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ABSTRACT

We investigate whether ACE I/D gene polymorphism modulates anthropometric, cardiovascular, biochemical, OGTT, 
and fat oxidation responses to six weeks of short-term endurance training for untrained adults. Thirty-five untrained 
healthy individuals initially participated in the pre-test assessment and were screened for ACE I/D genotype. However, 
only seventeen participants completed three sessions of 45 minutes of endurance training every week for 4 weeks. Us-
ing two-way repeated measure ANOVA, the data were clustered among the three classes of ACE I/D genotype groups 

between ACE and endurance training on the fat oxidation variables has been reported (F(18, 12)=2.701, p=0.042; 
Wilks’ Λ=0.039). The interaction observed showed that while the ID genotype group had a much higher fat oxidation 
score before endurance training, the II genotype group had the highest score after the training program. The present 
study found that short-term endurance training may be favorable for certain ACE I/D genotypes.
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INTRODUCTION

Previous studies on the association of ACE I/D gene polymorphism and response to endurance training have led 
to several findings [1-6]. While some studies have shown a connection between the presence of the I allele with 
enhancement in endurance performance following the endurance training, similar results could not be replicated by 
other studies [1,3,6-10]. The choice of samples that may have a prolonged training impact, such as athletes and army 
recruits in those studies reporting a lack of association, may underlie this contradictory result. Additional studies 
among untrained participants are therefore required to evaluate the effect of ACE I/D gene polymorphism on improved 
training outcomes to minimize gene-environmental interactions that could modify training responses. 

Despite an association with endurance performance, polymorphism of the ACE I/D gene was also reported to be 
correlated with glucose tolerance [11-17]. One of the genetic risks of diabetic nephropathy and glucose intolerance is 
indicated by ACE I/D gene polymorphism due to elevated plasma ACE activity in certain diabetic patients [8,13,18]. 
In the oral glucose tolerance test, participants with the D allele have been found to have higher blood glucose levels 
than those with I allele carriers [12]. Concurrent with positive findings from several studies that have shown that 
exercise training improves tolerance to glucose, particularly among patients with diabetes, some studies investigated 
whether ACE I/D gene polymorphism can modulate the effect of glucose tolerance exercise training [11,14-17,19,20]. 
Dengel, et al. evaluated the association between insulin resistance and the ACE I/D gene polymorphism in a group of 
older hypertensive participants before and after 6 months of the Aerobic Exercise Program (AEX) [19]. Dengel, et al. 
reported that there was a significant interaction between AEX and ACE I/D genotype, where glucose-insulin reactions 
were significantly lower among II genotype carriers than those of DD and ID genotypes [19]. In addition, Hurlbut, 
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(II=3, ID=7, DD=7). Six weeks of endurance training resulted in increased the VO2 max (p=0.004), fat oxidation 
at 40% (p=0.028), 50%  (p<0.001),  60% (p=0.011) and  70% (p<0.001) of VO2max. A significant interaction effect 
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et al. investigated whether the effects of the 6 months of full-body strength training on the glucose homeostasis were 
affected by the age, sex, or ACE I/D genotype and found that those with at least one I allele appeared to decrease the 
total insulin than D allele [20]. While these two studies used a prolonged intervention program, the association of ACE 
I/D gene polymorphism with glucose response to short-term endurance training was not well known. The association 
knowledge can help to determine who is most likely to boost glucose tolerance with short-term endurance training and 
can also support a personalized diabetic management training program.

The ACE I/D gene polymorphism has also been related to anthropometric, cardiovascular, and biochemical parameters 
for the development of cardiovascular and metabolic diseases [9,21]. DD genotype frequency and D allele frequency 
of the 1762 Hungarian population were found to be significantly higher in the metabolic group than in the non-
metabolic group [9]. Compared to other ACE I/D genotypes, the II genotype had lower serum total cholesterol levels, 
low-density lipoprotein cholesterol levels, and non-high-density lipoprotein cholesterol levels in a study group of 341 
men aged 39 to 65 years, indicating that the I allele has a protective effect against high serum lipid and lipoprotein 
levels [21]. ACE I/D gene polymorphism has been found by Hagberg, et al. to be associated with variable responses 
in the clinical population via prolonged endurance training [10]. Although Hagberg, et al. have been engaged through 
extended endurance training, it is not clear whether the short-term endurance training impact on anthropometric and 
lipid reactions would also be modulated by ACE I/D gene polymorphism [10].

