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Diabetes: A Global Emergency

The IDF Diabetes Atlas 9th edition 2019 provides the latest figures, information and projections on
diabetes worldwide

▪ There are currently 351.7 million people of
working age (20–64 years) with diagnosed
or undiagnosed diabetes in 2019.

▪ This number is expected to increase to 417.3
million by 2030 and to 486.1 million by
2045.

If current trends continue,

700 million adults will 
have diabetes by 2045.

Ref: IDF DIABETES ATLAS, Ninth edition 2019



Number of people with diabetes worldwide in 2019, 2030 and 2045 (20-79 years) 
as per IDF Atlas 2019 

Ref: IDF DIABETES ATLAS, Ninth edition 2019



Diabetes in India

India ranks number 2 in the 
list of countries with the 
largest numbers of adults 
with diabetes in 2019 and 
is anticipated to remain so 
in 2030 and 2045 as well

Ref: IDF DIABETES ATLAS, Ninth edition 2019



Dysglycaemia and cardiovascular risks

Dysglycemia

Type 2 diabetes mellitus (T2DM) Impaired glucose tolerance (IGT)

Common in patients with
cardiovascular disease (CVD)

Increasing the risk for future
cardiovascular complications

Rydén, L., Ferrannini, G. and Mellbin, L., 2019. Risk factor reduction in type 2 diabetes demands a multifactorial approach. European journal of preventive 
cardiology, 26(2_suppl), pp.81-91.



Diabetes is a Cardiovascular Risk Equivalent
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• 1% increase in HbA1c is associated with a 26% increase in risk of developing PAD.

• PAD patients with diabetes are 5–10 times more likely to progress to major amputation

compared to PAD patients without diabetes.

• Many patients may be asymptomatic and others may have an atypical pain pattern due to

peripheral neuropathy.

• The PARTNERS study by general practitioners in diabetic patients older than 50 years used

anklebrachial indexes (ABIs) to diagnose PAD in 29% of patients.

• Likewise, 50% of patients with diabetic foot ulcers have PAD.

Linking Diabetes Mellitus to Peripheral Vascular Diseases



Risk of CVD Increases With Worsening A1c Levels: 
Strong Heart Study

Incidence rate for total CVD, CHD, stroke, & HF, stratified by A1C category

Diabetes Care 34:1952–1958, 2011



Association of Glycemia with macrovascular & 
microvascular complications of T2 diabetes (UKPDS 35)

BMJ 2000;321:405–12



Peripheral arterial disease 

• A major cause of morbidity and mortality.

• Affects mainly the lower limbs, reducing blood flow to the legs causing symptoms such as exertional

pain, intermittent claudication, and in severe cases, pain at rest, gangrene, and eventual limb loss

(known as critical limb ischaemia)

Clinical categories of acute limb ischemia
Artazcoz, A.V., Ruiz-Garcia, E., Alegria-Barrero, E., Navarro, A.C.R. and Santiago, M.C., 2015. Diagnosis of peripheral vascular disease: current perspectives. J Anesth Clin Res, 6(2), pp.1-7.



Rutherford and Fontaine classifications of PAD

Rutherford classification has seven stages:

Stage 0: asymptomatic
Stage 1: mild claudication
Stage 2: moderate claudication
Stage 3: severe claudication
Stage 4: rest pain
Stage 5: ischemic ulceration not exceeding ulcer of the digits of the foot
Stage 6: severe ischemic ulcers or frank gangrene

Artazcoz, A.V., Ruiz-Garcia, E., Alegria-Barrero, E., Navarro, A.C.R. and Santiago, M.C., 2015. Diagnosis of peripheral vascular disease: current perspectives. J Anesth Clin Res, 6(2), pp.1-7.



Rutherford and Fontaine classifications of PAD

Fontaine classification is useful for clinical and research purposes:

Stage I: asymptomatic. Fontaine stage I describe patients with subtle and non-specific symptoms such

as paraesthesia. Physical examination may reveal cold extremities or bruits over blood vessels.

