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Abstract

Aims: South Asia has emerged rapidly as an epicentre of non-communicable diseases
(NCDs) specifically diabetes and cardiovascular diseases. The prevalence rate, risk
factors and aetiology of NCDs in different socio-demographic settings are not clearly
understood. This study was performed to assess the prevalence of diabetes and ath-
erosclerosis and their risk factors in urban, sub-urban and rural communities of South
India.

Methods: Three communities [Nallampatti (rural), Thadagam (sub-urban) and
Kalapatti (urban)] in South India were selected for participation in the KMCH-NCD
Studies. Study volunteers were administered a detailed questionnaire, underwent an-
thropometric measurements, clinical measurements including blood pressure, gly-
cated haemoglobin (HbA.), non-fasting lipid profile and serum creatinine. Carotid
intima-media thickness was measured using B-mode ultrasound. Multiple logistic
regression analyses were performed to understand the association of risk factors with
diabetes and atherosclerosis.

Results: A total of 2976 native participants, >20 years of age were screened. The
prevalence of diabetes was 16%, 26% and 23% respectively in the rural, sub-urban and
urban study populations. Association of obesity with diabetes was observed in only
urban population while hypertension and dyslipidaemia showed association in both
urban and semi-urban populations. Association of diabetes with atherosclerosis was
observed in urban and semi-urban populations. Hypertension in semi-urban and obe-
sity and dyslipidaemia in urban population showed association with atherosclerosis.
Conclusions: Diabetes and atherosclerosis burden reported in the three different
communities were higher than previous reports, especially in rural and sub-urban
regions. No traditional risk factor is identified to be associated with prevalence of
diabetes and atherosclerosis in rural population. These findings suggest an urgent

need for investigation into the role of non-traditional risk factors like environmental
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1 | INTRODUCTION

Non-communicable diseases (NCDs) collectively have
emerged as the leading cause of morbidity and mortality
worldwide. Therefore NCDs have been increasing at the
forefront of international policy discussions on health. South
Asia, home to one-quarter of the world's population, is cur-
rently in the midst of an epidemiologic transition from infec-
tious diseases and nutritional deficiencies to a dramatic rise
in the burden of NCDs. In India the mortality due to NCDs
increased from 39.7% in 1990 to 63.4% in 2017." Among the
NCDs, diabetes and cardiovascular diseases (CVDs) alone
account for more than 50% of NCD-related mortality. An
estimated 422 million (8.5%) adults were living with diabe-
tes in 2014, compared to 108 million in 1980 worldwide.?
In addition, 318 million (6.7%) adults suffer from glucose
intolerance, which puts them at high of developing CVDs
in future. Besides its impact on individuals, diabetes and its
complications impose a huge obstacle on sustainable eco-
nomic development of all countries due to health care costs
and productivity loss.”

The rising prevalence of NCDs is taking place in the con-
text of a rapidly urbanizing population in India.* Migration
of rural people into urban areas in India is associated with
increase in obesity and diabetes due to exposure to changes
in lifestyle behaviours and diet.> Intuitively, one expects a
lower prevalence of NCDs in rural India, where traditionally
more active lifestyles are prevalent compared to urban lo-
cales.® While data from rural India are sparse,’ some reports
suggest that NCDs are already the largest cause of death even
in rural India.*' In addition, there are extremely sparse NCD
prevalence data from mushrooming sub-urban areas of India.
Not surprisingly, significant gaps in knowledge continue to
exist with respect to the epidemiology of NCDs in a country
as diverse as India.

