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Abstract

Background: Cardiovascular diseases (CVD) haveeasad worldwide equally burdening
people from different ethnic and socio-economicugo General and regional adiposity
indices are associated with CVD.

Objective: The present study reports prevalenaender nutrition and hypertension, potential
predictors of hypertension and new cutoff values Various disease associated adiposity
markers in six tribal populations inhabiting difet states in India.

Methods: Cross sectional sample of 910 adult madesl 46.98 ¥7.17 years was studied.
Anthropometric measurement (height, body weight,dybocircumferences, skinfold
thicknesses), blood pressure and socio-demographi@cteristics were ascertained. General
and regional adiposity indices, muscle diameter fatd% were derived. Descriptive,
multivariate regression analyses were performeadeRer operating characteristics (ROC)
was used to determine optimal cutoffs values.

Results: Underweight (45.3%) and hypertension f@gsblood pressure (SBP) - 15.2%,
Diastolic blood pressure (DBP)-25.5%)] co-exist @asing the morbidity of the population.
General adiposity measures were better predictongpertension. Body mass index (BMI),
fat% (negatively associated), age and mid upper @roumference (positively associated)
were independent risk factor for hypertension. @uall reported cut offs, the new BMI
cutoff values (20.12 kg/frand 18.98 kg/R) and for mid upper arm circumference (MUAC)
(21.44cm and 21.95cm) for predicting SBP and DBs$peetively corresponding nearly to
earlier reported standards by World health Orgaitizg WHO).

Conclusion: The inverse association of generalcsdip markers with blood pressure among
the present subjects indicates that CVD is not pngvalent among the affluents but is also
affecting the socio-economically and nutritionalfeprived groups. Population specific
cutoffs for the anthropometric markers are needddentify individuals with different body

compositions at risk. Long term treatment expersseb health burden further depletes the
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limited economic resources of these vulnerable ggatreating a vicious cycle of CVD and

undernutrition.
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Introduction

Cardiovascular disease (CVD) is a primary causenoftality worldwide. India is facing
epidemic of CVD with estimated 3 million deaths pear (WHO, 2005ffecting both urban
(Reddy et al., 2005) and rural adult populatiorsfiiet al., 2006). It is expected that by 2025

Deleted: General and regional adiposity indices
are associated with CVD, and

cut off values of BMI above which there is increh$&V/D risk (Lin et al., 2002;Wildman et

al., 2005). Increased abdominal fat accumulatiosessed by waist circumference (WC),

waist-to-hip ratio (WHR), waist-to-height ratio (WR) has been extensively documented as

Deleted: increased abdominal fat accumulation is
an independent risk factor (Ducimetiere et al.,8)9:
The association of high blood pressure with waist
circumference (WC), waist-to-hip ratio (WHR),
waist-to-height ratio (WHtR)used as surrogates far
body fat centralization, has been extensively
documented across different ethnic groups (Ho. gt
2001; Kawad, 2002; Hsieh et al., 2005).

independent risk factor across different ethnicugeo(Ducimetiere et al., 1986; Ho et al.,

population specific (Mungreiphy et al., 2010) ipoged as more important determinant of
CVD than body mass index (BMI) (Pi-Sunyer, 2000).
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Asian Indians have higher fat% and central adigodéspite their lean BMI and tends to
develop chronic diseases at a lower BMI comparedhite populations (Tuan et al., 2009;
Wang et al.,, 1994). Although WHO has defined BMICWnd WHR cutoff points for
different ethnic population®@/HO, 1998), these cannot be readily applied tgpafulations
(Okosun et al., 2000). Mean BMI of healthy Indiassnuch lower than WHO international
cutoff (25kg/nf) leading to new BMI cutoffs (23kg/nfor Asians. But these Asians do not
truly represent the variability in a country likedia due to its multi-caste and multi-cultural
composition. Anthropometric cutoffs are needed dentify health risks associated with
different body compositions (WHO, 2004).

