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(rs4646994) affects body composition in middle-
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Abstract: This study assesses the association between angiotensin converting enzyme (ACE) I/D 
(rs4646994) polymorphism and body composition parameters in essential hypertension (HT) and meno-
pausal status in Slovak women. The entire study sample comprised 575 women in two groups: 255 with HT 
and 320 without. Body composition parameters were measured by bioelectric impedance analyzer and ACE 
I/D polymorphism genotypes were detected by polymerase chain reaction. Premenopausal HT women with 
ACE II genotype had significantly lower body cell mass (p=0.004), extra- and intracellular water (p=0.027; 
p=0.004), fat free mass and muscle mass (p=0.006; P = 0.003), fat free mass index (p=0.006) and body 
cell mass index (p=0.003) than their ID/DD counterparts. These associations were not determined in nor-
motensive and/or postmenopausal women. This study confirmed that ACE I/D gene polymorphism affects 
body composition in HT premenopausal women.
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Introduction

Angiotensin converting enzyme (ACE) is 
a key zinc metalloenzyme in the renin an-
giotensin system (RAS) which converts 
angiotensin I (Ang I) to the angioten-
sin II (Ang II) vasoconstrictor molecule 
involved in controling fluid electrolyte 
balance and systemic blood pressure 

(Salem and Batzer 2009). Similarly, 
body fat and body weight can be raised 
or lowered by stimulating or inhibiting 
Ang II production. This suggests a possi-
ble link between ACE, hypertension and 
obesity (Wang and Staessen 2000). The 
ACE gene is located on the long arm of 
chromosome 17 (17q23.3). Rigat et al. 
(1990) first described the ACE gene poly-
morphism characterized by the presence 
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(I) or absence (D) of a 287 bp Alu repeat 
sequence in intron 16.

ACE I/D polymorphism could also af-
fect the development of obesity and hyper-
tension because these are closely linked 
to cardiovascular risk factors (Chandel, 
Doza and Digvijay 2017). ACE polymor-
phisms were found to be associated with 
body weight, body mass index (BMI), 
overweight and obesity in white, black 
and Chinese subjects (Riera-Fortuny et 
al. 2005; Bordoni et al. 2017) and the ACE 
DD genotype was associated with body 
weight gain and adiposity in middle-aged 
men (Strazzullo et al. 2003) and higher 
abdominal adiposity (Riera-Fortuny et al. 
2005) and with greater amounts of sub-
cutaneous fat in adolescent females (Mo-
ran et al. 2005). However, a controversial 
study indicates that it is not- the DD- but 
the II-genotype which is related to the 
prevalence of obesity (Bienertova-Vasku 
et al. 2009). The varying associations of 
the ACE I/D polymorphism with obesity 
could result from differences in ethnic 
background and subject characteristics 
such as age, gender and disease (Strazzul-
lo et al. 2003). Therefore, we conducted a 
cross-sectional study to identify the asso-
ciation between ACE I/D gene polymor-
phism and body composition in essential 
hypertension incidence in midlife Cauca-
sian women.

Materials and methods
The sample comprised 575 Slovak wom-
en ranging in age from 39 to 65 years. 
Women recovering from acute disorders 
such as cancer, myocardial infarction or 
stroke were excluded from the survey. 
The women were divided into two groups 
on blood pressure status; 255 with es-
sential hypertension and 320 without; as 
diagnosed by WHO criteria. Each partic-

ipant provided written informed consent 
for this study which adhered to the Dec-
laration of Helsinki principles. All wom-
en were interviewed during their reg-
ular check-up by a medical doctor; and 
all anthropometric measurements were 
conducted in the morning after at least 
12 hours fasting. From the entire sam-
ple, 440 women fulfilled study criteria 
and provided blood or saliva samples for 
DNA analysis. Women were divided ac-
cording to their menopausal status into 
pre-, peri- and postmenopausal groups. 
Due to the low number of perimeno-
pausal women, this group was amalgam-
ated with premenopausal women.

Body composition measurements 
were performed using a bioelectric im-
pedance analyzer (BIA 101, Akern S.r.l.) 
at 50 kHz signal frequency and 800μA 
constant excitation current in a four-elec-
trode arrangement. Detailed body com-
position variables were then obtained by 
the two specific measurements of resis-
tance and reactance revealed by Body-
gram programme software (Version 1.21, 
Akern S.r.l).

Resting systolic and diastolic blood 
pressures were obtained after a 5-minute 
rest, with the participant in a semi-recum-
bent position. Incident hypertension was 
defined by SBP ≥ 140 or DBP ≥ 90 mmHg 
at follow-up health examinations or a 
self-report of receiving treatment for 
high BP and/or a physician’s diagnosis of 
hypertension during the follow-up peri-
od (WHO 2013).

