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ABSTRACT The South Asian population is home to the region with the highest public health burden of cardiovas-
cular disease (CVD) in the world. The present population based longitudinal study was undertaken among the Toto of
West Bengal, India, to investigate whether gradual changes in lifestyle affect the cardiovascular health and its
associated risk factors among the adult Toto males and females. The prevalence of CVD risk factors was almost
negligible, around 2-3 percent in 2002-03. In 2015-16, the prevalence increased to an alarming high of 26.3percent
in males (n=108) and 18.2percent (n=97) in females. There was an adverse impact of globalization, perhaps primarily
mediated through lifestyle changes on cardiovascular health, indicating a major public health problem even in
traditional societies. The in sifu urbanization even in rural settings seems to be an important factor among the people

of South Asian origin.

INTRODUCTION

Several epidemiological studies have record-
ed a high prevalence of cardiovascular mortality
(Mckeigue et al. 1993; Enas et al. 1996) among
Indians, including those settled outside of In-
dia. Adverse body fat distribution, especially
abdominal adiposity, seems to be an important
determinant. The growing burden of CVD in In-
dia had been attributed to the increasing preva-
lence of CVD risk factors, especially hyperten-
sion, dyslipidemia, type 2 diabetes mellitus, vis-
ceral obesity, physical inactivity and tobacco
use (Mckeigue et al. 1991).This effect has also
been attributed to reduced levels of physical
activity, and the dietary changes that occur with
effective westernization (WHO 2000). As popu-
lation becomes more and more westernized, ha-
bitual dietary changes to consume more satu-
rated fat and less fiber with little or no physical
activity is evident (WHO 2000; Venkatramana
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and Reddy 2002). In India, the urban prevalence
of diabetes (one of most important CVD risk) in
adults has risen from merely 5 percent in1984 to
15 percent in 2004 (Ramachandran et al. 2002;
Misra and Vikram 2002; Mohan et al. 2006). Mark-
edly lower rural levels of diabetes have been
evident for decades, but more recently the prev-
alence of the same appears to have increased
from 2 percent to 6 percent in rural South India
(Ramachandran et al. 2004). Underlying these
adverse trends in diabetes are the increases in
the prevalence of obesity which affects the af-
fecting urban areas much more than the rural
areas of India. The rising rates of diabetes in
both urban and rural India indicate that urban-
ization is an important but not a sufficient expla-
nation (Ebrahim et al. 2010). Differences in phys-
ical activity level, mainly attributable to occupa-
tion, appear to be more important than residence,
per se, in influencing the risk for CVDs (Gregory
etal. 2007). Even though the prevalence of CVD
risk factors are known to vary across defined
ethnic groups (Cossrow et al. 2004), most epide-
miological studies have been conducted in con-
glomerate populations without considering the
ethnicity of the sampled individuals (Misra et al.
2002; Misra and Vikram 2004). Some longitudi-
nal studies in recent times had shown various
associations with cardiometabolic risk. For in-
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stance, increase in sedentary time was found to
be highly associated with increased adiposity
over 7-15 years of follow up (Mann et al. 2017);
children and adolescent with normal body
weight and high percentage body fat were found
to be at increased risk of cardiometabolic mor-
bidity in adulthood (Wiklund et al. 2017).

Keeping this view in mind, the present study
was undertaken among the Toto of West Ben-
gal, India with the hypothesis that adverse CVD
risk factors are associated with increasing ur-
banization is not just due to differences in hab-
itat but certain underlying factors like adoption
of sedentary lifestyles (sedentary lifestyle is a
medical term used to denote a type of lifestyle
with no or irregular physical activity) even in
rural settings.

METHODOLOGY
Study Population

The present population based longitudinal
study (2007-16) was conducted on the Toto (a
particularly vulnerable tribal group), living in the
state of West Bengal, India. The Totos are a
demographically small population and have
passed through demographic bottlenecks, but
are now an expanding population. As per 1901
census, their population size was 171 (Gait 1901).
At present the total population of the Toto is
1546 which includes 796 males and 750 females,
and at the beginning of the study (2007-08) it
was 1286 (677 males and 609 females). The study
was conducted in three phases: Phase I- 2007-
08; Phase II- 2011-12 and Phase I1I- 2015-16. The
Toto are geographically localized in a single vil-
lage (Totopara) of the district of Alipurduar (erst-
while, Jalpaiguri), West Bengal bordering Bhu-
tan. They are rural inhabitants, and are predom-
inantly engaged in agri-horticultural activities
and also work as agricultural labourers, and
therefore undergo a lot of physical exercise, es-
pecially because of the lack of flat agricultural
terrain (Sarkar et al. 2006). Toto possess Mon-
goloid morphological features and speak dia-
lects that belong to the Tibeto-Burman linguis-
tic family. The Toto practice inbreeding as mar-
rying a first-cousin (cross-cousin, but not paral-
lel-cousin) is the tradition (Sanyal 1971; Majum-
dar 1998). They prefer tea with salt and consume
large amount of hand-made millet beer (eu) and
red meat.