There have been laudatory attempts in the recent past with
studies including the Prospective Urban Rural Epidemiology
(PURE) study11 and ICMR-INDIAB study12 looking at the
prevalence of NCDs in a representative sample from differ-
ent Indian regions. These studies indicated the variations in
carbohydrate and fat diet intake and lifestyle behaviours for
the increased prevalence of diabetes in urban regions. The
aetiology of diabetes and non-communicable diseases in
the rural community, where prevalence of traditional risk
factors is scarce is not largely addressed in these studies.

or occupational exposures may help to better understand the aetiology of diseases in

non-urbanized communities.

atherosclerosis, diabetes, non-communicable diseases, public health, risk factors, rural health

Novelty statement

e Half of the population in all the three regions
(rural, semi-urban and urban) had either diabetes
or pre-diabetes in South India.

e No association of traditional metabolic risk fac-
tors like obesity, hypertension, and dyslipidaemia
was observed among diabetes and atherosclerosis
in rural population.

e The non-association of traditional risk factors with
metabolic diseases in rural population indicates
the possible role of non-traditional risk factors
like environmental chemicals.

Recent studies from rural India indicated the huge burden of
diabetes and its complications with association of environ-
mental factors like heavy metals and pesticide exposure. 1318
However, it remains vital to understand disease patterns
in different communities, as wide geographic variations in
disease patterns are likely in a vast country like India. Such
studies will have implications in redefining health policy
specific to those regions and may also provide insights into
novel pathophysiological mechanisms, as well as regional so-
cio-cultural factors that may be at play. Such considerations
served as the motivation to undertake this study designed to
estimate the prevalence of diabetes and atherosclerosis in a
rural, sub-urban and urban populations of Tamil Nadu and to
evaluate their major risk factors. This study was aimed at as-
sessing the prevalence of diabetes and atherosclerosis and its
risk factors in rural, sub-urban and urban regions to explore
novel pathophysiological mechanisms that may be at play by
location, and to provide a platform for designing longer-term
follow-up studies to assess the impact and potential solutions
for the rising threat of NCDs in this part of southern India.

2 | MATERIAL AND METHODS

2.1 | Study areas

Three geographic areas were chosen based on contacts with
administrative heads, logistics and ability to perform long-
term follow-up. The geographic location of the study areas
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is provided in Figure 1. Nallampatti is a typical farming
village located around 60 km from Coimbatore'>'®
as a representative rural area. Thadagam, a brick kiln rich
area located 15 km from Coimbatore and Kalapatti, located
within Coimbatore city, were chosen as representative sub-
urban and urban areas respectively. The individual studies
were named Nallampatti-NCD study (NNCD), Thadagam-
NCD study (TNCD) and Kalapatti-NCD study (KNCD). The
studies were conducted on Sundays over a four-week period
in each area from April 2015 — June, 2016. Each study popu-
lation was informed of our visit through distribution of leaf-
lets (door to door) and by “word of mouth” through the local
government administrative workers and student volunteers.
The exclusion criteria included age <20 years or >85 years,
pregnancy and non-residents of the selected regions. All the
three areas had a defined geographical boundary and the
population data are collected from Government of India —
Census 2011. Only the residents of these regions were in-
vited for the study. The residence of the participants were
cross-checked by verification with the government census
data and the proof of residence documents like Aadhar card,
voter ID card or driving license provided by the participants.
The study design and protocol were approved by KMCH
Ethics Committee (Ref. No. NNCD: EC/AP/365/02/2015;
TNCD:EC/AP/405/09/2015; KNCD: EC/AP/464/07/2016)

chosen
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and informed written consent was obtained from all partici-
pants prior to participation and the principles of Declaration
of Helsinki were followed.

2.2 | Retrieval of rural data

All demographic and clinical data of the 865 participants
of KMCH - Nallampatti non-communicable disease — I
(NNCD-I) study were retrieved from our database and used
for the study. The variables included basic demographic de-
tails, lifestyle, disease history, medications, body weight,
height, waist circumference, blood pressure, carotid intima-
media thickness (CIMT) and blood investigations (HbA,,
non-fasting lipid profile). The details of the study have been
described previously.15 A7

2.3 | Sample and data collection from sub-
urban and urban regions

A detailed questionnaire as described previously 1517 was ad-
ministered to document the educational status, employment,
alcohol intake, smoking status, pesticide exposure, family
disease history and past medical history. About 5 ml of blood
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FIGURE 1
respectively. The study areas marked with circles are not to scale

Geographic location of the three study areas. Nallampatti, Thadagam and Kalapatti are represented by green, blue and red circles
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sample was collected and clinical measurements were done
and based on medical history or standard cut-off values, the
disease end points were characterized.