The present study was therefore undertaken to determine whether the ACE I/D gene polymorphism correlated with 
anthropometric, cardiovascular, biochemical, OGTT, and fat oxidation responses to 4 weeks of short-term endurance 
training of untrained individuals. We assumed that after 4 weeks of short-term endurance training, anthropometric, 
cardiovascular, biochemical, OGTT, and fat oxidation reactions in certain ACE I/D genotype groups were thought to 
have improved, especially among I allele carriers, compared to D allele carriers.

MATERIALS AND METHODS

Study Design

A repeated measures design was used in the present study. The following parameters were measured before and after 
4 weeks of short-term endurance training: anthropometric, cardiovascular, biochemical, blood glucose during oral 
glucose tolerance test, and fat oxidation, The study protocol is accepted by the Human Research Ethics Committee of 
the University of Sydney, Australia, in compliance with the ethical principles of the Helsinki Declaration. 

Participants

The sample size was calculated using the Power and Sample Size (P.S.) software. The power of the study is set at 
0.80 and the type I error probability associated with this test of this null hypothesis is 0.05. A total of 35 healthy male 
and female untrained individuals capable to perform a cycling test to exhaustion have initially participated in the pre-
testing evaluation. However, due to individual reasons, only seventeen participants (4 females, 13 males), 22.7 ± 2.8 
years old, from the initial sample of 35 had participated in the short-term endurance training program and completed 
the post-training evaluation. 

Preliminary Assessments

After the participants were briefed on the research procedures, a written consent form was obtained from all participants. 
Participants were asked to provide a 5 ml blood sample to evaluate the ACE I/D genotype and to familiarise them with 
the test protocols. 

ACE I/D Genotyping Determination

Genomic DNA was isolated from the blood samples using the Wizard® Genomic DNA Purification Kit following the 
manufacturer’s protocol (Promega Corporation, United States of America). Polymerase Chain Reaction (PCR) was 
carried out in a final volume of 25 μl consisting of 2.5 μl of 10X standard reaction buffer (GeneAllBiotechnologyCo. 
Ltd, Korea) (25 mM Mg2+, 50 mM Tris-HCl, 50 mM KCl, 0.1 mM EDTA, 1 mM DTT, 0.5 mM PMSF, 50% glycerol), 
2.0 μl of dNTP mix (200 μM each dNTP (dATP, dCTP, dGTP, dDTP)), 0.8 μM of each primer (forward primer: 
5’-CTGGAGACCACTCCCATCCTTTCT-3’: reverse primer: 5’-CTGGAGACCACTCCCATCCTTTCT-3’), 0.5 
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units of Taq DNA polymerase, 2.5 μl of dimethylsulfoxide, 10.8 μl of sterilize distilled water, and 5 μl of genomic 
DNA. The target fragment bearing the ACE I/D polymorphism was amplified under the following conditions: 7 
minutes at 95°C followed by 25 cycles of 30 seconds at 95°C, 30 seconds at 62°C, and 1 minute at 72°C, with a final 
step of 7 minutes at 72°C. The amplified products were electrophoresed on a 1.5% agarose gel that was pre-stained 
with ethidium bromide at 70 volts for 1 hour. The presence of 490 and 190 base pair bands indicated the ACE insertion 
(I) and deletion (D) alleles, respectively. 

Pre- and Post-Training Tests

A total of 35 participants participated in the pre-testing evaluation whilst 17 participants from the initial sample of 
35 completed the post-training evaluation. Participants reported to the laboratory in the morning after an overnight 
fast. Bodyweight, height, body mass index, waist and hip circumference, heart rate, blood pressure, cholesterol, high-
density lipoprotein, and low-density lipoprotein were measured before the oral glucose tolerance test. The participants 
consumed 75 g of glucose in a total volume of 200 ml of water within 2 minutes. A 1.0 ml blood sample was taken 
via a finger prick at 7-time points following the glucose load (0, 10, 20, 30, 60, 90, and 120) min. Following the Oral 
Glucose Tolerance Test (OGTT), the participants performed maximal oxygen consumption (VO2max) testing on a cycle 
ergometer to measure their VO2max and fat oxidation rate at (20%, 30%, 40%, 50%, 60%, and 70%) VO2max. Before 
the VO2max test, the participants pedal on the cycle ergometer at three different sub-maximal exercise workloads with 
each stage lasting for 7 minutes then followed by 5 minutes of very low-intensity recovery cycling. Starting with 100 
watts, the ergometer power was increased by 15 watts every 30 seconds until the participants were unable to continue 
the cycling exercise despite verbal encouragement from the researcher. 