Stage II: intermittent claudication. This stage takes into account the fact that patients usually have a

very constant distance at which they have pain.

Stage IIa: intermittent claudication after more than 200 meters of walking.

Stage IIb: intermittent claudication after less than 200 meters of walking.

Stage III: rest pain. Rest pain is especially troubling for patients during the night (no positive gravity

effect).

Stage IV: ischemic ulcers or gangrene

Artazcoz, A.V., Ruiz-Garcia, E., Alegria-Barrero, E., Navarro, A.C.R. and Santiago, M.C., 2015. Diagnosis of peripheral vascular disease: current perspectives. J Anesth Clin Res, 6(2), pp.1-7.



Pathophysiology of Vascular Disease and Complications of 
Diabetes Mellitus

Many of the clinical complications of diabetes may be ascribed to alterations in 
vascular structure and function, with subsequent end-organ damage and death.

Two types of vascular diseases are seen in patients with diabetes

A nonocclusive microcirculatory dysfunction involving the
capillaries and arterioles of the kidneys, retina, and

peripheral nerves

A macroangiopathy characterized by 
atherosclerotic lesions of the coronary and 

peripheral arterial circulation

Chin, J.A. and Sumpio, B.E., 2014. Diabetes mellitus and peripheral vascular disease: diagnosis and management. Clinics in podiatric medicine and surgery, 31(1), pp.11-26.



Pathophysiology of Vascular Disease and Complications of 
Diabetes Mellitus

Peripheral Vascular Disease:

• Inflammatory damage to the vessel wall due

to endothelial cell dysfunction resulting in

stenosis and occlusion

• Decreased Nitric oxide (NO) bioavailability=

A common outcome for most mediators of

endothelial dysfunction in DM

• Hyperglycemia:

• Blocks endothelial NO synthase (eNOS) and

increases reactive oxygen species, causing wall

damage

• Increased free fatty acid levels= Oxidative

damage and activate proinflammatory pathways

• Elevated inflammatory marker C-reactive

protein (CRP), a risk factor for PAD

Chin, J.A. and Sumpio, B.E., 2014. Diabetes mellitus and peripheral vascular disease: diagnosis and management. Clinics in podiatric medicine and surgery, 31(1), pp.11-26.



• Lower extremity arterial stenosis usually associated with PAD is

focal and most commonly in the superficial femoral artery causing

calf pain

• Patients with DM will often have tibial arteries with high

prevalence of long occlusions

• Additional peripheral neuropathy associated with DM can even

make these patients asymptomatic- No pain

• Subtle symptoms: Fatigue and progressively slowing ambulation

• Reduced collateral formation: More susceptible to severe and

acute ischemia

• May present with deep duskiness and pain of the extremity caused

by atherosclerotic plaque rupture or in situ thrombosis of a vessel

Clinical Presentations of PAD in DM

Chin, J.A. and Sumpio, B.E., 2014. Diabetes mellitus and peripheral vascular disease: diagnosis and management. Clinics in podiatric medicine and surgery, 31(1), pp.11-26.



• It is essential to perform a comprehensive physical examination, as both DM and PAD are

systemic processes that may be revealed by findings elsewhere in the body.

• Vital signs of heart rate, respiratory rate, oxygen saturation, blood pressure, and temperature

are essential.

• Asymmetric blood pressure in the upper extremities may point to entities such as subclavian

stenosis that would provide further reason to suspect lower extremity disease.

• Fever, tachycardia, and tachypnea may suggest evolving sepsis in an otherwise asymptomatic

foot ulcer.

Chin, J.A. and Sumpio, B.E., 2014. Diabetes mellitus and peripheral vascular disease: diagnosis and management. Clinics in podiatric medicine and surgery, 31(1), pp.11-26.



Vascular 
Examination

Ulcer 
Examination

• Bilateral carotid (these should be first

auscultated for bruits), brachial, radial, femoral,

popliteal, dorsalis pedis, and posterior tibial

arteries.

