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Summary 

Obesity is a serious health problem worldwide and many genes 

have been implicated in determination of obesity, but our 

knowledge of the genes responsible for individual differences in 

weight loss after physical intervention are poor. One of the 

candidate genes is a gene for angiotensin-converting enzyme 

(ACE) ant its insertion/deletion (I/D) polymorphism. We have 

analyzed the association between the ACE gene variant in 

intervened obese females. Twenty four unrelated healthy obese 

(BMI > 29.9 kg/m2, with abdominal type of obesity) 

premenopausal (age between 25 and 45 years) Czech Caucasian 

sedentary and non-diabetic females, pre-selected according the 

ACE I/D polymorphism (twelve II and twelve DD homozygotes) 

were studied in a medical research centre. They underwent 9 

weeks intervention program (combination of the lowering of 

dietary intake to optimal level for the age and 3 times a week 

physical activity at fitness centre). The participants were 

supervised to sustain a heart rate of 65 % of maximum. 

Anthropometrical, biochemical parameters and body composition 

(Bodystat 1500) were analyzed before and after the intervention. 

Our study suggest, that in Czech Caucasian females I/D 

polymorphism within the ACE gene will have no major effect on 

weight loss. Interestingly, we have detected, that in obese 

females II genotype was associated with higher increase in basal 

metabolic rate (202 kcal per day) then in DD homozygotes 

(p<0.05), thus at least under some circumstances, this genetic 

variant may have an slight effect on BMI development. 
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Introduction 
 
 According to the latest surveys, the mean body 
mass index (BMI) in the Czech Caucasian population is 
approximately 27 (Bobak et al. 1999). The elevated body 
weight is a result of the imbalance between energy intake 
and energy expenditure. In most individuals, the decrease 
in BMI can be achieved through dietary changes and 
exercise. Nevertheless, the individual responses to 
lifestyle modification vary between individuals 
(Bouchard 2008). 
 Major factors, which may determine the effect of 
physical activity to BMI values, are the genetic factors. 
One of candidates is the angiotensin-converting enzyme 
(ACE) inhibitor gene and its insertion/deletion (I/D) 
polymorphism. ACE I/D polymorphism might play a role 
in the development of the obesity and the hypertension, 
which are closely linked to cardiovascular risk factors 
(Kitsios et al. 2009). 
 The inconsistent results obtained so far between 
the ACE I/D polymorphism and obesity, the blood 
pressure (BP), cardiovascular risk factors, and the insulin 
resistance may depend on ethnic background, sex or 
present disease of analysed individuals (Strazzullo et al. 
2003). The angiotensin-converting enzyme gene (ACE) is 
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the most frequently investigated gene in the context of 
genetic predispositions to high physical performance. The 
deletion allele of the human ACE gene is associated with 
higher ACE activity than the insertion allele. Previous 
studies have proved the connection between I/D 
polymorphism in the ACE gene and variable muscle 
strength responses to strength training (ST) 
(Charbonneau et al. 2008). ACE II genotype seems to be 
related with improvement in medium duration aerobic 
endurance performance whilst ACE DD genotype has an 
advantage for the performance enhancement in shorter 
duration and higher intensity endurance activities (Cam et 
al. 2008). 
 Further there is evidence that the I allele is 
associated with the improved endurance performance, as 
it was present in higher frequency than expected among 
high-altitude mountaineers (Montgomery et al. 1998) and 
Australian rowers (Gayagay et al. 1998), as well as the 
elite British distance runners (Myerson et al. 1999), 
Spanish (Alvarez et al. 2000), Russian (Nazarov et al. 
2001) and Italian athletes (Scanavini et al. 2002) and 
South African-born triathletes (Collins et al. 2004). An 
opposite effect has been related to the D allele, seems to 
be more common amongst elite power-orientated athletes, 
such as sprinters (Myerson et al. 1999) and short-distance 
swimmers (Woods et al. 2001). 
 The previously reported associations of I and D 
alleles with endurance and sprint performance, 
respectively, have largely related to European and US 
Caucasian populations. On the basis of these reports, we 
assume that the effect of the regular aerobic physical 
activity on BMI changes, body composition changes and 
changes of lipid parameters would be dependent on the 
I/D polymorphism of the ACE gene in the obese 
sedentary women. 
 
Material and Methods 
 
Participant recruitment 
 Twenty four unrelated healthy obese (BMI>29.9 
kg/m2, with abdominal type of obesity) premenopausal 
(age 25-45 years) Czech Caucasian sedentary and non-
diabetic females, pre-selected according to ACE I/D 
polymorphism (twelve II and twelve DD homozygotes) 
were studied in a medical research centre. They signed 
informed consent and agreement to participate in the 
study, approved by the ethics committee. Exclusion 
criteria were: the presence of inflammatory or metabolic 

diseases (thyroid gland disease, any other endocrine 
disorders, autoimmune diseases, any chronic 
inflammation, or neoplastic disease). 
 
