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Viswanathan Mohan

Abstract

We investigated the prevalence of peripheral vascular disease (PVD) and its association with preclinical atherosclerotic
markers [intima-media thickness (IMT)] and arterial stiffness among 1755 urban south Indian type 2 diabetic subjects
recruited from the Chennai Urban Rural Epidemiology Study (CURES). Doppler studies were performed, and PVD was
defined as ankle—brachial index (ABI) of <0.9. IMT of the common carotid artery was determined using high-resolution
B-mode ultrasonography, and augmentation index (AGI) was measured using the Sphygmocor apparatus. The overall
prevalence of PVD was 8.3% (age-standardized 6.5%). The prevalence of PVD was higher among known diabetic subjects
(n = 1401) compared to newly detected diabetic subjects (n = 354) (8.6% vs 6.8%, p = 0.250). The mean IMT and AGI
in subjects with PVD were significantly higher compared to subjects without PVD (IMT: 0.99 £+ 0.26 mm vs 0.83 £ 0.19
mm; AGI: 28.1 + 9.6% vs 25.7 + 9.8%, respectively). IMT was independently associated with PVD even after adjusting
for age [odds ratio (OR) = 2.9 (1.2-6.7), p = 0.016 for second tertile and OR = 3.9 (1.7-9.3), p = 0.002 for third tertile
compared to first tertile]. AGI was also associated with PVD in the unadjusted model [OR = 1.8 (I.1-3.1), p = 0.027
for second tertile compared to first tertile]. However, when adjusted for age, the significance was lost. In conclusion,
among urban south Indian type 2 diabetic subjects, the prevalence of PVD is 8.3% and IMT is more strongly associated
with PVD than AGI.
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Introduction

Peripheral vascular disease (PVD) is characterized by a
gradual reduction in the blood flow to one or more limbs
secondary to atherosclerosis.! While PVD is a major risk
factor for lower extremity amputation, it often coexists
with cerebrovascular disease (CVD) and/or coronary
artery disease (CAD), and therefore, it is associated with
poor prognosis and increased risk of morbidity and mortal-
ity.2 PVD is commonly seen in individuals with type 2
diabetes and occurs almost 3 times more frequently in
individuals with diabetes compared to age- and sex-
matched nondiabetic individuals.? Risk factors for PVD
include age, male gender, hypertension, hypercholes-
terolaemia, hyperglycaemia and cigarette smoking.*
Macrovascular disease is one of the clinical end points of

atherosclerosis, which, in its earlier stages, involves both
structural and functional changes in the arteries.’
Functional changes (arterial stiffness and flow-mediated
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dilation) occur first in the arteries, leading to the loss of
elasticity, while structural changes like fatty degeneration
and foam cell formation occur later leading to intima-
medial thickening, plaque formation and finally to clog-
ging of the artery interfering with blood flow. The plaque
eventually ruptures with consequent intraluminal throm-
bosis, which results in the end points like CAD, PVD and
CVD.¢

There is very little epidemiological data on PVD and its
risk factors from developing countries like India, which
currently has 62.4 million people with diabetes.” This fig-
ure is further expected to increase to 101 million by the
year 2030.8 Earlier clinic-based reports reported that PVD
is less common among the Indian type 2 diabetes
patients.>!? Reports on risk factors for PVD are mostly
derived from studies in Western populations.!!> Similarly,
studies done in Western countries among general popula-
tion have demonstrated a relationship between carotid
IMT and PVD.!3-15 Several studies have been published in
the West on the association of IMT, augmentation index
(AGI) and other micro- and macrovascular complications
in the diabetic population,'®-1° but very few studies exist
on PVD.20-22 Hence, the aim of this study was to determine
the prevalence of PVD and assess its association with IMT
and AGI among south Indian type 2 diabetic subjects. To
our knowledge, this study is the first to assess association
of two preclinical atherosclerotic markers with PVD
among type 2 diabetic subjects.

Methods
Study population

Study subjects were recruited from the Chennai Urban
Rural Epidemiological Study (CURES), an ongoing epide-
miological study conducted on a representative population
(aged >20 years) of Chennai (formerly Madras), the fourth
largest city in India. The methodology of the study has
been published elsewhere.?? Details of the sampling are
described on our website (http://www.mdrf.in/misc/
CURES.pdf). In Phase 1 of the urban component of
CURES, atotal 026,001 individuals were recruited based
on a systematic random sampling technique. Self-reported
diabetic subjects identified in Phase 1 (n = 1529) were
classified as ‘known diabetic’ (KD) subjects. Fasting cap-
illary blood glucose was determined using a OneTouch
Basic glucometer (LifeScan, a Johnson & Johnson
Company, Milpitas, CA, USA) in all subjects. In Phase 2
of CURES, all KD subjects (n = 1529) were invited to our
centre for detailed studies on vascular complications. In
addition, 15% of the subjects (n = 817) with impaired fast-
ing glucose (IFG) and 10% of subjects (n = 1560) with
normal fasting glucose in Phase 1 underwent an oral glu-
cose tolerance test (OGTT). In all, 37 of the former group
and 14 of the latter group, who on OGTT were found to

have diabetes according to World Health Organization
(WHO) consulting group criteria [2 h plasma glucose >200
mg/dL (=11.1 mmol/L)],* were added to the 320 randomly
chosen ‘newly detected diabetic’ (NDD) subjects.
Institutional ethical committee approval was obtained
from the Madras Diabetes Research Foundation Ethical
Committee, and written informed consent was obtained
from all study subjects.

Clinical and biochemical studies

Anthropometric measurements, including height, weight
and waist, were obtained using standardized tech-
niques.?*»? The body mass index (BMI) was calculated
using the formula: weight (kg)/height (m?). Blood pressure
(BP) was recorded in the right arm in the sitting position to
the nearest 2 mm Hg with a mercury sphygmomanometer
(Diamond Deluxe BP apparatus, Industrial Electronic and
Allied Products, Pune, India). Two readings were taken 5
min apart, and the mean of the two was taken as the BP.

