
Prediabetes A Risk Factor 
For CVD





Risk of  CVD Elevated Prior to Diagnosis of  
T2DM Prediabetes according to the 

ADA fasting glucose 
definition 
-13% increased risk for CVD, 
-10% increased risk for CAD, 
-6% increased risk for stroke 
compared with 
normoglycemia. 
It also conferred 
-13% increased risk for death 
from any cause
with all of these associations 
being statistically significant



▪ The epidemic of obesity, metabolic syndrome, and type 2 diabetes shows 

no sign of remission. Although each individually are costly important 

medical outcomes, it is the relationship of these metabolic maladies to 

cardiovascular disease that is graded, strong, and almost certainly 

responsible for reversing the decades-long temporal trends of reduced 

cardiovascular disease mortality.

▪ We are aware that  high-intensity statin, angiotensin-converting enzyme 

inhibitor or angiotensin receptor blocker, beta blocker, and a dual   

antiplatelet regimen. Have brought smile on face of our such patients 

▪ Does this physician have time, bandwidth, and capacity to manage 

traditional cardiovascular medications yet also consider GLP-1 receptor 

agonist or SGLT2 inhibitor therapy? 



The Continuum of Dysglycemia



Prediabetes based on the 

American Diabetes Association 

criteria (ADA) is defined as: 

i) Impaired fasting glucose (IFG): 

fasting glucose between 100 

and 125 mg/dl;

ii) Impaired glucose tolerance 

(IGT): 2 h glucose 140–199 

mg/dl; and iii) IFG + IGT. 

Most of the known 

physiopathological abnormalities 

characterizing T2D are already 

present in prediabetes although 

less severe………..



Prediabetes & Diabetes

diabetesprediabetesnormoglycemic
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Fasting glucose

2hr Plasma glucose

Prediabetes is a condition in which the blood sugar level is higher than normal, 
but not high enough to be classified as diabetes 







IDF DIABETES ATLAS, Flashback 2017 to 2045

http://www.idf.org/diabetesatlas/2017

• The high number of impaired 
glucose tolerance cases 
means that millions of people 
are at risk of developing DM 
as well as its debilitating 
complications.

• The 2017 figures show that 
the upward trend will 
continue.

• Most of the deaths in DM are 
due to CV complications.



• Prevalence of  prediabetes around the world varies 

between 9.7 and 56.8%, and eventually most of  the 

patients with prediabetes (70–80%) will develop 

T2D with high risk of  vascular complications 

• It has been demonstrated that treatment of  

prediabetes reduces the risk of  micro and 

macrovascular complications, as well as global 

mortality, highlighting the relevance of  early 

treatments for glucose abnormalities 





Dr R Guardado



Macrovascular Complications in Pre-Diabetes

Fig. Recognized macrovascular complications associated with prediabetes. Endocrinol Metab Clin North Am. 2018 March ; 47(1): 33–50. 





Consequences of inflammation in obesity: adipose tissue

Calorie-dense food

Adipocyte

Lean adipose tissue Obesity adipose tissue

M1 ATM

M2 ATM

Hypertrophic  

adipocyte

↑IL 6, ↑ TNFα, ↑ IL-1β  

CCL2, CCL5, CXCL5

M2 ATM

↑Endothelial permeability,  

plaque development,  

atherosclerosis

CVD

Systemic inflammation

↓Cholesterol metabolism,

↑glucose production,

insulin resistance

↓Insulin secretion

T2DM

↓Glucose uptake,  

insulin resistance

Source: Yao L, et al. J Immunol Res 2014;2014:181450.  