Current health and demographic transition in Iridia led to multiple chronic disease risks of
dual nutrition burden and hypertension. Lower ineogroups and traditional societies

undergoing socio-economic and nutrition transitiare at higher risk. Prevalence of
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which CVD risk increasegg.in et al., 2002; Wildma
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hypertension has increased in traditional poputationdergoing modernization (Kapoor et
al., 2010) and undernutrition has been reportea sk factor (Longo-Mbenza et al., 2007).
The prevalence of malnutrition is on rise, and CW&ng an important cause of morbidity
and mortality, its risk factors and their measuretaevarrant further study among high risk

population. Several studies have determined peecal and risk factors of hypertension in



urban areas, slums and villages however not mamg heported the disease risk in Tribal

groups which constitute about 8 % of Indian popata{Census of Indi2001).

The published literature assessing the multiplpagity measures and hypertension in multi-
tribal population of India is meager. In the prassiudy we assessed the associations of
regional and general adiposity measures to hypgdenisk and to determine optimal cutoff
values using receiver operating characteristic (R@galysis for various anthropometric
indices as predictors of hypertension, among achaltes of different tribal population in

India.
Methods

Indian mainland comprises numerous socio-culturdibginct caste groups, ethnic and tribal
communities. Tribal people inhabit various ecolagjiand geo-climatic conditions ranging
from plains, forest, hills and less accessible sarBairing 1999-2001, cross sectional sample
of 910 adult males aged 46.98 #17 years was studied from six tribal population
inhabiting different villages — CarNicobarese (Nieo Islands), Saharia (MadhyaPradesh),
Tadvi (Gujarat), Bhotias (Uttarakhand), Minas (R#jan) and DesiaKhond (Orissa). Age
was recalled among elderly. All groups belongedotger socio-economic scale, had low
literacy level and traditionally high consumptiohadcohol and beetle leaves. They lived in
traditional mud houses with no toilets and useddpaevell or hand pumps as source of water
supply. All, but Car-Nicobarese had nuclear farsiliaVhile all others were mainly
agriculturalists, semi-skilled laborers, Bhotiasidawed semi-nomadism and transhumance
and practiced some trading. Car-Nicobarese werelyn&iorticulturist, but also practiced
animal rearing, hunting, fishing and practiced dartvith neighboring communities.
Availability and accessibility of PHC varied acratifferent villages studied. All of them had
high physical activity levels either due to theicopation or geographical locations.

Study purpose was explained to all volunteers leeeeking their written consent. The study

lifestyle using a pretested proforma. Anthroponeetrieasurement (height, body weight,
body circumferences, skinfold thicknesses) wereenaby trained anthropologist using
standard procedures (Weiner & Lourie, 1969). Heightdy weight, circumferences
(minimum waist, maximum hip. mid upperarm), skifothicknesses (biceps, triceps,

subscapular, suprailiac and calf posterior) weceneded to the nearest 0.1cm, 0.5kg, 0.1cm
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and 0.2mm respectively. Body circumferences werasmed using flexible steel tape while
skinfold thicknesses by using Harpenden skinfoliibea which exerted a constant pressure
of 10gm/mn3 on the contact surface.

Blood pressure (systolic and diastolic phase V ofdoff) were measured twice in the right
arm in sitting position, at an interval of b5minytesising a standard mercury
sphygmomanometer and stethoscope. Subjects wered ask take rest before taking
measurements on them. Body mass index (BMI) waspated as weight (kg)/ height
(m?).Waist hip ratio (WHR) and waist height ration (WA} was calculated. Grand mean
thickness (GMT) was calculated as mean of the skinthicknesses taken over different
sites. Durnin’s age specific equations (1974) wesed to calculate the body density which

was in turn was used in Siri's equation (1961 )etteidnine the total body fat.

