetic complications and reducing procedure 
and immunosuppression-related side effects. Insulin 
independence, although desirable, may not necessar-
ily be the primary goal of SCT, although a significant 

reduction in insulin requirement and the restoration 
of C-peptide secretion are desirable. Cell therapy 
involves “immunological resetting” by its reproduc-
ibility under strict proliferating control to generate 
sufficient quantity of cells/tissue by differentiation 
into desired cell type(s) while maintaining the integ-
rity of surrounding tissue and rendering a meaning-
ful life to the recipient without causing any adverse 
effect. For T1DM these cells must have the ability to 
synthesize, store and release insulin in response to 
ambient glycemia and to avoid development of hyper 
insulinemichypoglycaemia from induction of ISCs. 
Stem cells obtained from a variety of sources have 
been tested for their β-cell regenerative potential and 
for their ability to restore immune homeostasis or 
promote longitudinal islet graft survival. These in-
clude, among others, embryonic stem cells (ESCs), 
induced pluripotent stem cells (iPSCs), bone marrow 
(BM)– derived hematopoietic stem cells (HSCs) and 
umbilical cord blood (UCB)-derived mesenchymal 
stromal cells (MSCs), adipose tissue-derived (AD) 
MSCs and pancreas-derived multipotent precursor 
cells, as well as pancreatic β-cell progenitors that 
reside in the ductal epithelium, exocrine tissue and 
within islet proper, neural progenitor cells, and fac-
ultative β-cell progenitors from spleen, liver and en-
dometrium.

Fig. 2. Classification of stem cells [8]
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Encapsulation technique for stem cell therapy for 
T1DM

The encapsulation technique is based on a matrix that 
prevents immune cells, cytokines, and antibodies 
from reacting to grafts while allowing nutrient, ox-
ygen, and signalling molecule diffusion. An appro-
priate encapsulation device is especially crucial for 
T1DM to prevent an autoimmune reaction against 
transplanted hPSC-derived pancreatic progeny, in-
cluding allogenic grafts. Criteria to evaluate an en-
capsulation device should take many variables into 
consideration, including the biocompatibility, sta-
bility and permeability of the membrane, interaction 
with the bloodstream, availability of nutrients and 
oxygen, among others [9,10,11]. Studies have been 
performed to detect optimal materials to improve 
these properties and have mainly been developed for 
pancreatic islet transplantation. Alginate, a scaffold-
ing polysaccharide produced by brown seaweeds, has 
been widely employed by virtue of its biocompati-
bility [10, 12, 13]. Alginates are linear unbranched 
polymers containing β-(1 → 4)-linked Dmannuronic 
acid (M) and α-(1 → 4)-linked L-guluronic acid (G) 
residues and possess eminent gel-forming properties 
in the presence of polyvalent cations, such as Ca2+ 
and Ba2+ [14,15,16]. Earlier studies have confirmed 
that compared to nonencapsulated islets, encapsu-
lated islets have significantly improved survival, 
long-term biocompatibility and function with the 
use of purified alginate [18–20]. Additionally, spe-
cific modifications to alginates trigger great interest, 
as they could circumvent the local immune response 
after transplantation of an allo- or xenograft. The in-
corporation of the chemokine CXCL2 with alginate 
microcapsules prevented allo- or xenoislet transplan-
tation from immune reactions by establishing sus-
tained local immune isolation [21]. Most recently, 
the same team confirmed that these modifications on 
alginates could also efficiently prolong the survival 
and function of hPSC-derived β cells and achieve 
long-term immunoprotection in immunocompetent 
mice with T1DM without systemic immunosuppres-
sion [22]. Of note, CXCL2 enhanced the GSIS ac-
tivity of β cells, thus making it a crucial biomaterial 
to study for stem cell-based therapy for T1DM. Vi-
aCyte, leading the first and only islet cell replace-

ment therapies derived from stem cells for diabetes, 
is testing for the safety and efficacy of its encapsula-
tion devices PEC-Encap and PEC-Direct in clinical 
trials. The PEC-Encap is designed to fully contain 
hPSC-derived pancreatic progenitors in a semiper-
meable pouch so that vital nutrients and proteins 
can travel between the cells inside the device and 
the blood vessels, which grow along the outside of 
the device. In the case of PECEncap, the implanted 
cells were completely segregated from the recipients’ 
immune system. Another device called PEC-Direct 
allowed blood vessels to enter the device and direct-
ly interact with the implanted cells. Thus, immune 
suppression therapy was necessary for patients who 
received PEC-Direct, which made it suitable only 
for people with high-risk type 1 diabetes. Immune 
modulation in stem cell therapy for T1DM Human 
ESC/iPS-derived β cells have been proposed as a po-
tential β cell replacement source for the treatment of 
T1DM. However, both the alloimmune and autoim-
mune responses remain a major problem for the wide 
application of cell replacement therapies for T1DM. 
Although massive efforts have been made in the 
progress of encapsulation technology, the engraft-
ment of transplanted hPSC-derived pancreatic pro-
genitors or β cells still faces challenges. The engraft-
ments will certainly be destroyed by the recipient’s 
immune system if the encapsulation system is elim-
inated. Certain modulations of these encapsulated 
cells to circumvent autoimmune attack seem prom-
ising. Human leukocyte antigen (HLA) mismatching 
is the major molecular mechanism of immune rejec-
tion in allo- or xenografts [23]. Studies have prov-
en that elimination of HLA-A genes by zinc-finger 
nucleases in hematopoietic stem cells could increase 
donor compatibility [24,25]. Likewise, knocking out 
the β2- microglobulin (B2M) gene, which abolishes 
all HLA class I molecules, or deleting HLA-A and 
HLA-B biallelically, retained one allele of HLA-C to 
allow the hPSC grafts to avoid T and NK cell attack 
[26]. Other protocols for immunosuppressive effects 
have been reported, such as targeted overexpression 
of PDL1- CTLA4Ig in β cells, which efficiently pre-
vented the development of T1DM and allo-islet re-
jection, in turn promoting the survival of β cell mass 
[27]. Therefore, immune modulation strategies for 
hPSCs could be promising to overcome challenges 
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associated with engraft rejection. Clinical trials in 
stem cell therapy for T1DM In the last few years, 
controlled clinical trials have been carried out to es-
timate the efficiency and safety of stem cell therapy 
for T1DM. It has been demonstrated that MSCs can 
ameliorate or reverse the manifestation of diabetes 
in animal models of T1DM. In 2014, Carlsson et al. 
confirmed that MSC treatment could preserve β cell 
functions in new-onset T1DM patients. Twenty adult 
patients (aged 18–40 years) with newly diagnosed 
(< 3 weeks) T1DM were enrolled and randomized 
to MSC treatment or to the control group and fol-
lowed by a 1-year follow-up examination [28]. At the 
end of the clinical trial, mixed-meal tolerance tests 
(MMTTs) revealed that both C-peptide peak values 
and C-peptide significantly decreased in the treatment 
group. Of note, MSC treatment side effects were not 
observed during the follow-up examination. During 
January 2009 and December 2010, 42 patients aged 
18–40 years with a history of T1DM for ≥ 2 years 
and ≤ 16 years were randomized into either the stem 

cell transplantation (umbilical cord MSCs in combi-
nation with autologous bone marrow mononuclear 
cells) or standard insulin care treatment groups [29]. 
A 1-year follow-up examination indicated that the 
C-peptide increased from 6.6 to 13.6 pmol/mL/ 180 
min in treated patients, whereas it decreased from 8.4 
to 7.7 pmol/mL/180 min in control groups; insulin 
increased from 1477.8 to 2205.5 mmol/mL/180 min 
in treated patients; and it decreased from 1517.7 to 
1431.7 mmol/mL/180 min in control patients. Addi-
tionally, HbA1c and fasting glycemia decreased in the 
treated groups and increased in the control subjects. 
Daily insulin requirements in the treated groups also 
decreased compared to those of the control groups. 
During the follow-up period, severe hypoglycemic 
events reported by patients were significantly de-
creased. Limitations of these studies could be a small 
sample size and the short follow-up period. More-
over, the treated patients did not achieve complete 
insulin independence. Even so, these results help to 
improve clinical trial outcomes in future large-scale 
trials.

Table 1: Summary of active/completed clinical trials 
around the world for the treatment of T1 and T2DM 
using MSCs [30]

Conclusions and perspectives

 Stem cell-based therapy has been considered a 
promising potential therapeutic method for diabetes 
treatment, especially for T1DM. Major advances in 
research on the derivation of IPCs from hPSCs have 
improved our chance of re-establishing glucose-re-
sponsive insulin secretion in patients with T1DM. 
However, the clinical trial results of stem cell ther-
apies for T1DM are still dissatisfactory [31], and 

many questions and technical hurdles still need to 
be solved. The major problems include the follow-
ing four aspects: (1) how to generate more mature 
functional β-like cells in vitro from hPSCs; (2) how 
to improve the differentiation efficiency of IPCs 
from hPSCs; (3) how to protect implanted IPCs from 
autoimmune attack; (4) how to generate sufficient 
numbers of desired cell types for clinical transplan-
tation; and (5) how to establish thorough insulin in-
dependence. Despite these obstacles, the application 
of stem cell-based therapy for T1DM represents the 
most advanced approach for curing type 1 diabetes
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Flash Glucose  
Monitoring: A Review

Aravinda Jagadeesha

1. Introduction: 

It is well established fact that, high HbA1c lev-
el is responsible for micro and macro-vascular 
complications.1 Hence, obtaining adequate gly-

caemic control is very important to prevent the risk 
of complications associated with hyperglycaemia of 
diabetes.1 Frequent glucose monitoring is generally 
recommended for the dose adjustment in diabetes 
and to improve outcomes.2,3 New innovative techno-
logical devices for the monitoring and management 
of diabetes provide new opportunities for patients 
and health care professionals to improve glycemic 
control and quality of life.4  In today’s world new 
strategies are available to measure glucose levels, 
including the detection of glucose from interstitial 
fluid (ISF) through Continuous Glucose Monitoring 
(iCGM) or Flash Glucose Monitoring (FGM).4 This 
review is focused on current evidence available on 
the efficacy and safety of flash glucose monitoring in 
both type 1 and type 2 diabetes. 

2. Current methods of blood glucose monitoring

In recent years, advancement in the technologies 
and biomedical sector has provided new options to 
measure glucose concentrations. Conventional glu-
cometers can determine blood glucose (SMBG) on 
the other hand sensors of iCGM and FGM can detect 
interstitial glucose levels.

2.1 Limitation of SMBG 

There are certain limitations of SMBG in-
cluding 

	Inadequate detection of gly-
caemic variability and hyper-
glycaemic or hypoglycaemic 
episodes5

	Pain and discomfort that may 
lead to inadequate compliance 
and thereby un-reliability of 
patients  recorded data5 

2.2 Continuous glucose monitoring (CGM): 
Its development 

CGM system became available commercially 
in the year 20002, in that first model data were 
available only at the end of the sensor wear 
time. The next CGM’s system to develop was 
Real-time CGM (RT-CGM), this model was 
able to monitor glucose level in real time. 
Lag time always exists between the plasma 
and interstitial fluid (ISF); this is the reason 
why interstitial glucose values do not always 
correspond exactly to blood glucose con-
centration.2 Lag time thus may cause a loss 
of precision for RT-CGM, especially during 
rapid glycemic excursions. Capillary blood 
calibrations hence imperative for maintaining 
adequate accuracy of RT-CGM. It is import-
ant to do calibrations typically during stable 
blood glucose.2

Calibration is not necessary for Dexcom G6 
CGM. Dexcom G6 and G5 CGM systems are 
commercially available CGM devices which 
can be used for insulin-dosing decisions with-
out SMBG as adjunct; To detect unsuspected 

Chapter37
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hypoglycemia (such as during sleep) RT-
CGM systems are programmed with alarms. 
RT-CGM can also be integrated with Contin-
uous Subcutaneous Insulin Infusion (CSII), 
so called Sensor-Augmented Pump (SAP).6

2.3 Evolution of flash glucose monitoring

The first commercially available flash glu-
cose monitoring system was FreeStyle Libre, 
it was launched in 2014 and represents a nov-
el option in glucose monitoring.3

A wired glucose oxidase enzyme is co-immo-
bilized on an electrochemical sensor. The pre-
ferred site to wear the sensor is on the arm for 
up to 14 days.  This coin sized sensor patch 
and has a short filament (4 mm long) , insert-
ed into the subcutaneous tissue of the upper 
arm which takes glucose readings from the 
interstitial fluid (ISF). (Figure 1).7 A reader is 
used to record instantaneous glucose reading, 
by holding the reader within 4 cm from the 
sensor.8 

(Figure 1: A simple illustration of  
the mechanism of FGM)

2.4 Similarities and differences between 
FGM and CGM 3 

Characteristics System

CGM FGM

Calibration Daily Factory 
calibrat-
ed by the 
manufac-
turer

Sensor insertion under 
the skin required

Yes Yes 

Glucose measurement in 
ISF, not in blood

Yes Yes 

Maximum duration of 
sensor use

7 to 14 
days 

14 days 

Test result displayed on 
an external device

Yes Yes 

Permanent connection to 
an external device

Yes No 

(Hypo) alarms Yes No 
Current value displayed Yes Yes 
Adjustment of the insulin 
dose based on test results 

Not to 
date 

Yes (limit-
ed) 

Connection to pump Yes No 
Applicable for/usable in 
children

Yes No 

Increase in quality of life Moderate 
to high 

High 

Costs saved in compari-
son to costs of test strips)

No Possible 

3. Positioning of flash glucose monitoring system 

FGM can be considered as a “third” category that is 
not truly a CGM system nor a conventional blood 
glucose (BG) meter. The general principle of FGM 
is that it could replace the “BG meters”: The painful 
finger pricking for the sake of obtaining a single drop 
of blood can be avoided and becomes unnecessary 
with the use of FGM. It is possible for FGM to read 
the results (maximum the last 8 hours) using the scan 
option within a few seconds, unlike SMBG, which 
takes a few minutes. These simple aspects have add-
ed a high level of interest among patients toward 
FGM.3,9

When defined limit values are exceeded no instant 
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alarms are triggered because glucose measurements 
are not constantly updated, this is not the case with 
CGM. Changing glucose trends shown by an arrow 
and a graph is also one of the important features of 
FGM. But many patients find this newly added infor-
mation quite challenging as they do not adequately 
know how to therapeutically deal with this informa-
tion.3,4 

CGM is mostly used in properly trained patients with 
type 1 diabetes in contrast FGM seems to be a fa-
vourable option for patients with type 2 diabetes who 
have performed only a few BG measurements per 
day and are now, for the first time, seeing how their 
BG rises after a meal or lowers resulting from physi-
cal exercise. For the patients who feel the alarms are 
bothersome; FGM is undoubtedly an option for these 
patients.3 ADA 2022 recommends blinded continu-
ous glucose monitor data as obtained from FGM, for 
the diabetes self-management education and medica-
tion dose adjustment. ADA suggest that FGM can be 
helpful in identifying and correcting patterns of hy-
per- and hypoglycemia in people with type 1 diabetes 
and type 2 diabetes.10 

4. Evidence on accuracy of flash glucose monitor-
ing system 

Several approaches and parameters have evaluated 
the accuracy of the FreeStyle Libre system in multi-
ple studies in the different patient populations. Many 
studies have demonstrated that FGM possesses ade-
quate and acceptable accuracy both in adult as well as 
in pediatric populations suffering from diabetes.11,12  
The site of insertion seems to have a significant im-
pact on FGM accuracy and seems to be important 
for its accuracy.13 Acceptable accuracy for the FGM 
readings in the upper arm is demonstrated in many 
studies. On the other hand, data obtained from the 
abdomen was not found to be consistent.11,12,13

Bailey et al. conducted one study to estimate the 
mean absolute relative difference (MARD) with 
FGM. The study demonstrated good accuracy of 
FGM compared to capillary blood glucose in pa-
tients with T1DM, and overall MARD was found to 
be 11.4%.12 Evidence suggests that accuracy remains 
stable over 14 days of wear. The accuracy of FGM 

was not found to be affected by patient character-
istics, including BMI, age, clinical site, insulin ad-
ministration, or HbA1c. There are other studies that 
demonstrated somewhat distinct MARD when com-
paring FGM to different methods (capillary blood 
glucose, arterial blood glucose, venous YSI, labora-
tory random blood sugar).11,14 Some studies have also 
reported a higher MARD with FGM when compared 
to plasma glucose and capillary blood glucose. 

