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ABSTRACT In this study, the researchers made an attempt to study the effect of endogamy and residence on the
prevalence of metabolic syndrome (MS) and its components and also investigated the predictors of MS involving
Reddy and Madiga subjects of urban and rural areas. Anthropometric measurements and blood pressure were
recorded. Glucose and lipid parameters were estimated and the prevalence of MS was estimated. Prevalence of MS
was not different between Reddy and Madiga in urban and rural areas but was significantly higher in urban than rural
Madiga (p<0.05). Prevalence of high waist circumference (WC) and high blood pressure was significantly higher in
Reddy than Madiga in urban and rural areas. High triglycerides and high blood pressure were significantly higher in
urban than rural Madiga (p<0.01). Two way analysis of variance showed significant effect of endogamy and
residence on WC, triglycerides and blood pressure. Body mass index and total cholesterol were found to be the
common predictors of MS in both endogamous and residence groups.

INTRODUCTION

Collective group of risk factors such as ele-
vated blood pressure, dyslipidemia, central obe-
sity and impaired fasting glucose is known as
metabolic syndrome (M S) (Chinawaleet d. 2018).
Reported prevalence of M Swasthirty-four per-
centin USA (Mooreet al. 2017); 24.3 percent in
Europe (Scuteri et al. 2015) and 11.9-37.1 percent
inAsa-Pacific countries (Ranasingheet a. 2017).
The prevalence of MS was reported to be 34.8-
52.5 percent in Asian migrants (Savadatti et al.
2018), 18-50 percent in urban and 9-12 percentin
rura populationsof India(Deedwaniaet a. 2014).
A five-fold and two-fold increased risk of type 2
diabetes and cardiovascular disease was ob-
served in those suffering from metabolic syn-
drome and also increases the risk of all causes
of mortality (Bhagat et al. 2017; Harikrishnan et
al. 2018). Disease transition from infectious to
non-communicabl e diseases, increased life ex-
pectancy, increasing growth of population, un-
planned urbanization, rural to urban migration
and the consequent sedentary life and changed
dietary intake were shown to increase the prev-
alence of MS (Ranasingheet al. 2017). Diagno-
sisof MSwill help for assessment of cardiovas-
cular health of the population and the devel op-
ment and evaluation of intervention to control

the rising burden of non-communicable diseas-
es(Harikrishnan et al. 2018).

Majority of the studieson MSin Indiawere
conducted in aggregated social groups as gen-
eral population without much emphasis on en-
dogamous populations (Sarkar et al. 2005, 2006).
Indian population is distributed into different
religious, tribal and caste groups. These social
groups follow strict endogamy. Endogamy was
shown to influence homozygosity and diseases
(Bittles 2015) and provide ideal framework to
study the effect of environment in increasing the
susceptibility to the diseases. Higher prevalence
of diabetes, hypertension andischemic heart dis-
ease were reported in endogamous popul ations
of India (Bawaskar et a. 2015). Studies on the
prevalence of MSin endogamous popul ations of
Indiaare sparse (Sarkar et a. 2005, 2006; Guptaet
al. 2005; Lokanath et . 2014; Kandpd et a. 2016;
Ismail et al. 2016; Sinhaet al. 2016; Bandelaet a.
2017). Thetwo endogamous popul ations namely
Reddy and Madiga were selected for the present
study belonging to urban and rura areas. If MS
prevalence and its components are different be-
tween two endogamous populations then it is
assumed that endogamy is associated with the
prevalence of MS and its components. If envi-
ronmental factors play animportant role, popu-
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lations of Reddy and Madiga of rural areashould
show low prevalence of M S and its components
than their urban counterparts (Sarkar et al. 2005,
2006). Therefore, in this preliminary study, the
researchers have investigated the association
of endogamy and residence with prevalence of
MS and its components in two endogamous
populations.