The longitudinal study was conducted at
three time points starting from the year 2007-08.
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The study was first conducted during 2007-08
among 223 participants (120 males and 103 fe-
males). The second visit-first follow-up study
was conducted during the year 2011-12 on 217
individuals (116 males and 101 females). The third
visit-second follow up study was conducted
during the year 2015-16 on 205 (108 males and 97
females). The reduction in the number of partic-
ipants during the second and third visit was pri-
marily due to the non-availability of the partici-
pants and because of pregnancy during the time
ofthe studies. The final analyses were conduct-
ed on those 205 individuals who were available
during all the three time periods of the study.

Anthropometric Measures

Anthropometric measures namely height
(cm), weight (kg), circumferences of waist (WC)
and hip (cm) were obtained using standard tech-
niques (Lohman et al. 1988). Height and weight
(in light clothing) was measured to the nearest
0.1 cm and 0.5 kg, respectively. Waist and hip
circumferenceswere measured to the nearest 0. 1
cm using an inelastic tape. The minimum WC
was measured at the level of natural waist, which
was the narrowest part of the torso. Maximum
hip circumference was measured at the greatest
protrusion of the buttock. The body massindex
(BMI in kg/m?) and weight hip ratio (Waist:Hip)
were subsequently computed. Percentage body
fat (%BF) was measured using portable body
fat monitor (Omron, Omron Corporation, Tokyo,
Japan).

To find out the prevalence of increased adi-
posity following standard cut-off values were
used:

Increased Adiposity/Overweight (subjects
with one or more of the followings):

WC (male) >90 cm and (female) > 80 cm

BMI >23 kg/m*(WHO 2000)

WHR (male)> 0.95 and (female) > 0.85 (JNC-
V1993)

PBF (male) > 25% and (female) > 30% (Dudeja
etal. 2001).

Sedentary vs. Non-Sedentary work

The study participants were categorized into
sedentary and non-sedentary work, following
the criterion laid down by Mohan et al. (2005a).
Individuals who had physically demanding oc-
cupation and/or performed regular exercise were
grouped under non-sedentary work. On the oth-
er hand, individuals who neither had physically
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demanding occupation nor did perform regular
exercise were grouped under sedentary work.
Physically demanding occupation includes
works like day labour, industrial labour, agricul-
tural labour etc., which requires high physical
activity.

Statistical Analyses

Descriptive statistics such as mean and stan-
dard deviation (SD) were undertaken thrice (2006-
07; 2011-12; 2016-17). The prevalence (%) of
adiposity was calculated using standard cut-off
values. The y?-test was also applied to examine
the differencesin the physical activity level (PAL)
between males and females. Differences in adi-
posity over the last 10 years were calculated
using analysis of variance (ANONA) post hoc
Scheffe test. All statistical analyses were per-
formed using SPSS (PC + version 16.0). A statis-
tical significance (two tailed) was set at p <0.05.
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RESULTS

The analytic sample comprised 205 partici-
pants which include 108 Toto males and 97 Toto
females. The baseline characteristics of the stud-
ied participants (during first visit in 2007-08) are
presented in Table 1. The physical activity lev-
els (PAL) of the studied participants are pre-
sented in Table 2. It was found that males had
significantly higher tendency of sedentary work
as compare to their female counterparts (p =
0.007). The descriptive statistics (mean and stan-
dard deviation) for year 2007-08 followed by 2011-
12 and 2015-16 over the same participants are
presented in Table 3. The differences in risk vari-
ables associated with cardiovascular disease risk
(like BMI, WC, waist : hip and percentage body
fat) over the three phases of the study were an-
alyzed by means of analysis of variance (ANO-
VA) post hoc Scheffe test as presented in Table
3. It was found that there was highly significant

Table 1: Baseline characteristics of the studied population (2007-08)

Variables Toto males (n=108) Toto females (n=97) Total (n=205)
Mean +SD Mean +SD Mean +SD
Age (yrs) 31.72 3.71 28.60 3.76 30.16 3.74
Height (m) 1.682 0.067 1.571 0.044 1.630 0.061
Weight (kg) 61.28 10.17 51.80 11.68 56.54 9.54
BMI (kg/m?) 23.76 2.74 18.7 2.90 21.23 2.84
WC (cm) 90.75 5.97 81.89 6.34 86.32 6.13
Waist : Hip 0.97 0.09 0.83 0.07 0.90 0.08
%body fat 18.23 6.33 23.71 5.91 20.97 6.12