DNA was extracted from peripheral 
blood samples, or saliva samples, using 
the SiMax TM Genomic DNA Extraction 
Kit; and the ACE I/D rs4646994 SNP 
variant was detected by polymerase chain 
reaction using the method previously de-
scribed by Dankova et al. (2009). The 
presence of the insertion (I) and deletion 
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(D) alleles on 3% agarose gel provided 
the I allele which formed an uncut PCR 
product of 490 bp and the D allele 190 
bp fragment.

All statistical analyses were performed 
with IBM SPSS for Windows (Statistical 
Package for the Social Science, version 
20.0, Chicago, IL) and statistical signif-
icance was defined as P≤ 0.05. General 
linear models (GLMs) were used to deter-
mine differences in body composition be-
tween HT and non-HT women, with age 
as the covariate. We also used GLMs with 
age, smoking, and regular sport activity 
as covariates to evaluate the relationships 

between ACE I/D polymorphism and 
body composition in HT presence and 
menopausal status in the study subjects. 
The genotype frequencies were tested for 
deviation from the Hardy-Weinberg equi-
librium by chi-square goodness of fit and 
the contingency tables with the chi-square 
independence test were used to analyze 
the differences in genotype distribution in 
the compared groups.

Results
The study participants’ variable bioelec-
tric impedance values, obesity indices, life 

Table 1. Baseline characteristics of the study women

Variable
Total

n=575
Hypertensive women (HT)

255 (44.4%) 
Normotensive women (NT)

320 (55.6%)
Mean±SD0 Mean±SD0 Mean±SD0

Age (y) 49.7±6.2 52.4±6.1a 47.4±5.3
FM (kg) 028.5±11.8 033.5±12.7a 24.6±9.4
FFM (kg) 44.7±4.7 45.8±5.1a 43.8±4.1
BCM (kg) 21.2±2.8 21.8±3.1a 20.7±2.3
BMI (kg/m2) 27.1±5.6 29.5±6.1a 25.1±4.3
WHR 00.8±0.1 00.9±0.1a 00.8±0.1
WHtR 00.5±0.1 00.6±0.1a 00.5±0.1 
SBP (mmHg) 126.3±16.7 134.7±15.7a 119.6±14.3
DBP (mmHg) 079.3±10.2 082.8±10.4a 76.5±9.2

n (%) n (%) n (%)
Smokers

Yes 174 (30.3) 76 (29.8) 98 (30.6)
No 401 (69.7) 179 (70.2) 222 (69.4)

Menopausal status
Premenopause 305 (53.0) 94 (36.9) 211 (65.9)
Postmenopause 270 (47.0) 161 (63.1) 109 (34.1)

Regular sport activity
Yes 67 (11.7) 39 (12.2) 28 (11.0)
No 508 (88.3) 281 (87.8) 227 (89.0)

ACE I/D (rs4646994), n = 440
II 90 (20.5) 45 (50.0) 45 (50.0)
ID 180 (40.9) 96 (53.3) 84 (46.7)
DD 170 (38.6) 102 (60.0) 68 (40.0)

Abbreviations: y – years, FM – fat mass, FFM – fat free mass, BCM – body cell mass, BMI – body mass index, 
WHR – waist to hip ratio, WHtR – waist to height ratio, SBP – systolic blood pressure, DBP – diastolic 
blood pressure, a – Significant difference in the adjusted means for age between HT and NT women.
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style characteristics and the distribution 
and frequency of ACE I/D genotype are 
summarised in Table 1. The HT (hyper-
tensive) and NT (normotensive) wom-
en’s groups differed significantly in their 
mean ages (p<0.001, 47.4±5.29 years; 
and 52.4±6.10 years) and therefore all 
statistical comparisons of the quanti-
tative variables were adjusted for age. 
The mean values of the studied variables 

differed significantly in the compared 
groups even after adjustment for age; 
and our results revealed that HT women 
have statistically significantly more fat 
mass (kg) (FM) and body cell mass (kg) 
(BCM) and less fat free mass (kg) (FFM) 
than NT women (p<0.001). The frequen-
cy of smokers and the practice of regular 
sport activity were almost the same in 
HT and NT women, and the frequency 

Fig. 1. Body composition comparison between ACE II genotype and ACE ID/DD genotype in (a) hyper-
tensive premenopausal women and (b) normotensive premenopausal women. Error bars represent 
standard errors; *p<0.05
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of postmenopausal women was higher in 
the HT women’s group (63.1%) than in 
NT subjects (36.9%). The distribution of 
genotypic polymorphism frequencies in 
the study population fell within the Har-
dy-Weinberg equilibrium in the NT wom-
en’s group (χ2 = 3.613, df = 1, p=0.06), 
but the HT cohort deviated from the Har-
dy–Weinberg equilibrium (χ2 = 6.525, df 
= 1, p=0.011). Herein the ACE genotype 
distribution did not differ in HT and NT 
women (p=0.244). Although the D al-
lele frequency was higher in HT women 
(0.62) than in NT women (0.56), the dif-
ferences were not statistically significant 
(p=0.523); thus indicating no ACE D al-
lele association with HT.