METHODOLOGY

One hundred and fifty subjects each (Male:
75 and Female: 75) from urban and rural areas
belonging to the Reddy and the Madiga caste
populations participated in the study. Urban
samples were recruited from Tirupati town of
AndhraPradesh state and the rural samplesfrom
fivevillagesviz., Ramapuram, Nadimuru, Digu-
vaRamapuram, Diguva Ramapuram Harijanawa-
da, Kampalli Harijanawada of Ramachandra-
puram of Chittoor district of Andhra Pradesh.
After explaining the study objectives and clari-
fication of details, the consent of subjects was
obtained and the procedures followed were in
accordanceto the Helsinki Declaration 1975 and
as revised in 2000. Data on age enquired and
weredocumented. Height, weight, waist, hip cir-
cumferences(Lohman et al. 1988) and blood pres-
surewere measured. Body massindex was cal-
culated using theformulaof weight (Kg)/height
(m?). Venous blood sampleswere drawn after 12
hours of fasting. Plasma glucose, total choles-
terol, triglycerides and high density lipoprotein
cholesterol were estimated using enzymatic kits
of Dr. Reddy’s L aboratories on Spectrophotom-
eter (ELCO, model SL 159) following therecom-
mendations of the manufacturer. Low density
lipoprotein cholesterol was calculated using
Friedewald et a. (1972) formula

Metabolic syndrome was defined if three or
more risk factors of the following are present:
waist circumference (>90 cm: men and >80 cm:
women); triglycerides (>150mg/dl); low HDL-C
(<40: men and <50mg/dl: women); blood pres-
sure (systolic blood pressure >130 or diastolic
blood pressure > 85 mmHg) and fasting plasma
glucose (>100 mg/dl) (modified ATPIII/ID).

Satistical Analysis
Data were analyzed using SPSS version 20

Chicago, Inc. Categorical variablesare present-
ed in proportions and compared by Chi-square

and Fisher’s exact test. Association between
dependent variable MS and independent vari-
ables was examined employing logistic regres-
sion analysis. Two way analysisof variance was
done to investigate the interaction of endoga-
my and residence and also to find differencein
the variance of variables used as components
of MS.

RESULTS

Prevalence of M Swas 16.66 percent and 22.66
percent in rural and urban Reddy, whereasit was
13.33 percent and 23.33 percent in rural and ur-
ban Madiga populations respectively. Preva-
lence of MS was not significantly different be-
tween Reddy and Madiga castesin urban (22.66
vs23.33%) and rural areas (16.66 vs 13.33%). In
both caste populations, prevalence of MS was
higher in urban than rural populations (Reddy:
22.66 vs 16.66%) but significant only in Madiga
population (23.33 vs 13.33%, p<0.05).

In both endogamous and residence groups,
low HDL cholesterol was found to be the pre-
dominant MS component (Table 1). Significant-
ly higher prevalence of high waist circumference
(25.33vs 13.33%, p<0.01) in Reddy when com-
pared to Madiga was observed in urban area.
Comparison of prevalence of componentsof MS
between Reddy and Madigain rural areashowed
higher prevalence of high waist circumference
(22.66 vs 8.66%, p<0.01) and high blood pres-
sure(22.66 vs 13.33%, p<0.05) in theformer than
the later population. No statistically significant
difference in the prevalence of components of
M S was observed between urban and rural Red-
dy population. Significantly higher prevalence of
hightriglycerides (26 vs16.66%, p<0.05) and high
blood pressure (31.33 vs 13.33%, p<0.01) was
observed in urban than rural Madiga (Table 1).