BMI = body mass index; WC = waist circumference; waist:hip = waist-hip ratio; %body fat = percentage body fat

Table 2: Differences in physical activity level (PAL) among the Toto males and females

PAL Males Females Marginal row Chi-square”
Total

Sedentary work 42 21 63 ¥ = 7.1345

Non sedentary work 66 76 142 P =0.007

Marginal Column Total 108 97 205

“Chi-square (y?) at degree of freedom 1
Table 3: Differences in risk variables over the last 10 years (2007-16) among the studied participants (n=205)

Variables 2007-08 2011-12 2015-16 ANOVA'P
Mean +SD Mean +SD Mean + SD

Weight (kg) 56.54 9.54 58.37 8.69 62.49 10.67 < 0.001

BMI (kg/m?) 21.23 2.84 21.89 2.65 23.42 3.84 < 0.001

WC (cm) 86.32 6.13 88.14 6.45 89.85 6.96 < 0.001

Waist : Hip 0.90 0.08 0.93 0.09 0.96 0.09 < 0.001

%body fat 20.97 6.12 21.23 6.14 23.14 6.99 0.001

“post hoc Scheffe test; BMI = body mass index; WC = waist circumference; waist:hip = waist-hip ratio;
%body fat = percentage body fat
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difference (p< 0.001) in weight gained; increased
BMI; increased WC; increased waist:hip (p<
0.001) as well as significantly (p= 0.001) in-
creased percentage body fat among the partici-
pants over the entire phase of the study (2007-
16).

Change in prevalence of overweight with
respect to WC and BMI among the Toto males
and Toto females are presented in Table 4. It was
found that among the males the prevalence of
overweight (WC > 90 cm) was 7.5 % in 2007-08
which later increased to 11.8% in 2011-12 (~4%
rise) to 26.3% in 2015-16 (~15% rise). Among the
females the prevalence of overweight (WC >80
cm) was 5% in 2007-08 which later increased to
7.2%in 2011-12 (~2%rise) and 18.2% in 2015-16
(~11% rise). It was also found that the preva-
lence of overweight (BMI > 23kg/m?) among the
males was 8% in 2007-08 which later increased
to~13%in 2011-12 (~5% rise) little over 20% in
2015-16 (~7% rise). Among the females the prev-
alence of overweight was 5% in 2007-08 which
later increased to 8% in 2011-12 (~3% rise) to
11.5%1n 2015-16 (~3.5%rise).

DISCUSSION

The present longitudinal study indicates that
among the people of South Asian origin the in-
crease in CVD risk in the last 10 to 20 years pri-
marily attributed to rapid change in physical ac-
tivity level and dietary habits. Even in tradition-
al societies (like the Toto) rapid changes in life-
style in recent years have had significant effect
on cardiovascular health. There are two possi-
ble reasons for the difference in prevalence of
CVDrrisk factors among the Toto: i) founder ef-
fect/genetic drift among the demographically
small Toto resulting in genetic homogeneity for
non-predisposing genes, and ii) increase in sed-
entary work that is less PAL and/or radical
changes in dietary habits in recent years. These
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differences among the Toto males and Toto fe-
males are already reflected in Table 2 as males
had significantly higher sedentary work than
females. It is however reasonable to mention
that in the last 5 years as many as 7 young-adult
Toto (aged between 30-40 years) died due to
either cardiac arrest or stroke as compare to only
2 old-adult Toto (aged > 50 years). It further in-
dicates that genetic factors that adversely af-
fect the levels of such variables have long an-
tiquities in different ethnic groups of India. An
adverse impact of adoption of urban life styles
(primarily mediated through dietary changes and
sedentary work) was also apparent on cardio-
vascular disease risk factors (Sarkar et al. 2005,
2006). As young adults have adopted modern
lifestyle significantly more than their older coun-
terparts, this when coupled with genetic predis-
position/ethnic susceptibility, are becoming more
vulnerable to CVD risk as reflected in the present
longitudinal study (observed in the last 10
years).The present study indicates that CVD risk
factors can be a major health problem even in
traditional societies, suggesting that this is not
necessarily a result of modernization/ urbaniza-
tion. It has been found that people living in
rural habitat yet adopting urban lifestyle (prima-
rily sedentary mode of occupation) were no more
different in exhibiting the prevalence of CVD risk
factors to their urban counterparts (Das et al.
2011). The sedentarization of occupation due to
urbanization/modernization even in rural settings
seems to be an important factor responsible for
clustering of CVD in the people of Indian origin.
Thus, sedentarization of rural occupations needs
to be considered in future studies in addition to
previously documented changes like rural to
urban migration in order to get better picture to
understand the CVD burden in this part of the
world (Ebrahim et al. 2010).