Figure 1 highlights body composi-
tion variable differences between ACE 
II and ID/DD genotype groups in pre-
menopausal HT and NT women. When 
adjusted for age, smoking and sport 
activity covariates, our results showed 
that HT premenopausal women with II 
genotype had significantly lower BCM 
(Mean±S.E.; 20.8±0.4 vs. 22.4±0.3 kg; 
p=0.004), extracellular wat p=P=0.004), 
FFM (44.2±0.7 vs. 47.3±0.6 kg; 
p=0.006), muscle mass (MM) (26.0±0.5 
vs. 28.0±0.4 kg; p=0.003), FFM index 
(44.2±0.7 vs. 47.3±0.6 kg/m2; p=0.006) 
and BCM index (12.7±0.2 vs. 13.6±0.2 
kg/m2; p=0.003) than their ID/DD 
counterparts.

The ACE II HT carriers also had also 
lower FM (29.9±2.3 vs. 34.0±1.7 kg), 
BMI (27.5±1.1 vs. 29.5±0.8 kg/m2) 
and FM index (29.9±2.3 vs. 34.0±1.7 
kg/m2) than ID/DD HT carriers, how-
ever the difference in mean values fell 
just beyond the statistical significance 
level (p=0.054, p=0.073 and p=0.054, 
respectively). Further adjusted analyses 
revealed that NT premenopausal women 
with ACE II genotype had similar body 

composition values to their ACE ID/
DD counterparts, and the differences in 
means were not statistically significant 
(p>0.05). Finally,we compared the body 
composition between ACE II and ACE 
ID/DD postmenopausal women for HT 
incidence (HT postmenopausal women, 
n=157; NT postmenopausal women, n 
= 64) and no significant difference was 
established for any body composition pa-
rameter (p>0.05) (data not shown).

Discussion
Herein, we established that homozygosi-
ty for the human ACE gene I allele, which 
is a marker for low tissue ACE activity, 
is consistently associated with lower BIA 
measured body composition variables in 
hypertensive premenopausal women. To 
the best of our knowledge, this is the first 
study focused on ACE/body composition 
associations in Central European mid-
life women in regard to their menopaus-
al status and presence of hypertension. 
However, Wacker et al. (2008) record-
ed that Delhi resident women with the 
DD homozygote had higher risk of both 
general and central obesity, body fat per-
centage, waist circumference and WHR 
and WHtR than ID heterozygotes. Lima 
et al. (2011) reported that older Brazil-
ian women with a mean age of 66.6 years 
and carrying the D/D genotype presented 
higher appendicular FFM than the I-allele 
carriers. Montgomery et al. (1999) deter-
mined that young I/I genotype carriers 
had greater FFM increase in response 
to training. Bordoni et al. (2017) found 
out that Italian children and adolescents 
with the I/I allele had higher BCM index 
values. The study of Kim et al. (2009), 
however, found no significant differences 
in ACE genotypes in body composition 
in Korean adult women. There, the ab-
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dominal and visceral fat area, and ratio of 
visceral fat area to subcutaneous fat area 
had a high trend in the DD genotype, but 
without significant difference; and impor-
tantly, similar results were determined 
herein where our D carriers had higher 
FM and FM indices, but the difference 
was above 0.05 significance.

In conclusion, an important limitation 
to this study is that some study women 
had prescribed hypertension treatment, 
and this could have affected body com-
position parameters. It is therefore par-
amount that future detailed analysis is 
conducted on greater study sample size; 
and this is particularly pertinent to the 
number of perimenopausal women. De-
spite these limitations, our study results 
contribute to evidence demonstrating 
association between ACE I/D gene poly-
morphism and body composition in hy-
pertensive premenopausal middle-aged 
women. Finally, while our results re-
vealed that ACE II genotype carriers had 
almost all body composition parameters 
lower than D allele carriers, this impact 
was not established in normotensive 
and/or postmenopausal women.

Funding statement

This study was supported by the Scien-
tific Grant Agency (VEGA 1/0247/09, 
VEGA 1/0493/13).

Conflict of Interest

The authors declare that they have no 
conflict of interest.

