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ABSTRACT

This study aims to evaluate the association of gedépendent expression of angiotensin convertimayree gene
polymorphism (I/D) with adiposity markers and blopdessure among AoNagas.57AoNagas[Males (n) =26;
Females (n) = 31; Mean Age: 30.56+7.5 and 31.9 #8siding in Delhi were included in this cross
sectionalstudy. Anthropometric measurements anadblpressure were taken using standardized techsique
Adiposity indices viz., BMI, WHR and WHtR were categ. Body fat percentage was assessed by bidelectr
impedance technique using Tanita Body compositiatyzer (T-6360). Venous blood samples were withdrfor
DNA extraction and genotyping of ACE gene (I/D)ypmrphism was established by polymerase chain icract
(PCR). In female participants with DD homozygotsk rof both general and central obesity as depidigdBMlI,
body fat percentage, WC, WHR and WHtR were hidiaer tD heterozygote. Risk of hypertension was fdarize
greater among males with DD homozygote rather tfeanales with DD homozygote. In males, obesity vads n
found to be associated with hypertension in eifbBror ID genotypic variants of ACE. Whereas, in &8 obesity
was significantly and positively correlated withpleytension in both DD and ID genotype. DD homozggoum of
ACE is linked with both obesity and blood pressurefemales and only with blood pressure in maldsis T
genotype-by-gender interaction gives us a facetniderstanding the complex genetic basis of adipasid blood
pressure phenotypes.
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INTRODUCTION

Angiotensin converting enzyme (ACE) is an importaoimponent of Renin-angiotensin system (RAS) which
regulates the function of blood pressure. ACE gandulates the relationship between adiposity anddpressure
leading to increased risk of hypertension and camticular diseasés.

Along with gender differences in physiology, anayoamd behavior, studies of disease-associated itptarg traits
in humans suggests that genetics also plays agbirale in disease risk .The heritability estimadéslisease risks
also differ between males and females. GenotypeHspeffects differ between males and females as be
commonly seen in model organisms. The genetictstre@nd frequency of polymorphisms on autosomesame
in both sexes except the regulatory genome, therefex-specific differences in gene regulatiorheathan gene
content, underlie gender-specific effects on disedsk. Hence, studies that do not consider gesgecific
genotype effects could miss a significant proportid genes contributing to complex disease figecently, some
studies have implicated sex-specificity of ACE g@nbypertension genetics. Significant linkage asdociation of
ACE (I/D) polymorphism and hypertension were obedronly in males in Caucasian populations. Thislccou
partially explain the conflicting results for suah association in a number of previous studieshithvthe subjects
were not stratified according to sex. Thus, th@eission of the ACE I/D polymorphism and blood me® seem to
be gender and ethnicity dependent.
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As such, this study aims to evaluate associatiogeofler-dependent expression of angiotensin cangezhzyme
gene polymorphism (I/D) not only with blood pressbut also with adiposity indicators among AoNadasbably,
this could be the first report on gene associastoiies in this ethnic population which would pa®/isome insight
into the contribution of the gender aspect in #lationship between ACE polymorphism, obesity aydehntension
when such data are sparse in the blooming eréestyie diseases.

MATERIALSAND METHODS

Population sample Fifty seven AoNagas(Males(n)=26;Females(n)= 31;Mdéaye:30.56+7.5 and 31.9 +8.31)
residing in Delhi, India volunteered for the study.

An urban, neo-liberal agglomeration like Delhi tes influx of economic migrants from different padskIindia.

Migrants from the state of Nagaland account foigaiicant part of northeast migrants to Delhi. Thes/AoNagas
are one of the major Naga tribe of Nagaland. Thbxieally belong to the Mongoloid stock and lindigally to the

Tibeto-Burman group. They follow endogamous, pathal, and patrilineal system .Considering theeased risk
of hypertension and obesity in migrant tribal p@pians with rapid nutritional and lifestyle behanabtransition in
the host society, a young group of Aos were apgred@and studied.