2.4 | Anthropometric measurements
Demographics, anthropometric data and non-fasting blood
were collected from all consented participants. Body weight
was measured using an electronic weighing scale (SECA
813), height was measured using a stadiometer (SECA 208)
and waist circumference was measured in centimetres using
a non-stretchable measuring tape between the costal margins
and the iliac crest at the end of expiration.

2.5 | Measurement of blood pressure

Blood pressure was recorded using the electronic OMRON ma-
chine in the sitting position in the right arm (Model HEM-7130,
Omron healthcare, Singapore) on two occasions 15 minutes
apart. The average value was used to determine the hyperten-
sion status. We recorded blood pressures at least twice. The
participants with high blood pressure (> 140/90 mm Hg) in the
first visit were reinvited after a week and their hypertensive sta-
tus was confirmed by remeasurement of blood pressure.

2.6 | Measurement of carotid intima-media
thickness:

Carotid intima-media thickness (CIMT) was measured
using two high resolution B-mode ultrasound machines (GE
Healthcare, Venue 40, USA), in the supine position on scan
bed with the head of the patient resting comfortably, neck
slightly hyper-extended and the head tilted towards the oppo-
site of the examined side. Both left and right common carotid
arteries were depicted. The imaging was performed on field
by two trained, final year radiology residents under the super-
vision of a senior radiologist.

2.7 | Measurement in blood samples
HbA,. was measured using an automated HPLC method
(D-10-Biorad), and serum lipid levels were measured using
an automated analyzer (Abbott Architect ci8200).

2.8 | Disease end points

Generalized obesity was defined as a BMI >25. Diabetes was
defined as either having a history of diabetes on medications

or HbAlc level of >48 mmol/ mol (6.5%) in those without
a history of diabetes. Pre-diabetes was defined as HbAlc
between 42 and 46 mmol/ mol (6.0-6.4%) (IEC) or 39 and
46 mmol/ mol (5.7%—6.4%) (American Diabetes Association)
in those without a history of diabetes. Data were analyzed
with both criteria to assess the differences in estimates of
prevalence between these two groups. Hypertension was de-
fined as either having a history of hypertension on medica-
tions or a systolic blood pressure of >140 mm Hg and/ or
diastolic blood pressure >90 mm Hg on two occasions taken
15 minutes apart and re-verification after a week, in those
without a history of hypertension.

Dyslipidaemia was defined as the presence of any one
of the following abnormalities: Total Cholesterol >200 mg/
dl, LDL-C > 130 mg/dl or HDL-C < 40 mg/dl in men and
<50 mg/dl in women. Triglycerides were from non-fasting
samples due to practical difficulties of obtaining fasting sam-
ples. Carotid atherosclerosis was defined as a CIMT >1 mm
in either left or right or in both measurements. Participants
with self-reported diseases were confirmed by review of their
medical records and medications. Diabetes, hypertension,
dyslipidaemia, smoking, alcohol intake and obesity were
considered as traditional factors.

2.9 | Statistical analysis

Data were analyzed using SPSS version 15 and Graphpad
Prism version 6.01. Descriptive results were expressed as
means and standard deviations. The association between risk
factors and disease outcomes was studied by multiple logistic
regression analysis. Age, sex, smoking, alcohol and tobacco
usage, body mass index, systolic and diastolic blood pressure,
total lipid profile were employed as confounders for adjust-
ment in diabetes population. In case of atherosclerosis, along
with above mentioned confounders, diabetes, and familial
ischaemic heart disease history were used for adjustment.
Pearson correlation and linear regression were performed
to explore the strength of relationship between traditional
risk factors and HbA .. Multiple logistic regression analyses
were performed to study the relation of the different factors
with disease outputs after adjustment for confounding fac-
tors. No data points were excluded from analyses. Findings at
p < 0.05 were considered significant in all analysis.