A fasting blood sample was taken for estimation of
plasma glucose and serum lipids after an overnight fast of
8 h. Fasting plasma glucose (glucose oxidase-peroxidase
method), serum cholesterol (cholesterol oxidase—peroxi-
daseamidopyrine method), serum triglycerides (glycerol
phosphate oxidase—peroxidase—amidopyrine method) and
high-density lipoprotein (HDL) cholesterol (direct method
— polyethylene glycolpretreated enzymes) were measured
using the Hitachi-912 Autoanalyzer (Roche Diagnostics/
Hitachi, Mannheim, Germany). The intra- and inter-assay
coefficients of variation for the biochemical assays ranged
between 3.1% and 7.6%. Low-density lipoprotein (LDL)
cholesterol was calculated using the Friedewald formula.
Glycated haemoglobin was estimated by high-pressure lig-
uid chromatography using a Variant® chromatograph (Bio-
Rad, Hercules, CA, USA). The intra- and inter-assay
coefficients of variation of glycated haemoglobin were
less than 10%. Urine samples were collected after an over-
night fast. Microalbumin concentration was measured
using an immunoturbidometric assay (Hitachi 902 auto-
analyser, Roche Diagnostics, Mannheim, Germany).

Screening for complications

Doppler studies. Doppler studies were performed to screen
for PVD by a single observer, which included recording of
pressure tracings while in the supine position by doppler
probe using the KODY Vaslab Machine (Kody Labs,
Chennai, India). BP recordings were made of the brachial
pulses in the upper limb. Similar recordings were made of
the dorsalis pedis and posterior tibial pulses in the lower
limb by inflating the cuff proximal to the ankle, and the
mean of these two readings was taken as the ankle pressure.
For each leg, the highest pressure of the dorsalis pedis and
posterior tibial arteries was used as the numerator, while
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the higher of the brachial pressures was used as the denom-
inator. The ankle—brachial index (ABI) ratio was calcu-
lated in every subject. The lower ABI of the two legs was
defined as the ABI of the subject.

Retinal photography. Screening for retinopathy was done
using four-field stereo colour retinal photography (Zeiss
FF 450 plus camera) by trained and certified photogra-
phers. Photographs were graded by an ophthalmologist
using the Early Treatment Diabetic Retinopathy Study
(ETDRS) grading system.2°

Biothesiometry studies. To screen for neuropathy, a biothe-
siometer (Biomedical Instrument Co., Newbury, OH,
USA) was used to assess vibratory perception threshold
(VPT) of the great toes in a standardized fashion.

Electrocardiogram

To assess CAD, aresting 12-lead electrocardiogram (ECG)
was performed using Myocard R electrocardiograph
(Marks Electronics, Chennai, India).

Carotid IMT measurements. Carotid IMT was measured as
described previously?’ but will be briefly outlined here.
The intima plus medial thickness of the right common
carotid artery was determined using a high-resolution
B-mode ultrasonography system (Logic 400; GE, Milwau-
kee, WI, USA) with an electrical linear transducer midfre-
quency of 7.5 MHz. The axial resolution of the system was
0.3 mm. The images were recorded, in addition to being
photographed. The scanning was performed for a mean of
20 min. IMT was measured as the distance from the lead-
ing edge of the first echogenic line to the second echogenic
line during the diastolic phase of the cardiac cycle. Six
well-defined arterial wall segments were measured in the
right carotid system: the near wall and far wall of the prox-
imal 10 mm of the internal carotid artery, the carotid bifur-
cation beginning at the tip of the flow divider and extending
10 mm below this point and the arterial segment extending
10 mm below the bifurcation in the common carotid artery.
Essential in defining these segments is the identification of
a reliable longitudinal marker, which is the carotid flow
divider as performed in the Study to Evaluate Carotid
Ultrasound Changes in Patients Treated with Ramipril and
Vitamin E (SECURE) study.?®

Images were captured using a special grabber card, and
the measurements were performed offline, manually. This
method was standardized at our centre and, for quality
check, the videotapes were sent to Hamilton, Canada, the
central laboratory for the SECURE and Graniteville
Recovery And Chlorine Epidemiology (GRACE) studies.
All scanning was conducted by a trained ultrasonologist
(R.R.) who was unaware of the clinical status of the study
subjects. The reproducibility of the IMT measurement was

studied by conducting another scan by the same sonogra-
pher on 20 subjects a week later. The mean difference in
IMT between the first and second measurements was 0.02
mm, the standard deviation (SD), 0.06 mm and the mean
difference ranged between —0.09 and +0.09 mm.

Arterial stiffness measurement. Arterial stiffness was meas-
ured using the Sphygmocor apparatus (Sphygmocor BPAS-
1; PWV Medical, Sydney, Australia). In brief, a high-fidelity
micromanometer (SPC-301; Millar Instruments, Houston,
TX, USA) was used to flatten but not occlude the right
radial artery, using gentle pressure. When the two surfaces
are flattened, circumferential pressures are equalized and
an accurate pressure waveform can be recorded. Data were
collected directly into a portable microcomputer. The sys-
tem software allowed online recording of the peripheral
waveform, which was assessed visually to ensure that the
best possible recording was obtained and that artefacts
from movement were minimized. After 20 sequential
waveforms had been acquired, the integral software was
used to generate an averaged peripheral and corresponding
central waveform that was used for the determination of the
AGI. AGI was defined as the difference between the first
and second peaks of the central arterial waveform,
expressed as a percentage of the pulse pressure.?’ AGI is a
measure of the contribution that the wave reflection makes
to the arterial pressure waveform. The amplitude and tim-
ing of the reflected wave ultimately depend on the stiffness
of the small vessels and large arteries, and thus, AGI pro-
vides a measure of systemic arterial stiffness.® To check
for the reproducibility of AGI, two measurements were per-
formed on 20 subjects on consecutive days by the same
observer. The mean difference in AGI between the first and
second measurements was 1.58, and the SD was 2.54.

Definitions

Hypertension. It was diagnosed in subjects who were
on antihypertensive medication or had systolic BP >
140 mmHg or diastolic BP > 90 mmHg.3!