Study design 
 The 9-week lifestyle modification program 
aimed to attain a balance between recommended dietary 
energy intake for the appropriate age and controlled 
physical activity. Dietary intervention (comprising a 
weekly, supervised dietary record) was aimed at adjust 
energy intake according to the amount recommended for 
the age (max. 8000 kJ/day, achieved mean was 7200 
kJ/day), together with a decrease in animal fat (Králová 
Lesná et al. 2008) and dietary cholesterol intake 
(Dvořáková-Lorenzová et al. 2006). Participants were 
also encouraged to eat more fruits and vegetables. 
Additionally, the volunteers participated in a supervised 
1-hour training session at a fitness centre 3 times weekly, 
and 3 more sessions per week (cycling, jogging or brisk 
walking) were recommended (at least 1 session was 
performed by all individuals). All these activities 
included an aerobic exercise component; the participants 
were supervised (and advised) to sustain a heart rate of 
125-145 beats (according to age) per minute within 
60 min exercise. The heart rate was continuously 
recorded telemetrically (Sport Tester S 410, RS 400, 
Polar Electro, Oy, Kempele, Finland). 
 
Anthropometric measurements 
 Body weight was measured with an electronic 
weight scale (scaled to the nearest 100 g) which was 
placed horizontally and calibrated before each weighting 
session. Height was measured with a stadiometer to the 
nearest 0.5 cm. Waist (defined as narrowest diameter 
between xiphoid process and iliac crest) and hip (defined 
as widest diameter over the greater trochanters) 
circumferences were measured with the accuracy of 
0.5 cm. The waist-to-hip ratio and BMI were calculated 
from obtained measurements. Diastolic and systolic 
blood pressures were measured after 10 min in a sitting 
position as an average of 3 readings on the right arm with 
an automated blood pressure unit (automated 
sphygmomanometer BP-203 NA, Nippon Colin Co., 
Ltd.). Body composition, basal metabolic rate and 
estimated average requirement were determined by 
impedance analysis using a Bodystat analyzer (1500 
MDD; Bodystat, Isle of Man, UK). A trained nurse 
performed all measurements. 
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Table 1. Analysed parameters in the carriers of ACE II and DD genotypes at both the beginning and the end of the study. 
 

ACE DD Basal After 9 weeks p 

Age, years 33.2 ± 3.2  
BMI, kg/m2 33.55 ± 3.07 31.82 ± 3.32 <0.001 
Weight, kg 86.42 ± 13.38 81.99 ± 12.87 <0.001 
Waist, cm 98.13 ± 9.92 92.63 ± 10.1 <0.001 
Waist-to-hip ratio 0.84 ± 0.03 0.83 ± 0.04 <0.01 
Glycemia, mmol/l 5.41 ± 0.60 5.2 ± 0.63 n.s. 
Total cholesterol, mmol/l 4.69 ± 0.95 4. 54 ± 0.51 n.s. 
TGs, mmol/l 1.82 ± 1.91 1.44 ± 0.71 n.s. 
HDL mmol/l 1.58 ± 0.44 1.71 ± 0.21 n.s. 
LDL mmo/l 2.58 ± 0.51 2.49 ± 0.43 n.s. 
Systolic BP, mm Hg 125. 66 ± 9.34 116.23 ± 7.51 <0.001 
Diastolic BP, mm Hg 79.13 ± 3.91 75.15 ± 5.14 <0.001 
Heart rate, beat /min 70.75 ± 6.8 64.13 ± 7.45 <0.001 
Total body fat, % 35.16 ± 4.54 31.67 ± 4.72 <0.001 
Lean muscle mass, % 63.37 ± 8.25 66.98 ± 7.00 <0.001 
Basal metabolite rate, kcal/day 1722 ± 165 1799 ± 235 <0.001 
Basal metabolic rate/body weight, kcal/kg 20.83 ±1.96 21.90 ± 2.03 <0.001 
Estimated average energy requirement, kcal/day 2604 ± 232 2743 ± 242 <0.001 

 

ACE II Basal After 9 weeks p 

Age, years 34.7 ± 5.3  
BMI, kg/m2 32.89 ± 2.71 30.88 ± 4.11 <0.001 
Weight, kg 90.12 ± 16.22 83.15 ± 13.66 <0.001 
Waist, cm 100.65 ± 11.48 94.89 ± 12,51 <0.001 
Waist-to-hip ratio 0.85 ± 0.04 0.84 ± 0.03 <0.01 
Glycemia, mmol/l 5.23 ± 0.54 4.99 ± 0.47 n.s. 
Total cholesterol, mmol/l 4.96 ± 1.29 4.81 ± 1.09 n.s. 
TGs, mmol/l 1.96 ± 2.13 1.65 ± 0.98 n.s. 
HDL mmol/l 1.35 ± 0.31 1.39 ± 0.36 n.s. 
LDL mmo/l 3.04 ± 1.25 2.93 ± 1.07 n.s. 
Systolic BP, mm Hg 119. 14 ± 5.67 116.23 ± 7.51 <0.001 
Diastolic BP, mm Hg 74.14 ± 8.03 70.14 ± 8.78 <0.001 
Heart rate, beat /min 72.71 ± 8.24 64.00 ± 7.83 <0.001 
Total body fat, % 38.39 ± 4.58 33.54 ± 5.71 <0.001 
Lean muscle mass, % 59.95 ± 3.99 65.81 ± 4.42 <0.001 
Basal metabolite rate, kcal/day 1477 ± 539 1756 ± 172 <0.001 
Basal metabolite rate, kcal/day 19.21 ± 1.96 21.95 ± 1.47 <0.001 
Estimated average energy requirement, kcal/day 2391 ± 293 2768 ± 280 <0.001 