One study conducted by Schierenbeck has demon-
strated inadequate or unacceptable performance 
of the FGM system, in the same study MARD was 
found to be 30.5% (comparator: arterial blood glu-
cose).15 Though there are multiple studies showing 
stable accuracy of FGM for up to 14 days of use,2,11,12  
however, one study has shown higher MARD on the 
first day of use compared to on days. A similar find-
ing was there in the study conducted by, Ji et al.The 
study highlighted higher MARD during the first 9 h 
after sensor insertion than in the following days.11 
Accumulating evidence suggest that accuracy ap-
pears to be inferior in lower glucose ranges. Some 
researchers have been reported, that FGM values are 
lower than those in arterial, capillary or venous blood 
, however, one study carried out by  Sekido et al.  
demonstrated higher values with FGM than plasma 
glucose during an oral glucose tolerance test (OGTT) 
in healthy subjects.16 

Previous studies have also evaluated the accuracy of 
FGM using different CGM systems as comparator. 
There was good agreement between FreeStyle Libre 
and Dexcom G4 Platinum (DG4P) in adult people 
with T1DM, as demonstrated by previous studies.17,18  
Boscari et al. in their study found a good accuracy 
of FreeStyle Libre during moderate and rapid glu-
cose change17 in contrast Bonora et al. showed a de-
crease in agreement in the last four days.18 When ac-
curacy of FreeStyle Libre was compared with DG4P 
and Medtronic MiniMed 640G systems , superior 
accuracy was found with Abbott system in various 
glycemic ranges and during physical activity (exer-
cise).19 Only a few studies of FGM are specific to 
pediatric diabetes patients. A study was conducted to 
evaluate the accuracy, safety, and user acceptability 
of the FreeStyle Libre System for pediatric diabetes 
patient. Study showed acceptable accuracy (MARD - 
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13.9%) when compared to capillary blood glucose.20 
Another study reported a good accuracy of AGP data 
in children with T1DM, with lower accuracy in the 
lower glucose ranges.21  Overall, FGM was found to 
be a feasible option at the same time it was found to 
be well accepted by most of children and their par-
ents except for some minor discomfort.

5. Evidence on Efficacy and Safety of Flash Glu-
cose Monitoring (FGM)

In the IMPACT study22 (a multicenter, randomized 
controlled trial) involving adult patients with op-
timum glycaemic control shown reduction in time 
spent in hypoglycemia in the intervention group us-
ing FGM compared with that in the control group 
using capillary strips, equating to a 38% decrease in 
time spent in hypoglycemia. The intervention group 
also demonstrated an increase in time spent within 
optimum glucose range and a significant reduction 
in glycaemic variability. HbA1c levels and insulin 
doses however, were unaffected compared to those 
in the control group.22 Another study performed in 
adult patients with T1DM has shown a significant 
reduction in the mean HbA1c from 8.0 ± 0.14% to 
7.5 ± 0.14% after the introduction of FGM device. 
The study also demonstrated lower hypoglycaemic 
episodes among patients during the study period.23 
Multiple studies have reported decrease in hypogly-
cemic events among patients treated with intensive 
insulin therapy. 

Multiple studies have reported enhanced metabol-
ic control in both uncontrolled T2DM and T1DM 
people with the use of FGM.24,25  Evidence have also 
shown positive association of FGM usage with qual-
ity of life and treatment satisfaction, both in adult pa-
tients with T1DM or T2DM and in the pediatric pop-
ulation22,24,25 Use of FGM was associated with mild to 
severe related to sensor-wear reactions as per some 
studies. FGM has not shown any severe adverse drug 
event.11,15  Some of the most common adverse events 
reported with the use of FGM  are  allergic reaction, 
moderate to severe itching, rash, erythema, edema, 
induration. Bleeding, insertion-site symptoms, bruis-
ing, pain, minor infection at the insertion site, dis-
comfort during insertion are some less commonly 
reported adverse events. No severe adverse events 

related to the device have been reported in pediatric 
population.11,15 

6. Merits of using FGM in diabetes

Rapid and painless measurement of glucose levels 
as well as the possibility to generate much more 
information than conventional SMBG are the most 
important advantages of using FGM.26,27,28 These ad-
vantages seems to be important in the pediatric pa-
tients where glycemic values are extremely variable. 
Accurate assessment of glycemic variability and the 
identification of nocturnal hypoglycemic episodes, 
can help patients to achieve optimal control, delay 
complications as well as improve treatment satisfac-
tion and quality of life. It is well known that hypo-
glycemic episodes can have adverse outcomes on the 
brain, especially in children, and because glycemic 
variability is an independent risk factor for develop-
ing long-term complications, FGM use is important 
in the management of diabetes.26,28 

7. Conclusion 

FGM is truly effective tool for the management dia-
betes both in the children and adults that can help pa-
tients to improve glycemic control and quality of life. 
FGM is considered as cheaper and valid alternative 
for selected patients. It is hardly possible that, FGM 
be included in the development of an artificial pan-
creas due to the lack of connectivity with CSII. FGM 
because of its accuracy, safety and tolerability could 
be an alternative to SMBG in selected proportion of 
patients also. 
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Digital App Based Diabetes  
Education: A Brief Review

Santosh Adhikari

INTRODUCTION:

Diabetes is considered to be among one of the 
most challenging health conditions of the 
21st century and it appeals for a great deal 

of time, energy, effort and money for its meticulous 
management. Thus, it is a condition which appeals 
for proper self-management initiatives in addition to 
continuing medical care for proper management. The 
term ‘self-management’, as defined, refers to “tasks 
that an individual must undertake to live well with 
one or more chronic conditions. These tasks include 
gaining confidence to deal with medical management, 
role management, and emotional management”1. The 
process of self-management is predominantly data 
driven and requires acquisition, storage and analysis 
of larger volumes of data at regular intervals. 

RATIONAlE OF USING DIGITAl APPlICA-
TIONS:

At present, India is home to 77 million people with 
diabetes and a high prevalence of prediabetes and 
undiagnosed diabetes2. This exponential growth has 
been putting immense pressure over the healthcare 
infrastructure of the country. There comes the need 
for using digital applications related to diabetes man-
agement. 

With the rapid proliferation of smartphones and wire-
less technology across the globe and its wider accep-
tance among the masses, India has noticed increased 
interest and exceptional growth in mobile application 
in relation to diabetes self-management. Qualitative 
research has shown that for patients, gaining diabetes 

knowledge through mobile apps is more acceptable 
than receiving diabetes education classes in hospi-
tals3. 

Moreover, digital applications help to optimize the 
use of pre-existing therapies to ensure adequate gly-
cemic control, control of blood pressure and helps 
providing a good lipid profile as well. These ap-
plications educate people living with diabetes on 
self-management and improves treatment adherence. 
They also help ensuring early initiation of insulin 
when indicated. Thus, they contribute towards im-
proving the quality of healthcare delivery at large.4,5

GOAl:

This article focuses at reviewing the various appli-
cations available commercially in relation to their 
functionality, usability and to what extent it aids in 
the comprehensive management of diabetes. To pro-
vide examples where digital apps have been used in 
clinical practice, and also the various technological 
innovations that has been integrated to digital appli-
cations and implementation of the same for the man-
agement of diabetes.

The review also aims at identifying the various fac-
tors governing the usability, acceptance and integra-
tion of self-management applications with the oth-
er modalities of diabetes management in order to 
achieve better control over the disease.

The review also discusses about the role of telemed-
icine and mobile health in diabetic care. The review 
also suggests relevant technological adaptation and 

Chapter38
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policy changes be made in order to create the best 
roadmap for the digitalization of diabetes care in the 
Indian context. The review also aims at discussing 
the opportunities and limitations including worries 
about data privacy, the digital divide, government 
legislation, the involvement of stakeholders, and the 
mindset and uptake of hospitals and healthcare pro-
fessionals that impedes the wider implementation of 
digitalization of diabetes health in India.

MOBIlE APPS IN DIABETES EDUCATION:

In India, Google Play and the App Store offers a siz-
able selection of digital health apps that aid in the 
management and prevention of T2D. These include 
apps for educators/trainers, social forums/blogs, 
apps for diabetes management, insulin titration, med-
ical consultation, apps for diet and exercise, calorie 
tracker apps, and apps for clinicians. In addition to 
offering people living with diabetes with appropriate 
lifestyle advice, motivation, and support, mobile ap-
plications and dosing algorithms also make it easier 
for them to communicate with their doctor.

One of the biggest barriers to augmented insulin 
therapy in India is titration inertia, or the inability to 
quickly increase the dose. It has been suggested that 
good outcomes can be achieved by implementing a 
patient-centric strategy in which all clinical decisions 
are influenced by patient considerations6. With the 
help of automated dosing recommendations, people 
with T2D can self-titrate basal insulin using Sanofi’s 
My Dose Coach smartphone app7. The MyStar Plus 
(Sanofi) app supports accurate and quick clinical de-
cisions by providing all diabetes-related data to aid in 
diabetes management. Through data transmission to 
Apple and Android smartphones and synchronisation 
with Accu-Chek blood glucose metres, Roche’s my-
Sugr App assists PwD in managing their diabetes8.

A recent study assessed the effectiveness of the di-
abetic applications that are available commercially 
in India. The outcomes recommended two applica-
tions as being user-friendly and of high reliability: 
“HealthifyMe—Diet plan, Health and Weight Loss” 
and “Google Fit: Health and Activity Tracking”9. 
However, there is currently a dearth of strong evi-
dence supporting the effectiveness of these apps.

Table 1: Summary of some of the popular diabetes apps:

Apps Type Patient Benefits HCP Benefits
OneTouch Reveal Glucose track-

ing
	Glucose alerts
	Food, medication and ac-

tivity tracking
	Wireless data pairing

	HCP reports
	Data sharing

My Sugr Glucose track-
ing

	Medication and carbohy-
drate tracking

	Wireless data pairing

	HCP reports
	A1C prediction

ADA SOC Medical care 
recommenda-
tions

	Online web app available
	Full access to ADA standards of 

care
	Interactive tools for evi-

dence-based medicine
	Quick access to the summary of 

new revisions to the standard of 
care

iHealth Glu-
co-Smart

Glucose track-
ing

	Diet and activity tracking
	Wireless data pairing

	Data sharing
	Secure cloud data storage
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FreeStyle Li-
breLink

CGM 	Real time glucose values
	Painless 1-second scan 

to see glucose values and 
trends

	Connects to caregivers and 
HCPs for seamless sharing 
of glucose information

	Food, insulin and activity 
tracking

	Remote patient monitoring via 
LibreView

	Standardized AGP reports with 
CGM metrics included in HCP 
reports

	In app retrospective glucose 
trends and patterns

Medtronic Guard-
ian Connect

CGM 	Real time glucose data and 
alert

	Predictive alerts
	Data auto updated to 

Medtronic CareLink

	Data shared to HCP clinic

SugarIQ CGM 	IBM Watson analytics for 
pattern detection

	Personal insights based on 
retrospective data provided 
via text messages

One Drop Glucose track-
ing

	Wireless data pairing
	Diet, medication and activ-

ity tracking
	Real time decision support

	HCP reports

Health2Sync Glucose track-
ing

	Manual glucose tracking
	Biometric tracking
	Food, medication and ac-

tivity tracking

	HCP reports

Table 2: Digital technologies integrated with mobile applications used in diabetes:

Digital Technology Major Uses
Continuous glucose monitor-

ing systems

Glucose alerts, HbA1C prediction, prospective as well as retrospective glu-

cose trends and patterns, monitoring of glycemic variability
Insulin pumps CSII, DIYAP
Telemedicine platforms Diabetes education, lifestyle recommendations, monitoring, follow-ups
m-Health Diabetes education, online doctor consultation or offline appointment, life-

style recommendations, diet advices, drug dosage instructions, follow-ups
Smartphone based fundus 

photography

Retinopathy screening

Electronic Medical Records Patient data management, research
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SMARTPHONE BASED FUNDUS PHOTOG-
RAPHY:

One of the most prevalent diabetes-related problems 
is diabetic retinopathy (DR), and incidence rates are 
rising quickly in India10. The gold standard for DR 
screening and assessment has been four-field fundus 
imaging with a retinal camera11. The use of fundus-
on-phone (FOP) cameras mounted on smartphones 
for retinal disease screening has been viewed as a 
viable option. The study on 301 T2D patients (602 
eyes) at a tertiary care diabetes clinic in south India 
revealed that the FOP camera on smartphones had 
similar specificity, sensitivity, and image quality to 
7-field mydriatic fundus photography. While the FOP 
camera measured NPDR 40.2% and PDR 15.3%, the 
Zeiss camera estimated NPDR 43.9% and Prolifera-
tive DR (PDR) 15.3%12. The sensitivity and specific-
ity of smartphone fundus photography compared to 
7-field mydriatic fundus photography for the detec-
tion of DR were reported to be 50% and 94%, respec-
tively, and that of nonmydriatic fundus photography 
to be 81% and 91%, respectively, in the Comparison 
Among Methods of Retinopathy Assessment (CAM-
RA) Study in 300 patients with diabetes from south 
India13. Thus, they provide promising results without 
a dip in the level of image quality, diagnostic accura-
cy and disease specificity.