Collection of data

Statistics of the Aos residing in Delhi were taksym the tribal Union and Church registry. Purpasé procedure
involved in the research was explained to eachviddal through telephone and those who voluntedred
participate in the study were requested to conteetthysiological Anthropology Laboratory, Univeysitf Delhi
after an overnight fast. Ao individuals with no diating illness or physical deformity and who awmarried
within the Ao Naga tribe were included in the stu@regnant and lactating mothers, offsprings oérittibal
marriages and those individuals who have becomerabar of theAo Naga tribe through adoption werdusbed
from the study.The protocol of the study was reedwand approved by the Institutional Ethical contemsit
University of Delhi, India. Informed written condewas taken from each subject before commencentetiteo
study.

Anthropometric measures Anthropometric measurements including height, weigbaist and hip circumference
were obtained using standardized protocols givewkiner and Lourie (1981). Measurements were conducted by
a trained anthropologist. All the instruments useste calibrated and verified before each assessheight was
taken with the help of anthropometer to the nedlelsitm in the standard arm hanging position. Badight was
measured by using weighing machine to the nearg&sd) with minimum clothing. Waist circumferend®&'C) and
hip circumference (HC) were measured with a flexibteel tape to the nearest 0.1 cm. Body fat peagerwas
recorded by bioelectric-impedance technique usiagith Body composition analyzer (T-6360).

Blood pressure assessment Blood pressure was assessed using standard mepmhwygmomanometer.

Adiposity indices Body mass index (BMI) was calculated as weightgkig)ded by the square of the height?jamd
categorized as underweight(<18.5),normal(18.5-248)d overweight(25.0-29.8jWaist-to-Hip ratio was
calculated by dividing waist circumference by hipcemference. Waist-to-height ratio (WHtR) was caniga as
ratio of waist to height. WHR cutoff points of 0.8hd above for females and 0.90 for males werentake
respectively’WHtR cutoff points were taken at 0'80Abdominal obesity as defined by WC was taken asr@0
for women and 90 cm for méfiCutoff points for fat percentage was taken=a6% for males and:30 % for
females®Based on the seventh report of the Joint Natiomah@ittee on Prevention, Detection, Evaluation and
Treatment of High Blood Pressure (2003),normotaensras defined as less than 120/80 mmHg, prehyéoteas
120-139/80-89 mmHg and hypertensiorza40/90mmHg'®

DNA isolation and genotyping of ACE |/D polymorphism

DNA was extracted from 2 ml venous blood samplésgusalting-out method as given by Miller et al, 898" The
samples were genotyped with the variant of ACE BRRusing New England Biolab (NEB) PCR kit (primér 5
CTG GAG ACC ACT CCC ATC CTT TCT-3' and 5'-GAT GTGE@C ATC AAT TCG TCA GAT-3’ were used to
amplify 287 bp DNA fragment in intron 16). Usingl ggectrophoresis, the PCR products were distifgdsas a
190 bp fragment in the absence and a 490 bp fragimehe presence of the insertion. Genotypes aseribed as
DD-190 bps,ID-490 + 190 bps and 11-490 bps respebti

Statistical analysis

The results are expressed as mean + standard idav{&D). A p value of < 0.05 was considered statdly
significant. The Statistical Package for the So8alences (SPSS version 17.0) was used to andhgzelata.
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Student’s t test was used to compare the meargipdsity measures and blood pressure among DD Rnadiants
of ACE gene. Categorization of adiposity indicatansl hypertension was cross tabulated with respdeb and ID
genotypic variant. Pearson’s correlation (two-tjlevas used to evaluate the strength and direatiofinear
relationship between hypertension and adipositicatdrs according to DD and ID variant.

RESULTS

Table 1 highlights the frequency of the genotypéciants of ACE, viz., homozygous DD, heterozygobDsand
homozygous Il in the population. The frequency &f,DD and Il in males was35.1%, 8.8% and 1.8% retipely.

In females, the frequencies of the genotypic vasiavere 49.1% DD, 5.3% ID with none in the Il gemet. Since
the frequency of Il genotype in females was volds tparticular genotypic variant has been excludedhe
preceding analysis in both the genders.