Body fat % = (4.95/D - 4.50) x 100.
Adult BMI of <185 kg/nf has been used to diagnose chronic energy defici€BED)  Deleted: - )

(WHO, 2003; Shetty et al., 1994). As CED represemtgernutrition, in the present study
CED | (17.00 - 18.49 kg/fip, 11 (16.00 - 16.99 kg/R) and Il (<15.99 kg/rf) categories have

been clubbed together as undernourished. Hypeotengas defined according to the VII

report of the joint National Committee (JNC, 2003he normal blood pressure was taken as
<120mmHg (Systolic) and <80mmHg (Diastolic). Subjeeith blood pressure value of 120-
139 mmHg (Systolic) and 80-89mmHg (Diastolic) werdegorized as pre-hypertensives

and those with blood pressure value above 140mnsygtdlic) and above 90 mmHg

(Diastolic) were classified as hypertensiyes.. Deleted: Diagnostic criteria for hypertension
- (INC, 2003) and BMI based classification (WHO,
2003) for undernutrition and the formula used are
summarized in Appendix

Statistical analysis

Data was analyzed for each tribe separately and ¢bmbined. Results are presented as the
mean_§D, or percentage, where appropriate. Pearson’sairre was used to test the
difference in proportions. Analysis of variance (BMA) and post hoc tests were used to test
mean differences in variables, between differeiibatr groups. Pearson’s correlation
coefficient(r) was calculated for measures of blgodssure, anthropometric variables and
indices. Univariate and multivariate regression eledvere fitted to identify the independent

risk factors.

ROC analysis which evaluates accuracy of a diagntestt was used to find out the optimal

cut-off values for various anthropometric variabtesl indices and the overall performance



of ROC test was quantified by computing area urnidercurve (AUC). In the context of the
present study, this diagnostic accuracy referfi¢cability of the anthropometric variables to
discriminate between hypertensive and normotensivtvidual cutoffs were defined as that
point on the curve where the sum of sensitivity apdcificity was highest. All statistical
inference was based on 95% confidence interval §6¢) 5% p values. Data was analyzed
using PASW (version 18.0,Chicago, IL, USA).

Results

Table 1 summarizes basic characteristics of subjeBNOVA suggested significant
differences between the groups for various anthregidc and physiological variables.
Mean BMI showed that Tadvis, DesiaKhond and Minaseaundernourished while Saharias,
Car-Nicobarese and Bhotias were marginally nornmirished. GMT and fat % showed
greater variation between the groups. Fig. 1 shiolve wise prevalence of under nutrition
and hypertension. The overall prevalence of undigiwavas 45.3% and overweight was 2%.
As per systolic blood pressure (SBP), 66.9 % and6Pb and as per diastolic blood pressure
(DBP), 53.6% and 25.4% subjects were categorizegradypertensive and hypertensive
respectively. Considering SBP, 62.8% of underwegliijects were at risk of hypertension
and 17.96% were hypertensive while DBP discerne® 7% and 33.5% of underweight
subjects to be pre-hypertensive and hypertensisgergively. Prevalence of under nutrition

and hypertension increased with age (data not shown



Table 1: Basic data of subjects from differentesb

Tribe Age Height Weight BMI GMT Fat% MUAC Triceps WC WHR  WhtR SBP DBP
SFT
n Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
Car Nicobarese 165 52.18 158.72 55.3 21.98 5.60 9.57 25.73 4,70 70.19 0.86 0.44 126.3 83.43
(16.86) (4.10) (3.41) (1.48) (0.61) (1.86) (0.86) (0.60) (2.60) (0.04) (0.02) 8.14) (6.61)
Tadavi 91 41.87 158.39 4559 18.13 6.31 11.48 23.64 3.80 67.98 0.87 0.43 123.9 81.44
(17.82) (5.74) (9.39) (3.52) (2.19) (4.34) (2.53) (2.87) (5.32) (0.05) (0.04) (8.44) (6.49)
Bhotia 182 52.87 159.14 49.38 19.48 7.03 14.37 24.62 6.40 73.58 0.88 0.46 129.37 85.99
(16.37) (3.30) (4.50) (1.52) (1.47) (4.23) (2.44) (1.68) (3.95 (.05) (0.02) (13.89) (8.64)
Desia Khond 144 51.11 158.71 44 .4 17.63 4,11 5.37 20.68 3.56 65.53 0.87 041 127.93 88.35
(16.56) (1.96) (2.41) (0.95) (0.97) (2.21) (1.22) (0.44) (2.25) (0.03) (0.01) (9.87) (8.55)
Minas 160 49.13 159.85 4475 17.55 5.70 10.58 23.11 4.49 67.61 0.85 0.42 130.02 85.01
(15.59) (5.18) (4.76) (2.06) (1.09) (3.22) (1.83) (1.57) (5.78) (0.08) (0.04) (13.23) (10.75)
Saharia 168 32.72 165.02 52.05 19.11 8.29 13.80 22.72 6.62 69.55 0.85 0.42 120.32 79.68
(19.11) (6.17) (7.49) (2.56) (3.18) (5.10) (2.74) (2.78) (5.95) (0.04) (0.04) (11.55) (8.53)
All 910 46.99 160.13 48.96 19.10 6.24 11.01 23.48 5.09 69.34 0.86 0.43 126.48 84.10
(17.17) (5.14) (6.84) (2.57) (2.22) (4.76) (2.59) (2.18) (5.20) (0.05) (0.03) (11.83) (8.95)
F 4195 48.84 100.17 103.22 99.0f 12366 111.29 77.16 60.1F 8.96 58.27 16.80 20.4F