CONTINUOUS BlOOD GlUCOSE MONI-
TORING (CGM):

Glycemic variability (GV) can be measured using 
CGMs to track glucose trends in people living with 
diabetes14. Even though the first CGM, CGMS Gold, 
was made accessible in India, the most widely used 
CGM for nearly ten years was the blinded iPro2 
(Medtronic)15.

In 2015, the FreeStyle® Libre Pro Flash Glucose 
Monitoring System was first approved for use in 
India16. FreeStyle® Libre, an intermittently scanned 
CGM, was introduced in India in 2020. By fully util-
ising its three elements—the medical device, the da-
ta-mining engine platform, and the data-driven med-
ical feedback—CGMs show the success of digital 
healthcare17.

A 3-month use of iPro2 decreased the mean A1C 

from 8.6% at baseline to 8.0%, according to a ret-
rospective CGM study involving 148 patients with 
T2D18. 14 The importance of patient adherence to 
therapy was made clear by this study, which also of-
fered significant perspectives and opportunities for 
making modifications to treatment plans and lifestyle 
interventions. A multicenter study examined the ef-
fectiveness of the ambulatory glucose profile pro-
duced by FreeStyle LibreProTM flash glucose mon-
itoring (FGM) (Abbott) on the glycemic outcomes 
in a large Indian population of 5072 people living 
with diabetes, both T1D and T2D. The study findings 
demonstrated that FGM-AGP significantly lowered 
HbA1C levels in both T1D and T2D19. Additionally, 
it has been reported that 106 patients with T2D who 
had AGP produced through FGM were able to have 
their glycemic variability and frequent hypoglyce-
mia episodes reduced, leading to an improvement 
in their quality of life20. Another study that included 
5901 T2D patients used CGM to determine the rela-
tionship between ambulatory glucose profile mark-
ers and complications caused by diabetes. The find-
ings showed a higher risk of diabetic kidney disease, 
macroalbuminuria, and non-proliferative diabetic 
retinopathy (NPDR) among people with both the 
hypo and hyper profiles, which can only be detected 
by CGM21. In Mumbai, India, researchers from Gan 
& Lee Insulin Glargine Target Type (1) Evaluating 
Research (GLITTER) proposed a novel interim in-
tervention using the Freestyle Libre Pro system and 
professional continuous glucose monitoring system 
(pro-CGM). On the fifth day after the start of CGM, 
the group conducted an intermediate assessment and 
adjusted the diet or medication as necessary. In terms 
of average glucose, time in range, time above range, 
time below range, and hypoglycemic occurrences, 
the technique had successfully improved glycemic 
outcomes22. Another team investigated the effective-
ness of the Twin Precision Nutrition (TPN) Program, 
which uses CGM, IoT, food consumption data, and 
AI algorithms. In order to follow the participant’s 
health and make individualized treatment decisions, 
the Digital Twin Technology platform collected data 
from the participant’s body sensors and sent it to a 
mobile application. Patients who adhered to the ap-
proach were able to significantly lower their HbA1c, 
body weight, and time below range with the help of 
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CGM-based daily precision nutrition guidance23.

According to these trials, CGMs produce more rele-
vant data that can be used to develop new interven-
tion strategies, break clinical inertia, encourage pa-
tients to take care of their diabetes themselves, and 
lessen the burden on medical professionals.

APP MONITORED INSUlIN PUMPS:

The demand for cutting-edge, AI-powered insulin 
delivery devices has been driven by the rising inci-
dence of diabetes cases. Unfortunately, a substan-
tial number of PwD in India still lack access to the 
majority of advanced insulin delivery devices. Only 
Medtronic insulin pumps are now sold in India, al-
though new introductions of more sophisticated sys-
tems are soon to follow.

In India, modern-era insulin pumps were first intro-
duced in 2004, and unlike in western nations where 
T1D patients make up the majority of pump users, 
T2D patients make up the majority of insulin pump 
users in India24,25.

The benefits of Continuous Subcutaneous Insulin In-
fusion (CSII) have been documented in various Indi-
an papers, which are briefly described below.

A statistically significant drop in HbA1c following 
the start of CSII in a sample of 33 individuals with 
intractable diabetes served as further evidence of 
CSII’s effectiveness26. A 12-month follow-up study 
of 16 T1D patients from underprivileged rural Indian 
communities revealed that CSII medication should 
be carefully distributed among patients to improve 
glycemic control. The strategy was found to lower 
emergency hospitalizations, improving QoL27. 46 
T2D patients who switched from several daily injec-
tions to CSII observed improved sexual function, less 
peripheral neuropathic pain, and a significant drop in 
HbA1c (MDI)28. The first T1D patient from India to 
use a DIY artificial pancreas recently shared her ex-
perience with the system, which combines CGM and 
insulin pumps. Significant improvement in glycemic 
variables like Time-below-Range, Time-in-Range 
and QoL had been brought by the system29.

ElECTRONIC MEDICAl RECORDS:

EMR is a standardised collection of patient and pop-
ulation health records that have been electronically 
recorded in digital format30. With paper documenta-
tion, it was not possible to share such a big collection 
of data across networks as is now possible thanks to 
technology. In some diabetes clinics in India, EMR 
has played a crucial role in providing high-quality 
care. Diabetes electronic medical records (DEMR) 
are being used in a tertiary care facility in south In-
dia to store and track the demographic and clinical 
information of numerous patients. The system’s util-
ity and credibility in diabetes care and research were 
revealed in the study, which involved 139,906 male 
and 86,322 female patients with diabetes31. These 
data suggest that EMR and computerised clinical de-
cision-support systems (CDSS) can aid LMIC doc-
tors and patients in overcoming systemic obstacles 
to improving the provision of evidence-based health-
care. A thorough investigation revealed that diabetes 
management with the EMR-CDSS has given patients 
a sense of empowerment and benefits from improved 
clinician focus and feedback. The study also found 
a number of barriers to the widespread adoption of 
EMR in therapeutic decision-making for diabetes 
treatment, including a lack of qualified employees, 
limited resources, and personal economic hard-
ships32.

MOBIlE HEAlTH:

The usage of telemedicine, m-Health, smartphone 
photography, and electronic medical records all fall 
under the umbrella of electronic health, or “E-health,” 
which is a combination of medicine and the Internet 
(EMR)33. Due to the ongoing COVID pandemic, the 
Indian government is promoting the digitalization 
of the healthcare industry in a number of areas, in-
cluding e-consultations, health surveillance, health 
education, and other healthcare services. The nation 
saw many T2D patients seeking internet help during 
the lockdown via YouTube, Facebook, WhatsApp, 
and Google searches for diabetes management. Short 
messaging services (SMS), blogs, voice/video call 
capabilities, apps, and TV channels were among the 
platforms/media used to receive information34.
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TElEMEDICINE:

Telemedicine, as defined by the WHO, is “the use 
of electronic communications and information tech-
nologies to provide clinical services when partici-
pants are at different locations’’ and “a tool that can 
be used by health providers to extend the traditional 
practice of medicine outside the walls of the typical 
medical practice”35. 

When distance is a major consideration in the de-
livery of healthcare services, telemedicine technol-
ogy makes use of information and communication 
technologies36. 36 Following the COVID issue, the 
then-Medical Council of India (MCI) released tele-
medicine practise guidelines on March 25, 2020, 
encouraging all physicians in India to engage in 
telemedicine36. Since the vast majority of physical 
healthcare facilities in India are located in metropol-
itan areas, telemedicine provides rural patients with 
an ideal tool for accessing high-quality diabetes care.

By promoting diabetes awareness, screening, and 
formulating strategies for diabetes prevention and 
treatment, the Chunampet Rural Diabetes Preven-
tion Project (CRDPP) is a great example of how to 
employ tele-diabetology to promote healthcare in 
neglected parts of developing nations like India. The 
project was successful in screening a significant por-
tion of the population, providing widespread educa-
tion about the advantages of glycemic control and the 
prevention of complications related to diabetes, as 
well as ensuring the accessibility of diabetes health 
services in isolated regions of southern India37.

The Diabetes Tele-Treatment System (DTMS®), a 
telemedicine-based intervention and follow-up pro-
gramme for diabetic management, has been success-
fully used by a comprehensive diabetes healthcare 
facility in south India since 1998. The DTMS® team 
educates patients and caregivers on insulin injection 
technique, diet, exercise, use of a glucometer, hypo-
glycemia, and medication compliance through tele-
phone, email, and a secure website. They also titrate 
insulin and oral medication dosages in accordance 
with each patient’s unique glycemic targets. In a co-
hort of 1000 T2D patients, telemedicine follow-up 
using DTMS® resulted in a significant decrease in 

HbA1c and hypoglycemia frequency. This strategy 
guarantees proper glucose control, a decrease in mi-
cro- and macrovascular problems, and patient com-
pliance with several medications38.

Based on the idea that “a diabetologist sitting at 
home in front of a computer can treat 10 times more 
patients than seeing patients physically in clinic,” the 
fully digitalized hospital group in south India creat-
ed a diabetes outpatient application (CURA) and an 
online diabetic management and care system with a 
focus on detecting and treating diabetes. Within just 
two years of its inception, the CURA application as-
sisted in the treatment of 34,000 patients39.

The management of diabetes by healthcare profes-
sionals in India during the lockdown has benefited 
greatly from telemedicine. According to a study of 
T2D patients performed among them during the 
lockdown, among those who attempted to see a doc-
tor, 30.6% used the telemedicine service. The study 
supported the value of telemedicine as an alternative 
to in-person consultations during the epidemic when 
travel restrictions were in vogue. m-Health applica-
tions Lybrate, MediBuddy, and Medlife allow online 
medical consultations or offline appointment book-
ing through chat, audio, and video chatting34. The 
COVID pandemic has greatly increased the popu-
larity of these sites. The use of these platforms con-
firms their integration into our healthcare system to 
address the nation’s expanding medical needs40.

OPPURTUNITIES:

For improving India’s primary healthcare envi-
ronment, digital health in the context of diabetes 
presents the best option. Through smartphones and 
other communication tools, it seamlessly connects 
a number of diabetes care components, including 
clinicians, patients, diabetes educators, nurses, and 
careers. Digital technology platforms encourage 
patients to self-manage their diabetes by providing 
frequent updates, recommendations, feedback, and 
alarms. It is slowly becoming more widely accepted 
that digital technologies may be used to launch better 
treatments and alter diets and lifestyles.

By addressing the enormous treatment demands 
while preventing unnecessary clinic trips and face-
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to-face consultations especially in healthcare emer-
gency situations like the one caused by COVID19, 
telehealth improves healthcare systems. In terms of 
diagnosis rates, patient adherence to therapy, and 
availability to medical personnel, telecare has shown 
superior results. As more patients have numerous 
chronic illnesses that call for urgent care, this con-
cept was expected to become a cornerstone of dia-
betic management.

For patients, caregivers, and healthcare professionals, 
education and training through web portals, blogs, 
videos, and organised online modules are excellent 
for improving knowledge and skills on diabetes tech-
nologies and quality care. Digital health presents a 
chance for smart and effective resource management 
for LMIC like India. All of these results have the po-
tential to lower overall diabetes care expenses.

lIMITATIONS:

Although diabetic digital health presents a plethora 
of possibilities for a nation like India, a number of 
significant barriers are keeping it from being fully 
utilised. Any estimate of the increase in economic 
output in India attributable to digitalization must be 
adjusted for the fundamental drag on productivity 
caused by the disjointed health system of the nation. 
Consumers must pay a significant initial cost and 
must upgrade and customise existing processes, pro-
tocols, and hardware in order to use digital platforms 
or technologies more widely.

Another barrier to progress in the treatment of diabe-
tes is inadequate knowledge of or training in digital 
technology. Because of their lack of technological 
knowledge, patients may continue to favour tradi-
tional ways of care and fight the adoption of digi-
tal care. EMRs may not be available to independent 
practitioners, especially in isolated rural locations. In 
this situation, having confidence in the new user in-
terface between doctors and patients is crucial. The 
largest obstacles to telemedicine and digital health 
are ethical worries about cybersecurity, data priva-
cy, and ownership. Users should be responsible for 
verifying the legitimacy of the providers, particular-
ly in light of the fact that interconnected networks 
are used to gather and retain personally identifiable 

information regarding illness conditions and general 
health.

The installation and expansion of telehealth pro-
grammes that need live-video connections between 
patients and clinicians might be hampered by a lack 
of connectivity attributable to restricted access to 
high-speed broadband Internet and inadequate tele-
communications infrastructure41. Patients may be-
come frustrated with telehealth if conversations are 
dropped or there are delays in the video. However, 
many of these challenges can be successfully over-
come with the help of research studies, well-defined 
policies, and programmes. Massive investments are 
needed in product development, information tech-
nology, basic/clinical research, and several other 
businesses. Future societal health will benefit from a 
well-planned mandate to create and implement digi-
tal diabetes technologies.

RECOMMENDATIONS:

The incorporation of technology, together with ex-
panded infrastructure and capabilities from process 
improvements, may help to advance the affordability 
and accessibility of medical treatment. Inadequate 
access, limited insurance penetration, and a rising 
disease burden are just a few of the challenges that 
need to be overcome for digitalization of diabetes 
care in India. The cost of diabetic treatment items has 
decreased thanks to numerous domestic initiatives. 
In parallel, support for technological innovations and 
reforms in regulatory policy are urgently needed.

CONClUSION:

The novelty of this decade has been the modest but 
steady march toward the digitization of diabetes 
care. Emerging technologies are steadily gaining 
traction in the nation, including real-time continuous 
glucose monitoring, automated insulin delivery sys-
tems, electronic medical records, mobile health, and 
telemedicine.

India’s healthcare and economic infrastructures have 
been under tremendous strain as a result of the rising 
diabetes population. Diabetes patients can now ac-
cess high-quality, cost-effective care while also im-
proving their glycemic outcomes, thanks to digital 
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technologies. But the nation must bridge the gap be-
tween technological start-ups, hospitals, manufactur-
ers, and other stakeholders to guarantee digital equal-
ity between urban and rural areas. It is envisaged that 
the results, knowledge, information, and services 
produced by digital health technology would spark 
additional advances in the treatment of diabetes.