Table 2 summarizes the basic characteristics optipailation under study showing the mean and stdnelaor of
the studied variables along with the t-value. IHasathe mean value of all the variables except WARItR, SBP
and DBP were higher among the individuals with Dé&nhagtype than the individuals carrying ID genoty@aly
DBP showed statistical significance (p<0.05).Whsyé3D genotype among females showed higher meare il
all the adiposity markers and blood pressure thar genotype. However, no statistical significagould be seen
in any of the studied parameters. |l genotypic arariwvas excluded in the analysis due to shortage rem-
availability of samples with the respective genetyp both the genders.

Table 3 depicts the distribution of adiposity markad blood pressure in relation to DD and ID ggpet Among
males with DD genotype 24% were overweight as caagpéo 8% overweight males with ID genotype. Whsrea
29.0 % overweight females were found in DD genotgply. Central adiposity according to waist circengince
was found among 4% males with ID genotype only. 8d@6genotype males were found to be in non-riskgaty

as compared to 16% ID genotype males. Among femaitts DD genotype,64.5% and 25.8% were in non-risk
category and risk category respectively as comp#wed.7% in risk category among ID females. Accogdio
WHR,20% and 25.8 % were centrally obese in DD maled DD females respectively. Both DD and ID ggpet
males were 4% obese as compared to 41.9% DD a2&03lR obese females according to body fat percentag
According to SBP, 36.0% and 16.0% were prehypeitenand hypertensive among DD males as compared to
12.0% and 8.0% prehypertensive and hypertensiventiles. While, 16.2% and 12.9 % hypertensive and pre
hypertensive females were found among carriersfgenotype only. According to DBP, 20.0% and 36 @éte
prehypertensive among DD males in comparison witly 8.0% ID prehypertensivemales.35.4% and 12.9 é&tew
prehypertensive and hypertensive among DD genofgpwles as compared to 6.5% and 3.22% ID genotype
females respectively. Except the distribution oflemaaccording to waist circumference (p<0.05) th# other
categories of adiposity indicators and blood pressu both the gender in relation to DD and ID ggp@ variants

of ACE were found to be statistically non-signifita

Among females with DD genotype, positive correlatiovere found between DBP with WC, WHR and WHtR.
Amongst ID genotype, SBP was found to be signifigacorrelated with BMI, body fat % and WC,while PBwith
body fat % and WHtR respectively. No statisticagignificant correlations were found in any of thdipmsity
indicators with blood pressure in both the genatyairiants of ACE among males (Table 4).

DISCUSSION

The present study is population-based and exanttigesthnic group of AoNagas residing in the santggphical
area, i.e., Delhi and both parents belonging tostmae ethnic tribe, thereby reducing the poteefifgict that may
arise due to admixture.

We observed that the females of DD genotype haldehignean values in all the studied adiposity ingicaviz.,
BMI, body fat percentage, WC, WHR and WHtR than fdwmmales carrying ID genotype, although the diffier
was statistically non-significant. The mean valoésSBP and DBP was also found to be higher in tivenér
genotype variant than the latter. Thus, DD genotypay reflect greater susceptibility of adult fensal®
hypertension with obesity.

It also seems that allele | is associated both Vaitter body fat percentage and for better use tif facids for
energy generatioh”In a Mongolian population, interaction between thé E DD (deletion/deletion) and ID
polymorphism and BMI has been foutidJimenez et al (2007) and Mehri et al. (2012) alsported strong
associations between the DD genotype and the fismertension in their study populatio®$! ™ The risk allele
DD genotype happens to be playing a favorable wilke respect to adiposity indicators in case of @saih the
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population; however SBP and DBP were found to lgldri among the individuals with DD genotype as camag
to individuals with ID genotype with DBP showingsagnificant difference(p<0.05) between the two ggpic
variants.

Similarly, in different ethnic population it hasdreobserved that the DD genotype of ACE gene wescaded with
essential hypertension. In a study of a Sikh patput by Mastana and Nunn (1997), the frequench ailele of
ACE gene was observed to be greater in hypertessivgcts than in the normotensive subjects, tlyesabgesting
that a variation in or near the ACE gene may cbuts to the development and severity of hypertenSiDas eat
al (2008)found that individuals with DD genotypera/enore likely to have hypertension than individuaith 1D or