PVD. An ABI of £0.9 was the criterion used for the diag-
nosis of PVD. Severity of PVD was defined as accord-
ing to American College of Cardiology Foundation/
American Heart Association Task Force (ACCF/AHA)
2011 Guidelines, based on ABI values — ABI <0.4 as
severe PVD, 0.41-0.7 as moderate PVD, 0.71-0.9 as
mild PVD, 0.91-1.4 as normal and >1.4 as noncom-
pressible arteries.?? The severity of the symptoms was
classified according to Rutherford categories.?

CAD. This was diagnosed based on a past history of
documented myocardial infarction and/or drug treat-
ment for CAD (aspirin or nitrates) and/or electrocardio-
graphic changes suggestive of ST segment depression
and/or Q-wave changes and/or T-wave changes using
appropriate Minnesota codes.3*
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Figure I.
figures in parenthesis — 95% confidence interval.

Age-standardized prevalence of peripheral vascular disease by diabetes group and gender. Diabetes — KD + NDD;

KD: known diabetic; NDD: newly detected diabetic; PVD: peripheral vascular disease.

Diabetic retinopathy (DR). The minimum criteria for
diagnosis of DR were the presence of at least one defi-
nite microaneurysm in any field photographed. Briefly,
level 10 represents no retinopathy, level >20 nonprolif-
erative DR (NPDR) and level >60 proliferative DR
(PDR).26

Neuropathy. Diagnosed if VPT of the great toe exceeded
mean + 2 SD of a healthy nondiabetic population aged
20-45 years (cut point >20 V).35

Nephropathy. Microalbuminuria was diagnosed if the
albumin excretion was between 30 and 299 pg/mg of
creatinine and macroalbuminuria/overt nephropathy
was diagnosed if albumin excretion was >300 pg/mg of
creatinine.’®

Smoking. Individuals were classified as nonsmokers
and current smokers.

Statistical analysis

Statistical analysis was done using Statistical Analysis
System (SAS) statistical package (version 9.0; SAS
Institute, Inc., Cary, NC, USA). Data are expressed as
mean £+ SD. Chi square test for trend was used to compare
proportions among groups. The prevalence rate obtained
in this study was age standardized to the 2001 Census of
India using direct method. Logistic regression analysis
was performed to identify risk factors using PVD as the
dependent variable and those factors which had a signifi-
cant association with PVD on univariate analysis as inde-
pendent variables. The prediction ability of IMT and AGI

to predict PVD was examined by receiver-operating char-
acteristic (ROC) curve analyses. p-values <0.05 were con-
sidered significant.

Results

This study included 1755 type 2 diabetic subjects, of which
1401 were KD subjects (1401/1529, response rate: 91.6%)
and 354 were NDD subjects (354/371, response rate =
95.4%), who had doppler studies done in Phase 2 of
CURES. The overall crude prevalence of PVD was 8.3%
[95% confidence interval (CI): 7.0-9.6], the prevalence of
PVD was significantly higher among female (10.2%, 95%
CI: 8.3-12.1) compared to male subjects (5.7%, 95% CI:
4.1-7.3, p=10.001). Compared with the NDD subjects, KD
subjects had higher crude prevalence of PVD (8.6% vs
6.8%, p = 0.250). Figure 1 shows the age-standardized
prevalence of PVD by diabetes group and gender, adjusted
to the 2001 population of Chennai. The overall age-stand-
ardized prevalence was 6.5% (95% CI: 5.4-7.7), while
among the KD and NDD group, it was 7.1% (95% CI:
5.8-8.5) and 5.8% (95% CI: 3.4-8.2), respectively. Of the
145 subjects with PVD, mild PVD was present in 84.1% (n
= 122), moderate PVD in 7.6% (n = 11), severe PVD in
2.1% (n =3) and noncompressible arteries in 6.2% (n =9).

The clinical and biochemical characteristics of the
study groups with (n = 145) and without PVD (n = 1610)
are shown in Table 1. Diabetic subjects with PVD were
older (p < 0.001), had longer duration of diabetes (p <
0.001), higher HbAlc (p = 0.003) and higher serum LDL
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Table I. Clinical and biochemical characteristics in type 2 diabetic subjects with and without peripheral vascular disease.

Variables Subjects without PVD Subjects with PVD p value
(n=1610) (n = 145)
Age (years) 50 11 5912 <0.001
Men, n (%) 724 (45) 44 (30.3) 0.001
Body mass index (kg/m?) 252 +43 247 £ 4.6 0.162
Systolic BP (mmHg) 129 £ 21 130 + 21 0.578
Diastolic BP (mmHg) 78 12 7512 0.035
Duration of diabetes (years) 47 £54 74 %66 <0.001
Fasting plasma glucose (mg/dL) 161 + 69 167 + 77 0.092
HbAIlc (%) 87+22 93+23 0.003
Serum cholesterol (mg/dL) 201 £ 41 208 £ 49 0.060
Serum triglyceride (mg/dL) 181 + 128 165 + 89 0.117
Serum LDL cholesterol (mg/dL) 124 + 35 131 £ 42 0.037
Smoking, n (%)? 276 (38.1) 25 (56.8) 0.014
Alcohol, n (%)? 315 (46.0) 20 (45.5) 0.945
Hypertension, n (%) 761 (47.3) 80 (55.2) 0.068
Coronary artery disease, n (%) 119 (7.4) 21 (14.5) 0.009
Retinopathy, n (%)° 259 (17.3) 23 (18.4) 0.766
Neuropathy, n (%)< 162 (10.3) 40 (29.0) <0.001
Microalbuminuria, n (%) 424 (26.3) 41 (28.3) 0.612

PVD: peripheral vascular disease; BP: blood pressure; LDL: low-density lipoprotein.
3Data presented in male subjects.

bGradable retinal photographs n = 1618 (without PVYD = 1493, with PVD = |25).
Biothesiometry studies n = 1715 (without PVD = 1608, with PVD = 140).

Table 2. Categorization of subjects of peripheral vascular disease according to Rutherford classification (n = 145).