Endurance Training

The participants were trained on a cycle ergometer, and the training was tailored to each participant’s aerobic capacity 
using the data collected from the VO2max test performed at the pre-training test. The endurance training consisted 
of 45 minutes of cycling per session 3 times per week for 4 weeks. In the first two weeks, the participants cycled at 
intensities corresponding to 60% of their VO2max, whereas in the third week, they cycled at 70% VO2max and 75% 
of VO2max in the fourth week of the intervention. The training protocol used in this study was based on previously 
published protocols by Reardon, et al. [22]. 

Statistical Analysis

All statistical evaluations were performed using the IBM SPSS statistical version 20.0, United States, with the level 
of significance set at p<0.05. The descriptive information is presented as mean ± SD. The studied variables at pre- and 
post-measurement were analyzed with one-way ANOVA, and then with the LSD or Games-Howell correction post hoc 
test, of comparing all the parameters between ACE I/D genotype groups over the training periods where appropriate. 
The analysis of the changes in parameters before and after training was carried out with a paired t-test. Positive and 
negative outcomes showed a rise and decline in endurance training, respectively. Two-way repeated ANOVA analysis 
measurements were used to determine the interaction of the ACE I/D genotype with the performance of the variables 
studied (Interaction: genotype x training; training effect (subject-in-subject) and genotype effect (entre-subject). The 
main effects of training and genotype are presented as estimated marginal mean ± standard error of the mean (SEM).

RESULTS

Baseline Data

Thirty-five participants were originally recruited for and performed a pre-test. Of the thirty-five participants, 22 
participants were male, and 13 participants were female. The characteristic of the overall participants obtained before 
the test is shown in Table 1. The OGTT value of all participants obtained before the test was within normal limits 
according to the WHO criteria indicating normal glucose tolerance in overall participants [23]. 
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Table 1 Anthropometric, cardiovascular, biochemical, oral glucose tolerance test and fat oxidation values of the overall 
participants (n=35) obtained before the test