• A handheld Doppler evaluation of flow signals is

also essential.

• Skin and nail changes

• Elevation pallor and dependent rubor

• Skin temperature

• Ulcerations secondary to ischemia are often on

the tips of digits and in the interdigital spaces

• Neuropathic ulcers usually occur over the heel

or metatarsal head pressure points on the

plantar surface of the foot.

• Ulcer characteristics, such as size, depth,

appearance, presence of bleeding, and

granulation tissue

Chin, J.A. and Sumpio, B.E., 2014. Diabetes mellitus and peripheral vascular disease: diagnosis and management. Clinics in podiatric medicine and surgery, 31(1), pp.11-26.



• This is derived first by determining the systolic blood pressure in both brachial arteries and

then in both of each the dorsalis pedis and posterior tibial arteries.

• It can then be calculated for each lower extremity

Ankle-brachial index

Chin, J.A. and Sumpio, B.E., 2014. Diabetes mellitus and peripheral vascular disease: diagnosis and management. Clinics in podiatric medicine and surgery, 31(1), pp.11-26.





Pulse volume recordings (PVRs)

• Non-invasive vascular imaging study including
ankle-brachial indexes, segmental pressures, and
pulse volume recording (PVR) waveforms.

• Here the segmental pressures and indexes are
higher on the right lower extremity at all levels
compared to the left except for the dorsalis pedis
artery.

• Biphasic PVR waveforms are seen at all levels on
the right lower extremity.

• The left lower extremity has biphasic waveforms
at the high thigh and low thigh, which then
become blunted from the level of the calf down.

• This could indicate stenosis in the left superficial
femoral artery or popliteal artery

Chin, J.A. and Sumpio, B.E., 2014. Diabetes mellitus and peripheral vascular disease: diagnosis and management. Clinics in podiatric medicine and surgery, 31(1), pp.11-26.



Computed Tomography Angiography

• Duplex ultrasound of the right profunda

femoris and superficial femoral artery.

• The color flow ultrasound is seen in the

upper part of the image and Doppler

spectral waveforms are seen in the

lower part.

• The Doppler waveforms here are

biphasic.

Chin, J.A. and Sumpio, B.E., 2014. Diabetes mellitus and peripheral vascular disease: diagnosis and management. Clinics in podiatric medicine and surgery, 31(1), pp.11-26.



Peripheral Arterial Disease in the Elderly

Evaluation of the Elderly Patient with PAD and Prognosis

Asymptomatic PAD

Recommendations from The American College of Cardiology

Foundation/American Heart Association (ACCF/AHA) Task Force on Practice

Guidelines:

• For those at risk for PAD (which includes patients over age 70), a review of

symptoms that includes questions about claudication, rest pain, and

nonhealing wounds should be performed as well as a vascular and foot

exam.

• The ankle-brachial index (ABI) test is the accepted standard for making a

diagnosis of PAD



Peripheral Arterial Disease in the Elderly

Evaluation of the Elderly Patient with PAD and Prognosis

Intermittent Claudication

• If IC symptoms are present, a resting ABI should be performed.

• If the resting ABI is normal, an exercise ABI should be considered.

• Segmental Doppler pressures can be useful for preoperative lesion

localization.

• Arterial duplex ultrasound may be used to assess lesion anatomy in patients

with known PAD and to consider options for intervention.



Case Example to Demonstrate Algorithmic Approach and Pathway to 
PAD Diagnosis

Clinical Presentation:

• A 70-year-old male with current tobacco use,

hypertension, and dyslipidemia.

• He reports right buttock pain with walking 50

feet that resolves with rest.

• He also has a diagnosis of right-sided sciatica.

• On physical examination, his right femoral,

dorsalis pedis, and posterior tibial pulses are

diminished.

Step 1: History and physical examination

are suggestive of PAD.