Category Symptoms Prevalence, n (%)
0 Asymptomatic 95 (65.5)

| Mild claudication 22 (15.2)

2 Moderate claudication 14 (9.7)

3 Severe claudication 4(2.8)

4 Rest pain 2(14

5 Minor tissue loss; ischaemic ulceration not exceeding ulcer of the digits of the foot 6 (4.1)

6 Major tissue loss; severe ischaemic ulcers or frank gangrene 2(1.4)

cholesterol (p = 0.037). The prevalence of CAD (14.5% vs W
7.4%, p = 0.009) and neuropathy (29.0% vs 10.3%, p < s | “+-Female -Male s40
0.001) was higher in those with PVD compared with those . frerd 107, p 0000
without, while the difference in prevalence of DR and g *
microalbuminuria did not reach statistical significance. 3 %]
The smoking rate was significantly higher in men with i 17.0
PVD compared with those without. The prevalence of E 15 | U——
PVD was 6.3% among male subjects aged >50 years and 10
who did not smoke, while it was 11.6% among male sub- 5
jects aged >50 years and who smoked (p = 0.048). 0!
Table 2 presents the classification of subjects with PVD e A o o 70+
according to Rutherford categorization. In our subjects, Age (yrs)

65.5% were asymptomatic, while 34.5% had symptoms

rang'ing from mild claudication to major tissue I_OSS' Figure 2. Age- and gender-specific prevalence of PVD in the
Figure 2 presents the age- and gender-specific preva- study group.

lence of PVD. The take-off point in prevalence of PVD PVD: peripheral vascular disease.
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Figures in parenthesis are 95% confidence intervals; unadjusted trend 2 = 37.98, p < 0.001; *p = 0.016 and **p = 0.002 compared

to reference.
PVD: peripheral vascular disease.

was in the age group 50-59 years for both female and male
subjects. At every age interval, the prevalence of PVD
among female subjects was higher compared to their coun-
terparts (female vs male: 2029 years — 4.8% vs 0%, p =
0.42; 30-39 years — 5.2% vs 0%, p = 0.02; 4049 years —
5.1% vs 1.4%, p = 0.03; 50-59 years — 8.4% vs 5.9%, p =
0.27; 60—69 years — 18.6% vs 12.5%, p = 0.12; and > 69
years — 34.0% vs 17%, p = 0.05).

An increase in the prevalence of PVD was observed
with increasing tertiles of duration (duration of diabetes <1
year: 6.1%; 1-4.9 years: 6.1%; =5 years: 12%, trend 2 =
16.4, p < 0.001). Regression analysis revealed that the
odds ratio (OR) for developing PVD in subjects having
duration of diabetes more than 5 years was 2.2 (95% CI:
1.5-3.4, p <0.001) compared with those with duration less
than 1 year.

Multiple logistic regression analysis was done using
PVD as the dependent variable, and the risk factors which
were significantly associated with PVD in the unadjusted
model were included in the multivariate model as inde-
pendent variables. This analysis showed that the signifi-
cant independent risk factors for PVD after adjustment for
hypertension and serum cholesterol were age (OR = 1.07,
95% CI: 1.05-1.09, p <0.001), female gender (OR =2.23,
95% CI: 1.44-3.14, p< 0.001), duration of diabetes (OR =
1.03, 95% CI: 1.01-1.06, p = 0.037) and HbAlc (OR =
1.1, 95% CI: 1.03—1.20, p = 0.007).

For assessing the association of PVD and preclinical
atherosclerotic markers, subjects who had ABI, IMT and

AGI measurements and with no other manifestation of car-
diovascular disease were included in the analysis (n =
1261). The mean IMT in subjects with PVD (n = 93) was
0.99 £ 0.26 mm, and in subjects without PVD (n = 1168),
it was 0.83 + 0.19 mm (p < 0.001). The mean AGI in sub-
jects with PVD was significantly different compared to
subjects without PVD (28.1% + 9.6% vs 25.7% + 9.8%,
respectively, p = 0.011).

Figure 3 shows an increase in the age-adjusted preva-
lence of PVD with increase in tertiles of IMT (IMT < 0.73
mm: 3.0%; 0.73-0.88 mm: 8.7%; >0.88 mm: 16.0%).
Regression analysis was done using PVD as the dependent
variable and tertiles of IMT as independent variable with the
first tertile as reference. In the unadjusted model, the risk for
developing PVD in subjects with IMT ranging between 0.73
and 0.88 mm was 4.6 times higher (95% CI: 2.0-10.5, p <
0.001) than those in the reference category (<0.73 mm),
which increased to 8.5 in subjects with IMT levels >0.88
mm compared to reference group (95% CI: 3.8-19.0, p <
0.001). The significance was retained even after adjusting
for age. Similarly, Figure 4 shows an increase in the age-
adjusted prevalence of PVD with increasing tertiles of AGIL.
Regression analysis revealed that in the unadjusted model,
the risk for developing PVD in subjects with AGI 230% was
1.8 times higher (95% CI: 1.1-3.1, p = 0.027) than those in
the reference category (<0.22%). However, this significance
was lost after adjusting for age.

The area under the curve (AUC) for the association of
PVD with IMT and AGI measures and the optimal
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Variable AUC (95% CI) Cut point | Sensitivity | Specificity (%) p value
(%)

IMT 0.71(0.67 —0.76) | > 0.85 mm 68.8 61.3 <0.001
AGI 0.58( 0.52 -0.64) | > 26.5% 63.4 53.0 0.010

Figure 5. ROC curve of IMT and AGI for predicting PVD.

ROC: receiver-operating characteristic; AUC: area under the curve; Cl: confidence interval; IMT: intima-media thickness; AGI: augmentation index.

cut-off point for IMT and AGI defined by maximizing
the sensitivity and specificity (i.e. point of convergence
of sensitivity and specificity) to predict PVD is pre-
sented in Figure 5. The area under the ROC curve for
IMT was 0.71 (p <0.001), and a cut-off of 0.85 mm was

the optimum cut-off with sensitivity of 68.8% and speci-
ficity of 61.3% for PVD. A similar AUC and a cut-off of
AGI (26.5%) was observed for predicting PVD (AUC:
0.58,p=
ity of 53.0%.