Variables Mean ± SD

Age (year) 22.69 ± 3.43

Anthropometric

Height (cm) 172.88 ± 9.96

Body Weight (kg) 70.68 ± 10.65

Body Mass Index (kg/m2) 23.58 ± 2.46

Waist (cm) 77.84 ± 6.50

Hip Circumference (cm) 97.25 ± 5.62

Waist Hip Ratio 0.80 ± 0.04

Body Fat (%) 20.73 ± 7.37

Cardiovascular

Systolic Blood Pressure (mmHg) 115.09 ± 9.56

Diastolic Blood Pressure (mmHg) 71.80 ± 7.21

Mean Arterial Pressure (mmHg) 86.23 ± 6.62

Resting Heart Rate (bpm) 54.58 ± 9.93

Resting Pulse Pressure (mmHg) 6276.80 ± 1200.36

Maximal Oxygen Consumption (L/min) 3.05 ± 0.66

Peak Power Output (Watts) 259.66 ± 64.35

Biochemical

Triglyceride (mmol/L) 0.80 ± 0.18

Total Cholesterol (mmol/L) 3.95 ± 0.63

High Density Lipoprotein (mmol/L) 1.35 ± 0.34

Low Density Lipoprotein (mmol/L) 2.06 ± 0.50

Oral Glucose Tolerance Test

Fasting Blood Glucose (mmol/L) 4.96 ± 0.43

Blood Glucose 30 minutes (mmol/L) 8.53 ± 1.61

Blood Glucose 60 minutes (mmol/L) 7.40 ± 1.56

Blood Glucose 90 minutes (mmol/L) 6.82 ± 1.12

Blood Glucose 120 minutes (mmol/L) 5.97 ± 1.04

Area Under Curve (mmol/L.min) 14.12 ± 1.86

Fat Oxidation

Resting Fat Oxidation (gmin-1) 0.07 ± 0.03

Fat Oxidation at 20% VO2max (gmin-1) 0.23 ± 0.07

Fat Oxidation at 30% VO2max (gmin-1) 0.23 ± 0.07

Fat Oxidation at 40% VO2max (gmin-1) 0.23 ± 0.09

Fat Oxidation at 50% VO2max (gmin-1) 0.20 ± 0.10

Fat Oxidation at 60% VO2max (gmin-1) 0.17 ± 0.12

Fat Oxidation at 70% VO2max (gmin-1) 0.12 ± 0.12

For the ACE I/D gene polymorphism, the allele frequencies in the overall group were 0.51 and 0.49 for the I and 
D alleles, respectively. The frequency of II, ID and DD genotypes in the overall participants were 25.7% (n=9), 
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51.4% (n=18) and 22.9% (n=8), respectively. The ACE I/D gene polymorphism frequency distribution was in Hardy 
Weinberg equilibrium (p>0.05)

The baseline characteristic data of the overall participants according to ACE I/D genotype are shown in Table 2. 
There were no significant differences between ACE I/D genotype groups in all variables (p>0.05), except HDL (F(2, 
34)=3.658, p=0.037). Post hoc tests using the LSD correction found that the HDL was significantly higher in the ID 
genotype group (1.49 ± 0.33) when compared to the DD genotype group (1.16 ± 0.35) (p=0.021), though it was not 
significantly different from the values among II genotype group (1.24 ± 0.27) (p=0.066).

Table 2 Anthropometric, cardiovascular, biochemical, oral glucose tolerance test and fat oxidation values obtained before 
the test of the total participants (n=35) with ACE I/D genotype

Variables II (n=9) ID (n=18) DD (n=8) p-value

Age (year) 22.89 ± 4.51 22.83 ± 3.43 22.13 ± 2.17 0.876

Anthropometric

Height (cm) 172.99 ± 9.81 171.78 ± 11.29 175.23 ± 7.22 0.729

Body Weight (kg) 68.07 ± 10.35 70.22 ± 10.08 74.64 ± 12.43 0.444

Body Mass Index (kg/m2) 22.73 ± 2.77 23.72 ± 1.87 24.23 ± 3.26 0.443

Waist (cm) 77.23 ± 5.48 77.31 ± 6.24 79.73 ± 8.43 0.660

Hip Circumference (cm) 94.91 ± 4.58 98.13 ± 5.57 97.89 ± 6.69 0.361

Waist Hip Ratio 0.81 ± 0.04 0.79 ± 0.05 0.81 ± 0.04 0.246

Body Fat (%) 18.81 ± 5.60 22.22 ± 7.84 19.54 ± 8.17 0.472

Cardiovascular

Systolic Blood Pressure (mmHg) 113.44 ± 9.93 114.22 ± 10.45 118.88 ± 6.66 0.477

Diastolic Blood Pressure (mmHg) 73.00 ± 6.78 69.67 ± 6.27 75.25 ± 8.78 0.162

Mean Arterial Pressure (mmHg) 86.48 ± 7.08 84.52 ± 5.92 89.79 ± 6.97 0.173

Resting Heart Rate (beat per minute) 54.78 ± 12.86 55.08 ± 9.44 53.23 ± 8.40 0.912

Resting Pulse Pressure (mmHg) 6142.46 ± 1130.56 6316.83 ± 1315.98 6337.88 ± 1140.32 0.930