Author Contributions

DF was involved in the conception, de-
sign, and performance of the study, and 
the writing of the manuscript; LV partic-

ipated in collection of data, analysis and 
interpretation of data, and the writing 
of the manuscript; VCČ participated in 
analysis and interpretation of data; RB 
was responsible for the statistical anal-
ysis, and writing of the manuscript; DS 
was innovator for the project, participat-
ed in the conception, design, data collec-
tion, analysis and interpretation of data, 
performance of the study. All authors 
read and approved the final version of the 
manuscript.

Corresponidng author

Darina Falbová, Department of Anthro-
pology, Faculty of Natural Sciences, 
Comenius University,Mlynska Dolina, 
Ilkovicova 6, 842 15 Bratislava, Slovakia
e-mail: falbova6@uniba.sk

References
Bienertova-Vasku J, Bienert P, Sablikova L, 

Slovackova L, Forejt M, Piskackova Z, et 
al. 2009. Effect of ID ACE gene polymor-
phism on dietary composition and obesi-
ty related anthropometric parameters in 
the Czech adult population. Genes Nutr 
4:207–13.

Bordoni L, Marchegiani F, Piangerelli M, 
Napolioni V, Gabbianelli R. 2017. Obe-
sity-related genetic polymorphisms and 
adiposity indices in a young Italian popu-
lation. IUBMB Life 69(2):98–105.

Chandel S, Doza B, Digvijay K. 2017. Associ-
ation of High Altitude Hypertension with 
Angiotensin Converting Enzyme (ACE) 
Gene Insertion/Deletion Polymorphism. 
UNOAJ 5(1):00155.

Dankova Z, Sivakova D, Luptakova L, Blaz-
icek P. 2009. Association of ACE, (I/D) 
polymorphism with metabolic syndrome 
and hypertension in two ethnic groups in 
Slovakia. Anthropol Anz 67(3):305–316.

Kim K. 2009. Association of angiotensin-con-
verting enzyme insertion/deletion poly-



	 Genetic polymorphism, body composition, ACE	 355

morphism with obesity, cardiovascular 
risk factors and exercise-mediated chang-
es in Korean women. Eur J App Physiol 
105(6):879–87.

Lima RM, Leite TK, Pereira RW, Rabelo HT, 
Roth SM, Oliveira RJ. 2011. ACE and 
ACTN3 Genotypes in Older Women: 
Muscular Phenotypes. Int J Sports Med 
32(1):66–72.

Montgomery H, Clarkson P, Barnard M, Bell 
J, Brynes A, Dollery C, et al. 1999. Angio-
tensin-converting-enzyme gene insertion/
deletion polymorphism and response to 
physical training. Lancet 353: 541–45.

Moran CN, Vassilopoulos C, Tsiokanos A, 
Jamurtas AZ, Bailey ME, Wilson, RH, 
Pitsiladis YP. 2005. Effects of interac-
tion between angiotensin I-converting 
enzyme polymorphisms and lifestyle on 
adiposity in adolescent Greeks. Obes Res 
13(9):1499–1504.

Riera-Fortuny C, Real JT, Chaves FJ, Mo-
rales-Suarez-Varela M, Martinez-Triguero 
ML, Morillas-Arino C, Hernández-Mijar-
es A. 2005. The relation between obesity, 
abdominal fat deposit and the angioten-
sin-converting enzyme gene I/D polymor-
phism and its association with coronary 
heart disease. Int J Obes 29:78–84.

Rigat B, Hubert C, Alhenc-Gelas F, Cambien 
F, Corvol P, Soubrier F. 1990. An inser-

tion-deletion polymorphism in the angio-
tensin-I-converting enzyme gene account-
ing for half the variance of serum enzyme 
levels. J Clin Invest 86(4):1343–46.

Salem AH, Batzer MA. 2009. High frequency 
of the D allele of the angiotensin-convert-
ing enzyme gene in Arabic populations. 
BMC Res Notes 2:99.

Strazzullo P, Iacone R, Iacoviello L, Russo O, 
Barba G, Russo P, et al. 2003. Genetic vari-
ation in the renin-angiotensin system and 
abdominal adiposity in men: the Olivetti 
Prospective Heart Study. Ann of Intern 
Med 138:17–23.

Wacker MJ, Godard MP, McCabe EH, Donnel-
ly JE, Kelly JK. 2008. Sex difference in the 
association of the angiotensin convert-
ing enzyme I/D polymorphism and body 
mass index. Med Sci Monit 14(7):353–57.

Wang JG, Staessen JA. 2000. Genetic poly-
morphisms in the renin-angiotensin 
system: relevance for susceptibility to 
cardiovascular disease. Eur J Pharmacol 
410:289–302.

WHO. 2013. A global brief on Hypertension. 
World Health Organization. Available at: 
https://www.who.int/cardiovascular_dis-
eases/publications/global_brief_hyper-
tension [accessed 10 May 2013].