Fig 1. Prevelance of Undernutrition and HypertensioAdult males of different tribes
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To check whether these tribes were in CED or wetaadly lean ie having less fat % but
relatively higher muscle mass, than other groupes,celculated the muscle diameter using
mid upper arm circumference formula (Osborne etl&59). This value was corrected for fat
content by subtracting bicep and triceps skinfélitknesses. Mean muscle mass for all 6
tribe was significantly different p<0.001 (ANOVARost hoc analysis revealed that mean
muscle mass of Saharia, Tadvis and Minas weretatstically different, hence the 3 tribes
were combined for further analysis. Bhotia, Cardidarese and DesiaKhond were taken
separately, thus comparing 4 groups of relativelydr, medium and higher muscle mass.
Table 2 shows arm diameter, muscle diameter[cadéctgeneral and regional adiposity
measures, and hypertension levels in these grdupsvealedthat the corrected muscle
diameter decreased with lowering of general adiposieasures from group 1 to 4.
DesiaKhondhad nearly 5% body fat which is just bare minimum famtan survival. The
size of the muscle mass is an indirect indicatgorofein reserve. Possibly further nutritional
stress may lead to protein dependent muscle depleéindering them lower muscle mass.

Group 3 also does not have a lean BMI as their leumass as well as GMT is low.



Table 2: Arm diameter, muscle diameter, general @gional adiposity markers among

different ethnic groups

\ Group 1 Group 2 Group 3 Group 4
(Car Nicobarese) (Bhatia) (Saharia,Mina,Tadvi) (Desia Khond)
Mean SD Mean SD Mean SD Mean SD
MUAC 25.73 0.86 24.62 2.44 23.0 2.39 20.68 1.22
Arm Diameter 8.19 0.27 7.84 0.78 7.34 0.76 6.58 0.38
Muscle diameter 7.77 0.27 7.32 0.68 6.77 0.75 6.26 0.38
(Corrected)
BMI 21.98 1.49 19.48 1.52 18.30 2.72 17.62 0.95
GMT 5.60 0.61 7.03 1.47 6.87 3.63 4.10 0.97
Triceps SKFT 4.71 0.61 6.40 1.68 5.21 2.70 3.56 0.44
Fat % 9.57 1.86 14.37 4.23 12.06 4.53 5.37 221
wcC 70.19 2.60 73.58 3.95 68.46 5.81 65.5 2.25
WHR 0.86 0.04 0.88 0.05 0.85 0.6 0.87 0.3
WHtR 0.44 0.02 0.46 0.03 0.42 0.3 0.41 0.1
SBP Prehypertensive %) 80.6 714 75.8 70.1
Hypertensive (%) 9.7 17.6 13.8 17.4
DBP Prehypertensive (%) 66.1 60.4 63.1 45.8
Hypertensive (%) 15.8 26.9 21.6 50.7

Correlation and linear regression model for bloogspure and anthropometric parameters are
presented in Table 3. The anthropometric variasihesved a significant correlation with SBP
and DBP. Blood pressure (SBP and DBP) showed gignif negative association with BMI,
GMT, triceps skinfold thickness and positive asatioh with WHR, WHtR and age. DBP
also correlated negatively with fat%. There wasnificant association between all
anthropometric indices except WHR as shown by the adjusted partial correlation
coefficients (data not shown). Simple linear regi@s models were run using SBP and DBP
as a dependent variable and age and all anthroporpatameters as predictor variables and

the regression coefficients with 95% confidencerivel are presented in Table 3.