Glossary:

1. IoT: Internet of Things Technology

2. PwD: Patient with Diabetes

3. T1D: Type 1 Diabetes

4. T2D: Type 2 Diabetes

5. HCP: Health Care Professionals

6. CSII: Continuous Subcutaneous Insulin Infu-
sion

7. CGM: Continuous Glucose Monitoring

8. AGP: Ambulatory Glucose Profile 

9. ADA: American Diabetes Association

10. DIYAP: Do-It-Yourself Artificial Pancreas Pro-
gramme

11. DR: Diabetic Retinopathy

12. FOP: Fundus on Phone

13. NPDR: Non-Proliferative Diabetic Retinopathy

14. PDR: Proliferative Diabetic Retinopathy

15. FGM: Flash Glucose Monitoring

16. EMR: Electronic Medical Record
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Understanding Quality of Life in Persons 
Living with Diabetes:

A Critical Appraisal of Studies Conducted in This Direction

Seema Bhuyan
Manash P Baruah

Summary: Over 2 decades a lot of importance has been given towards improving the Quality of Life (QOL) 
in patients living with Type 2 diabetes mellitus (T2DM), which is found to be mostly associated with poor 
QOL. Numerous studies have been conducted to understand and maintain an appropriate QOL. Diabetes is 
a subjective condition as there is no patient-specific QOL for all cases. Different factors may impact differ-
ent patients differently. Therefore, brief questionnaire based tools may not capture all important domains 
in each patient.  The World Health Organization QOL (WHOQOL) and Short Form Health Survey (SF-36) 
are the most commonly used tools. Also, DAWN program, a questionnaire based tool was introduced by 
Novo Nordisk to access QOL in patients with diabetes. In this chapter, we will study the global prevelance 
of diabetes and owing to this the importance of maintaining a better Quality of Life (QOL) in T2DM pa-
tients. We will also study the DAWN-QOL active self care management for  implementation of an adequate 
lifestyle modification (LSM) encompassing proper compliance in diet, medications and self-monitoring of 
blood glucose (SMBG) are important measures which can be implemented in day-to-day schedule with very 
nominal extra financial burden for improving the QOL in diabetic patients. We will also discuss a unique 
scoring system for asseing execution of lifestyle management goals.

Importance of Quality of life/Health Relat-
ed Quality of life: QOL in persons with diabetes 
(PWD) can be defined as how an individual feels 
about oneself [Palamenghi L et al., 2020]. A suit-
able QOL can vary in every individual and thus the 
most crucial feature is to self-assess their QOL and 
not what others perceive it to be [Barnard R K et al., 
2011], [Barnard K D et al., 2006], [Hanninen B P 
et al., 2017]. Studies on QOL are deemed useful to 
improvise well-being of patients, compliance, and 
continuity of care in the diabetes clinic [Hanninen 
J et al., 2001]. A good QOL involves various factors 
needed to maintain a better glycaemic control. The 
factors may include a comfortable doctor-patient 
relationship, adequate lifestyle modification (LSM) 
encompassing proper compliance in diet, medica-
tions and self-monitoring of blood glucose (SMBG) 
[WHOQOL, 1998], [Auerbach S M et al., 2002], 
[Hendrieckx  C et al., 2002]. Moreover co-morbid-
ity with other diseases associated with T2DM along 

Prevalence of Diabetes Globally: 

As confirmed by the 10th edition of Interna-
tional Diabetes Federation, Diabetic Atlas, 
one of the fastest growing global health 

emergencies is diabetes [IDF, Diabetes Atlas, 2021].  
In the year 2021, 537 million people were estimated 
to have diabetes which is predicted to be increased to 
643 million by 2030, and 783 million by 2045. More-
over, diabetic children and adolescents up to the age 
of 19 years are in the increasing trend globally and 
diabetes related health expenses crossed one trillion 
USD as per reports of IDF, Diabetic Atlas [IDF, Di-
abetes Atlas, 2021]. Based on the above facts, it is 
crucial to maintain a better quality of life (QOL) in 
persons living with diabetes along with other relat-
ed complications such as cardiovascular diseases, 
neuropathy, retinopathy etc. as well as psychological 
complications requiring lifelong self-care [Carlton J 
et al., 2021].  
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with mismanagement of T2DM may elicit end stage 
organ damage that ultimately impairs the Health Re-
lated Quality of Life (HRQOL) in the individuals 
[Skevington  SM et al., 2004]. 

The DAWN program for active self care man-
agement: The DAWN program was an internation-
al venture which was commenced in 2001 by Novo 
Nordisk in collaboration with the International Dia-
betes Federation for effective management of diabe-
tes. The goals of the DAWN study includes the en-
hancement of few factors needed for effective care. 
They are active self-management, psychological care 
and communications between people with diabetes 
and health care providers (HCPs) [Stuckey H L et 
al., 2015]. This study was designed including HCPs 
across 13 countries, to address psychosocial factors 
of improved health outcomes and QOL for diabet-
ic individuals [Peyrot M et al., 2006]. According to 
the reports of the HCPs, most PWDs had problems 
adhering to diabetes regimens due to psychological 
problems (including depression, anxiety, and stress) 
[Peyrot M et al, 2013]. The second DAWN study 
(DAWN2) was executed across 17 countries includ-
ing India for the advancement of patient centred care 
(PCC) for PWD. This was an extension of the find-
ings of the original DAWN study [Kalra S, 2013], 
[IDF, Diabates Atlas, 2011]. 52 % PWDs reported 
diabetes related distress in India [Kalra S, 2013]. The 
DAWN program has successfully bridged the gaps 
between patients and their HCPs. In addition, feed-
back from HCPs, PWDs and their family members 
are extremely imperative for optimal management 
of healthcare services [Kalra S, 2013].  In addition 
to aforementioned measures educating PWD for self 
management have reported enhanced clinical, psy-
chosocial and QOL outcomes [vanDam HA et al., 
2003], [Rubak S et al., 2005]. 

A unique scoring system for lifestyle management: 
In a recent study, it was mentioned about adopting a 
novel tool called DEMIMS© lifestyle management 
score for Dietary and Exercise compliance [Baru-
ah MP et al., 2021], Table 1. Using the DEMIMS©  
scoring system, it was found that the score of  insu-
lin ±OAD cohort was significantly higher than the 
OAD only cohort which implicated  that T2DM pa-
tients on insulin therapy maintained a better QOL by 
sticking to proper dietary recommendations. Even 

DAWN QOL A (Diet) score for insulin ± OAD co-
hort was quite significantly higher than the OAD 
only group which shows similar results with our nov-
el DEMIMS© scoring system and validated its adapt-
ability and reproducibility [Baruah MP et al., 2021]. 
Using this novel QOL management scoring system,  
glycemic control was assessed by determining the 
results of  recent HbA1c reports which was used to 
define as good lifestyle management as good (≤7%) 
and poor (>7%). 

Table 1: Scoring order of DEMIMS© lifestyle as-
sessment system 

(Adopted from  Baruah MP et al., 2021)
DEMIMS© lifestyle 
assessment score  for as-
sessments of Dietary and 
Exercise  compliance  #

Attribute of the patient

1 Knows insufficiently, Exe-
cutes inadequately

2 Knows sufficiently, Exe-
cutes inadequately

3 Knows sufficiently, Exe-
cutes adequately

#The unique scoring system was undertaken routinely 
in the clinic when each of the newly registered patients 
with diabetes mellitus was interviewed by the dietician 
or diabetic counselor.

DEMIMS©; Diabetes, Endocrinology and Metabolic 
Disease Information Management System [©Manash P 
Baruah

Conclusion and Future Approach: Maintaining 
a good quality of life is crucial in diabetes control. 
Mutual effort of PWD and their HCPs is required to 
maintain a better QOL in PWD. Adequate manage-
ment requires day to day self care and proper under-
standing and knowledge of PWD about the disease, 
lack of which may lead to multiple hospital admis-
sions and other related complications.  Educating the 
patients on insulin with adequate QOL approach in-
cluding routine check-ups with health care providers 
is crucial.

In, future more QOL studies involving large sample 
sizes should be conducted. Moreover development 
of novel and effective QOL tools for patient specif-
ic management of   T2DM could be of great help 
in maintaining a better QOL.  Furthermore, women 
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specific studies should be designed and conducted to 
improve the QOL in women all over the globe, as 
this is an unmet need.
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Imparting Correct Injection Practices for 
Diabetic Patients on Injectable Therapies

Ripun Borpuzari

INTRODUCTION

When we talk about the injectable therapies 
of diabetes, Insulin comes first followed 
by Glucagon like Peptide1 Receptor Ana-

logues (GLP1RA) and Amylin Analogues (Pramlim-
tide). The latter two drugs are also injected subcuta-
neously (SC) like insulin. However, insulin therapy 
still remains the corner stone of diabetic manage-
ment, even after more than 100 years of its discovery 

and human use, in both the major forms of diabetes 
and gestational diabetes. 

There is now ample evidence to understand that the 
Asian Indian Phenotype of T2DM is typically char-
acterised by relatively lower BMI with higher central 
adiposity (Waist Circumference), typical dyslipidae-
mia and lower Adiponectin level compared to diabe-
tes in the western world; 1 (Fig.1). 

Fig:1. The Asian Phenotype.
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Recent attempts to clustering T2DM people in India 
have clearly shown that about 38.3% of Indian di-
abetes are either severely or relatively insulin defi-
cient (Fig 2). Almost corresponding to these data the 
ICMR INDIAB study also showed that combining 
both the types of SIDD (Severe Insulin Deficient Di-
abetes) and CIRDD (Combined Insulin Resistant and 
Deficient Diabetes) we have 32.3% of T2DM  need-

ing insulin in any point in the course of the disease. 
In my own single clinic records, I have found around 
25% of my own T2DM patients need insulin whereas 
I could convince and prescribe to only half of them 
out of total recorded data post-covid era. About 35% 
of people living with diabetes in India currently are 
on insulin as per a recent study. 2  

(Derived from JAPI, Feb’21 issue: Ref 1)

This review  is meant to discuss the safe and correct 
injection practices for people with diabetes who need 
injectable therapy lifelong or even for a short period 
of time as and when situatuion demands for. 

Although insulin is the most potent agent for con-
trol of hyperglycaemia, yet some patients fail to re-
spond as per expectation. Many a times errors in in-
jecting techniques or lacunae in storage could be a 
correctable factor in these patients. But the art and 
the science of injection techniques have never been 
explained properly to the patients by the health care 
providers, especially in the countries like India with 
limited resources and public reach. One of the largest 

recent survey on injection techniques expressed that 
the majority of the people with diabetes who need in-
jections (Insulin mostly) are not injecting themselves 
the way they should be! 3:  

To address this gap, the FITTER (Forum for Injection 
Technique and Therapy Expert Recommendations) 
published recommendations on injection technique 
after a workshop held in Rome, Italy in 2015. Al-
though these recommendations were being made for 
a global acceptance, however these did not explore 
alternative details that might be suitable for low- and 
middle-income countries.4
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In India too, similar forum was formed by experts 
from all corners of the country in 2015 and Indian 
Recommendation 2.0.for the best practice in Insulin 
Injection Techniques was published. 5

Why SC?

All the injectable antidiabetic medications (ADMs) 
are given subcutaneously except in some special or 
emergency situations like ketoacidosis, sepsis, sur-
gery or any other condition that necessitates urgent 
hospitalisation where intravenous route is being pre-
ferred. 

We know that SC tissue is placed in between the skin 
(Dermis and Epidermis) and the muscles. It contains 
numerous fat lobules embedded in a network of con-
nective tissue septa, blood &lymph vessels. Insulin 
has to cross these connective tissue septa before 
absorption. Moreover insulin is reported to bind to 
these collagen proteins and albumin and thus serve 
as a tissue reservoir in different basal formulations. 
Fat lobules contain fewer blood vessels and practi-
cally no lymphatic vessels compared to the surround-
ing connective tissues. All these factors contribute to 
the relative delay in insulin action when given sub-
cutaneously. But Intra-dermal route, although caus-
es more rapid absorption of insulin compared to SC 
route, there are more possibilities of a) Immunolog-
ical reactions, b) Increased pain perception and c) 
Leakage of insulin (6)   

SC route has been the choice traditionally for all in-
jectable ADMs (A1). 

          

 Fig 3: Structure of the Skin in a cross-sectional 
view.

Dermatological Complications of wrong tech-
niques of Injection:

1. lipoatrophy (lA) & lipohypertrophy 
(lH): Fig:4

Fig:4

LH is the result of direct anabolic effect of in-
sulin if repeatedly injected in to a single site. 
This is observed even in recombinant insulin 
preparations and insulin pumps. LH delays 
insulin absorption too. LA is rare immuno-
logical complication of insulin treatment 
even reported with analogue preparations 7. 
It is the result of localised fat necrosis and 
massive macrophage infiltration.  

• Advise patients not to push injection 
in to these areas of skin dystrophies.

• While switching to a different site 
the dose needs to be reduced. LH is 
one of the reasons for high glycaemic 
variability for lack of uniformity in 
absorption of insulin from the site.

• Patient should be assured of its be-
nign nature. No specific treatment is 
recommended such.

2. Other Skin lesions like bruises, nee-
dle-stick injuries, tattooing and scaring, 
abscess can be avoided by adopting prop-
er care as depicted earlier. Rarely amy-
lodosis is being reported in literature as 
a result of chronic sc infections (Fig: 5). 
Site rotation with proper cleansing of 
the area prior to injection and changing 
of needle are the ways of preventing all 
these probabilities. 
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Fig. 5. Different skin disorders arising from 
faulty techniques.

Areas of Probable Faults:

A. Cold chain maintenance in storage and 
transport.

• Insulin vials and cartridges/pens al-
ways should be kept between 2 to 8°C 
if not in use for more than two months 
and never inside the freezer or direct-
ly on ice. Frozen vials or pen fills thus 
kept should be discarded (A), Fig: 6. 

  

Fig:6

• Pens with cartridges & Vials in use 
can be kept in a dark place at a room 
temperature that is below <30°C as 
we know that the shelf life of insulin 
is about 4 weeks if kept below 30°C. 
Freshly taken out insulin from refrig-
erator can cause pain during injec-
tion(A 1). One should wait for min-

imum 30 minutes before using taken 
out afresh.

• Insulin in use should never be kept 
immersed under water. Immersing 
insulin under water after the vial has 
been pierced carries a high risk of 
contamination, leading to loss of po-
tency and likelihood of causing injec-
tion abscesses. 

• Pens with refills attached should not 
be kept with the needle on inside a 
refrigerator for chance of possible air 
clogging, leakage of insulin and even 
damage of the rubber plunger.

• Transport of insulin can be done 
safely in ambient temperature below 
30°C keeping the vial/pen inside a 
plastic container thoroughly wrapped 
with cotton without undue shaking. 
This way Insulin can be transported 
to work or school. Fig:7

• While travelling in air, insulin should 
not be kept in luggage compartment 
exposed to extremes of temperature 
during flight.

• Insulin should not be kept inside a 
parked car with closed windows and 
never should it be kept in the desk 
compartments.

Fig: 7. Transport of insulin in a plastic compartment 
in a pool of cotton wools.

B.    Understanding the sites of injection. 

• That Insulin and all injectable anti-di-
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abetic drugs are injected subcutane-
ously (SC), should be explained to 
the patient in a very simplified way to 
select suitable sites to gain the maxi-
mum comfort, absorption and glycae-
mia control.  

• Injecting the drug over a scar or thick 
skin might cause   erroneous absorp-
tion and undesired effect 8.

• Intramuscular penetration is to be 
avoided by properly selecting the 
needle of specified gauze and length. 
Accidental intramuscular injection of 
insulin especially long acting formu-
lations may cause unwanted hypogly-
caemia because of enhanced absorp-
tion and action. Fig:8 

Fig:8 Showing the correct & incorrect injection.