Il genotypes among adult Asians in CalcUffiSameeet al (2010) observed that the frequency of DD genotype
was greater than the ID and Il genotypes amongrsmsive cases in KashnfiffTchelougou et al (2015) found the
association of DD genotype with essential hypeitansn the population of Burkina Faso, West AfricBhe
increased risk of hypertension with the D/D genetygpuld be due to the conversion of angiotensio-thie
angiotensin Il and inactivation of a potent vasamit known as bradykinin’® Moreover, angiotensin is a
proinflammatory and pro-oxidant, thereby it causeBular toxicity and apoptosis and studies havenalestrated
that chronic low grade systemic inflammation caedist the future risk of hypertensi§ffAgachan et al (2003)
reported that DD genotype and the D allele of ti@EAgene are strongly associated with hypertensiompared to
healthy individuals, and they confer increased oiskypertensior®”

Sagnelleet al(1999) observed a significant association betwherD allele and hypertension in women of African
descent™ Borah et al (2012) gave evidence that in the Nmrskern state of Assam and Mizoram, India, ACE
polymorphism is linked to isolated systolic hypesi®on. ??In contrast, no association between ACE gene
polymorphism and hypertension were found in DitéBelgian,**Bangladesh populatidft® Italian, “®Hellenic,

27 'Haryana rural populatiof’®and Lebanese populatiéfiNevertheless, a strong association of the | alies
found in an Australian population with familial hsgensior*”Ismail et al (2004) also found association of I/l
genotype with early onset of essential hypertensimong the PakistaniSThese reported discrepancies reflect
ethnic, genetic and geographical variation withia studied population. The negative associationadamay be
due to these differences and possible bias instatgpling or the marker studied could be linkedtteengenes with
which they have an impact on the incidence of higmsion in the population or on any other dise@bés leads to
the importance of studying several polymorphismdifferent ethnic group$*?

In males, risk of central adiposity as depictedwsjist circumference was found among ID individués] as
compared to DD genotype which was statisticallygigant (p<0.05) indicating the association of sitye with the

ID variant only. While, in females 25.8% were califr obese amongst DD genotype individuals as degiby
WC. In female participants with DD homozygote, rafkboth general and central obesity as depicteBMY;, body

fat percentage, WC, WHR and WHtR were higher tHarhéterozygote. Similarly, DD genotype was assediat
with high body fat among Korean ballerif&Vhereas, the risk of hypertension was found to featgr among
males with DD homozygote rather than females with Bomozygote. Morise et al(1994) have shown that ID
polymorphism is strongly associated with increabkbd pressure in male$? The D allele has been associated
with hypertension in some studies in white Amerieend Japanese men but not in wori@mmong Mongolian
peopleACE gene ID+DD genotype was found to be the risktdaof hypertension in mérf!

Table1: Distribution of Ao Naga malesand females accor ding to genotypic variants of ACE gene

Gender Genotype of ACE gene
DD ID 1]

n (%) n (%) | n (%)
Male(n=27) 20(35.1)| 5(8.8)] 1(1.8)
Female (n=31)| 28 (49.1)| 3(5.3) | -
Total (n=57) | 48(84.2)| 8(14) | 1(1.8)

Table 2: Adiposity measuresand blood pressure among DD and 1D variants of ACE gene
Male(n=26) t-value| Female(n=31) t- value
DD ID DD ID
Height (cm) 165.39+1.23 168.52+2.21 1.15P 157.38%0. 160.06+3.54] 0.959 np
Weight (kg) 62.59+1.99 | 68.92+6.94 1.21 56.94+2.5752.13+7.05 | 0.586 n
BMI (kg/m2) | 22.87+0.63 24.56+2.91| 0.900 22.50+0.9820.19+1.87 | 0.909 n
Body fat (%) | 19.29+1.07 19.62+3.97 0.11% 29.00+1.5623.55+6.55 | 0.924 n

WC (cm) 76.53+1.71 77.26%5.67 0.165% 70.02+2.54  @B53769 0.542 ns
WHR 0.85+0.01 0.82+0.03 0.884 0.76+0.01 0.74+0.01 .33Dns
WHIR 0.46+0.01 0.46+0.03 0.103] 0.44+0.01 0.40+0.01 0.721 ns