• Risk factors: age > 65, current tobacco,

hypertension, dyslipidemia

• Exertional leg symptoms: right buttock

pain after 50 feet that resolves with rest

• Physical examination: diminished pulses



Case Example to Demonstrate Algorithmic Approach and Pathway to 
PAD Diagnosis

Step 2: Obtain ABIs/noninvasive

physiologic flow studies.



Case Example to Demonstrate Algorithmic Approach and Pathway to 
PAD Diagnosis

Step 2: Obtain ABIs/noninvasive

physiologic flow studies.

Interpretation:  The right ankle-brachial index (ABI) is in the mild range. The pulse volume recordings are moderately 
abnormal on the right. The findings are suggestive of right iliofemoral disease. The significant post-exercise drop in 
ABI helps establish that the patient’s exertional buttock pain is more consistent with PAD rather than sciatica. The 
ABIs and PVR tracings on the left are normal.  The PAD diagnosis is confirmed.





Case Example to Demonstrate Algorithmic Approach and Pathway to 
PAD Diagnosis

Step 3: Begin treatment for PAD.

• The patient is started on optimal medical therapy and an exercise regimen but remains severely limited

by his claudication symptoms after 3 months. Revascularization is being considered.

Step 4: Obtain additional anatomic assessment.

• Arterial duplex image and spectral Doppler waveforms

• Digital subtraction angiography image

• Noninvasive physiologic flow studies



Multifactorial Management is Essential for T2DM to manage PAD

•Intensive multifaceted management in patients

with Type 2 diabetes lowers overall mortality

•

Glucose, lipid, BP 
control

Use of vascular 
protective 

medications

Health behavior 
optimization

Multifaceted 
treatment 
strategy

Rydén, L., Ferrannini, G. and Mellbin, L., 2019. Risk factor 

reduction in type 2 diabetes demands a multifactorial approach. 

European journal of preventive cardiology, 26(2_suppl), pp.81-

91.



Gaede et al. NEJM. 2003: 348;383-393

STENO-2: Intensive Group Achieved Targets



Intensive Group had Improved CV Outcomes 
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Gaede et al. NEJM. 2003: 348;383-393



Gaede et al. NEJM. 2003: 348;383-393

STENO 2 – Microvascular Disease



The “ABCs” of Cardiovascular Disease Prevention and 
Management

A1c control

Cholesterol control

Blood pressure control

Arps, K., Pallazola, V.A., Cardoso, R., Meyer, J., Jones II, R., Latina, J., Gluckman, T.J., Stone, N.J., Blumenthal, R.S. and McEvoy, J.W., 2019. Clinician's guide to the 

updated ABCs of cardiovascular disease prevention: a review part 1. The American journal of medicine, 132(6), pp.e569-e580.
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Stratton IM et al. BMJ. 2000;321:405-412.

Improved Glycemic Control Has Been Shown to Reduce the Risk 
of Complications

According to the United Kingdom Prospective Diabetes
Study (UKPDS) 35, Every 1% Decrease in A1C Resulted in:

Decrease 
in risk of 

microvascular
complications

(P<.0001)

Decrease 
in risk of any 

diabetes-
related end 

point
(P<.0001)

Decrease
in risk of MI

(P<.0001)

Decrease 
in risk of 

stroke
(P=.04)

21%
14% 12%

37%



Adiposity 

Insulin 

resistance

Plaque lipid 

deposition

Improved 

lipid profile

Fibrinolysis 

Oxidative 

stress

Inflammation

Improved 

Endothelial 

function

Hyperglycemia

Glucotoxocity

Improved 

Microcirculation

Clifford J Bailey, Ian W Campbell, Metformin: The gold standard

MACRO VASCULAR MICROVASCULAR 



Diabetes-related deaths

All –Cause Mortality

Myocardial Infarction

UKPDS 80.  NEJM 2008;  359:  1577-89

Lessons from UKPDS:
Legacy Effect of Earlier Metformin Therapy

CV Complications
reduced and Survival 

increased versus other 
therapies

UKPDS 34.  Lancet 1998; 352: 854-65

POST-Trial 
Monitoring

1997 - 2007

-30%

-27%

-33%

-42%

-36%

-39%

UKPDS Trial 
Intervention

1977 - 1997

CV Complications
reduced and Survival 
increase maintained



Anti-platelet therapy

• Use aspirin 75 to 162 mg/day for secondary CVD prevention

• Consider aspirin 75 to 162 mg/day for primary CVD prevention in those at increased 