Table 3: Simple linear regression of blood pressurdifferent adiposity markers

DBP
B value B 95% ClI r p B value B 95% ClI r p
Lower Upper
Lower Upper
BMI -0.319 -0.069 -0.618 -0.019 -0.069 0.037 -0.477 -0.137 -0.703 -0.252 -0.137 0.00f
GMT -0.746 -0.140 -1.089 -0.403 -0.140 0.00? -0.866 -0.215 -1.122 -0.610 -0.215 0.00f
Fat % -0.071 -0.029 -0.233 0.091 -0.029 0.387 -0.226 -0.120 -0.348 -0.104 -0.120 0.00f
MUAC 0.275 0.060 -0.022 0.572 0.060 0.070 -0.201 -0.058 -0.425 0.024 -0.058 0.080
TSF -0.508 -0.094 -0.860 -0.157 -0.094 0.00% -0.506 -0.123 -0.771 -0.241 -0.123 0.00f
wcC 0.076 0.033 -0.072 0.224 0.033 0.314 0.007 0.004 -0.105 0.119 0.004 0.904
WHR 33.038 0.148 18.702 47.374 0.148 0.00f 31.531 0.187 20.751 42.310 0.187 0.00f
WHtR 41.558 0.122 19.611 63.505 0.122 0.00f 19.289 0.075 2597 35980 0.075 0.024
Age 0.289 0.419 0.248 0.329 0.419 0.00f 0.209 0.400 0.178 0.240 0.400 0.00f

3 < 0.05,°p< 0.01¢ p<0.001



The independent association of anthropometric egligith risk factors was further examined
using age and tribe specific multiple linear regi@s models. Table 4 shows multiple linear
regression coefficients using SBP and DBP as dependariables. Age, BMI, MUAC and
fat% were independent risk factors of SBP and D&ge and tribe adjusted models showed
negative linear association of BMI and fat % witittb SBP and DBP. On an average, each
unit decrease in BMI and fat % was associated @ithand 0.4 unit increase in SBP, 0.5
units and 0.3 unit increase in DBP respectivelyst&8ic blood pressure was positively related
to mid upper arm circumference and the associagomained statistically significant after
adjustment for confounders. The proportion of tagance (R) explained by the base model
of age and tribe was 17%. Subsequently adipasiticators were included in the model, the
difference in the Rfor the base model and the model that includedattiposity indices
indicated the degree to which the adiposity indeplaned an additional proportion of the
variance SBP and DBP as a risk factor. Table 4 shbat age, MUAC and BMI contributed
to 19% of variance in SBP and age, BMI and fat Yared 17.9% of variance in DBP.



Table 4: Multiple linear regressions using systblimod pressure and diastolic blood pressure &paralent variable

SBP DBP
Variables
B i 95% Cl R2 p B i 95% ClI R2 p
Lower Upper Lower Upper
Age 0.322 0.028 0.266 0.378 0.176 0.6010.209 0.402 0.167 0.252 0.160 0.b01
BMI -0.677 -0.147 -1.060 -0.293 0.180 0.601-0.511 -0.146 -0.803 -0.218 0.174  0.B01
Fat % -0.441 -0.177 -0.796 -0.085 - 0.615-0.391 -0.207 -0.662 -0.120 0.179 0.bo5
MUAC 0.903 0.198 0.508 1.299 0.191 0.6010.267 0.077 -0.035 0.569 - 0.083
GMT 0.525 0.099 -0.257 1.306 - 0.188 0.097 0.024 -0.499 0.694 - 0.749
TSF -0.019 -0.003 -0.547 0.509 - 0.944 0362 0.088 4D.0 0.764 - 0.078
wC -0.039 -0.017 -0.232 0.154 - 0.694 -0.022 -0.013 .169 0.125 - 0.768
WHR -15.956  -0.072  -35.307 3.395 - 0.106 0.207 0.001 4.585 14.969 - 0.978
WHtR 24.377 0.072  -16.091 64.846 - 0.237 14527 0.057 6.344 45.399 - 0.356