To find out the predictors of MS, logistic
regression analysiswas performed after adjust-
ing age and sex variables among both endoga-
mous populations and residences. For urban
Reddy population, body massindex (BMI) ((Beta
coefficient(B): 0.208, Oddsratio (OR): 1.232, 95%
level of confidence interval (Cl): 1.093-1.388,
p<0.01) and total cholesteral (total-C) (B: 0.028,
OR: 1.029, 95% ClI: 1.007-1.052, p<0.01) were
found to bethe significant predictors of MSand
accounted for 33.4 percent variation in metabol-
ic syndrome as shown by Nagelkerke R?(0.334).
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VariablessuchasBMI (B: 0.307, OR: 1.359, 95%
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Table 2: Predictors of metabolic syndrome by endogamous group and residence

Variable B S.E. Wald 95%ClI P Variable Nagelkerke
value adjusted R?
Urban Reddy
BMI 0.208 0.061 11.619 1.232 1.093-1.388 0.001 Age, gender 0.334
Total cholesterol 0.028 0.011 6.442 1.029 1.007-1.052 0.011
Rural Reddy
BMI 0.307 0.090 11.588 1.359 1.139-1.621 0.001 Age, gender 0.233
Total cholesterol 0.014  0.007 3.809 1.015 1.000-1.029 0.051
Primary education -1.383 0.698 3.922 0.251 0.064-0.986  0.048
Urban Madiga
BMI 0.353 0.087 16.307 1.424 1.199-1.690 0.00 Age, gender  0.556
Total cholesterol 0.029 0.010 9.039 1.030 1.010-1.049 0.003
Rural Madiga
BMI 0.228 0.096 5.622 1.256 1.040-1.517 0.018 Age, gender 0.269

BMI: Body mass index; OR: Odds ratio; P: Probability; OR: Odds ratio; Cl: Confidence Interval

were found to be responsible for MS, resulting
in to the loss of economic activity and health
carecost running into trillions (Saklayen 2018).
About 1/5 of the Asia-Pacific population was
reported to be suffering from M S and the major
reasons attributed wereincreased life expectan-
cy, control of infectious diseases, unplanned
urbani zation and population growth (Ranasing-
heet al. 2017). InIndia, higher prevalenceof MS
was observed in urban than rural areas (Deed-
waniaet al. 2014). Body massindex, age, female
gender, high social status, sedentary life, posi-
tivefamily history of MS, lower education, inad-
equate fruit intake, hypercholesterolemia, gen-
eral obesity, and tobacco chewing were found
to betherisk factorsfor MS (Harikrishnan et al.
2018; Chinawaleet al. 2018; Sharmaet a. 2016;
Chakraborty et a. 2015; Prasad et d. 2012; Sarkar
etal. 2005, 2006).

Of the available studies on MS in endoga-
mous populations in India, Bhutia (30-50 %)
(Sarkar et d. 2005, 2006), Bhatia (42.60%) (Gupta
et al. 2005) and K odavas (60.77 %) (L okanath et
al. 2014), popul ation werefrom urban aress. Prev-
alence of MSin both urban Reddy and Madiga
of the present study was lower than Bhutia,
Bhatia and Kodava populations. Bhutia (27.6-
52.6%), Toto (3.80-8.70%) (Sarkar et al. 2005,
2006), Rang Bhotia (39.2%) (Kandpd et d. 2016),
Sugdli (21.8%) (Bandelaet a. 2017) and tribes of
Kannur (28.3%) (Ismail et a. 2016) endogamous
populations were from rural areas had shown
the prevalence of MS. The prevalence of MSin
both Reddy and Madiga of rura areas in the
present study was lower than Bhutia, Kodavas,
Rang Bhotia and Sugali populations but higher

than Toto population. Difference in the preva-
lence may be dueto the use of different criteria
for defining MSby the earlier studies (Sarkar et
al. 2005, 2006; Ismail et al. 2016) or differencein
the cultural factors (Bandelaet al. 2017; Kand-
pal eta. 2016; Lokanath et al. 2014). No signifi-
cant differencein the prevalence of M Swas ob-
served between two caste populations studied
in the present study and is in agreement with
earlier study (Sinhaet al. 2016).