CCL, chemokine (C-C motif) ligand; CXCL5, chemokine (C-X-C motif) ligand 5; IL, interleukin; TNFα, tumour necrosis factor alpha;  

M1 ATM, classically activated adipose tissue macrophages; M2 ATM, alternatively activated adipose tissue macrophages.
Deanfield  UCL





Role of Glucose in CV Pathology

Endothelial-dependent diameter increases of the brachial artery are decreased in subjects at high risk 

for diabetes, with impaired glucose tolerance or diabetes compared with control subjects (p<0.01)

The American Journal of Medicine (2005) 118, 939-947



Changes in endothelial function associated with 
impaired glucose tolerance and diabetes mellitus

The American Journal of Medicine (2005) 118, 939-947



CV Risk in Pre-Diabetes



CV Risk in Pre-Diabetes
The American Journal of Medicine (2005) 118, 939-947

▪ Epidemiologic evidence suggests that the relationship between 

diabetes and cardiovascular disease begins earlier in the 

progression from normal glucose tolerance to impaired glucose 

tolerance and impaired fasting glucose to diabetes, and is 

associated with resistance to the biologic activity of  insulin.

▪ Over many years before the onset of  type 2 diabetes, subjects 

exhibit excessive increases in postprandial plasma glucose 

levels (related to loss of  first-phase insulin secretion), near 

normal fasting plasma glucose levels, and compensatory 

increases in fasting plasma insulin levels.

▪ The relative contribution of  insulin resistance and impaired 

pancreatic -cell function may vary considerably among 

individuals during this phase of  impaired glucose tolerance, but 

it is clear that both progress until overt hyperglycemia is 

established.



Endocrinol Metab Clin North Am. 2018 March ; 47(1): 33–50. 

Evidences Relating Pre-Diabetes to CVD

▪ Epidemiologic studies, including ORIGIN, DECODE and 
Funagata Diabetes Study, have shown that 
prediabetes is a strong predictor of CVD.

▪ In the San Antonio Heart Study, there was evidence 
that the risk for CVD starts to increase long before 
the onset of clinical diabetes.

▪ A recent cross-sectional study reported a positive 
association between prediabetes and the prevalence 
of arterial stiffness, suggesting that early intervention 
on prediabetes control might prevent arterial 
stiffness.

▪ Remarkably, the prediabetes state is associated a 
nearly 3-fold higher prevalence of unrecognized 
myocardial infarction compared with NGT status, as 
was demonstrated in the Multi-Ethnic Study of 
Atherosclerosis (MESA) study



Prediabetes is associated with an increased 
risk for all-cause mortality and cardiovascular 

disease among the general population and 
individuals with atherosclerotic cardiovascular 

disease, according to a new  meta-analysis .

Meta-analysis to assess the associations between prediabetes and the risk for all-cause mortality and incident 
cardiovascular disease. Data were included from 129 studies, with 10,069,955 individuals.

July 15 2020, in The BMJ.



The updated meta-analysis included 129 studies involving a total of 

10,069,955 individuals. median follow-up of 9.8 years, BMJ 2020; 370: 

m2297

Findings suggest that 

“screening and appropriate management of prediabetes might contribute 

to primary and secondary prevention of cardiovascular disease,” 

“Considering the high prevalence of prediabetes, and the robust and 

significant association between prediabetes and health risk shown in this 

study, successful intervention in this large population could have a major 

effect on public health.”

https://www.bmj.com/content/370/bmj.m2297


2020

A meta-analysis highlights 

the increased risk of  future 

cardiovascular disease and 

mortality among people 

with prediabetes.

“Importantly, study 

observed increased risks 

when fasting plasma 

glucose was as low as 

100mg/dl

The only exception was that 

neither glycated hemoglobin 

definition predicted 

mortality(The BMJ.)

▪ Yuli Huang, 2016 meta-
analysis demonstrating 
that prediabetes is 
significantly associated 
with mortality and CVD 
risk in the general 
population

▪ Many subsequent studies 
investigating this 
association have been 
published, but have “had 
limited power to draw 
solid conclusions , and 
their results have been 
debated.”