3 | RESULTS

A total of 2976 participants were screened in all three areas
as follows; 865 participants in rural Nallampatti, 1030
participants in sub-urban Thadagam and 1081 in urban
Kalapatti. We covered around 65%-75% of the total adult
population in each region as per the government census data
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(Supplementary Table S1). The baseline characteristics of
all three study populations are outlined in Table 1. The age
group most represented in all three demographics was be-
tween 41 and 60 years of age. Alcohol usage and smoking
behaviour were exclusively prevalent only in the men popu-
lation of all the three communities (Table 1). Smoking and
occasional alcohol consumption was much higher in the rural
population whereas daily alcohol consumption was higher
in the urban population. Tobacco chewing habit was more
prevalent in sub-urban than in other two populations. Obesity
was highest in the urban population and similar in the rural
and sub-urban population (48% vs 32 & 35%) respectively.

TABLE 1
participants in the three studies (NNCD,
TNCD and KNCD)

Characteristics of the

DIABETIC MIERAE

On the other hand, prevalence of low BMI (underweight) was
higher in the rural and sub-urban communities (13%, 14% re-
spectively) while it was nearly 50% lower in the urban com-
munity (6.4%) (Table 1).

We observed highest prevalence of diabetes in sub-ur-
ban region (26%) followed by urban (23%) and rural region
(16%). Among the diabetes population, 37% in rural, 33% in
semi-urban and 54% in urban area were newly diagnosed as
diabetes during this study. Among the self-reported people
with diabetes under medical interventions, the rate of poor
glycaemic control [HbAlc > 69 mmol/ mol (8.5%)] was 51%
in rural, 59% in sub-urban and 22% in urban communities.

KMCH-NCD Studies

Sex

Age (years)

Alcohol intake
(only Men)

Smoking
(only Men)

Tobacco chewing

BMI
(kg/m?)

HbA,,
[mmol/mol (%)]

Blood Pressure
(mm Hg)

Total Cholesterol
(mg/dl)
LDL-Cholesterol
(mg/dl)

CIMT (mm)

Prevalence (%)

NNCD TNCD KNCD
(n = 865) (n =1030) (n =1081)

Men 48 46 41
Women 52 54 60
20-40 33 27 32
41-60 47 49 48
Above 60 20 24 21
Daily 2.7 4.4 6.7
Occasionally/ Formerly 50 12 33
Never 47 83 30
Daily 31 14 19
Occasionally/ Formerly 25 4 13
Never 44 82 67
Daily 14 22 10
Occasionally/ Formerly 12 15 11
Never 74 64 79
Obese (> 25) 32 35 48
Normal (24.9-18.6) 55 51 46
Underweight (< 18.5) 13 14 6.4
Diabetes [> 48 (> 6.5)] 16 26 23
Pre-diabetes 18 16 11
[IEC 42-46 (6.0-6.4)]
Pre-diabetes 42 34 33
[ADA 39-46 (5.7-6.4)]
Raised blood pressure 38 48 40

(>140/90)
Hypercholesterolaemia 33 30 37
(=200)
Hyper LDL- 25 21 39

cholesterolaemia

(>130)
Atherosclerosis 10 9.1 7.9

=D

The data are represented in percentages.