Higher prevalence of MS was observed in
both caste population in urban areas than rural
areas of the present study may be dueto altered
life style changes such as nutritional imbalance,
physical inactivity, stress, increased consump-
tion of tobacco and alcohol (Shalini et al. 2013).
In both caste populations, higher preval ence of
MS was observed in female when compared to
mal e subjectsin both urban (Reddy: 32 vs 13%,
p<0.01; Madiga: 32 vs 15%, p<0.05) and rural
(Reddy: 23 vs 11%, p<0.05; Madiga: 21 vs 5%,
p<0.01) areas (Table 1). Higher prevalence of
metabolic syndrome was also observed in wom-
en of general populationin earlier studies (Mab-
ry et a. 2010; Jesmin et al. 2012; Prasad et a.
2012). The higher prevalence of MSinwomen
than in men is due to the application of strin-
gent cut-offs of waist circumference, HDL and
metabolic changes associated with menopause
(Prasad et al. 2012).

Reddy showed higher prevalence of high
wai st circumference than Madigain urban area.
Reddy also showed high waist circumference
and high blood pressurein rural areasthan Ma-
diga. Higher prevalenceof hightriglyceridesand
high blood pressure in urban than rural Madiga



ASSOCIATION OF ENDOGAMY AND RESIDENCE WITH METABOLIC SYNDROME 45

was observed. Two way analysis of variance
was performed to investigate the interaction of
endogamy and residence and also to find signif-
icant difference of endogamous and residence
groupsin variables used as components of M S.
No significant interaction of endogamy and res-
idence was observed in the components of MS.
Significant differenceinwai st circumference, trig-
lycerides and diastolic blood pressure (p<0.01)
was observed in endogamous groups. In vari-
ablessuch aswaist circumference, triglycerides
(p<0.05), systolic and diastolic blood pressure
(p<0.01), significant difference was observed
between urban and rural subjects. These obser-
vations suggest that endogamy show the effect
on waist circumference and blood pressure,
whereas, residence show the effect on waist cir-
cumference, triglycerides and blood pressure.

Fasting glucosein rural subjectsand BMI in
urban subjects were found to be predictors of
M Sin endogamous popul ations reported earlier
(Sarkar et al. 2005, 2006). In the present study,
BMI and total-C (p<0.01) in urban Reddy; BMI
(p<0.01), total-C and primary education (p<0.05)
inrural Reddy; BMI and total-C (p<0.01) in ur-
ban Madigaand BMI (p<0.05) in rural Madiga
were found to be the predictors of MS in the
present population.

Significant differencein mean and prevalence
of MS components such aswaist circumference
and blood pressure between two endogamous
populations and also between urban and rural
subjectsin mean and prevalence of MS compo-
nents such as triglycerides and blood pressure
also suggest therole of environment inincreas-
ingtherisk of MS (Sarkar et al. 2005, 2006). Sig-
nificant association of BMI, total-C withMSin-
dicate the role of dietary factors and physical
activity besides urbanization in increasing the
risk of MS. Association of primary education
with M S suggest there is aneed to improve the
literacy levels of people to adapt healthy life
styleto reduce the risk of MS.

CONCLUSON

The researchers’ study showed no signifi-
cant differencein the prevalence of MS between
Reddy and Madiga. In addition to the effect of
residence, endogamy by influencing the com-
ponents of MS, may increase the risk of MS.
These observations also suggest that besides
advocating life style changes, endogamy may

also be taken into consideration before initiat-
ing interventions for MS. Thisis a preliminary
study involving small sample size and studies
with larger sample size may be needed to con-
firm the findings of this study.

RECOMMENDATIONS

To evaluate the effect of endogamy on the
prevalence of MS and its components, large
number of studies in different endogamous
groups needs to be conducted. Screening of
populations will identify the predictors of MS
which help in containing the M S and to reduce
the burden of non-communicable diseases. Sub-
jectswith history of central obesity, lipid abnor-
malities, hyperglycemiaand high blood pressure
should be advised for lifestyle changes and
brought under drug regimen under care of phy-
sicians. General public can be educated by con-
ducting awareness on MS, encouraging physi-
cal activity and promoting balanced diet. Policy
makers can encourage physical activity by bet-
ter urban planning and may also promote good
dietary habits by taxing junk foods and restrict-
ing the media advertisement of junk foods.
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