.

http://www.bmj.com/content/355/bmj.i5953
https://diabetes.medicinematters.com/diabetes-medicinematters-com/prediabetes/cardiovascular-outcomes/meta-analysis-confirms-risk-associated-with-prediabetes/11088400


CVD risk evaluation in prediabetes not improved by 

incorporating HbA1c

Using HbA1c may not alter the effectiveness of 

screening for cardiovascular disease risk among 

adults with prediabetes, although CVD risk is 

greater among this group vs. those with lower 

HbA1c levels,

CVD risk was 1.83 times greater for adults with 

prediabetes vs. those without prediabetes (HR = 

1.83; 95% CI, 1.69-1.97) 2.26 times greater for those 

with undiagnosed diabetes vs. without diabetes (HR 

= 2.26; 95% CI, 1.96-2.6). 

However, the researchers noted that these calculations were 
made before adjustments; when adjustments were added 
CVD risk was 1.11 times greater for individuals with 
prediabetes (HR = 1.11; 95% CI, 1.03-1.2) and 1.2 times 
greater for individuals with undiagnosed diabetes (HR = 1.2; 
95% CI, 1.04-1.38).
“,

Sattar and colleagues evaluated HbA1c levels and CVD 
events from the QRISK3 risk score, Diabete Care

Welsh C, et al. Diabetes Care. 

2019;doi:10.2337/dc19-1683.

The added predictive gain 

from inclusion of  HbA1c 

in risk prediction  modest

https://care.diabetesjournals.org/content/early/2019/12/06/dc19-1683


Risk of all cause mortality and cardiovascular disease for different ranges of fasting 

plasma glucose concentrations, based on prediabetes defined as impaired fasting 

glucose according to the definition of the American Diabetes Association (reference 

group was fasting plasma glucose concentration <5.6 mmol/L). 

Xiaoyan Cai et al. BMJ 2020;370:bmj.m2297



Association between prediabetes and the risk of all cause mortality, composite cardiovascular 

disease, coronary heart disease, and stroke in patients with atherosclerotic cardiovascular 

disease. 

Xiaoyan Cai et al. BMJ 2020;370:bmj.m2297



Association between prediabetes and the risk of  all cause mortality, composite 

cardiovascular disease, coronary heart disease, and stroke in the general population. 

Xiaoyan Cai et al. BMJ 2020;370:bmj.m2297



▪ In the general population, prediabetes was 
associated with an increased risk of all cause 
mortality (relative risk 1.13, 95% confidence 
interval 1.10 to 1.17)

▪ Composite cardiovascular disease (1.15, 1.11 to 
1.18), 

▪ Coronary heart disease (1.16, 1.11 to 1.21), and 
stroke (1.14, 1.08 to 1.20; ).

▪ Significant heterogeneity was seen for the risk 
of all outcomes (all I2 >50%, P<0.05) except for 
coronary heart disease (I2=23.3%, P=0.24), for 
the different definitions of prediabetes.

What is already known on this topic
•Prediabetes is a common condition worldwide with a high 
prevalence
•A previous meta-analysis showed that prediabetes was 
associated with an increased risk of cardiovascular events in 
the general population, although this finding was controversial
•Reports on the association of prediabetes with prognosis in 
patients with a history of cardiovascular disease are 
inconsistent
What this study adds
▪ Prediabetes was associated with an increased risk 

of  cardiovascular disease and all cause mortality

▪ Different definitions of  prediabetes were 

associated with a similar prognosis in patients 

with a history of  cardiovascular disease

▪ Screening and proper management of  prediabetes 

might contribute to primary and secondary 

prevention of  cardiovascular disease
Xiaoyan Cai et al. BMJ 2020;370:bmj.m2297

All cause mortality and cardiovascular disease 
associated with prediabetes in the general 

population



Adjusted risk of cardiovascular death associated with 2-hour post-challenge glucose and fasting plasma glucose 

in a group of above 29000 subjects

The American Journal of Medicine (2005) 118, 939-947

CV Death vs FPG-PPPG





CRP Levels & CV Risk

The American Journal of Medicine (2005) 118, 939-947

Age-adjusted relative risk of future coronary 

heart disease events according to baseline CRP 

and LDL cholesterol in 27 939 subjects





















Intervention 
to Prevent 

Progression 
from 

Prediabetes 
to 

Development 
of CVD

Endocrinol Metab Clin North Am. 2018 March ; 47(1): 33–50. 