Table 5 summarizes the AUCs of ROC analyses andftuglues of various anthropometric
indices showing how each adiposity measures prag&tblic and diastolic blood pressure.
An AUC of one indicates perfect separation betwaffiected and non-affected subjects,
while an AUC of 0.5 indicates no discriminative walof test used. Cutoffs for various
anthropometric indices were determined using ROG@lyars, for subjects, whose SBP or
DBP were >120mmHg and >80 mmHg respectively. AUBMI, GMT, fat %, MUAC,
WC and WHR were statistically significant for SBRdaAUCs for BMI and WHtR were
statistically significant for DBP. Considering SB#e optimal cut off values were 20.12
kg/mz for BMI, 3.48mm for GMT, 8.91% for fat, 21.@% for MUAC, 65.65cm for WC, 0.85
for WHR and 0.43 for WHtR. In disparity, for DBPetltutoffs were 20.44 kg/m2 for BMI,
21.95cm for MUAC and 0.42 for WHtR.



Table 5: Cutoff points of anthropometric parameferdypertension in tribal males

SBP DBP
AUC (95% CI) Cutoff p AUC (95% CI) Cutoff p
value value
BMI 0.568 0.529 0.607 20.12 0.00f 0.569 0.532 0.606  18.98 0.00f
GMT 0.452 0.411 0.493 3475 0.0 0.532 0.494 0.570 4.5 0.09
Fat % 0.497 0.457 0.538 8.91 0.89 0.549 0.511 0.587 7.09 0.07°
MUAC 0.568 0.528 0.608 21.45 0.00f 0.566 0.528 0.603 21.95 0.00f
TSF 0.469 0.427 0.510 335 0.12 0.530 0.492 0.568 415 0.14
wcC 0.540 0.499 0.581 65.65 0.04 0.522 0.484 0.560 65.35 0.25
WHR 0.575 0.536 0.614  0.85 0.00f 0.511 0.474 0.549 0.85 0.55
WHtR 0.576 0.537 0.616 0.43 0.00f 0.549 0.512 0.587 042 0.0




Discussion

When most of the world is combating with debacle abdesity, India is struggling to
overcome dual burden of malnutrition and rising Itedurden of CVD at both ends of
nutritional spectrum.

Underweight and hypertension co-exist in the stsa@yple increasing the morbidity of the
population. High prevalence of under nutrition @%) and hypertension (27.5%) in this data
and those reported among urban adults (hyperten3&8%, obesity-39Prasad et al. 2010)
conform to U shaped association of BMI and mostal&hetty et al.. 1994). Earlier studies
have also reported high prevalence of underweigapgor et al., 2009a,b) and prevalence of
hypertension (Kusuma et al., 2004; 2008) amongltpbpulation. The present day challenge
is to combat the dual problem of CED and hypertamgi socio-economically disadvantaged

populations (Kusuma et al., 2004).

Tribes in India are closed isolated groups withditranally distinct culture, beliefs and
practices. Since independence various programmasfeen introduced by the Government
of India for tribal development. With reservatiotiey are getting better jobs and getting
assimilated into the mainstream population. At ené globalisation and industrialization are
influencing lifestyle in big cities while at thelatr end the traditional populations are giving
up their age old occupations. Such a shift is legdd increased biological risks in the entire
population. Although some of tribal groups havedmee more advanced and moved to cities,
study subjects were from the villages living in dreas of hardships. Hypertension, although
common is inadequately detected and treated iral(Rieddy et al., 2005). Situation is more
complex among villagers living in hard to reach giaphical location. The differences in
nutritional status between different tribes can diributed to their SES. DesiaKhond,
Saharias and Tadvis belong to the weakest SESlie@mdn economic hardships often
working as daily wage laborers and supplementieq tiiet by gathering edible roots, leaves
and tubers, fishing in hill stream and water loggeidy fields. Other groups like Car-
Nicobarese are relatively better in terms of th@t and occupation. They consume animal

based product and protein rich diet.