• Abdomen, buttocks and outer thighs 
are the most suitable sites for injec-
tion. It is to be noted all these sites 
have little difference in absorption al-
though may not be of much clinical 
importance. The best easily accessi-
ble site is between two horizontal line 
drawn 2.5-3 cm above and below the 
umbilicus and 5cm away from the 
midline on either side (Fig 9). More-
over abdomen is the site to be having 
the minimum risk of intramuscular 
injury and with fastest insulin absorp-
tion. 9 & 10. 

• Rotating the site is another important 
aspect of insulin injection. Both rotat-
ing within the sites and within a site at 
1cm apart is necessary.  Fig:10

• Though easy to access, regular injec-
tions in the thigh (outer thigh only; 
inner thigh is not recommended for 
dense network of blood vessels) may 
cause discomfort in walking and run-
ning. 

 C .  The technique of injection.

• The shortest available needles are 
now recommended worldwide; 4 
mm for pens and 6 mm for syringes 
with thinnest gauze size of 31 for all 
adults, children and adolescents (11). 
The angle of insertion to skin is 90° 
for 4 mm needles and 45° for 6 mm 
needles. We know that the thickness 
of the epidermis and the dermis com-
bined is around 2.2 mm in average; 
and hence longer needles are not rec-
ommended worldwide. With 4mm 
needles injecting at 90° is painlessly 
possible to reach the subcutaneous 
layer.

• Excessive slanting of more than 45° 
may go sub-epidermal resulting in al-
tered absorption, scar formation and 
tattooing of  
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the skin and abscess formation.

Fig:9. Recommended area of SC injection. 

• In emaciated patients with very thin 
skin, pen devices with 4 mm needles 
are preferred. When folding the skin 
is difficult, select a suitable other site.

• Reuse of needles and syringes are not 
recommended. But as it has been a 
regular practice in India for the cost 
factor, the message should go to all 
insulin users that a needle should be 
discarded after maximum 5 times use 
or even before that if becomes painful 
(9) 

Fig:10, Rotation between & within injection sites.

• Before injection the skin should be 
pupated for any lump or hump.

• Sterilising the area prior to injection 
with alcohol swabs is never to miss 

and to let the skin dry up after that. If 
alcohol swab is not available the area 
can be cleansed with cotton swabs 
dipped in pre-boiled water.

D.  Preparing the Insulin: 

• Freshly taken out vials and pens 
should be kept in room temperature 
for at least 30 minutes prior to use.

• Reconstitution of the vials and pens 
should be done prior to first use in all 
pre-mixed suspensions of regular and 
protaminated human insulin and also 
in soluble analogues with protaminat-
ed analogues. This is needed to make 
a proper mixing of the two insulins. 
Fig:11

  

Fig:11
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• Resuspension: Before the first in-
jection with new cloudy insulin, one 
must re-mix the insulin: Roll the pen 
between palms 10 times – it is import-
ant that the pen is kept horizontal. 

• Then to  move the pen up and down 
10 times between the two positions as 
shown in the figure, so that the glass 
ball put inside as given in some pre-
mixed insulin (like Insulin Lispro 
protamine with rapid lispro insulin) 
moves from one end of the cartridge to 
the other. 

• This should be repeated till the liquid 
inside the vial or cartridge appears 
uniformly white and cloudy.

• For every subsequent injection to 
follow, move the pen up and down 
between the two positions at least 10 
times until the liquid does appear uni-
formly white and cloudy. 

• For co-formulations like aspat and de-
gludec , this re-suspension is not re-
quired as both the component remain 
separately with individual pharmaco-
kinetic and pharmacodynamic prop-
erties. One just needs to dial the dose 
and inject as shown in the Fig:12. 

Fig 12:

E. Minimising pain associated with injection:

• Pre injection counselling: The benefit 
and the need of the injection therapy to 

initiate should be properly explained 
to the patient that even with multiple 
dosing round the clock, adopting the 
right technique injections are almost 
pain free. 

• One has to use new needles for each 
injection (or to reduce cost maximum 
a needle should not be used more than 
5 pricks: (B)

• Topical alcohol used to clean the skin 
should be let dry fully before injection.

• If a patient complains of pain with 
acidic pH insulin, a switching to neu-
tral pH insulin is advised.

• The patient or the care provider should 
be careful not to inject at the hair root, 
it is painful. 

•  Moving the needle once inserted in to 
the skin can induce pain too.

• If the skin fold is raised to inject the 
drug, the fold should be released slow-
ly to avoid pain. 

Conclusion: 

The overall management of diabetes in any type is 
individualistic and use of a specific medication alone 
or in combination is expected to bring down the gly-
caemic parameters to predetermined target besides 
addressing the individual atherosclerotic and renal 
risks and status. When injectable therapy like insu-
lin is considered, we also need to explain the basic 
principles right from the storage, use and techniques 
in a simplified and comprehensive way allowing a 
complete freedom to the patient to clear any existing 
doubt in his or her mind along with practical tips to 
avoid hypoglycaemia.     
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Diabetes and Erectile Dysfunction

Deepak K Jumani

ABSTRACT

Diabetes is increasing in prevalence and dia-
betic sexual dysfunction is the biggest sexu-
al health tsunami. The most common sexual 

dysfunctions in men with diabetes are erectile dys-
function (ED), early ejaculation, and low desire. In 
women having diabetes, common sexual disorders 
include hypoactive sexual desire and depression.

The penis remains in a constant flaccid state due to 
generalized cavernosal vasoconstriction because of 
raised advanced glycated end products, activation of 
RhoA/Rho kinase activity, and reduced endothelial 
nitric oxide synthase (eNOS) and nitric oxide (NO) 
in the smooth muscle cells of the corpora cavernosa. 
Control of hyperglycemia is essential to prevent or 
postpone vascular complications. Metformin, which 
is often the first oral agent of choice, improves en-
dothelial function, a significant cause of male sexu-
al dysfunction. Sodium-glucose transport protein 2 
(SGLT 2) inhibitors used along with metformin, be-
sides their well-known benefits, provide physiolog-
ical erections. Insulin pump therapy has improved 
sexual functions in men to the tune of 83%.

To increase the blood flow in the penile vasculature 
and to achieve erections, phosphodiesterase type 5 
(PDE5) inhibitors are the ideal choice. The available 
PDE5 inhibitors include sildenafil 25, 50, and 100 
mg, tadalafil 2.5, 5, 10, and 20 mg, vardenafil 10 and 
20 mg, udenafil 100 mg, and avanafil 100 and 200 
mg. Phosphodiesterase type 5 inhibitors vary in their 
onset and duration of actions and in the side effects. 
PDE5 inhibitors are erectogenic drugs and do not 
increase the desire. The recent trend is to give low 
dose of tadalafil 5 mg to every diabetic if he is not 
on nitrates. 

Testosterone replacement therapy is given with cau-
tion when indicated, with monitoring prostate-spe-
cific antigen (PSA). Given for 2 years have brought 
remission of diabetes, obesity and hypogonadism 
improved, and thereby restore sexual function. Phy-
toneutraceuticals such as L-arginine and fenugreek 
which are safe, have shown promising results in 
increasing the desire and sexual functions both in 
males and females.

Counseling on nutrition, exercise, mental health, and 
lifestyle measures continue to be the most important 
mainstay for the treatment of sexual dysfunctions in 
diabetes.

Keywords: Endothelial dysfunction, Nitric oxide, 
PDE5 inhibitors, Rho-associated protein kinase.

INTRODUCTION

Currently, India has over 75 million people with di-
abetes. A patient dies of diabetes and two develop 
diabetes1 every second of the hour. ED is a distress-
ing and common complication of diabetes, especially 
in men.2 ED, as a marker of endothelial dysfunction, 
is a sentinel marker of myocardial ischemia.3,4 This 
epidemiological transition is largely because of the 
increase in the prevalence of cardiovascular diseases 
(CVDs) and CVD risk factors in India.5 China and 
India have the distinction of being diabetes capitals 
of the world.2 If ED is the earliest complication of di-
abetes in men, they form the ED capital of the world 
as well. 

Erectile dysfunction affects the individual resulting 
in low self-esteem and depression; it also affects his 
partner and can impact on the relationships leading 

Chapter41
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to unhappiness, marital discord, and even divorc-
es.6 ED, defined as consistent inability to have an 
erection firm enough for sexual intercourse, has a 
prevalence between 20 and 85 in men with diabetes. 
Among men with ED, those with diabetes are likely 
to have experienced the problem as much as 10–15 
years earlier than men without diabetes.7,8

Endothelial function expressed by the brachial ar-
tery flow-mediated dilation (FMD) was impaired in 
young ED patients. ED may be the first clinical sign 
of endothelial dysfunction and can serve as a pre-
clinical marker for CVDs. Traditional cardiovascular 
risk factors and metabolic disorders may be the un-
derlying pathogenesis of ED in young patients as in 
the elderly. Our study highlights endothelial function 
measurement and Homeostasis Model Assessment 
(HOMA)-index calculation as important methods to 
improve our ability of predicting and treating ED as 
well as secondary CVD early for young men under 
the age of 40 years.9

The proposed mechanisms of ED in diabetic patients10 
include elevated advanced glycation end-products, 
increased levels of oxygen-free radicals, impaired 
nitric oxide (NO) synthesis, increased endothelin B 
receptorbinding sites and upregulated RhoA/Rho-ki-
nase pathway, neuropathic damage, and impaired cy-
clic guanosine monophosphate (cGMP)-dependent 
protein kinase-1.

PATHOPHYSIOlOGY OF ERECTIlE  DYS-
FUNCTION IN DIABETES

The dynamics of erection in men depend on a coor-
dinated function of neurologically mediated arterial 
inflow, relaxation of the corpora spongiosa smooth 
muscles to allow the blood to flow in the penile vas-
culature, and finally venous obstruction which al-
lows the blood to remain in the penile vasculature 
and let the penis remain erect. Disturbances in any of 
the three result in ED.

The endothelium, the innermost single layer of the 
vascular bed, considered to be the brain of the vas-
cular system, has an important role in vascular ho-
meostasis. It secretes mediators such as NO, pros-
tacyclin, and endothelin that regulate vascular tone, 
platelet activity, and coagulation factors but also 

influence vascular inflammation and cell migration. 
The vascular endothelium in the penile vasculature 
produces endothelial nitric oxide synthase (eNOS) 
and the neuronal tissues produce neuronal nitric ox-
ide synthase (nNOS), both these synthases transport 
the NO in the corpora spongiosa smooth muscle and 
convert the guanosine triphosphate into cGMP, with 
the help of an enzyme guanylate cyclase. This cy-
clic guanosine monophosphate (GMP) relaxes the 
smooth muscle and allows the blood to flow in the 
penis. cGMP also potentiates protein kinase G which 
inhibits calcium conduction and opens up potassium 
ion channels which further relax the smooth muscles. 
The cGMP soon hydrolyzes into GMP with the help 
of an enzyme, phosphodiesterase 5 (PDE5), which is 
present in the penile smooth muscles and the smooth 
muscle contracts and leads to detumescence (Fig. 1). 

So, for a good erection one needs to have a good 
functional endothelium which produces adequate 
amount of eNOS and also nNOS, and NO, which ini-
tiates the erectogenic mechanism. In addition, there 
should be adequate 

FIG. 1: Pathophysiology of erectile dysfunction. 

guanylate cyclase activators and stimulators, cGMP 
in the more bioavailable form to keep the penile 
smooth muscle in a relaxed state, and something 
to block the phosphodiesterase type 5 (PDE5) like 
PDE5 inhibitors to sustain erection.

Rho-A/Rho-kinase pathway11 is the key pathway 
which inhibits relaxation of the penile smooth muscle 
vasculature. Rho-associated protein kinase (ROCK) 
is a kinase which induces the formation of stress fi-
bers and focal adhesions by phosphorylating myosin 
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light chain. Due to this phosphorylation, the actin 
binding of myosin II and contractility increases. Pro-
tein kinase C and ROCK are involved in regulating 
calcium ion intake and these calcium ions in turn 
stimulate a myosin light chain kinase forcing con-
traction. So, inhibition of these pathways will help in 
relaxation of the cavernous smooth muscle and pro-
duce sustained erection.

MANAGEMENT OF ERECTIlE DYSFUNC-
TION  IN DIABETES

Control of hyperglycemia and other comorbid con-
ditions such as hypertension and dyslipidemia, quit-
ting smoking, reducing intake of alcohol or any other 
substance of abuse, reducing anxiety, and stresses is 
mandatory for initiating the treatment of ED in men. 
There has been a tremendous breakthrough in man-
aging ED in diabetics.

In 1998, Food and Drug Administration (FDA) ap-
proved sildenafil citrate as a PDE5 inhibitor for treat-
ment of ED, which marked the beginning of a new 
era in the treatment of ED. With three effective and 
safe PDE5 inhibitors, sildenafil, tadalafil, and varde-
nafil, clinicians have multiple choices for treating pa-
tients with ED of all severities and etiologies. How-
ever, there are 30–40% nonresponders. The possible 
strategies to these nonresponders are a challenge. A 
proper counseling, switching over to alternate PDE5 
inhibitors, chronic use of the PDE5 inhibitors or al-
ternate measures were then adopted. Chronic use of 
PDE5 inhibitors especially tadalafil in low dose of 
2.5, 5, or 10 mg has proved to be having a favorable 
pharmacokinetic profile and good therapeutic option 
with better compliance. 

The newer formulations which emerged were oral 
dispersible vardenafil, which proved to be >44% ef-
ficacious, with less side reactions. 

A newer agent, udenafil, increases the cGMP con-
centration, but cost is a constraint for widespread 
use. A novel molecule recently introduced in our 
Indian market, so avanafil. This is available in the 
dose of 100 mg/200 mg, it has a fastest onset of ac-
tion—15–20 minutes, and has a half-life of 5 hours. 
It also has less PDE6 and PDE11 inhibition due to 
which patients do not get myalgia or visual side ef-

fects. Another advantage of this molecule is that it 
can be given with caution to patients who are on ni-
trates. As all nitrates have a short half-life, if a pa-
tient is advised to skip his nitrate and wishes to take 
avanafil which eventually shall be washed out in his 
body within 5 hours, he can enjoy a satisfying inter-
course. It was effective in men with diabetes.

If oral therapy is ineffective, local injection of in-
tracavernous papaverine and chlorpromazine is 
recommended. This needs to be supported with 
proper counseling for the possibility of priapism. 
Low-intensity extracorporeal shock wave therapy, 
which is noninvasive, showed promising results in 
mild-to-moderate vasculogenic ED. If all these fail, 
penile implants can be inserted by surgical means.

Newer Agents

There are three new molecules soon to enter the Indi-
an market which are mentioned below.