 
ANOVA of repeated measures was performed in order to evaluate the statistical significance of differences between baseline and post-
intervention values. No significant differences (n.s.) were observed comparing basal and post-intervention results (p>0.05). LDL = Low-
density lipoprotein; HDL = high-density lipoprotein; TGs = triglycerides; BP = blood pressure 
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Biochemical assays 
 Plasma triacylglycerol, total cholesterol and 
cholesterol in high-density (HDL-C) and low-density 
(LDL-C) fractions were measured enzymatically by a 
standardized procedure (Centres for Disease Control and 
Prevention external quality control system), using the 
Cobas Mira analyzer (Hoffman-LaRoche). 
 
Genotyping and DNA assays 
 DNA was isolated from frozen EDTA blood 
using a standard method (Miller et al. 1988). Analyses of 
ACE I/D polymorphism were performed using the 
polymerase chain reaction according to the previously 
described standard protocol (Rigat et al. 1993). To avoid 
the possible misgenotyping of some I/D heterozygotes, 
primers according to Yoshida et al. (1996) have been 
used for the second - insertion specific - amplification of 
all samples with recognised D/D homozygosity from the 
first genotyping. 
 
Statistical analysis 
 The differences in lipids, anthropometric 
parameters, body composition, basal metabolic rate and 
estimated average requirement were evaluated using 
ANOVA test. All data were presented as mean ± SD. 
Differences were considered to be statistically significant 
if p<0.05. 
 
Results and Discussion 
 
 In the all obese screened females, frequencies of 
ACE I/D genotypes were similar to the general Czech 
population (Hubáček et al. 1999). Analyzed parameters 
obtained in selected individuals at the baseline and after 
the intervention are presented in Table 1. We have 
ascertained a significant influence of diet to the most of 
anthropometrical and lipid parameters but both groups do 
not differ substantially. No difference of decrease in BMI 
between II and DD homozygotes (6.12 % by II 
homozygotes and 5.1 % by DD homozygotes) and no 
significant association between waist-to-hip ratio changes 
and ACE genotypes have been determined. No difference 
in changes between other anthropometrical and lipid 
parameters has been noted in females with different ACE 
genotypes. We have observed significant differences in 
response to body exercises in individual participants with 
ACE II and DD, i.e. the increase of their lean muscle 
mass (p<0.05). The increase of muscle mass has been a 

result of the increase of basal metabolic rate, basal 
metabolic rate per kilogram body weight and average 
energy requirement (p<0.05). This difference could be 
based on the fact of increased basal metabolism i.e. it is 
higher in II homozygotes (202 kcal per day) then in DD 
homozygotes (p<0.05). 
 Generally, we have detected no ACE I/D based 
differences in anthropometrical and biochemical 
parameters at the start of our study and after doing body 
exercises. We have observed differences in body 
composition – according to above II carriers increased 
more theirs basal metabolism (basal metabolic rate), basal 
metabolic rate per kilogram body weight and energy 
requirement per day in comparison with DD carriers. 
However, these changes were not accompanied by 
corresponding decrease in BMI or WHR values. 
Unfortunately, we don’t have information’s about the 
energy intake of participants and we can not exclude the 
possibility, that II homozygotes also have higher coloric 
intake in comparison to the DD homozygotes. The 
strength of dietary-exercise intervention was defined as 
aerobic in acceptable frequency and was, as expected, 
more profitable for II homozygotes. Thus it would be 
suitable to regulate the physical activity of obese 
individuals according theirs I/D polymorphism within the 
ACE gene. Insertion/deletion polymorphism in ACE gene 
is one of the most intensively analysed candidates to 
genetic determination of physical endurance. Although 
some studies have found that II genotype is associated 
with better reaction on physical activity, other studies 
have not found the same. Studies so far published 
underline the importance of inter-population differences. 
Our study suggests that I/D polymorphism within the 
ACE gene will have no major effect on weight loss in 
Czech Caucasian females. Interestingly, we have detected 
that II genotype was associated with a higher increase of 
basal metabolism in obese females – thus this genetic 
variant may have a slight effect on BMI development at 
least under some circumstance. 
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