Maximal Oxygen Consumption (L/min) 2.98 ± 0.68 3.01 ± 0.70 3.23 ± 0.59 0.686

Peak Power Output (Watts) 267.56 ± 79.74 253.83 ± 65.18 263.88 ± 48.41 0.861

Biochemical

Triglyceride (mmol/L) 0.82 ± 0.18 0.74 ± 0.13 0.90 ± 0.24 0.108

Total Cholesterol (mmol/L) 3.62 ± 0.60 4.15 ± 0.51 3.85 ± 0.79 0.096

High Density Lipoprotein (mmol/L) 1.24 ± 0.27 1.49 ± 0.33 1.16 ± 0.35 0.037*

Low Density Lipoprotein (mmol/L) 1.90 ± 0.39 2.09 ± 0.50 2.19 ± 0.61 0.470

Oral Glucose Tolerance Test

Fasting Blood Glucose (mmol/L) 5.07 ± 0.56 4.93 ± 0.42 4.93 ± 0.27 0.712

Blood Glucose 30 minutes (mmol/L) 8.78 ± 1.67 8.27 ± 1.56 8.86 ± 1.77 0.611

Blood Glucose 60 minutes (mmol/L) 8.43 ±  2.22 6.99 ± 1.13 7.15 ±  1.09 0.063

Blood Glucose 90 minutes (mmol/L) 7.56 ± 1.47 6.57 ± 1.00 6.58 ± 0.48 0.069

Blood Glucose 120 minutes (mmol/L) 6.21 ± 1.40 5.87 ± 0.86 5.93 ± 1.04 0.723

Area Under Curve (mmol/L.min) 15.20 ± 2.63 13.62 ± 1.55 14.01 ± 0.98 0.111

Fat Oxidation

Resting Fat Oxidation (gmin-1) 0.07 ± 0.04 0.06 ± 0.03 0.08 ± 0.03 0.552

Fat Oxidation at 20% VO2max (gmin-1) 0.22 ± 0.06 0.22 ± 0.08 0.24 ± 0.04 0.776
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Fat Oxidation at 30% VO2max (gmin-1) 0.21 ± 0.05 0.23 ± 0.07 0.25 ± 0.08 0.392

Fat Oxidation at 40% VO2max (gmin-1) 0.20 ± 0.07 0.24 ± 0.08 0.24 ± 0.12 0.538

Fat Oxidation at 50% VO2max (gmin-1) 0.17 ± 0.09 0.21 ± 0.10 0.22 ± 0.10 0.491

Fat Oxidation at 60% VO2max (gmin-1) 0.09 ± 0.12 0.14 ± 0.13 0.11 ± 0.11 0.231

Fat Oxidation at 70% VO2max (gmin-1) 0.09 ± 0.12 0.14 ± 0.13 0.11 ± 0.11 0.594

Data are shown as mean ± SD; * p<0.05; Based on LSD comparison, ID vs. DD

The current research included both female and male participants. As a result, data were analyzed by gender to monitor 
the possible impact of gender in the data analysis. The data for each gender category is provided in Table 3. In 
the female group, there were no significant differences between ACE I/D genotype groups in all anthropometric, 
cardiovascular, and biochemical variables (p>0.05), except for waist-hip ratio (F(2, 12)=9.532, p=0.005). Post hoc 
tests using the Games-Howell correction revealed that the waist-hip ratio was significantly lower in the ID genotype 
group (0.75 ± 0.02) when compared to the DD genotype group (0.84 ± 0.06) (p=0.002), though it was not significantly 
different with the values among II genotype group (0.80 ± 0.00) (p=0.59).

Table 3 Anthropometric, cardiovascular, biochemical, oral glucose tolerance test and fat oxidation values of 
female and male participants with ACE I/D genotype obtained before the test

Variables
Female (n = 13) Male (n = 22)

II (n=2) ID (n=9) DD (n=2) p-value II (n=7) ID (n=9) DD (n=6) p-value

Age (year) 22.00 ± 2.83 20.78 ± 2.33 24.00 ± 1.41 0.24 23.14 ± 
5.05 24.89 ± 3.18 21.50 ± 2.07 0.235

Anthropometric

Height (cm) 164.55 ± 
11.10

163.50 ± 
7.14

171.45 ± 
11.67 0.486 175.40 ± 

8.79
180.06 ± 

8.11
176.48 ± 

6.18 0.477

Body Weight (kg) 62.55 ± 6.86 63.10 ± 6.62 74.10 ± 
28.85 0.456 69.64 ± 

11.05 77.34 ± 7.63 74.82 ± 7.04 0.238

Body Mass Index  
(kg/m2) 23.09 ± 0.58 23.56 ± 1.55 24.71 ± 6.44 0.789 22.63 ± 

3.18 23.88 ± 2.24 24.07 ± 2.54 0.555

Waist (cm) 75.50 ± 6.36 74.10 ± 4.17 84.10 ± 
18.95 0.265 77.73 ± 

5.66 80.52 ± 6.49 78.27 ± 4.17 0.588

Hip Circumference (cm) 94.95 ± 8.13 98.88 ± 5.92 99.80 ± 
15.56 0.781 94.90 ± 

4.11 97.38 ± 5.45 97.25 ± 3.51 0.525

Waist Hip Ratio 0.80 ± 0.00 0.75 ± 0.02 0.84 ± 0.06 0.005* 0.82 ± 
0.04 0.83 ± 0.03 0.80 ± 0.03 0.531