= 0.010), with sensitivity of 63.4% and specific-

Downloaded from dvr.sagepub.com by guest on June 10, 2014


http://dvr.sagepub.com/

Pradeepa et al.

197

Discussion

This is one of the largest population-based study to our
knowledge, to report not only on the prevalence of PVD in
type 2 diabetes but also on the association of preclinical
atherosclerotic markers with PVD. We report that the
crude prevalence of PVD among diabetic subjects to be
8.3%, while the age-standardized prevalence was 6.5%.
The majority of the subjects in this study had only mild
to moderate PVD, and severe PVD was uncommon.
Prevalence of PVD among newly diagnosed diabetic sub-
jects was 6.8% in our study. Furthermore, our study
showed that PVD is more common in age group >50 years
with female predominance and that age, female gender and
HbAlc are associated with PVD. Among the two preclini-
cal atherosclerotic markers studied, IMT is strongly asso-
ciated with PVD than AGI.

This is the first study to our knowledge on prevalence
of PVD carried out on a representative sample of a whole
city from a developing country. Indeed, this is the second
population-based study on PVD from India. The earlier
study was also carried only in Chennai — the Chennai
Urban Population Study (CUPS).?” However, that study
was done in two selected residential colonies of Chennai
and the number of subjects with diabetes was very small (n
= 152). Thus, this study is the first one to be done on a
representative population of an urban metropolitan city
and also on a much larger sample size (n = 1724).
Moreover, the association with preclinical markers was
not tested in that study.

The prevalence of PVD is higher in diabetic subjects
rather than nondiabetic subjects in population-based and
clinic-based studies.?”-*8 Because of referral bias, the prev-
alence of PVD in subjects seen at secondary and tertiary
medical centres would generally be higher in clinics than
in diabetic patients in the general community. Previous
prevalence estimates for PVD among diabetic subjects
from the United States and Europe have ranged from 9.5%
to 42%.394 In contrast, the prevalence of PVD in Asian
diabetic populations has been reported to be lower than
that in Western populations.*>#* However, the peripheral
artery disease (PAD)-SEARCH study,* which was carried
out on 6625 diabetic patients from 72 hospitals in seven
major Asian countries — Korea, China, Taiwan, Hong
Kong, Indonesia, Thailand and the Philippines — reported
the prevalence to be 17.7%.

This study confirms the findings of an earlier study?’
that the prevalence of PVD in Indian diabetic subjects is
lower than that compared with Western countries. The rea-
son for the lower rates of PVD in the Indian type 2 diabetic
population is probably related to the younger age at onset
of type 2 diabetes in our population. At older ages, the
prevalence of PVD risk increases sharply.

The prevalence of PVD is quite high even at the time of
diagnosis of type 2 diabetes (6.8%) in this study. This

prevalence rate is higher than that reported in an earlier
small study from Chennai (3.5%),>” but is lower than that
reported in Minnesota (8%)* and the Caucasian popula-
tion (15.1%).3® The high prevalence in NDD subjects may
be attributed to the insidious onset of diabetes and long
duration of asymptomatic disease before symptoms
develop. Thus, our findings emphasize screening for PVD
at the time of diagnosis of diabetes not only for early detec-
tion but also to prevent the progression to end-stage dis-
ease, which is in line with the recommendations of
international guidelines to screen for PVD in patients with
diabetes.’? In our study, female subjects were more likely
to have PVD. In addition, our finding is consistent with the
results of previous studies in which female gender was a
risk factor for low ABL#

PVD is known to be correlated with other complica-
tions of type 2 diabetes. There is an association between
retinopathy and impaired peripheral arterial circulation of
the legs independent of major cardiovascular risk factors.*®
Other studies have reported that there was no statistically
significant correlation of PVD with DR.#7 A study con-
ducted to assess the correlation of peripheral arterial dis-
ease with DR and diabetic nephropathy in type 2 diabetic
patients reported that the presence of both retinopathy and
albuminuria in the same patient increases the risk of car-
diovascular disease 8.9 times.*® Because neuropathy also
has a microvascular component, structural damage to the
microvasculature can ultimately lead to nerve dysfunction,
which is central to the pathogenesis of peripheral nerve
injury. There is growing appreciation that smaller vessels
may become similarly damaged, giving rise to poor circu-
lation in the extremities and ultimately to peripheral
neuropathy.*

PVD is a strong marker of cardiovascular disease and
has significant association with other atherosclerotic disor-
ders such as CAD and CVD.? We looked at the associa-
tion of arterial thickening and arterial stiffness with PVD.
IMT, which reflects arterial thickness, is considered equiv-
alent to arterial biopsy and an important surrogate marker
for cardiovascular diseases.’® As PVD is also a disease of
plaque deposition, the possible association of PVD with
IMT has been investigated in many studies.’’*2 The
Rotterdam study showed that subjects with a carotid IMT
of 0.89 mm have an increased risk of developing PVD.>!
The Edinburgh Artery Study (EAS) has also demonstrated
a significant association of IMT with PVD.52 Our results
are in agreement with these studies, as we found increas-
ing prevalence of PVD with increasing tertiles of IMT.

As the pressure in the arteries increases, there occurs
reversible stiffening in the artery without inducing any
structural changes. Hence, arterial stiffness causes a
pressure-induced damage on coronary and cerebral arter-
ies and thereby increases the susceptibility to myocardial
ischemia.>* An increase in aortic stiffness has been
observed in peripheral arterial disease in some studies.>>—7
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In contrast, there are also reports where association
between PVD and arterial stiffness has not been observed.*®
In our study, we observed an increasing prevalence of
PVD with increasing tertiles of arterial stiffness measured
by AGI, which are consistent with the findings of Van
Popele et al.,>> who showed an increased aortic stiffness in
UK patients with PVD.