Abbreviations: BMI, Body mass index; CIMT, Carotid intima-media thickness; Hby ., glycated haemoglobin;

LDL, Cholesterol — Low density lipoprotein-cholesterol.
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TABLE 2 Multiple logistic regression with diabetes as the dependent variable in the three different populations

NNCD (Rural) TNCD (Sub-urban) KNCD (Urban)
Odds ratio (95% CI)
Unadjusted Adjusted# Unadjusted Adjusted# Unadjusted Adjusted#
Age Group
20-40 years 1 1 1 1 1 1
41-59 years 2277 1.857 (1.01-224) 259" 145" 2017 133"
(1.15-3.41) (1.25-3.12) (1.17-2.84) (1.85-3.11) (1.15-2.38)
Above 60 years 3877 2.887 (1.31-5.4) 5017 378" 2277 2.107" (1.88
(2.43-6.15) (1.84-7.30) (2.30-5.20) (1.63-3.42) -3.90)
Sex
Women 1 1 1 1 1 1
Men 1.58" 0.91 (0.46 —1.80) 1.12 (0.88 0.68 (0.43-1.07) 1.12 0.98 (0.72-1.35)
(1.05-2.34) —1.63) (0.84-1.50)
Alcohol intake (only
men)
Never 1 1 1 1 1 1
Formerly/ 1.93 1.04 (0.12-8.70) 1.23 1.34 (0.53-2.44) 098 0.80 (0.46-1.38)
Occasionally (1.09-3.42) (0.72-2.11) (0.62-1.58)
Daily 2.89 1.57 (0.72-3.34) 1.03 0.97 (0.38-2.53) 1.01 0.82 (0.32-2.10)
(0.57-14.6) (0.49-2.14) (0.43-2.38)
Smoking (only
mens)
Never 1 1 1 1 1 1
Formerly/ 0.55 0.78 (0.14-4.41) 1.86 (0.64 1.57 (0.49-4.98)  0.86 0.70 (0.22-2.24)
Occasionally (0.12-2.53) -5.37) (0.32-2.28)
Daily 2.52 1.92 (0.87-4.24) 1.61 2.79 (1.50-5.18) 1.33 1.58 (0.85-2.93)
(1.40-4.52) (0.82-2.56) (0.79-2.23)
Obesity
Non-obese 1 1 1 1 1 1
Obese 1.34 1.72 (0.98-2.83) 2.55" 1.70 (0.84-2.43)  1.68™ 1517
(0.87-2.06) (1.08-3.60) (1.24-2.27) (1.10-2.08)
Blood pressure
Normotensive 1 1 1 1 1 1
Hypertensive 2907 1.40 (0.88-2.23) 1.65°" 2,037 2,677 1.54"
(1.93-4.37) (1.23-2.21) (1.37-2.99) (1.95-3.67) (1.08-2.20)
Dys- lipidaemia
Normal 1 1 1 1 1 1
High 222" 1.19 (0.59-2.40) 1.88" 1.847 (1.02-332) 2,517 1.88"
(1.36-3.62) (1.25-2.84) (1.64-3.83) (1.15-3.10)
p < 0.05 was considered statistically significant in all analyses.
*p < 0.05,
#5p < 0.01,
*#+¥p < 0.001,

#HEEp < 0.0001.

Pre-diabetes as defined by both WHO/ International Expect
Committee (IEC) and American Diabetes Association
(ADA) criteria was higher in rural areas than semi-ur-
ban and urban demographics. Hypertension was present

in approximately 50% of sub-urban study population com-
pared to 37-39% in rural and urban population respectively.
Hypercholesterolaemia was prevalent in nearly one-third
of all the three populations. LDL cholesterol was detected
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to be above normal level largely in urban population (39%)
compared to sub-urban (21%) and rural (25%) populations.
Atherosclerosis was higher in rural population (10%) fol-
lowed by sub-urban and urban population (9.1% and 7.8%
respectively).