SLx-210112 (Surface Logic, Inc.) is an oral, selec-
tive, fast-onset, PDE5I, which exhibits excellent po-
tency in both ex vivo and in vivo experiments and 
a long-lasting duration (at least 36–48 hours at all 
doses studied). The active metabolite SLx-2081 is 
responsible for this extended duration of the PDE in-
hibition

Mirodenafil12 is a pyridopyrimidine compound mar-
keted in South Korea for the treatment of ED. A phase 
III study demonstrated a mean 7.6- and 11.6-point 
improvement in International Index of Erectile Func-
tion–Erectile Function (IIEF-EF) domain score in 
the group receiving 50 and 100 mg of mirodenafil, 
respectively, versus a 3.4-point increase in the pla-
cebo group. Due to the modification in its structure, 
mirodenafil has got a 10-fold higher PDE5 selectivity 
than sildenafil. Pharmacokinetic data showed a short-
er halflife than the other currently available PDE5Is, 
with this property representing an advantage in terms 
of lower incidence of common side effects.

Lodenafil carbonate12 (Helleva®) 80 mg once a day 
2 hours before the sexual act. This has been proven to 
be very effective in patients with diabetes in Brazil.

Orally dissolving films of sildenafil and tadalafil are 
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available, which have a more rapid onset of action 
and fewer side effects compared to oral formulations.

NOVEl MOlECUlAR TARGETS13 FOR 
TREATMENT OF ERECTIlE DYSFUNCTION 
IN DIABETES

• Platelets and microparticles 

• Myeloperoxidase 

• Heme oxygenase-1 

• Sonic hedgehog 

• Galanin 

• Stromal vascular fraction 

• Vascular endothelial growth factor (VEGF)

• Nanoparticles14 

• Pigment epithelium-derived factor (PEDF)15

Rho-kinase inhibitors are a recent addition with great 
promise. Rho-kinase phosphorylates and inhibits the 
regulatory subunit of myosin phosphatase within 
smooth muscle cells, which maintains phosphoryla-
tion of myosin filaments and contractile tone within 
the smooth muscle. Inhibition of the calcium sen-
sitization pathway with Rho-kinase inhibitors acts 
without targeting the NO/sGC (soluble guanylate cy-
clase)/cGMP pathway. 

Sonic Hedgehog 

Sonic hedgehog13 using aligned peptide amphiphile 
nanofibers plays a significant role in peripheral nerve 
regeneration and has clinical potential to be used as 
a regenerative therapy for the cavernous nerve (CN) 
regeneration.

Lastly gene therapy and stem cell therapy act by 
enhancing the NO production or NO-mediated sig-
naling pathways, K+ channel activity of the SMCC 
(N-succinimidyl 4-(maleimidomethyl)cyclohexane-
carboxylate).

Mesenchymal stem cells along with VEGF lack ro-
bust data for their safety and long-term effects.

Nanotechnology14 

Primarily this technology applies to topical delivery 

of drugs for on demand erectile function, injectable 
gels into the penis to prevent morphology changes 
postprostatectomy, hydrogels to promote CN regen-
eration/neuroprotection, and encapsulation of drugs 
to increase erectile function (primarily of PDE5i).

Phytochemicals have evolved as novel therapies in 
the treatment of erectile dysfunction in diabetes.

 Modern  phytochemicals  have  developed  from  
traditional  herbs. 

Protodioscin is a phytochemical agent derived from 
Tribulus terrestris L plant, which improves sexual 
desire and enhance erection via the conversion of 
protodioscin to DHEA (dehydroepiandrosterone). 
Many other herbal plants such as ginseng, pycnoge-
nol, eurycoma longifolia, pimpinella pruacen, muira 
puama, ginkgo biloba, and yohimbe have been tried.

A combination of L-arginine which is a NO donor 
along with phytochemicals such as fenugreek in sa-
ponized forms is an alternative to PDE5 inhibitors, 
because PDE5 are misused and have side effects. 
This combination of L-arginine and fenugreek is use-
ful to both males and females in treatment of most of 
sexual dysfunctions. 

RECENT TRENDS IN MANAGEMENT OF 
SExUAl DYSFUNCTIONS IN MEN WITH DI-
ABETES

Counseling and lifestyle management form the first 
and most important need in management of sexual 
dysfunction. Advice about diet and nutrition, quitting 
smoking, alcohol or any other substance of abuse, re-
duction of stress, and regular exercise is now includ-
ed in the process of care for management of ED. 

Amongst the oral hypoglycemic agents (OHAs), two 
drugs which are a boon to every diabetic for restoring 
their sexual functions to normal are metformin and 
sodium-glucose cotransporter-2 (SGLT2) inhibitors.

METFORMIN

Arteriogenic ED12 is caused by (1) endothelium-de-
pendent vasodilatory impairment, (2) sympathetic 
nerve activity elevation, and (3) atherosclerotic lu-
minal narrowing—all of which have been linked to 
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insulin resistance. Metformin, an insulin sensitizer 
modulates multiple metabolic pathways that affect 
vascular function and consequently erectile function. 
Metformin may enhance endothelium-dependent 
vasodilatation through improved flow-mediated va-
sodilation as well as increased transcription of NO 
synthase in erectile tissues. It could also regulate 
sympathetic tone reflected by blood pressure and 
heart rate attenuation thereby improving erectile 
function.

SODIUM-GlUCOSE COTRANSPORTER 2 IN-
HIBITORS 

Sodium-glucose cotransporter 2 inhibitors13 improve 
glycemic control in type 2 diabetes mellitus (T2DM) 
patients and have cardioprotective effects.14 A link 
between SGLT2 inhibition and improved macro- and 
microvascular endothelial functions may involve 
the role of SLGT2 in the regulation of endothelial 
physiology. SGLT2 inhibitors, by reducing hypergly-
cemia and body weight, reduce oxidative stress and 
improve endothelial function. When used along with 
metformin, it results physiological erections by posi-
tive effects on vasculogenic ED, potentially avoiding 
the need for PDE5 inhibitors.

PHOSPHODIESTERASE TYPE 5 INHIBITORS

Amongst all the five PDE5 inhibitors, currently 
available are sildenafil, tadalafil, vardenafil, udenafil, 
and avanafil. The best choice appears to be tadalafil 
in a low dose of 2.5 or 5 or 10 mg on chronic basis.15 
In men with diabetes and ED, once-daily tadalafil 2.5 
and 5 mg was efficacious and welltolerated, suggest-
ing this may be an alternative to on-demand treatment 
for some men, eliminating the need to plan sex with-
in a limited timeframe. No study drug-related serious 
adverse events were observed.16-19 Treatmentemer-
gent adverse events observed in ≥5% of the patients 
during the first year of either open-label extension 
were dyspepsia, headache, back pain, and influenza. 
No clinically meaningful abnormalities associated 
with tadalafil were observed for electrocardiograms 
or clinical laboratory measures. Mean IIEF domain 
scores improved from baseline to the conclusions 
of the 1- and 2-year open-label extensions, respec-
tively: -EF, +10.4 and +10.8; -IS, +4.0 and +3.7; and 

-OS, +3.0 and +3.2. At the conclusion of the 2-year 
open-label extension, 95.7 and 92.1% of the patients 
reported positive responses to GAQ1 and GAQ2, re-
spectively. Treatment with tadalafil significantly im-
proved all primary efficacy variables, regardless of 
baseline hemoglobin A1c (HbA1c) level.17

COUNSElING AND lIFESTYlE MODIFICA-
TION

Counseling and lifestyle modification (LSM) form 
the mainstay of treatment for management of ED. 
With intensive lifestyle interventions which included 
(10% fat whole foods vegetarian diet, aerobic exer-
cise, stress management training, smoking cessation, 
and group psychosocial support), there was reversal 
of coronary artery disease (CAD)20 for 5 years.

USE OF TESTOSTERONE REPlACEMENT 
THERAPY

Men with functional hypogonadism experienced 
remission of T2DM21 when treated with injectable 
testosterone undecanoate. 2-year treatment with tes-
tosterone therapy resulted in normalized testosterone 
levels, improved glycemia, endothelial functions, 
lipids and insulin sensitivity, and quelled the symp-
toms of hypogonadism such as ED, low libido thus 
potentiating reduction of cardiovascular risk in obese 
men with functional hypogonadism and T2DM.

CONClUSION

Erectile dysfunction is one of the most common 
complications of diabetes in men. The causes of ED 
are mainly psychogenic, vasculogenic, neurogenic, 
hormonogenic, and iatrogenic. The deadly quartet 
of noncommunicable diseases which include dia-
betes, hypertension, dyslipidemia, and obesity are 
surely affected with ED. Points to ponder is that if 
ED is considered as a symptom, then these patients 
need pharmacotherapy like low-dose short course of 
testosterone with caution and monitoring of prostat-
ic-specific antigen. But if ED is considered as a dis-
ease, our aim should be to cure it which is possible 
with regenerative cell-based therapies which include 
stem cells, gene therapy, etc. and phytoneutraceuti-
cals such as L-arginine, fenugreek, and other herbal 
compounds. Sexual dysfunction is not an option for 
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a diabetic, it is how gracefully we handle the process 
and how lucky we are as the process handles us. We 
have the expertise and scientific wisdom for manag-
ing sexual dysfunction and so several million lives 
can be saved. We must act now.

Strategies to make ED as correctile dysfunction are 
control of hyperglycemia with metformin and SGLT2 
inhibitors, low-dose PDE5 inhibitors such as tadala-
fil 2.5 mg or 5 mg on chronic dosing. Statins such as 
rosuvastatin can be a life saver.

Lastly counseling for nutritional intervention and 
lifestyle modification forms the mainstay of treat-
ment for improvement of sexual dysfunctions in di-
abetes. Needless to say, that with counseling, LSM, 
metformin, SGLT2 inhibitors, ED in diabetes is a 
correctile dysfunction and if so, sex has no expiry 
date.
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Diet in CKD

Dibyajoti Kalita
Jyotismita Pathak

Proper nutrition is recognized as an important 
determinant and a conditioning factor for the 
health status of individuals and groups of peo-

ple and it is considered a basic requirement to pro-
mote and preserve health. In situations of chronic 
diseases, such as chronic kidney disease (CKD), diet 
is part of its treatment at all stages. (1)even in the 
presence of diseases, such as chronic kidney disease 
(CKD Advanced CKD is a systemic disorder asso-
ciated with high mortality and poor quality of life.
(2) Different treatments and lifestyle modifications 
which are needed to avoid progression of the disease 
to kidney failure, requires kidney replacement thera-
py (maintenance dialysis or transplantation), and are 
exceedingly costly therapy to the society. (3)(4)(5)
although there has been no comprehensive review 
of how Spaniards with ACKD are assessed.\nAIMS: 
To offer a contrasted vision of the HRQL assessment 
tools that are most often used on Spanish ACKD pop-
ulation, also analysing how this population perceive 
their quality of life.\nMETHOD: A review was car-
ried out on literature published on studies undertak-
en in Spain that had used some kind of instrument, 
either generic or specific, in order to measure HRQL 
in patients with different stages of ACKD. Studies 
in kidney transplant patients were excluded when 
they were independently reviewed. The research was 
carried out in CINAHL, CUIDEN, DOCUMED, 
EMBASE, ERIC (USDE Progression of CKD is 
believed to be largely conditioned by hemodynam-
ic and metabolic factors independent of the primary 
kidney disease. Many of them, such as the high blood 
pressure (BP), the hyperfiltration, or the proteinuria 
have been evidenced to be highly influenced by diet. 

(6)defining at-risk populations, elucidating poten-
tial targets for intervention, and generating explan-
atory hypotheses for the variable risk of CKD noted 
in different populations. Future application of the 
risk factor concept in the prevention and control of 
CKD will entail developing multivariate prediction 
equations; using spatial and temporal, as well as per-
sonal, characteristics, to define at-risk populations; 
identifying biomarkers for complex risk factors like 
race; and translating this information into testable in-
terventions. This should include active extension of 
our current understanding of health care, social, and 
economic risk factors at both the individual and the 
community level. E-mail: bmcclellan@gmcf.org”,”-
container-title”:”Journal of the American Society of 
Nephrology”,”DOI”:”10.1097/01.ASN.000007014
7.10399.9E”,”ISSN”:”1046-6673, 1533-3450”,”is-
sue”:”suppl 2”,”journalAbbreviation”:”JASN”,”lan-
guage”:”en”,”page”:”S65-S70”,”source”:”DOI.org 
(Crossref Moreover, due to the kidney’s unique role 
in nutrient metabolism, patients with advanced CKD 
are unable to maintain adequate nutrient homeosta-
sis, developing metabolic disorders as sodium and 
volume overload, hyperkalemia, hyperphosphate-
mia, metabolic acidosis, altered hormone regulation, 
and inflammation. Accordingly, several studies claim 
that nutritional interventions should be a fundamen-
tal strategy in the treatment of patients with CKD. 
(7)(8)a term proposed by the International Society of 
Renal Nutrition and Metabolism (ISRNM(9)

In recent years, several studies have been conducted 
which report the effectiveness of various nutritional 
interventions in CKD. More recently, owing to sev-
eral instances of difficulty in getting patients to ad-

Chapter42
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here to the recommendations, the approaches used to 
advise patients with CKD regarding diet have been 
discussed. (10)and altering sodium, phosphate, po-
tassium and fluid intake. There have been no com-
prehensive reviews to date on this topic. The aims 
of this integrative review were to (i Furthermore, 
studies suggest that greater attention should be given 
to the quality of these patients’ diets.(11)3-day food 
records of 100 nondialysis-dependent patients with 
chronic kidney disease patients, in the first visit to 
the renal dietitians, were evaluated using the Diet 
Quality Index (DQI At the same time, the concept 
of a healthy diet has been discussed, and the need to 
give it a new meaning has become evident. (12) Due 
to the relevance of diet as part of any stage of the 
CKD treatment, it is necessary for health profession-
als who handle with CKD patients to have a basic 
understanding of what is a healthy diet, regardless of 
their area of specialization.(1)even in the presence 
of diseases, such as chronic kidney disease (CKD 
In this context, to clearly delineate the concept of a 
healthy diet, we aim to provide a brief account of the 
dietary and nutritional requirements in CKD.

Protein:

One of the most discussed dietary practices in CKD 
has been control of the amount of protein. The acute 
ingestion of proteins influences the renal hemody-
namics, increases the renal plasma flow, the intra-
glomerular pressure, and glomerular filtration rate. 
This physiological effect aims to increase the excre-
tion of products derived from the protein metabolism 
through the kidneys. (13) In healthy individuals, a 
high intake of protein in the long-term does not seem 
to promote deleterious effects on renal function; 
however, increased protein intake was associated 
with a lower glomerular filtration rate (GFR) in in-
dividuals with some degree of CKD. (14)low protein 
intake may slow renal function decline. However, 
the long-term impact of protein intake on renal func-
tion in persons with normal renal function or mild 
renal insufficiency is unknown.\nOBJECTIVE: To 
determine whether protein intake influences the rate 
of renal function change in women over an 11-year 
period.\nDESIGN: Prospective cohort study.\nSET-
TING: Nurses’ Health Study.\nPARTICIPANTS: 
1624 women enrolled in the Nurses’ Health Study 

who were 42 to 68 years of age in 1989 and gave 
blood samples in 1989 and 2000. Ninety-eight per-
cent of women were white, and 1% were African 
American.\nMEASUREMENTS: Protein intake was 
measured in 1990 and 1994 by using a semi-quanti-
tative food-frequency questionnaire. Creatinine con-
centration was used to estimate glomerular filtration 
rate (GFR In this sense, it is advisable that the pop-
ular high-protein diets, used for various purposes, 
should be used with caution, since oftentimes, CKD 
is a silent condition, commonly underdiagnosed and 
of growing incidence. 