The results of ROC curve analysis showed that the area
under curve for IMT was 0.71, whereas in case of AGI,
AUC was 0.58. The diagnostic sensitivity and specificity
were also higher for IMT compared to AGI. Hence, our
results show that IMT may be a better predictor of PAD in
diabetic subjects compared to AGI. The results of logistic
regression analysis also corroborated the same.
Significantly increased odds for the development of PVD
were seen even in the second tertile of IMT compared to
the reference group. To the best of our knowledge, this is
the first study to show an association of functional and
structural atherosclerotic markers with PVD in an Indian
population. The mechanistic links connecting these athero-
sclerotic markers with PVD are unclear. But it is possible
that impairment in arterial blood flow induced by mecha-
nisms like increased oxidative stress,*® polyol pathway and
so on might play a role.

What is the possible health significance of this study?
According to the recent Indian Council of Medical
Research-INdia DIABetes (ICMR-INDIAB) study con-
ducted in 4 whole states of India covering a population of
over 200 million people, there are 62.4 million people with
diabetes in India.” A recent population-based study con-
ducted in rural areas‘! called as the Chunampet Rural
Diabetes Prevention Project (CRDPP) reported a preva-
lence of PVD to be 7.3%, which is similar to the prevalence
reported in this urban area.®! Thus, if we extrapolated the
prevalence of PVD (8.3%) to India’s diabetes population, it
translates to a possible 5.2 million people with PVD due to
diabetes in India. This is a very significant number and
calls for urgent policy measures to tackle the problem of
PVD in India, as the government of India National Control
Program for Diabetes CVD and stroke is rolled out.%?

The Atherosclerosis Risk in Communities (ARIC)
Study has proved that the addition of IMT to the
Framingham risk equation led to improved prediction of
risk in case of men,% and there are also other cross-sec-
tional studies to suggest that around 20%—60% of patients
who are at intermediate risk showed increased IMT values
and should be considered as patients at high risk. 6465
Hence, it is clear that in a clinical setting, additional meas-
urement of IMT along with the traditional risk factor ABI
might improve vascular risk stratification.

The cross-sectional nature of this study limits conclu-
sions about the direction or causality of associations
observed in our study. The study, however, has several
strengths. First, the sample is representative of the urban
adult population of Chennai and hence the results can be

extrapolated to urban India. Second, the sample included
both KD and NDD subjects.

In conclusion, this study reports that among urban south
Indian type 2 diabetic subjects, the prevalence of PVD is
8.3% and age, female gender and HbAlc are the signifi-
cant risk factors. Finally, it is shown that IMT is more
strongly associated with PVD than AGI.

Acknowledgements

The authors thank the epidemiology team members for conduct-
ing the CURES field studies, technicians for performing studies
for complications and, most importantly, the study subjects for
their participation. This is the 111th publication from CURES
(CURES-111).

Declaration of conflicting interests

The authors declare that they have no conflicts of interest.

Funding

J.S. and K.I. were supported by CSIR-SRF. This research was
supported by Chennai Willingdon Corporate Foundation,
Chennai.

References

1. Jude EB, Oyibo SO, Chalmers N, et al. Peripheral arterial
disease in diabetic and nondiabetic patients: a comparison of
severity and outcome. Diabetes Care 2001; 24: 1433—-1437.

2. Dormandy J, Heeck L and Vig S. The natural history of
claudication: risk to life and limb. Semin Vasc Surg 1999;
12: 123-137.

3. Gerassimidis T, Karkos CD, Karamanos D, et al. Current
endovascular management of the ischemic diabetic foot.
Hippokratia 2008; 12: 67-73.

4. Mohan V. Macrovascular component of diabetes athero-
sclerosis and insulin (CUPS-18). J Assoc Physicians India
2007; 55: 13-18.

5. Ross R. The pathogenesis of atherosclerosis: a perspective
for the 1990s. Nature 1993; 362: 801-809.

6. Federman DG, Trent JT, Froelich CW, et al. Epidemiology
of peripheral vascular disease: a predictor of systemic vas-
cular disease. Ostomy Wound Manage 1998; 44: 58-62, 64,
66 passim.

7. Anjana RM, Pradeepa R, Deepa M, et al. Prevalence of
diabetes and prediabetes (impaired fasting glucose or/and
impaired glucose tolerance) in rural and urban India: phase
1 results of the Indian Council of Medical Research-INdia
DIABetes (ICMR-INDIAB) study. Diabetologia 2011; 54:
3022-3027.

8. Unwin N, Whiting D, Guariguata L, et al. (eds) International
Diabetes Federation diabetes atlas. 5th edn. Brussels:
International Diabetes Federation, 2011, pp. 11-74.

9. Mohan V, Premalatha G and Sastry NG. Peripheral vascular
disease in non-insulin-dependent diabetes mellitus in South
India. Diabetes Res Clin Pract 1995; 27: 235-340.

10. Viswanathan V, Thomas N, Tandon N, et al. Profile of dia-
betic foot complications and its associated complications

Downloaded from dvr.sagepub.com by guest on June 10, 2014


http://dvr.sagepub.com/

Pradeepa et al.

199

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

— a multicentric study from India. J Assoc Physicians India
2005; 53: 933-936.

Ito H, Harano Y, Suzuki M, et al. Risk factor analyses for
macrovascular complication in nonobese NIDDM patients.
Multiclinical Study for Diabetic Macroangiopath (MSDM).
Diabetes 1996; 45: S19-S23.

Asakawa H, Tokunaga K and Kawakami F. Comparison
of risk factors of macrovascular complications. Peripheral
vascular disease, cerebral vascular disease, and coronary
heart disease in Japanese type 2 diabetes mellitus patients. J
Diabetes Complications 2000; 14: 307-313.

Burke GL, Evans GW, Riley WA, et al. Arterial wall thick-
ness is associated with prevalent cardiovascular disease
in middle-aged adults: the ARIC Study. Stroke 1995; 26:
386-391.

Bots ML, Hofman A and Grobbee DE. Common carotid
intima-media thickness and lower extremity arterial athero-
sclerosis: the Rotterdam Study. Arterioscler Thromb 1994;
14: 1885-1891.