▪ Long term follow-up of  the Da Qing study 

demonstrated that diabetes prevention through 

lifestyle modification was associated with decreased 

cardiovascular and all-cause mortality after 23 years.

▪ In the Diabetes Prevention Program (DPP), intensive 

lifestyle intervention that significantly decreased the 

risk of  T2DM also reduced the need for 

antihypertensive medications.

▪ The prevalence of  hypertension in the DPP cohort at 

baseline was approximately 30% in the three 

comparison groups (placebo, metformin, lifestyle). 

After 3 years of  follow-up, the prevalence of  

hypertension was observed to have increased to 

approximately 40% in the placebo and metformin 

arms.



Intervention to 
Prevent Progression 
from Prediabetes to 
Development of CVD

Endocrinol Metab Clin North Am. 2018 March ; 47(1): 33–50. 

▪ Surprisingly, the hypertension prevalence 

remained at the baseline rate of  30% in the 

intensive lifestyle group 3 years later.

▪ Thus, lifestyle intervention designed to 

prevent T2DM also seems to have prevented 

incident hypertension in this initially 

prediabetic cohort.

▪ The DPP investigators also reported that 

subjects assigned to intensive lifestyle 

intervention showed decreased blood 

pressure, increased HDL cholesterol levels, 

and lower triglyceride levels and a reduction 

in the more atherogenic small, dense LDL 

particles during approximately 3 years of  

follow-up.



Lifestyle Intervention

The American Journal of Medicine (2005) 118, 939-947

▪ In the Finnish Diabetes Prevention Study continuing detailed, personalized recommendations about 

diet and exercise reduced the incidence of new-onset diabetes by 58% compared with the group 

receiving only general instruction.

▪ Diet and exercise in the another study decreased new-onset diabetes by more than 50% compared 

with the control group.

▪ Of great interest was the observation that after 12 years, the mortality in the intervention group was 

not different than that observed in the normal glucose tolerance cohort.

▪ The Da Qing trial demonstrated that diet alone, exercise alone, or their combination significantly 

reduced the incidence of diabetes.

▪ In the US Diabetes Prevention Program study, an intensive program of lifestyle modification 

designed to achieve and maintain at least a 7% loss of body weight through a healthy, low calorie, 

low-fat diet combined with an exercise program reduced the incidence of diabetes by 58% (95% 

confidence interval [CI], 48%-66%) compared with the standard lifestyle intervention placebo 

group.



Lifestyle Intervention
Fig. Intensive lifestyle intervention reduces the incidence of 

type 2 diabetes in high-risk individuals (p<0.001) The American Journal of Medicine (2005) 118, 939-947



Lifestyle Intervention vs Metformin Vs Placebo

Fig. Effect of metformin or intensive lifestyle modification on the incidence 

of diabetes in high-risk individuals
The American Journal of Medicine (2005) 118, 939-947



Interruption of the Renin-Angiotensin System: Pharmacologic 
interruption of the renin-angiotensin system reduces incidence of 

T2DM

The 
American 
Journal of 
Medicine 
(2005) 118, 
939-947



▪ On prevention of  cardio metabolic syndrome with drugs by Dr R Guardado . 

▪ Exciting data of  prevention of  cardio metabolic syndrome with drugs  from PRELIMM study 

ADA2020

▪ The combination of  linagliptin, metformin and lifestyle improved significantly glucose 

metabolism and pancreatic β-cell function, and reduced T2D incidence in subjects with 

prediabetes as compared to metformin and lifestyle

Highlights PRELIMM study

▪ The combination of linagliptin, metformin and lifestyle 

improved significantly glucose metabolism and pancreatic β-

cell function, and reduced T2D incidence in subjects with 

prediabetes as compared to metformin and lifestyle.