None of the subjects studied were taking antihgmesive medicine. Majority of them were
not aware about their hypertension status but teggorolonged weakness and tiredness.

During our fieldwork among Saharia, subjects alwdgmanded for saline drips which they



understood as the only treatment for all sortslofents pertaining to weakness and lethargy.
Some of them preferred traditional healing systeser asnodern medicine. Accessibility and

acceptability of medical services was also limiteanost of these areas. Hard work to earn
every day meal, poor health awareness, and traditioelief system, hard to reach pockets
limits their knowledge about hypertension. Subjedth severe hypertension were advised to

visit nearest primary health centers.

Measurements of subcutaneous fat among populatibasacterized by a low degree of
fatness may not be a sensitive indicator of nom#i status and growth (Frisancho,
1974).The ability of BMI alone to predict cardioeatar risk has been challenged by many as
it does not distinguish overweight due to excessni@ss or due to excess lean mass. MUAC
is another effective tool for the determinationmélnutrition among adults in developing
countries (James et al., 1994). Direct measurenfenesstimation of body constituents may
not be possible on all individuals in all settingelative measurements and indices are the
best possible alternatives. So, we calculated aemeter and corrected it for biceps and
triceps skinfold thickness in order to see whethjects with such high prevalence of

underweight as per BMI were chronic energy deficmrhad lean BMI.

Our results showed that DesiaKhond suffered CED amdfurther nutritional stress would
cost upon protein depletion depicted as muscleetiepl, reducing the immunity level and
hence may lead to increased blood pressure. Tgnfiss that reduction in general adiposity
measure (BMI, fat% and GMT) below a certain poindétrimental to health and a major risk
factor for hypertension. Prevalence of both SBP BB® dependent hypertension decreased
with increase adiposity measures. BMI itself issayvimportant tool and its utility cannot be
underestimated. A combination of central adipositices and fat distribution profile may
perform well in predicting disease risk associatéth overweight and obesity where the
relative fat content is important; however, in CRbpulation BMI combined with MUAC
and other general adiposity markers can be the lsgihgool to assess the risk of

hypertension.

Several studies have reported associations of tgqeon with various anthropometric,
body-composition measurements and derived indibesyever, it is still controversial
whether absolute (general adiposity) or relativelybdat (central adiposity) is a better
predictor of risk for hypertension (Spiegelmanlet¥92). BMI, WC (Wildman et al., 2005;



Obesity in Asia Collaboration, 2008; Decoda Studpup, 2008), WHR and WHtR were
broadly similar at discrimination of hypertensianAsians (Obesity in Asia Collaboration,
2008; Decoda Study Group, 2008). Others found BMi@-(Amato et al., 2010) or poor
discriminator while WHtR was the best discriminafor hypertension (Lee et al., 2008;
Herrera et al.,, 2009). The present study demoestréhhat conventional risk factors of
hypertension are not same for entire spectrum of. Bie significant negative association of
BMI with SBP and DBP persisted after controlling feotential confounders and other
predictors. MUAC and fat% were also independendlipters of disease risk. Kaufman et al.
(1997) found that BMI <21 kg/fhwas linearly related to BP and emphasized thatitybesr
se is not required for this association to get Mested. Our results favor the use of
combination of anthropometric indices of generapasity over abdominal adiposity markers

in lean, undernourished population for determirtiggertension risk.

The relationship between anthropometric measuremtiral obesity and disease risk varies
with age sex, race and ethnic group (Mungreighgl., 2010). WHO has proposed different
BMI cut off values for Asians due to their beinghagh risk of CVD at low BMI (Mckeigue

et al., 1991). Others have recommended lower valti#8C and WSR for Asians. However
same cut off values are not applicable to all Asigkithough this paper does not attempt any
sort of racial classification however, it is impant to note that the sample constituted groups
from different racial strains (Risley, 1915), diffeg in origin and are homogenous in their
respective marital exchange. Car-Nicobarese betbnige mongoloid, DesiaKhond to
Dravidian stock. The new WHO classification for &s$ does not truly represent all ethnic
groups cohabiting in the region. With this concem have used the international standards

of BMI classification.