Allan PL, Mowbray PI, Lee AJ, et al. Relationship between
carotid intima-media thickness and symptomatic and
asymptomatic peripheral arterial disease. The Edinburgh
Artery Study. Stroke 1997; 28: 348-353.

Rema M, Mohan V, Deepa R, et al.; Chennai Urban Rural
Epidemiology Study-2. Association of carotid intima-media
thickness and arterial stiffness with diabetic retinopathy:
the Chennai Urban Rural Epidemiology Study (CURES-2).
Diabetes Care 2004; 27: 1962—-1967.

Choi SW, Yun W], Kim HY, et al. Association between
albuminuria, carotid atherosclerosis, arterial stiffness, and
peripheral arterial disease in Korean type 2 diabetic patients.
Kidney Blood Press Res 2010; 33: 111-118.

Kim ES, Moon SD, Kim HS, et al. Diabetic peripheral
neuropathy is associated with increased arterial stiffness
without changes in carotid intima-media thickness in type 2
diabetes. Diabetes Care 2011; 34: 1403—-1405.

Mitsuhashi N, Onuma T, Kubo S, et al. Coronary artery dis-
ease and carotid artery intima-media thickness in Japanese
type 2 diabetic patients. Diabetes Care 2002; 25: 1308—
1312.

Mudrikova T, Szabova E and Tkac I. Carotid intima-media
thickness in relation to macrovascular disease in patients
with type 2 diabetes mellitus. Wien Klin Wochenschr 2000;
27: 887-891.

Bosevski M, Borozanov V, Tosev S, et al. Predictors for
peripheral and carotid revascularization in a population-based
cohort with type 2 diabetes. Angiology 2009; 60: 46-49.
Catalano M, Scandal G, Carzaniga G, et al. Increased aor-
tic stiffness and related factors in patients with peripheral
arterial disease. J Clin Hypertens (Greenwich) 2013; 15:
712-716.

Deepa M, Pradeepa R, Rema M, et al. The Chennai Urban
Rural Epidemiology Study (CURES) — study design and
methodology (urban component) (CURES-I). J Assoc
Physicians India 2003; 51: 863-870.

Alberti KG and Zimmet PZ. Definition diagnosis and clas-
sification of diabetes mellitus and its complications. Part
1: diagnosis and classification of diabetes mellitus, provi-
sional report of a WHO Consultation. Diabet Med 1998;
15: 539-553.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Lee RD and Nieman DC. Anthropometry. In: Lee RD
and Nieman DC (eds) Nutritional assessment. 2nd edn.
Boston, MA: The McGraw-Hill Companies, 1996, pp.
249-261.

Early Treatment of Diabetic Retinopathy Study Research
Group. Grading diabetic retinopathy from stereoscopic
colour fundus photographs: an extension of the modified
Airlie House classification. ETDRS report number 10.
Ophthalmology 1991; 98: 786-806.

Ravikumar R, Deepa R, Shanthirani CS, et al. Comparison
of carotid intima-media thickness, arterial stiffness and bra-
chial artery flow medicated dilatation in diabetic and non-
diabetic subjects (The Chennai Urban Population Study
[CUPS-9]). Am J Cardiol 2002; 90: 702—707.

Lonn E, Yusuf S, Dzavik V, et al.; SECURE Investigators.
Effects of ramipril and vitamin E on atherosclerosis: the
study to evaluate carotid ultrasound changes in patients
treated with ramipril and vitamin E (SECURE). Circulation
2001; 103: 919-925.

Wilkinson IB, Fuchs SA, Jansen IM, et al. Reproducibility
of pulse wave velocity and augmentation index measured by
pulse wave analysis. J Hypertens 1998; 16: 2079-2084.
Wilkinson JB, Prasad K, Hall IR, et al. Increased central
pulse pressure and augmentation index in subjects with
hypercholesterolemia. J Am Coll Cardiol 2002; 39: 1005—
1011.

National High Blood Pressure Education Program. The sev-
enth report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure (JNC 7 Express). NIH Publication No. 03-5233,
December 2003. Bethesda, MD: NHLBI Health Information
Center, pp. 1-52.

Rooke TW, Hirsch AT, Misra S, et al.; Society for
Cardiovascular Angiography and Interventions; Society of
Interventional Radiology; Society for Vascular Medicine;
Society for Vascular Surgery. 2011 ACCF/AHA focused
update of the guideline for the management of patients with
peripheral artery disease (updating the 2005 guideline): a
report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol 2011; 58: 2020-2045.
Dormandy JA and Rutherford RB; for the TASC Working
Group and TransAtlantic Inter-Society Consensus (TASC).
Management of peripheral arterial disease (PAD). J Vasc
Surg 2000; 31: S1-S296.

Rose GA, Blackburn H, Gillum RF, et al. Cardiovascular
survey methods (Minnesota code for resting electrocardio-
grams, Minnesota Code). 2nd edn. Geneva: WHO, 1982,
pp. 124-143.

Pradeepa R, Rema M, Vignesh J, et al. Prevalence and risk
factors for diabetic neuropathy in an urban south Indian
population: the Chennai Urban Rural Epidemiology Study
(CURES-55). Diabet Med 2008; 25: 407-412.

Varghese A, Deepa R, Rema M, et al. Prevalence of micro-
albuminuria in type 2 diabetes mellitus at a diabetes centre
in Southern India. Postgraduate Med J 2001; 77: 399—402.
Premalatha G, Shanthirani S, Deepa R, et al. Prevalence
and risk factors of peripheral vascular disease in a selected
South Indian population: the Chennai Urban Population
Study. Diabetes Care 2000; 23: 1295-1300.

Downloaded from dvr.sagepub.com by guest on June 10, 2014


http://dvr.sagepub.com/

200

Diabetes & Vascular Disease Research | 1(3)

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Beks PJ, Mackaay AJ, de Neeling JN, et al. Peripheral arterial
disease in relation to glycaemic level in an elderly Caucasian
population: the Hoorn study. Diabetologia 1995; 38: 86-96.
Gregg EW, Sorlie P, Paulose-Ram R, et al.; 1999-2000
national health and nutrition examination survey. Prevalence
of lower-extremity disease in the US adult population > =40
years of age with and without diabetes: 1999-2000 national
health and nutrition examination survey. Diabetes Care
2004; 27: 1591-1597.