Clinical guidelines suggest a protein intake of 0.8 to 
1.0 g/kg/day, in stages 1 and 2 and, 0.6 to 0.8 g/kg/day 
in stages 3 and 4. (15) A more marked restriction (0.3 
to 0.4g/kg/day) supplemented with keto-analogues 
and essential amino acids can also be employed in 
patients with GFR<30mL/min/1.73m2. (16)and, 
specifically, a restricted protein diet has been under 
debate for decades. In order to reduce the risk of nu-
tritional disorders in very-low protein diets (VLDP 
Despite the numerous benefits demonstrated with the 
use of keto-analogues, this approach has been found 
to have great difficulty of implementation due to its 
strict food restriction, high cost, high number of pills, 
among others. (16)and, specifically, a restricted pro-
tein diet has been under debate for decades. In order 
to reduce the risk of nutritional disorders in very-low 
protein diets (VLDP For dialysis patients, owing to 
higher degree of protein catabolism and losses of 
amino acids/peptides in hemodialysis (HD) or pro-
teins in peritoneal dialysis, a higher protein content 
is recommended (1.1 to 1.3g/kg/day). (15) Providing 
healthy meals before, during, and after a dialysis 
session may attenuate the protein catabolism. (12)

Potassium:

The adjustment of the potassium intake also deserves 
attention in CKD, particularly in the more advanced 
stages, due to the higher prevalence of hyperkalemia.
(17) Besides the reduced renal excretion, other fac-
tors contributing to the increase of serum potassium 
are metabolic acidosis, intestinal constipation, diabe-
tes mellitus, use of RAAS inhibitors, beta-blockers, 
potassium-sparing diuretics, and food intake. Thus, 
all these factors must be considered to prevent and 
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treat hyperkalemia.(17) The assessment of diet in-
take is essential to achieve the proper adjustment 
of dietary potassium, taking into account patients’ 
culture, habits, preferences, and the variety of foods 
needed to ensure the dietary quality and the intake of 
other nutrients. (1)even in the presence of diseases, 
such as chronic kidney disease (CKD)

There are no specific recommendations about the 
amount of potassium that CKD patients, with or 
without hyperkalemia, should ingest. In addition, the 
definition of food as “rich” or “poor” in potassium. 
In clinical practice, estimation of potassium intake is 
challenging. dietary advices should be individualized 
and focused on promoting autonomy for choosing or 
combining foods and stimulating changes within the 
patients’ dietary repertoire. (18) 

However, there are some cooking techniques that en-
able us to reduce the potassium content of the food 
item. The potassium content of plant based food is 
markedly reduced by cooking in water. Though some 
advocate cooking twice but studies have found that 
the most remarkable decrease in potassium content 
occurs after the first cooking. (19) Further studies 
also found that the process of soaking the food in 
water has no beneficial effect on reducing the potass-
sium content.(19)(20)

Further, an important determinant in potassium in-
take is also the potassium content of certain potassi-
um additives added to food like potassium sorbate, 
potassium citrate and potassium diphosphate, which 
have greater absorption from GIT than natural po-
tassium from food. (21)(22) Additionally many food 
items described as with ‘reduced sodium content’ or 
‘light salt’ have potassium chloride in place of sodi-
um salt thereby increasing the potassium intake. (1)
even in the presence of diseases, such as chronic kid-
ney disease (CKD

Phosphorus:

The adjustment in the phosphorus intake is among the 
dietary-therapeutic goals in CKD, especially in cases 
of hyperphosphatemia. However, it is important to 
note that the prevention and treatment of hyperphos-
phatemia involve a multidisciplinary approach as it 
is caused by multiple factors. These factors include 

insufficient phosphorus removal by dialysis, use of 
vitamin D analogues, bone and mineral metabolism 
disorders, and the inappropriate use of phosphorus 
binders agents. (23) 

Phosphorus is found in a wide variety of foods, in 
organic and inorganic forms. Organic phosphorus 
is found naturally, especially in sources of protein, 
both vegetable (legumes and nuts) or animal. How-
ever, the phosphorus content of animal-based foods 
is more easily absorbed by the gastrointestinal tract 
(GIT) than that of vegetable origin (> 70% vs. < 
40%, respectively). It is noteworthy that, inorganic 
phosphorus, whose absorption by the GIT may reach 
as high as 100%, is found in chemical additives used 
in many processed and ultra-processed foods. (24)
phosphorus absorption is difficult to quantitate in di-
alysis patients because the dialysis treatments com-
plicate metabolic balance studies. Utilizing a recent-
ly developed technique which permits measurement 
of net absorption of dietary constituents after a single 
meal, we measured phosphorus absorption in dialy-
sis patients. The following observations were made: 
A.(25)respectively. Therefore, the maintenance of 
appropriate plasma levels of phosphate is an essen-
tial requirement for health. This control is executed 
by the collaborative action of intestine and kidney 
whose capacities to (reThe intake of these foods has 
increased in recent decades, which can contributed 
to excessive intake of phosphorus in the general pop-
ulation and an unfortunate phosphorus overload in 
CKD patients.(26)common protein sources in par-
ticular, and comprised both those which included a 
listing of phosphate additives and those which did 
not.\nMETHODS: Determinations of dry matter, ni-
trogen, total and soluble phosphate ions were carried 
out in 60 samples of foods, namely cooked ham, roast 
breast turkey, and roast breast chicken, of which, 30 
were with declared phosphate additives and the other 
30 similar items were without additives.\nRESULTS: 
Total phosphorus (290 ± 40 mg/100 g vs. 185 ± 23 
mg/100 g, P < .001

In the early stages of CKD, reduced phosphorus 
intake is attributed by the adjustment of protein in-
take. (27) Hyperphosphatemia is more prevalent in 
advanced stages, however, reducing phosphorus 
overload by dietary control in the earlier stages can 
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help in preventing or delaying the development of 
secondary hyperparathyroidism. (28)an initiative of 
the National Kidney Foundation, addressed this issue 
with the publication of a clinical practice guideline 
for bone metabolism and disease in CKD in 2003, 
and 2 years later, a new definition and classification 
scheme for CKD-MBD was developed following a 
KDIGO (Kidney Disease: Improving Global Out-
comes

In HD, there is an increased protein need. Hence, 
strategies that promote adequate intake of proteins 
with lower phosphorus content are required. Evi-
dence suggests, there is lower mortality in patients 
with high protein intake and low serum phosphate, 
in comparison to those with high levels of both. 
(29)which are routinely recommended to persons 
with chronic kidney disease, are usually associated 
with a reduction in protein intake. This may lead 

to protein-energy wasting and poor survival.\nOB-
JECTIVE: We aimed to ascertain whether a decline 
in serum phosphorus and a concomitant decline in 
protein intake are associated with an increase in the 
risk of death.\nDESIGN: In a 3-y study (7/2001-
6/2004Thus, encouraging the intake of foods with 
lower phosphorus-to-protein ratio (Table. 1) can be 
a good strategy. Although there is no recommenda-
tion regarding the ideal ratio, higher mortality was 
observed by some studies with a daily intake great-
er than 16mg of phosphorus per gram of protein. 
(30)SETTING, PARTICIPANTS, & MEASURE-
MENTS: Food frequency questionnaires were used 
to conduct a cohort study to examine the survival 
predictability of dietary phosphorus and the ratio of 
phosphorus to protein intake. At the start of the co-
hort, Cox proportional hazard regression was used in 
224 MHD patients, who were followed for up to 5 
years (2001 to 2006)

Table 1: Phosphorus to protein ratio in usual portions of food (30)SETTING, PARTICIPANTS, & MEA-
SUREMENTS: Food frequency questionnaires were used to conduct a cohort study to examine the survival 
predictability of dietary phosphorus and the ratio of phosphorus to protein intake. At the start of the cohort, 
Cox proportional hazard regression was used in 224 MHD patients, who were followed for up to 5 years (2001 
to 2006)
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Further, it is pertinent to mention that foods con-
taining phosphorus-based additives frequently con-
sumed by patients undergoing HD are: processed 
meats, some yogurts, UHT milk, processed cheese, 
restructured meats (e.g., nuggets, hamburgers), in-
stant noodles, cookies, cake mixes, and juice pow-
der. (31) The additives most commonly used are 
phosphoric acid, sodium diphosphate, and tricalcium 
phosphate. (31) Upon evaluation of the influence 
of foods which are sources of organic or inorganic 
phosphorus on the phosphatemia status of patients 
undergoing HD, it was found that only inorganic 
phosphorus was associated with hyperphosphatemia. 
(32)9,16]]}}}],”schema”:”https://github.com/cita-
tion-style-language/schema/raw/master/csl-citation.
json”}  Thus, we can conclude that consumption of 
natural food and limiting intake of processed food is a 
good strategy for reducing the risk of phosphatemia. 
This also has added benefit of reduced sodium intake 
and improvement in dietary quality. In addition to 
the diet, the use of phosphorus binder agents (when 
necessary) may contribute to reduce serum phospho-
rus. The binders should be used during meals, in an 
amount proportional to the phosphorus content of the 
food. (23)

Sodium

There is sufficient evidence suggesting several bene-
fits from the reduction of this mineral in general pop-
ulation, especially CKD patients. Studies show that, 
in the non-dialysis stage, reducing the intake of so-
dium improves the action of antihypertensive drugs 
and decreases blood pressure and proteinuria.(33)
(34) In HD, the adjustment of sodium intake con-
tributes to lower interdialytic weight gain, which, in 
turn, is found to be significantly associated with bet-
ter clinical outcomes. (35)the sodium frequency food 
questionnaire, and the use of discretionary salt/day.\
nRESULTS: The average of total salt consumption 
was 10.6 g/day (±6.3

However, the dietary challenges to adjust the sodium 
intake consist of not only reducing the consumption 
of processed foods but also of sodium chloride and 
artificial seasonings used to prepare meals. There-
fore, in addition to patient-centered strategies that 
seek the use of natural foods and seasonings, there 

is also a need for public policies that aim to simpli-
fy information found on food labels and to promote 
greater consumption of natural and minimally pro-
cessed food, so that it is possible to reduce sodium 
intake. (36) 

Dietary Patterns and CKD

For the longest time, research in nutrition has focused 
on isolated nutrients, which fails to portray the com-
plexity of food choices and the wide dietary variety 
of a meal or eating habit. In addition, the biological 
effects of an isolated nutrient is altered by its interac-
tion with other components of the same food or other 
foods in the diet. Thus, a global analysis of the diet or 
eating patterns is warranted to capture the potential 
synergy between food and nutrients, in addition to al-
lowing more adequate dietary comparisons between 
different population groups.

People in modern day do not eat like their forefa-
thers. The modern lifestyle has led to important and 
harmful changes in dietary patterns characterized by 
excessive consumption of red meat, refined grains, 
dairy products, soft drinks, fried foods, and pro-
cessed products. (37)(38)(39) cancer, and all-cause 
mortality among 72,113 women who were free of 
myocardial infarction, angina, coronary artery sur-
gery, stroke, diabetes mellitus, or cancer and were 
followed up from 1984 to 2002. Dietary patterns 
were derived by factor analysis based on validated 
food frequency questionnaires administered every 2 
to 4 years. Two major dietary patterns were identi-
fied: High prudent pattern scores represented high in-
takes of vegetables, fruit, legumes, fish, poultry, and 
whole grains, whereas high Western pattern scores 
reflected high intakes of red meat, processed meat, 
refined grains, french fries, and sweets/desserts. 
During 18 years of follow-up, 6011 deaths occurred, 
including 1154 cardiovascular deaths and 3139 can-
cer deaths. After multivariable adjustment, the pru-
dent diet was associated with a 28% lower risk of 
cardiovascular mortality (95% confidence interval 
[CI], 13 to 40 This lifestyle and dietary pattern has 
been linked with an increased risk for weight gain, 
cardiovascular complications, mortality due to car-
diovascular diseases (CVD), and cancer. (40) On the 
other hand, there is strong evidence suggesting that 
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dietary patterns with a higher contribution of natu-
ral (in natura) or minimally processed plant-based 
foods, and less animal-based and processed ones, 
have been associated with a lower risk for type 2 
diabetes mellitus, obesity, CVD, CKD, and all-cause 
mortality. (41)(42)often referred to as vegetarian di-
ets, are associated with health benefits. However, the 
association with mortality is less clear.\nObjective: 
We investigated associations between plant-based 
diet indexes and all-cause and cardiovascular disease 
mortality in a nationally representative sample of US 
adults.\nMethods: Analyses were based on 11,879 
participants (20-80 y of age In addition to the effects 
on health, plant-based dietary patterns are more en-
vironmentally sustainable, compared to those rich 
in animal-based products(43) It is important to 
emphasize that studies have not encouraged (and 
neither are we encouraging) a vegetarian or vegan 
diet, since a moderate consumption of poultry, fish, 
and dairy products does not seem to bring adverse 
consequences to health. (43) 

In CKD, the findings point out to the same direction. 
A meta-analysis showed that, in general, patterns 
based in plant-based foods and with a smaller pres-
ence of meat, especially red, salt, and refined sugar 
was associated with lower mortality. (44) Recently, 
in patients in stages 3 and 4 of CKD, an adequate 
intake of fruits and vegetables, alone or in combi-
nation with other health behaviors, was found to be 
associated with lower mortality and a delay in the 
progression of the disease.

CONClUSIONS

For drawing better strategies to nutritional therapy, 
it is important to understand wide and varied collec-
tion of cultural practices that has an interaction with 
the subjectivity of each individual. In order to ensure 
quality, adjustments in the intake of nutritents like 
proteins, sodium, potassium and phosphorus should 
be done after due consideration to the global context 
of the diet. We advocate consumption of foods with 
less processed foods, hence helping out the control of 
phosphorus, sodium, and potassium. In addition, the 
need of the hour is awareness and education regard-
ing the food labels and the consumer should be made 
more aware regarding advertising and purchasing of 

food items. There is a need to look at the diet beyond 
nutrients. 
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Insulin and Brain

KVS Hari Kumar

INTRODUCTION: 

Brain is a vital organ of the human body and 
weighs only 2% of the body weight. How-
ever, the blood supply of the brain is 16% of 

the total body and the oxygen utilization is more than 
50% of the entire body at resting periods. Brain con-
trols almost all the organ systems and homeostasis 
of the body functions and it is surprising that there 
is no demonstrable role of the same in the nutrient 
metabolism. Type 2 diabetes mellitus (T2DM) is in-
creasing in pandemic proportion and the prevalence 
increases with advancing age. This could be due to 
the declining beta cell function and insulin resistance 
coupled with many other pathophysiological mecha-
nisms. The prevalence of dementia is also increasing 
in the last few decades and patients with diabetes are 
prone to dementia. The links between insulin and the 
brain could also be established by the previous use 
of insulin induced coma as a therapeutic measure for 
the psychiatric disorders especially Schizophrenia. 
Alzheimer’s disease is also known as Type 3 diabetes 
mellitus because of the underlying mechanism of the 
insulin resistance in brain. 