▪ Linagliptin + metformin plus lifestyle showed a better 

glucose improvement

▪ Pancreatic β-cell function improved better in the 

linagliptin + metformin group

▪ There was a 67% risk reduction of T2D in the 

linagliptin + metformin group

▪ All differences between groups were observed early at 6–

12 months of treatment



Pharmacologic Intervention in 2005 to 2020

• Sulfonylureas: 

• Metformin: 

• Acarbose: 

The American Journal of Medicine (2005) 118, 939-947



▪ GLP-1- receptor agonists, which also serve as 

effective weight loss drugs, have shown 

improvements in multiple cardiovascular risk factors 

as well as important cardiovascular outcomes and 

total mortality.

▪ Three SGLT2 inhibitors have shown benefits on 

cardiovascular risk factors and important 

cardiovascular outcomes including heart failure and 

cardiovascular mortality. 

The landscape of drug therapies to treat these metabolic conditions has 
expanded dramatically







Deanfield  UCL Source: Li et al. Lancet Diabetes Endocrinol 2014;2:474–80

Weight loss in pre-diabetes reduces long-term incidence of  
cardiovascular mortality
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Source: INTERHEART Lancet 2004

Prevention: Investing In Your Arteries!
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9 RFs accounted for 90% of MI in men and 94% in women Clinical Events

Deanfield  UCL
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A new paradigm—
treatment of impaired
glucose tolerance

▪ Begin treatment in individuals who exhibit impaired 

fasting glucose, impaired glucose tolerance, or both 

before the diagnosis of overt diabetes.

▪ As noted, these individuals are at high risk for both 

diabetes and cardiovascular morbidity and mortality, 

and the protracted progression from dysglycemia to 

overt diabetes offers a tempting target for 

intervention.

▪ Despite these clear and important risks, impaired 

glucose tolerance is not currently considered to be a 

disease in which aggressive treatment is 

recommended.

▪ However, the results of recent studies indicate 

targeting these high risk subjects for treatment with 

aggressive lifestyle modification or 

pharmacotherapy can reduce the incidence of 

diabetes in this vulnerable population and has the 

potential to reduce cardiovascular risk.



Changing Paradigm for Cardiometabolic Risk  Management

▪ Lowering of  CV risk in established T2DM or CVD is possible but 

not enough

▪ Substantial weight loss can be achieved by diet, surgery and new 

drugs (GLP1-RA)

▪ Ongoing trials are testing impact on CV outcome in obese patients 

with CV RFs/CVD

Early, intervention can personalise strategies for 

prevention  of T2DM and lifetime  reduction of

CVD



Hu et al stress that prediabetes is a risk factor rather than a 

disease, so their findings should not promote pharmacologic 

treatment in everyone with the condition.

“At present, lifestyle modification is the mainstay management for 

people with prediabetes,” they write. “High risk subpopulations 

with prediabetes, especially combined with other cardiovascular 

risk factors, should be selected for controlled trials of  

pharmacological treatment.”





▪ Prediabetes is a toxic cardiometabolic state associated with increased risk 

for microvascular and macrovascular complications.

▪ Physicians and healthcare providers should screen patients routinely for 

prediabetes and refer those with the condition for intensive lifestyle 

counselling.

▪ The goal is to achieve and maintain > 5% weight loss by caloric restriction 

and increased physical activity.

▪ Healthcare providers should endeavour to build strong ties within 

healthcare systems, communities, and payers, to increase the availability 

of  evidence-based structured lifestyle programs.

▪ While it has long been known that diabetes confers significant 

cardiovascular risks, it is now with PREDIABETES



धन्यवाद