Body Fat (%) 26.93 ± 2.75 28.01 ± 4.13 29.51 ± 8.22 0.854 16.49 ± 
3.51 16.43 ± 6.19 16.21 ± 5.18 0.995

Cardiovascular
Systolic Blood Pressure 

(mmHg) 99.00 ± 1.41 110.67 ± 
9.37

110.00 ± 
0.00 0.248 117.57 ± 

6.45
117.78 ± 

10.77
121.83 ± 

4.49 0.581

Diastolic Blood Pressure 
(mmHg) 65.50 ± 7.78 69.78 ± 6.98 66.00 ± 8.49 0.66 75.14 ± 

5.21 69.56 ± 5.90 78.33 ± 6.92 0.032*

Mean Arterial Pressure 
(mmHg) 76.67 ± 4.71 83.41 ± 6.06 80.67 ± 5.66 0.463 89.29 ± 

4.66 85.63 ± 5.92 92.83 ± 4.15 0.046*

Resting Heart Rate (beat 
per minute)

68.00 ± 
18.38 58.99 ± 9.65 53.75 ± 8.13 0.427 51.00 ± 

9.45 51.17 ± 7.87 53.06 ± 9.25 0.896

Resting Pulse Pressure 
(mmHg)

6745.00 ± 
1916.26

6570.01 ± 
1394.85

5912.50 ± 
894.49 0.812 5970.30 

± 967.79
6063.64 ± 
1261.05

6479.67 ± 
1250.58 0.714

Maximal Oxygen 
Consumption (L/min) 2.56 ± 0.42 2.44 ± 0.47 2.86 ± 1.03 0.632 3.11 ± 

0.71 3.58 ± 0.29 3.36 ± 0.46 0.201

Peak Power Output 
(Watts)

199.00 ± 
32.53

204.22 ± 
42.36

223.50 ± 
79.90 0.847 287.14 ± 

79.29
303.44 ± 

41.17
277.33 ± 

33.69 0.653
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Biochemical

Triglyceride (mmol/L) 0.69 ± 0.15 0.71 ± 0.12 1.00 ± 0.25 0.327 0.86 ± 
0.18 0.78 ± 0.14 0.87 ± 0.25 0.585

Total Cholesterol 
(mmol/L) 4.46 ± 0.04 4.20 ± 0.50 4.80 ± 0.12 0.267 3.38 ± 

0.42 4.11 ± 0.53 3.53 ± 0.63 0.029*

High Density 
Lipoprotein (mmol/L) 1.57 ± 0.03 1.63 ± 0.35 1.54 ± 0.45 0.925 1.15 ± 

0.22 1.35 ± 0.25 1.04 ± 0.23 0.058

Low Density 
Lipoprotein (mmol/L) 2.19 ± 0.12 1.94 ± 0.50 2.80 ± 0.45 0.107 1.81 ± 

0.41 2.24 ± 0.49 1.99 ± 0.53 0.218

Oral Glucose Tolerance Test
Fasting Blood Glucose 

(mmol/L) 5.60 ± 0.14 4.94 ± 0.58 5.05 ± 0.35 0.327 4.91 ± 
0.54 4.91 ± 0.22 4.88 ± 0.26 0.986

Blood Glucose 30 
minutes (mmol/L) 10.25 ± 1.48 7.99 ± 1.20 8.90 ± 3.11 0.203 8.36 ± 

1.56 8.54 ± 1.89 9.85 ± 1.56 0.874

Blood Glucose 60 
minutes (mmol/L) 9.25 ± 1.20 7.29 ± 0.85 7.85 ± 0.64 0.048* 8.20 ± 

2.46 6.70 ± 1.34 6.92 ± 1.14 0.225

Blood Glucose 90 
minutes (mmol/L) 7.70 ± 1.70 6.74 ± 1.03 6.15 ± 0.21 0.37 7.51 ± 

1.55 6.39 ± 0.99 6.72 ± 0.46 0.153

Blood Glucose 120 
minutes (mmol/L) 7.00 ± 0.85 6.20 ± 0.81 5.40 ± 0.42 0.176 5.99 ± 

1.49 5.53 ± 0.81 6.10 ± 1.16 0.599

Area Under Curve 
(mmol/L.min) 16.75 ± 2.44 13.82 ± 1.22 14.06 ± 1.96 0.081 14.76 ± 