Within the people with diabetes in all three demograph-
ics (Supplementary Table S2), the findings of interest were
as follows. The proportion of men with diabetes was higher
in rural population whereas sex distribution was similar in
semi-urban and urban areas. The prevalence of diabetes was
highest in the 41-60 yeara age group in all three areas. On
multiple regression analysis, middle and older age groups
were associated with higher odds for diabetes compared with
all three populations. Hypertension and dyslipidaemia were
correlated with diabetes only in the sub-urban and urban pop-
ulations, whereas obesity was correlated with diabetes only
in the urban population. (Table 2). Family history of diabe-
tes was higher in urban population (36%) compared to both
sub-urban and rural populations (18%, 18% respectively).
A positive linear correlation was observed between age and
HbA /. in all the three populations (PCC =0.251, = 0.02,
p < 0.0001 for NNCD; PCC = 0.205, p = 0.02, p < 0.0001
for TNCD; PCC = 0.264, f = 0.028, p < 0.0001 for KNCD)
(Figure 2A). On multiple logistic regression analysis, obesity
was found to be associated with diabetes only in urban pop-
ulation (Odds ratio — 1.51; p > 0.001) after adjustment for
confounding factors (Table 1). Obesity is one of the well-rec-
ognized risk factors for diabetes but on analysis, positive cor-
relation was observed with HbA . only for urban population
(PCC =0.103, B = 0.033, p < 0.001 for KNCD) and not for
sub-urban (PCC = 0.033, = 0.009, p = 0.07 for TNCD)
and rural populations (PCC = 0.032, p = 0.008, p = 0.08 for
NNCD) (Figure 2B).

A positive association was observed between total choles-
terol and HbA ;. in all the three populations (Figure 2C) but on
analysis with LDL cholesterol, a positive trend was detected
only in urban population (PCC = 0.10, f = 0.004, p < 0.01 for
KNCD) but no association was found for the other two popu-
lations (PCC = —-0.003, f = —0.0002, p = 0.9168 for TNCD;
PCC = 0.034, p = 0.033, p = 0.146 for NNCD) (Figure 2D).
More than 60% of the diabetes population was hypertensive
in all the three demographics (Supplementary Table S2).
While an association was detected between the blood pres-
sure and HbA,, levels in urban population (PCC =0.21,
f=0.014, p < 0.0001 for systolic BP; PCC = 0.14, § = 0.018,
p < 0.0001 for diastolic BP in KNCD) (Figure 2E,F), no
significant association of HbA,, was detected with both
systolic (PCC = —0.027, p = 0.001, p = 0.362 for TNCD;
PCC = 0.029, p = 0.002, p = 0.674 for NNCD) (Figure 2E)
and diastolic blood pressure (PCC =0.026, f = 0.004,
p = 0.346 for TNCD; PCC = —0.014, p = —0.001, p = 0.427
for NNCD) (Figure 2F) in both the sub-urban and rural
populations.

Within the atherosclerosis population in all three demo-
graphics (Supplementary Table S3), the following were the
findings of interest. Paradoxically, rural participants had
higher prevalence of atherosclerosis followed by sub-urban
and urban areas. Atherosclerosis was approximately twice
as high in men compared to women in all three demograph-
ics. No significant family history of cardiovascular disease
was noted in any of the three populations. History of alco-
hol intake and smoking was much higher among the popula-
tion with carotid atherosclerosis of rural area while a similar
trend was seen in tobacco chewers in sub-urban population
(Supplementary Table S3). The prevalence of hypertension
among people with carotid atherosclerosis was highest in
sub-urban population compared to the other two demograph-
ics (Supplementary Table S3). On multiple regression anal-
ysis, older age, men sex showed higher odds ratio while no
association with alcohol intake and smoking was observed
in all three populations. Among the metabolic factors, di-
abetes was found to be associated with atherosclerosis in
semi-urban and urban population but not in rural participants.
Hypertension showed association with atherosclerosis only
in sub-urban population, whereas obesity and dyslipidaemia
showed association in urban population (Table 3).