risk

• NOAC (rivaroxaban) in vascular dose (2.5 mg) twice daily with or without food in 

combination with aspirin (75 mg to 100 mg) once daily. No dose adjustment needed 

based on CrCl.

– Those at risk for CVD (10-year risk >10%)—men >50 years of age, women >60 years of age with at least 

one risk factor (positive family history of cvd, hypertension, smoking, dyslipidemia, albuminuria)

• Not sufficient evidence for aspirin for primary prevention in low risk groups

American Diabetes Association, 2020. 10. Cardiovascular disease and risk management: Standards of Medical Care in Diabetes—2020. Diabetes Care, 
43(Supplement 1), pp.S111-S134.



“B”: Blood Pressure Control

Association of Systolic Blood 
Pressure with macrovascular & 
microvascular complications of T 
2 diabetes (UKPDS 36)



Association of Systolic Blood Pressure with macrovascular & 
microvascular complications of T2DM (UKPDS 36)



Tight blood pressure control & risk of macrovascular & 
microvascular complications in type 2 diabetes: UKPDS 38

• Effective management of hypertension reduces the risk of cardiovascular 
complications by 30% to 40%

• In the UKPDS, this reduction in risk was accomplished with a mean 
decrease in BP from 154/87 mm Hg to 144/82 mm Hg

BMJ 1998;317:703–13



ACE Inhibitor Therapy for Patients with Diabetes

• Microalbuminuria is a significant risk factor for CVD

• ACE Inhibitors delay progression from micro- to macroalbuminuria

• ACE Inhibitors are recommended for all patients with diabetes & hypertension

• Patients with T2DM & hypertension treated with an ACE inhibitor have a significantly lower 
risk of major vascular events than those treated with a β-blocker or a calcium channel 
blocker.

N Engl J Med. 1998;338:645-652

Diabetes Care. 1998;21:597-603



“C”: Cholesterol Management

Total Cholesterol 
and CAD 35% of CHD 

Occurs in People 

with TC<200 mg/dL

150 200

Total Cholesterol (mg/dL)

250 300

No CHD

CHD

Framingham Heart Study—26-Year Follow-up

Castelli WP. Atherosclerosis. 1996;124(suppl):S1-S9.



Overview: Statin Benefit Groups

Secondary
Prevention LDL-C ≥ 190 mg/dL

Diabetes
40 to 75 yrs

LDL-C 70-189 mg/dL

Primary Prevention
40 to 75 yrs

LDL-C 70-189 mg/dL ASCVD 
Risk ≥ 7.5 %

High Risk Groups

Rx: Optimal benefit with high-intensity statins

Use moderate-intensity if age > 75 or can’t tolerate high intensity

White, A., Mishcon, H.R., Redwanski, J.L. and Hills, R.D., 2020. Statin Treatment in Specific Patient Groups: Role for Improved Cardiovascular Risk Markers. 
Journal of Clinical Medicine, 9(11), p.3748.





Summary and Conclusions

• PAD and DM are both rapidly increasing in prevalence throughout the world.

• One may frequently coexist with the other and impose enormous health care costs on

society, especially during their late phase of disease progression to lower extremity ischemia.

• It is important to be able to understand and diagnose each entity alone and together, as

their coexistence can have direct implications for subsequent workup and intervention.

• Patients should first be treated nonoperatively and with appropriate medical management

with regard to blood sugar, blood pressure, cholesterol, and antiplatelet therapy.



THANK YOU!