HISTORY: Claude Bernard has been credited for 
coining the term “milieu interior” and describing 
that manipulation of 4th ventricle leads to polyuria 
in animal models. This could be due to the effect on 
the hypothalamic nuclei and vagal afferents carrying 
the sensory input of the nutritional status of the indi-
vidual. However, the difficulties in conducting such 
complicated experiments on human subjects pre-
cluded the understanding of the role of insulin in the 
brain. The interest rekindled with the development 
of NIRKO (Neuronal Insulin Receptor Knock Out) 

mouse model. NIRKO mice developed diet induced 
obesity, hyperinsulinemia, fat deposition, insulin re-
sistance and diabetes. Another important observation 
is the role of the brain insulin in the reproductive 
function and these mice had impaired spermatogen-
esis, delayed ovarian follicular maturation and dys-
regulation of hypothalamic gonadal axis. These stud-
ies have paved the way understanding that insulin 
signalling in the brain plays an important role in the 
fuel metabolism, energy disposal and reproductive 
function. 

INSUlIN IN BRAIN: The insulin reaches the 
brain several ways and the major mechanism being 
the transport across the blood brain barrier (BBB) 
through insulin transporters. Mouse studies have 
shown the local production of the insulin in the brain 
with the presence of m-RNA of insulin and C-pep-
tide in the cerebrospinal fluid (CSF). Similar stud-
ies in the humans are not widely available and many 
authors dispute the local production of the insulin in 
the brain. The concentration of the insulin in CSF is 
approximately a tenth of the same in the peripheral 
circulation. This is due to the selective uptake and 
accelerated metabolism in the neural tissue. The ex-
pression of the insulin receptors, insulin like growth 
factors and the insulin receptor substrate protein sys-
tem varies in the different parts of the brain. Majority 
of the system is overexpressed in the olfactory bulb, 
hypothalamus, amygdala, hippocampus, thalamus 
and prefrontal cortex. It is pertinent to note that ma-
jority of these areas have important roles in the nutri-
ent sensing and appetite control along with exerting 
influence over the peripheral metabolic processes. 
Glucose transporters (GLUT) play an important role 
in the uptake of the glucose into the cells. GLUT3 
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and GLUT1 are the important GLUT that help in the 
glucose uptake in the nervous tissue. The GLUT4 
also have been isolated in the animal models but the 
proper functioning of the same has not been demon-
strated. The BG4KO (Brain GLUT4 Knock Out) 
mouse model is the major breakthrough that helped 
in delineating the role of the GLUT system in the 
brain. 

INSUlIN ACTIONS – PERIPHERAl VS CEN-
TRAl: Insulin has many actions in the central and 
peripheral nervous system.  The actions in the pe-
ripheral system are beyond the scope of this review 
and the readers are requested to look at the recent 
articles on this matter. Insulin binds to the POMC 
neurons and help in release the anorexigenic neu-
rotransmitters like POMC and CART. It also binds 
to the AGRP neurons leading to hyperpolarization of 
the same and reduced production of the orexigenic 
hormones like AGRP and NPY. The central actions 
of the insulin occur in conjunction with the leptin 
which modulates the insulin role in the brain. Table 
1 gives the actions of the insulin in different neural 
tissues and the differences between the central and 
peripheral systems are given in table 2. The actions 
that are similar between both central and peripheral 
insulins include the reduction in hepatic glucose pro-
duction, lipolysis and lipogenesis. 

Table 1. Insulin actions in the brain

Neural Tis-
sue

Function

Neuron •	 Expression of local GABA, NMDA re-
ceptors

•	 Modulates release of the catechol-
amines

•	 Neurogenesis and inhibits apoptosis
Microglia •	 Modulates inflammatory response and 

cytokine secretion
Astrocytes •	 Promotes glycogen storage

•	 Modulates inflammatory cytokine se-
cretion

•	 Enhances glucose uptake 
Oligoden-
drocytes

•	 Modulates inflammatory response

Venules / 
Arterioles / 
BBB

•	 Regulates GLUT1 expression
•	 Promotes vasodilatation and enhances 

perfusion

Table 2. Differences between the central and periph-
eral actions of Insulin

Action Central Peripheral
Metabolism Catabolic Anabolic
Food intake Decreased Increased
Hypoglycemia risk Reduced Increased

BRAIN INSUlIN RESISTANCE: The clinical 
disorders which could be contributed by the brain 
insulin resistance (IR) are many and include Alzhei-
mer’s dementia (AD), attention deficit hyperactivity 
disorder (ADHD), open angle glaucoma and many 
others. Impaired insulin signalling in the brain could 
result in the dysfunction of the synaptic, metabolic 
and immune functions of the brain. Though AD is 
colloquially described as Type 3 DM, this term is not 
accepted by the major scientific international bodies 
responsible for classifying the diabetes. Other areas 
where the brain IR could be responsible is the in-
creased prevalence of the Glaucoma in patients with 
diabetes. This was contributed by the impaired insu-
lin signalling leading to the retinal cell degeneration 
and this manifestation is also known as Type 4 Dia-
betes by few authors. The brain IR leads to oxidative 
stress leading to protein aggregation, mitochondrial 
dysfunction, altered lipid metabolism, cytokine in-
duced cellular damage and neuronal apoptosis. The 
net result of this is the neuronal loss leading to de-
mentia. The pathogenesis is further promoted by the 
poor blood supply due to the atherosclerotic vascular 
changes in the microvasculature of the brain.  

FETO-MATERNAl lINKS: The thrifty gene hy-
pothesis also explains the foetal origins of the adult 
disease and the development of insulin resistance in 
the brain is also an example of the same. Maternal 
hyperglycaemia results in foetal hyperinsulinemia 
and the foetal brain are exposed to higher concen-
trations of insulin. This results in the development of 
brain insulin resistance via epigenetic changes. The 
genes implicated in the development of the brain IR 
include the FTO, IRS1, MC4R, CNR2 and APOE 
genes. Infants born to diabetic mothers have higher 
risk of diabetes when compared with general popu-
lation and this also is one of the major mechanisms 
that leads to increased prevalence of diabetes in the 
population. Researchers have shown that the brain 
IR is present even in neonates and infants using the 
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glucose tolerance test along with the insulin levels. 
The importance of this fact is to maintain the plasma 
glucose in the appropriate range throughout the ges-
tational period.  

ClINICAl IMPlICATIONS: The understanding 
of the role of insulin in the brain and insulin resis-
tance in the brain has lot of clinical and therapeutic 
implications. Many of the observed benefits men-
tioned below have not been studied in dedicated tri-
als. Metformin is a drug which is the most preferred 
agent in the management of T2DM and it crosses the 
BBB. This drug reduces the appetite and also weight 
neutral unlike many other oral hypoglycemic agents. 
The beneficial effect of the metformin on appetite 
and weight could be attributed by the presence of 
the drug in the brain and improving the local insulin 
resistance. Thiazolidinediones are good insulin sen-
sitizers but do not cross the BBB and hence have no 
significant effect on the appetite. 

Glucagon like peptide 1 receptor analogues (GL-
P1RA) have both central and peripheral actions and 
are approved for the management of T2DM and obe-
sity. The amelioration of brain IR could be one of the 
mechanism responsible for the improvement of these 
two disorders. Detemir insulin is the only insulin that 
is weight neutral, whereas, all the remining insulins 
lead to weight gain. Detemir insulin is lipophilic and 
is the only insulin that reaches in maximum concen-
tration in the CSF after crossing the BBB. This could 
be one of the main reasons for the detemir insulin be-
ing weight neutral as it reduces the brain IR. Another 
interesting observation came from the studies using 
the nasal / inhaled insulin where the concentration in 
the CSF is more when compared with other routes 
of administration. Patients taking nasal insulin have 
reported lower incidence of dementia than others 
which could be due to higher neuronal concentration 
of the insulin. Another important observation is the 
improvement of the brain IR in patients after using 
the GLP1RA molecules and SGLT2 inhibitors which 
leads to weight loss. Any weight loss either physio-
logical or pharmacological lead to improvement in 
the insulin sensitivity in the brain and reduction in 
the metabolic disease burden. 

Bromocriptine is a dopamine agonist drug and is ap-
proved for the management of T2DM. This drug also 

helps in understanding the role of the brain dopami-
nergic system in the maintenance of normal phys-
iology. The insulin levels in the CSF modulate the 
dopaminergic signalling activity of the brain.  An-
imal studies have shown that insulin deficiency in 
the brain results in the reduced dopaminergic activity 
which leads to increased appetite and metabolic dis-
orders. Hence, use of the dopamine agonist drug may 
help in reducing the IR in the brain and also in the 
associated metabolic dysfunction. 

CONClUSION: To conclude, insulin as a hormone 
has enormous actions in both peripheral and central 
areas. The role of insulin in the brain has often been 
neglected for the lack of proper animal models and 
the difficulty in conducting the human trials for the 
same. The development of NIRKO model mouse 
helped the scientists unravel the mechanisms behind 
the actions of insulin in the brain and also identify 
the determinants of brain IR. Therapeutic agents 
have to be choose that reduce the IR both centrally 
and peripherally which is going to be beneficial to 
the patients.  
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Diabetic Foot Problems:  
What are Those?

Basab Ghosh

Introduction:

The human foot is a mechanical marvel. It 
consists of 26 bones, 29 joints, 42 muscles 
and a multitude of tendons and ligaments. In 

a lifetime this phenomenal machine with its multiple 
moveable parts walks seventy five thousand to one 
hundred thousand miles - three to four times around 
the world and it is exposed to significant pressures 
with each step. In Diabetic population foot problem 
is a very common problem. In South East Asian 
countries like Vietnam, Laos and Cambodia, where 
land mines are major cause of lower limb amputation, 
diabetes has been considered as a more common 
cause of foot amputation than the land mines. Every 
thirty minutes a person loses a lower limb related 
to land mines in those areas, where as every thirty 
seconds a person loses a limb somewhere in the 
world due to diabetic foot problems. According 
to the reports of Centre of Disease control in the 
United States there has been a progressive increase 
in hospitalization for diabetic foot problems between 
the year 1980 and 2003.Thus diabetes foot problem 
is not only a problem of developing nations, rather it 
is a major problem in Western countries as peripheral 
arterial disease is more common among them than 
Asian countries.

Indian Scenario: In India about forty thousand 
legs are amputated every year because of diabetes 
related foot complications. Going by one study, the 
amputation rate among diabetics in Germany was 7.5 
percent against 18.7 percent among Indian diabetics. 
In Germany the cause was reduced blood flow due to 
peripheral arterial diseases and in India it was due to 

late reporting of complications to the expert service 
provider.

Factors responsible for Diabetic Foot Problems:

Neuropathy: It is the major contributor to diabetic 
foot problems. It means gradual loss of nerve function 
in the feet and legs and significant change is loss of 
feeling and touch sensation leading to numbness of 
the feet. One can injure feet unknowingly. A person 
with neuropathy may let a cut or sore of the foot get 
out of control simply by neglecting it as it is painless 
and not realizing it is there. In India neuropathy is the 
major contributing factor.

Motor nerve damageMotor nerve damage

Sensory nerve damageSensory nerve damage
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Painless nature of diabetic Painless nature of diabetic 
foot diseasefoot disease

Autonomic nerve Autonomic nerve 
damagedamage

Peripheral vascular disease: It is another culprit. 
Here diabetes, high blood pressure, high blood 
cholesterol and most importantly smoking affects 
circulation in the legs by narrowing the arteries. 
Healing of ulcers get hampered because of poor or 
lack of circulation in the legs. Ultimately net result 
is amputation of the part of the leg or the whole leg. 

High foot pressure & Callus formation: Callus is 
commonly found in areas of high planter pressure. 
Planter pressure means the foot pressure which sole 
of the foot is getting. There may be pre ulceration 
or ulcerative lesions hidden below a callus. The 
threshold of planter pressure for foot ulceration is 
550 kilo puskel and callus generates more than that, 
so it is suggested that callus acts as a foreign body 
in diabetics and debribement, care for underlying 
infections followed by preventive foot care are ideal. 

HIGH FOOT PRESSURE & CALLUSHIGH FOOT PRESSURE & CALLUS

550 kilo 550 kilo puskelpuskel is the threshold of planter pressure for ulcer formation.is the threshold of planter pressure for ulcer formation.

As it is seen, high foot pressure is the cause of 
callus formation and also the pre ulcerative cause 
which ultimately leads to high risk of diabetic foot 
infection. Though diabetic peripheral neuropathy is 
the root cause of high foot pressure, it is seen even 
without clinical neuropathy diabetics are having 
higher fore foot pressure than non diabetics. The 
suitable mechanisms suggested by Delbridge.et.al. is 
that there is non enzymatic glycosylation (NEG) of 
keratin protein in the stratum corneum of the foot of 
diabetics à leading to reduced elasticity of the tissue 
à leading to increase stiffness of the planter skin 
(possibly deeper tissues) à ultimate high fore foot 
pressure à foot ulcers.

Foot Ulcers & infections: More than seventy percent 
diabetics develop foot ulcers in their lifetime. They 
are vulnerable for foot ulcers because of the frequent 
complications of diabetic peripheral neuropathy 
(DPN), peripheral vascular disease (PVD) and 
limited joint movement (lJM) with superadded 
high risk of infection.

                                
Ulcers & InfectionsUlcers & Infections
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Foot infections spread very quickly without giving 
much warning. Minor injuries become ulcerated 
leading to deep seated abscess and cellulites. Bone 
involvement is also very fast. Sore à swelling à local 
warmth à redness with or without fever may be the 
consequences of a mild to moderate injury.

More than fifty percent diabetic foot ulcers are due 
to peripheral neuropathy and that makes the ulcer 
painless in nature. Thirty percent cases are due to 
PVD. Those leads to the final cataclysmic events like 
gangrene and amputation. 

Conclusion: Diabetic foot complications cause huge 
economical burden to the society. The only way to cut 
short this problem is to prevent it with conscientious 
attention to preventive measures. These include 
patient education, regular foot care, early detection 

of its contributing factors, tight blood sugar control 
and selection of proper foot wear. Lastly, diabetics 
should decide whether to keep leg or the bad habits 
of smoking!!
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