4 | DISCUSSION

Our study highlights the heavy burden of major NCDs in all
three different geographic units in a zone within South India,
much higher than prior reports. The most concerning aspect
of the study results is the huge burden of NCDs, not only
in urban, but also in rural and sub-urban populations where
the dual burden of lack of awareness and healthcare facilities
likely leads to delayed diagnosis and treatment.

In one of the most up-to-date systematic review of studies
in South Asia, the estimated prevalence of type 2 diabetes
was 7.5% for 2005 and 7.6% for 2010."° The study also con-
cluded that the prevalence of diabetes was strongly associated
with increased age, men gender and urban residency. The
landmark ICMR-INDIAB study published in 2011 showed
an urban diabetes prevalence of 13% and rural prevalence of
7.8% in Tamilnadu.® However, our results showed a roughly
two-fold higher prevalence of diabetes and pre-diabetes
(IEC) in both demographic areas compared to the above
studies (Table 1). Additionally, the prevalence of diabetes
was highest in sub-urban area where not many studies have
been performed in the past. Pre-diabetes was staggeringly
high if ADA criteria for diabetes were applied. Significant
methodological reasons may explain the differences as we
used HbA,, to define diabetes and pre-diabetes while the
other studies used capillary glucose. While capillary glucose
estimation is feasible to implement in large-scale epidemi-
ological studies, it has its own limitations including factors
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like temperatures, strip factors, hand contamination espe-
cially if not washed properly and interfering medications.*
Arguments in favour of HbA . as a diagnostic test for diabe-
tes include less biological variability, superior attributes and
prediction of complications, to the extent that various Expert
Committees have presented compelling grounds for the use
of HbA,, as a diagnostic test.”"*? In addition, there is good
evidence that a HbA | cut-off of >42 mmol/mol (6%) is op-
timal for diagnosing diabetes with a high level of accuracy in
the Indian population.23 We therefore feel that our definition
of diabetes based on a validated HbA . (from a nationally
accredited lab) of >46 mmol/mol (6.5%) or those with a his-
tory of diabetes is truly representative of diabetes in the study
population. Apart from the methodological reasons, further
explanations for the doubling of diabetes in our study may be
related to a true increase in disease prevalence over the last
five years in all demographics, aggravated by novel non-tra-
ditional risk factors that we do not comprehend fully at this
point of time. In addition, the prevalence of poor glycaemic
control was more than 50% in rural and sub-urban commu-
nities indicating either improper adherence to medications
or due to the probable interruption of endocrine-disrupting
chemicals on the action of these drugs. Poor glycaemic con-
trol represents a huge challenge to sustainable economic de-
velopment in all countries because of healthcare costs and
productivity loss.?

There are unique aspects of our study results, which
are worth discussion. While we were not surprised by the
prevalence of diabetes, hypertension and atherosclerosis
in an urban setting, the burden of these three entities was
much higher than anticipated in sub-urban and rural areas.
Particularly concerning was the extremely high prevalence
of diabetes and hypertension in the sub-urban population of
Thadagam, much more than the urban population of Kalapatti.
Around 50% and 25% of the sub-urban population had hy-
pertension and diabetes respectively, the highest among the
three demographics. While it is possible that this could be
an overestimate, we recorded blood pressures at least twice
a week apart if the blood pressure values were >140/90 mm
Hg in the first visit. The answer to this very high prevalence
in diabetes and hypertension may lie within the brick kilns of
Thadagam. Once an agricultural area, Thadagam has moved
to the highly remunerative brick kiln business due to the
booming construction industry in and around Coimbatore.
There are around 100 brick kilns with more than 300 cham-
bers supplying unbaked bricks to these kilns. Such brick kilns
are highly polluting industries resulting in emissions of gas-
eous pollutants like ambient particulate matter (PM), sulfur
dioxide, carbon monoxide and dioxide as well as oxides of
nitrogen.24 There has been emerging interest in role of air
pollution in impaired glucose regulation, hypertension and
cardiovascular disease. There are a number of mechanistic
pathways postulated to explain the above links including
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endothelial dysfunction, inflammation of the visceral adi-
pocytes, hepatic insulin resistance, increased blood pressure
and increased autonomic tone.” Studies show that for every
10 pg/m3 increase in certain types of particulate matter, the
risk of future diabetes increases by 10% and the risk of di-
abetes-related mortality increases by 1%.2% 1t is therefore
plausible that non-traditional risk factors like air pollution re-
lated to the brick kiln industry may have a role in the worry-
ing prevalence of diabetes and hypertension in this sub-urban
area of Thadagam. Further studies on the magnitude, dura-
tion and frequency of air pollution in this area and its effects
on NCDs are currently being planned by our study group.
This will hopefully provide further insights into the burden
of NCDs in this area.