2.68 13.43 ± 1.87 13.99 ± 0.77 0.425

Fat Oxidation
Resting Fat Oxidation 

(gmin-1) 0.02 ± 0.01 0.06 ± 0.02 0.05 ± 0.01 0.07 0.08 ± 
0.04 0.06 ± 0.04 0.09 ± 0.02 0.414

Fat Oxidation at 20% 
VO2max (gmin-1) 0.19 ± 0.06 0.20 ± 0.03 0.26 ± 0.09 0.222 0.23 ± 

0.06 0.25 ± 0.11 0.24 ± 0.02 0.938

Fat Oxidation at 30% 
VO2max (gmin-1) 0.18 ± 0.04 0.22 ± 0.06 0.29 ± 0.10 0.242 0.22 ± 

0.05 0.25 ± 0.08 0.24 ± 0.08 0.652

Fat Oxidation at 40% 
VO2max (gmin-1) 0.16 ± 0.01 0.21 ± 0.08 0.29 ± 0.10 0.285 0.21 ± 

0.07 0.26 ± 0.08 0.22 ± 0.13 0.944

Fat Oxidation at 50% 
VO2max (gmin-1) 0.12 ± 0.01 0.23 ± 0.12 0.29 ± 0.09 0.335 0.18 ± 

0.10 0.20 ± 0.09 0.20 ± 0.11 0.648

Fat Oxidation at 60% 
VO2max (gmin-1) 0.09 ± 0.01 0.23 ± 0.13 0.26 ± 0.07 0.28 0.14 ± 

0.10 0.17 ± 0.09 0.12 ± 0.14 0.648

Fat Oxidation at 70% 
VO2max (gmin-1) 0.06 ± 0.02 0.19 ± 0.15 0.24 ± 0.06 0.391 0.10 ± 

0.14 0.09 ± 0.08 0.07 ± 0.08 0.882

Data are shown as mean ± SD; * p<0.05

Meanwhile, in the male group, there were no significant differences between ACE I/D genotype groups in all variables 
(p>0.05), except for diastolic blood pressure (F(2, 21)=4.160, p=0.032), mean arterial pressure (F(2, 21)=3.624, 
p=0.046), and total cholesterol (F(2, 21)=4.308, p=0.029). Post hoc tests using the LSD correction found that the 
diastolic blood pressure was significantly lower in the ID genotype group (69.56 ± 5.90) when compared to the DD 
genotype group (78.33 ± 6.92) (p=0.012), though it was not significantly different with the values among II genotype 
group (75.14 ± 5.21) (p=0.08). For mean arterial pressure, post hoc tests using the LSD correction revealed that the 
mean arterial pressure was significantly lower in the ID genotype group (85.63 ± 5.92) when compared to the DD 
genotype group (92.83 ± 4.15) (p=0.015), though it was not significantly different with the values among II genotype 
group (89.29 ± 4.66) (p=0.172). Meanwhile, for total cholesterol, post hoc tests using the Games-Howell correction 
revealed that the mean total cholesterol was significantly lower in the II genotype group (3.38 ± 0.42) when compared 
to the ID genotype group (4.11 ± 0.53) (p=0.021) though it was not significantly different with the values DD genotype 
group (3.53 ± 0.63) (p=0.871).

There were no significant differences between ACE I/D genotype groups in all OGTT values (p<0.05) among the male 
group. In the female group, there were no significant differences between ACE I/D genotype groups in all variables 
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(p>0.05), except for blood glucose value at 60 minutes (F(2, 12)=4.177, p=0.048). Post hoc tests using the LSD 
correction found that blood glucose value at 60 minutes was significantly higher in the II genotype group (9.25 ± 1.20) 
relative to the ID genotype group (7.29 ± 0.85) (p=0.017), although it was not significantly different with the values 
among DD genotype group (7.85 ± 0.64) (p=0.14). There were no significant differences between ACE I/D genotype 
groups in all fat oxidation values in both female and male groups (p>0.05).