In populations, measures of central obesity andadis risk vary at different BMI levels.
Studies have highlighted that the prevalence ofehgmsion increase gradually with
increasing BMI however our results show that inoime of hypertension can increase even
below certain lower value for BMI, GMT and fat%. %) both extremely high and extremely
low value of these adiposity markers can predigteliension. It is important to know what
value of adiposity measures marks the lower cutpoffit to identify high risk individuals
with poor nutritional status. So, we determined théoffs for various general and regional
adiposity markers in the study group. The new BMtoff values were 20.12 and 18.98 for

predicting SBP and DBP respectively, later valuerezsponding nearly to international



standards for undernutritiqhVHO, 2003). Cut off values for MUAC (21.44 and 24 .for
SBP and DBP respectively) were also nearly equalidely accepted value of 22cm (James
et al., 1998). Single cut off for a given indexitalicate central obesity for entire range of
BMI is problematic. We also report present samgleeld cut off values for WC, WHR and
WSR.

It is noteworthy that the present data is not repméative of entire tribal population or the
villages in which the study was conducted as ealtdge was multiethnic with both tribes
and caste groups neighboring each other. The dataainly limited to those men who

worked in agricultural fields as others who workedside the villages went early for work.
Conclusion

Our study reports high prevalence of undernutrittomd hypertension and identified the
potential predictors of hypertension in Indian atibpopulation. Cutoffs values for
hypertension associated adiposity markers have Ipeeposed. The inverse relation of
general adiposity markers with blood pressure m@is that cardiovascular diseases not only
affect the affluent, but also the socio-economjcalhd nutritionally deprived groups. High
prevalence of under nutrition and hypertensionscft health programmes that incorporate
elements of awareness and disease prevention imesiseprivileged populations. Hence,
further studies focusing at both end of nutritipectrum that is, under- and overnutrition are
desired to understand the disparities in CVD riskoss various population. Population
specific cutoffs for the anthropometric markers aeeded to identify individuals with
different body compositions at risk. These shousb &onsider socio-cultural norms of the

target population for effective implementation otritional and health programs.
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Appendix

Anthropometric measur ements

Instrument used

Height (0.1 cm)*

Body weight (0.5 kg)*

Circumferences (minimum waist, maximum hip , mid
upper arm) 0.1 cm*

Skinfold thicknesses (biceps, triceps, subscapular,
suprailliac and calf posterior) 0.2 mm*

Blood pressure (systolic and diastolic phase V of
Korotkoff)

Anthropometer
Weighing scale
Flexible steel tape

Harpenden skinfold caliper exerting constant pressi
10gm/mm? on the contact surface
Measured twice on the right arm in sitting positiah5

minutes interval using mercury sphygmomanometdr an

stethoscope
Indices Formula
Body mass index (BMI) Weight (kg)/height (m2).

Waist hip ratio (WHR)
Waist height ratio (WhtR)
Grand mean thickness
Body Fat percentage
Muscle diameter

Waist circumeference(cm) / Hip circumference(cm)
Waist circumference (cm)/height (cm)

Mean of all skinfold thicknesses (mm)

Fat % = (4.95/D - 4.50) x 100)

{MUAC (cm) / m#} — {biceps (cm)/2} — {triceps

(cm)/2}

Diagnostic criteria

BMI CED Il <15.9 kg/f
CED Il 16.0-16.9 kd/m
CED | 17.0-18.4 kgfm




Hypertension

Underweight _ ¥8.4 kg/m;

Normal 18.5 kgfm24.9 kg/m
Overweight/obese  _25 kg/nf
Systalic

<120 mmHg (Normal)
120-139mmHg (Pre hypertensive)
>140 mmHg (Hypertensive)
Diastolic

<80 mmHg (Normal)

80-89 (Pre hypertensive)
>90mmHg (Hypertensive)