The high prevalence of atherosclerosis (10%), diabetes
(16%) and hypertension (38%) in a rural farming popula-
tion is worriable. None of the Indian studies so far has doc-
umented a diabetes prevalence or atherosclerosis burden in
a rural population at >10%. While physical (in) activity, ge-
netics, energy dense diet and other classical risk factors may
explain the explosion of diabetes and CVDs in urban India,
they may not explain all the burden of diabetes and CVDs
in rural India. A couple of non-traditional risk factors have
excited our interest, especially in rural farming communities,
to explain the increasing prevalence of NCDs in rural India.
Unregulated pesticide and heavy metal use (from fertilizers)
are two largely less explored areas that may have a huge rel-
evance to cardiovascular disease in rural communities. We
have published literature possibly linking heavy metals and
pesticides with human diabetes in Nallampatti16’17 and other
villag.ges.n’M’28 There are mechanistic pathways linking ex-
posure to organophosphate pesticides and hyperglycaemia
by way of disruption of glucose metabolism and modulation
of gut microbiota.”” Heavy metals like arsenic, either from
groundwater sources or from fertilizers, rice and vegetables
have the potential to aggravate diabetes by multiple mecha-
nisms.”®* In addition, there is some evidence to suggest an
additive effect of smoking in those who are exposed to heavy
metals in terms of a higher risk of diabetes.”” It has to be
pointed that the number of smokers in the village was much
higher than the sub-urban and urban areas. Whether this ad-
ditive effect has a relevance in the high prevalence of dia-
betes and atherosclerosis in spite of lower presence of other
traditional risk factors in Nallampatti participants is not clear.
However, it will be pure speculation at this point to boldly
hypothesize a causal association.

There are significant limitations to our study. It is pos-
sible that there is a selection bias as the sampling was con-
venient rather than representative of the population. But on
analysis with the government census data, we have 65-73%
of the adult population in the respective study areas. This
convenient sampling could have exaggerated the preva-
lence of disease. We did a random glucose but not fasting
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and 2-hour glucose due to logistical issues. In spite of the
practicality of of using HbAlc as a screening test to diag-
nose diabetes, there are evidences to suggest that HbAlc
is much inferior to oral glucose tolerance test (OGTT) in
terms of under-estimating diabetes prevalence in Asian
populations. Carotid intima thickness images were not in-
dependently verified due to manpower issues. We plan to
address all these limitations in future long-term follow-up
studies.

To summarize, we report high prevalence of diabetes and
atherosclerosis in three different demographics, a completely
rural farming village, a sub-urban brick kiln area and an urban
area within city limits. Our prevalence estimates are much
higher than those currently available. More concerning is
the prevalence of NCDs in sub-urban and rural areas, where
the long-term consequences can potentially be devastating.
We also believe that there are non-traditional risk factors at
play that may be at least partly responsible for increasing the
NCD burden in rural and sub-urban areas. Larger studies
are needed to explore the huge burden of NCDs in differ-
ent Indian demographics, particularly to define the role of
both traditional and non-traditional risk factors, which may
be amenable to interventions at individual, health systems,
societal and policy levels.
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