Aponte J. The prevalence of peripheral arterial disease
(PAD) and PAD risk factors among different ethnic groups
in the US Population. J Vasc Nurs 2012; 30: 37-43.
Vicente I, Lahoz C, Taboada M, et al. Ankle-brachial index
in patients with diabetes mellitus: prevalence and risk fac-
tors. Rev Clin Esp 2006; 206: 225-229.

Sritara P, Sritara C, Woodward M, et al. Prevalence and risk
factors of peripheral arterial disease in a selected Thai popu-
lation. Angiology 2007; 58: 572-578.

Tavintharan S, Ning C, Su Chi L, et al. Prevalence and risk
factors for peripheral artery disease in an Asian population
with diabetes mellitus. Diab Vasc Dis Res 2009; 6: 80-86.
Rhee SY, Guan H, Liu ZM, et al.; PAD-SEARCH Study
Group. Multi-country study on the prevalence and clinical
features of peripheral arterial disease in Asian type 2 diabe-
tes patients at high risk of atherosclerosis. Diabetes Res Clin
Pract 2007; 76: 82-92.

Melton LJ, Macken KM, Palumbo PJ, et al. Incidence and
prevalence of clinical peripheral vascular disease in a pop-
ulation-based cohort of diabetic patients. Diabetes Care
1980; 3: 650-654.

Riccardi G, Vaccaro O, Rivellese A, et al. Association
between retinopathy and impaired peripheral arterial circula-
tion in insulin-dependent diabetic patients. Arteriosclerosis
1988; 8: 509-514.

Casadei A, Floreani M, Fanolla A, et al. Peripheral arterial
disease in a population of type 2 diabetic patients: its corre-
lation with diabetic microangiopathy and laboratory param-
eters. Minerva Cardioangiol 2003; 51: 323-328.
Rojas-Hidalgo E, Estrada J, Manzano P, et al. Diabetic retin-
opathy and peripheral vascular diseases. Comparative study
to 103 diabetics using ophthalmoscopy and plethysmo-
rheographic technics. Rev Clin Esp 1975; 136: 57-61.
Ylitalo KR, Sowers M and Heeringa S. Peripheral vascular
disease and peripheral neuropathy in individuals with car-
diometabolic clustering and obesity: national Health and
Nutrition Examination Survey 2001-2004. Diabetes Care
2011; 34: 1642-1647.

Dzau VJ. Markers of malign across the cardiovascular con-
tinuum: interpretation and application. Circulation 2004;
109: IV-1-1V-2.

Bots ML, Hofman A and Grobbee DE. Common carotid
intima-media femoral artery segments in healthy subjects
and in patients with thickness and lower extremity arterial

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

atherosclerosis. The Rotterdam Study. Arterioscler Thromb
1994; 14: 1885-1891.

Fowkes FG, Housley E, Cawood EH, et al. Edinburgh
Artery Study: prevalence of asymptomatic and symptomatic
peripheral arterial disease in the general population. Int J
Epidemiol 1991; 20: 384-392.

Franklin SS. Arterial stiffness and hypertension: a two-way
street? Hypertension 2005; 45: 349-351.

Kingwell BA, Waddell TK, Medley TL, et al. Large artery
stiffness predicts ischemic threshold in patients with coro-
nary artery disease. J Am Coll Cardiol 2002; 40: 773-779.
Van Popele NM, Grobbee DE, Bots ML, et al. Association
between arterial stiffness and atherosclerosis: the Rotterdam
Study. Stroke 2001; 32: 454-460.

Khandanpour N, Armon MP, Jennings B, et al. The asso-
ciation between ankle brachial pressure index and pulse
wave velocity: clinical implication of pulse wave velocity.
Angiology 2009; 60: 732-738.

Yokoyama H, Shoji T, Kimoto E, et al. Pulse wave veloc-
ity in lower-limb arteries among diabetic patients with
peripheral arterial disease. J Atheroscler Thromb 2003; 10:
253-258.

Eliakim M, Sapoznikov D and Weinman J. Pulse wave
velocity in healthy subjects and in patients with various dis-
ease states. Am Heart J 1971, 82: 448-457.

Wang J, Xu J, Zhou C, et al. Improvement of arterial stiff-
ness by reducing oxidative stress damage in elderly hyper-
tensive patients after 6 months of atorvastatin therapy. J
Clin Hypertens (Greenwich) 2012; 14: 245-259.

Kaneko M, Bucciarelli L, Hwang YC, et al. Aldose reduc-
tase and AGE-RAGE pathways: key players in myocardial
ischemic injury. Ann N Y Acad Sci 2005; 1043: 702—709.
Mohan V, Deepa M, Pradeepa R, et al. Prevention of dia-
betes in rural India with a telemedicine intervention. J
Diabetes Sci Technol 2012; 6: 1355-1364.

National Programme for Prevention and Control of Cancer,
Diabetes, Cardiovascular Diseases and Stroke (NPCDCS),
http://www.indg.in/health/lifestyle-disorders/national-
programme-for-prevention-and-control-of-cancer-diabetes-
cardiovascular-diseases-and-stroke-npcdcs  (accessed 25
June 2012).

Baldassarre D, Amato M, Pustina L, et al. Measurement of
carotid artery intima-media thickness in dyslipidemic patients
increases the power of traditional risk factors to predict car-
diovascular events. Atherosclerosis 2007; 191: 403—408.
Junyent M, Zambén D, Gilabert R, et al. Carotid athero-
sclerosis and vascular age in the assessment of coronary
heart disease risk beyond the Framingham Risk Score.
Atherosclerosis 2008; 196: 803-809.

Gepner AD, Keevil JG, Wyman RA, et al. Use of carotid
intima-media thickness and vascular age to modify cardio-
vascular risk prediction. J Am Soc Echocardiogr 2006; 19:
1170-1174.

Downloaded from dvr.sagepub.com by guest on June 10, 2014


http://dvr.sagepub.com/