SBP (mmHg)| 129.47+2.3% 120.40#5.49 1.691 122.25¥2.1115.33+3.71] 0.230 n§
DBP(mmHQ) | 86.21+1.94 78.0+2.75 2.014* 83.06%£1.63 .33%3.71 0.761 ng
ns indicates non-significant
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Table3: Distribution of Ao Naga males and females according to adiposity indicatorsand blood pressure with respect to DD and 1D

genotypes of ACE
Variables Category Males Females
DD ID x?value | DD ID x? value
N (%) N(%) N (%) N(%)

BMI (kg/m?) Underweight 2 (8.0) | - 0.625 7(22.6) | 1(3.2) | 1.337
Normal 12 (48.0)| 3 (12.0) 12(38.7) | 2(6.5)
Overweight 6 (24.0) | 2(8.0) 9 (29.0) -

WC (cm) Risk - 1(4.0) | 4.167* | 8(25.8) | - 1.155
Non-risk 20 (80.0)| 4 (16.0) 20(64.5) | 3(9.7)

WHIR Risk 3 (12.0) | 2(8.0) | 1.563 7(22.6) | - 0.969
Non-risk 17 (68.0)| 3 (12.0) 21(67.7) | 2(6.5)

WHR Risk 5(20.0) | - 1.563 8(25.8) | - 1.155
Non-risk 15 (60.0) | 5 (20.0) 20(64.51)| 3(9.7)

Body Fat (%) | Risk 1 (4.0 1(4.0) | 1.223 13 (41.9)| 1(3.22)| 0.188
Non-risk 19 (76.0)| 4 (16.0) 15 (48.4) | 2 (6.45)

SBP (mmHg) | Normotensive | 7 (28.0) | - 1.648 19(61.3) | 3(9.7) | 1.350
Prehypertensive 9 (36.0) | 3 (12.0) 5(16.2) -
Hypertensive 4(16.0) | 2(8.0) 4 (12.9)

DBP (mmHg) | Normotensive | 6 (24.0) | 3 (12.0)| 3.571 13 (41.9)| - 0.683
Prehypertensive 5 (20.0) | 2 (8.0) 11(35.4) | 2(6.5)
Hypertensive 9(36.0) | - 4 (12.9) | 1(3.22)

*indicates p <0.05

Table4: Correlation of blood pressure and adiposity markersamong DD and ID genotypic variants of ACE

Adiposity markers| Males Females
DD ID DD ID
SBP| DBP| SBP| DBH SBFR DBP SBP DBP
BMI -00 | -14 | -38| .27 .20 .29 1 .94
Body fat % .00 | -03| -47 .22 .15 .20 1* 1x*
e -10 | -.03 | -46| .07 .28 391 .99F .93
WHR -21] -00| -32| -15| .33 431 .99 91
WHIR -06 | -61| -38] .13 31 381 .97 .86%*
*p<0.05
**p<0.01

Cardoso et al (2008) have also reported that thall€e might increase the risk of cardiovasculasedse by
facilitating the development of left ventricular gertension, especially among nf&hrhe mechanism of gender-
specific association with hypertension remains egucl It might be the estrogen playing a protectivle against
hypertension as it acts as negative feedback méesrhan controlling renin secretion and ACE secnetio renin-
angiotensin systeff'Sex differences exist in the regulation of artefegssure and renal function by RAS The
ACE/Angll/AGTR1 pathways in males are enhanced, but females, the balance is shifted towards the
ACE2/Ang(1- 7)/MasR (Mas receptor) and angiotemgie 2 receptor (AT2R) pathwa{fg.

In males, obesity was not found to be associatéidl yipertension in both the genotypic variants @A Whereas,
in females obesity was significantly and positivetyrelated with hypertension in both DD and ID gfgpe. In a
study by Vitor et al (1997), older women with IDrggype of the ACE gene had higher cardiorespirditmgss and
a lower body fat percentad®’

CONCLUSION

Since the samples were drawn from a Mendelian @ajpul with a common gene pool, the results arekahyito be
affected by unmeasured confounding factors of paifmui stratification. The present study providdsaaeline data
among AoNagas. Subsequent population-based research larger population sample would be explicit in
explaining the discrepancy of gender-dependentesgon of ACE polymorphism in the obesity-hyperiems
syndrome.
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