It should be noted that CVD in Asian Indi-
ans occurs at an early age compared to sample

Table 4: Change in prevalence (%) of overweight among the Toto male (n=108) and Toto females (n=97)

in the last 10 years (2007-16)

2007-08 2011-12 2015-16
Male Female Male Female Male Female
WC (> 90 cm in males and> 7.5 5.0 11.8 7.2 26.3 18.2
80 cm in females)
BMI ( > 23 kg/m?) 8.0 5.0 12.8 8.0 20.2 11.5

Values in %; BMI = body mass index; WC = waist circumference
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populations in America and Europe (WHO 2000).
CVDis rising at an alarming speed, threatening
to adversely affect India’s growth and produc-
tivity as its youth is also most vulnerable to due
to dietary and lifestylechanges for worse in the
coming years causing a substantial loss of po-
tentially productive years of life due to early
onset of CVD. In a review study, it was found
that lifestyle factors alone or modulated by in-
herited factors appear to play an important role,
because obesity and dyslipidaemia become
worse with urbanization and migration (Misra
and Vikram 2004). Several studies have had hint-
ed the influence of lifestyle interventions on
cardio-metabolic risk factors in adult population.
The China National Nutrition and Health Sur-
vey (2002) reported that individuals who were
active or very active were 40% less likely to have
CVD risk compared with those who were lead-
ing sedentary life (Ma et al. 2008). In the UK
Whitehall II study, both vigorous and moderate
leisure-time physical activities were associated
with a reduced risk of having the CVD (Rennie
et al. 2003). In a Finnish cohort study, baseline
total leisure-time physical activity was found to
be inversely associated with the risk of devel-
oping metabolic syndrome (MS) — metabolic
clustering of CVD during a 4-year follow-up
(Laaksonen et al. 2002). Total physical activity
(measured as habitual energy expenditure) and
fitness (measured as maximal oxygen consump-
tion per kilogram) shown to have independent
effects on the components of MS (Wareham et
al. 1998). To prevent increasing morbidity and
mortality due to obesity-related type 2 diabetes
mellitus and CVD in developing countries, there
seems to be an urgent need to initiate large scale
community intervention programs focusing on
increased physical activity and healthier food
options (Misra and Khurana 2008). In the World
Health Survey (2002— 2003), data of 212,021
adults from 51 countries, most of which were
from developing countries showed that about
15% of men and 20% of women were at risk for
chronic diseases due to physical inactivity
(Guthold et al. 2008). Among the Asian Indian
immigrants living in U.S (Misra et al. 2005) as
well as those living in Indian (Mohan et al. 2005b)
it was found that physical inactivity was highly
associated with CVD risk phenotypes.

Several longitudinal studies in recent times
had shown significant association of physical
activity, lifestyle and dietary changes on cardi-
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ometabolic risk. In a recent study on a pooled
data from 16 cohort studies from the USA and
Europe it was found that risk of cardiometabolic
multi-morbidity increased as BMI increased. The
increase was double in overweight people to
more than ten times in severely obese people as
compared with individual with a healthy BMI
(Kivimaki et al. 2017). In a Canadian longitudinal
study adulthood overweight and obesity were
found to be highly associated with childhood
and life course determinants including child-
hood weight status (Barakat-Haddad et al. 2017).

The present study is by far the first longitu-
dinal study on a tribal population from India fo-
cusing cardio-metabolic risks factors. It indi-
cates that rapid changes in lifestyle significant-
ly affect the cardiovascular health even in tribal
populations like the Toto. However, the major
limitation of the present investigation was that
the study was performed on a small sample size
and therefore it is imperative to study other eth-
nic groups to see if the trend observed also ex-
ists among them. Moreover, longitudinal stud-
ies involving rural-urban cohort would be more
interesting to examine the stability of conven-
tional CVD risk factors with the passage of time
among the people of Indian origin.

CONCLUSION

The rapid change in lifestyle in recent years
have had adversely affected the cardiovascular
health not only among the older but the young-
er population as well. This when coupled with
genetic/ethnic predisposition, resulting cardio-
metabolic disorder at a much earlier age among
the people of Indian origin (including traditional
societies, like the Toto).

RECOMMENDATIONS

Their seems to be an urgent need of a com-
prehensive risk stratification protocol at the na-
tional level (keeping in mind the cultural hetero-
geneity among the people of South Asian ori-
gins) for the successful management of cardio-
vascular disease risk in this part of the world.
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