Responses to Exercise Training 

Of the thirty-five initial participants, only seventeen participants (4 females, 13 males), aged 22.65 ± 2.78 years 
old had participated in the short-term endurance training program and completed the post-training evaluation.  
Table 4 shows the dependent variable responses in the whole sample (regardless of their ACE I/D genotype) following 
4 weeks of endurance exercise training. The paired t-test revealed no significant effect of 4 weeks of endurance 
training on all dependent variables (p>0.05) except for VO2max, fat oxidation at 40%, 50%, 60%, and 70% VO2max 
as well as peak power output. VO2max (t(16)=3.398, p=0.004), fat oxidation at 40% (t(16)=2.423, p=0.028), 50% 
(t(16)=4.446, p<0.001), 60% (t(16)=2.891, p=0.011) and 70% (t(16)=6.005, p<0.001) VO2max were significantly 
increased following the six weeks of endurance training.

Table 4 Anthropometric, cardiovascular, biochemical, oral glucose tolerance test and fat oxidation responses to 4 weeks of 
endurance training

Variables Pre-Training Post-Training Change (Δ) with 
training t-value p-value

Anthropometric

Body Weight (kg) 73.65 ± 12.04 71.69 ± 14.72 -1.97 ± 7.97 -1.018 0.324

Body Mass Index (kg/m2) 23.88 ± 2.82 23.22 ± 3.79 -0.66 ± 2.54 -1.070 0.301

Waist (cm) 79.75 ± 7.94 79.14 ± 9.13 -0.62 ± 2.69 -0.946 0.358

Hip Circumference (cm) 98.02 ± 5.72 96.89 ± 6.54 -1.13 ± 3.01 -1.548 0.141

Waist Hip Ratio 0.81 ± 0.04 0.82 ± 0.05 -0.00 ± 0.03 0.434 0.670

Body Fat (%) 19.24 ± 7.21 19.57 ± 7.61 +0.33 ± 2.61 0.523 0.608

Cardiovascular

Systolic Blood Pressure (mmHg) 120.06 ± 6.31 118.71 ± 6.02 -1.35 ± 5.22 -1.069 0.301

Diastolic Blood Pressure (mmHg) 74.18 ± 7.16 76.06 ± 6.70 1.88 ± 8.81 0.881 0.391

Mean Arterial Pressure (mmHg) 89.47 ± 5.69 90.27 ± 5.38 0.80 ± 6.25 0.530 0.603

Resting Heart Rate (beat per minute) 55.08 ± 7.49 53.17 ± 8.40 -1.91 ± 6.04 -1.304 0.211

Resting Pulse Pressure (mmHg) 6605.87 ± 924.93 6306.84 ± 1006.40 -299.03 ± 807.07 -1.528 0.146

Maximal Oxygen Consumption (L/min) 3.17 ± 0.67 3.38 ± 0.72 0.20 ± 0.25 3.398 0.004*

Peak Power Output (Watts) 267.53 ± 61.16 292.71 ± 61.01 25.18 ± 17.29 6.005 0.000*

Biochemical

Triglyceride (mmol/L) 0.85 ± 0.22 0.93 ± 0.34 0.08 ± 0.24 1.360 0.193

Total Cholesterol (mmol/L) 3.93 ± 0.71 3.66 ± 0.60 -0.27 ± 0.54 -2.032 0.059

High Density Lipoprotein (mmol/L) 1.28 ± 0.37 1.25 ± 0.30 -0.03 ± 0.18 -0.705 0.491

Low Density Lipoprotein (mmol/L) 2.14 ± 0.64 1.94 ± 0.62 -0.20 ± 0.64 -1.297 0.213

Oral Glucose Tolerance Test

Fasting Blood Glucose (mmol/L) 4.87 ± 0.40 4.90 ± 0.38 0.03 ± 0.57 0.214 0.833

Blood Glucose 30 minutes (mmol/L) 8.58 ± 1.58 8.34 ± 2.20 -0.24 ± 2.38 -0.417 0.682

Blood Glucose 60 minutes (mmol/L) 7.27 ± 1.34 7.65 ± 1.34 0.38 ± 1.50 1.049 0.310

Blood Glucose 90 minutes (mmol/L) 6.72 ± 0.82 6.62 ± 0.77 -0.09 ± 1.22 -0.317 0.755

Blood Glucose 120 minutes (mmol/L) 5.93 ± 0.78 5.62 ± 1.04 -0.31 ± 1.00 -1.282 0.218
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Area Under Curve (mmol/L.min) 14.00 ± 1.25 14.20 ± 1.39 0.21 ± 1.02 0.835 0.416

Fat oxidation

Resting Fat Oxidation (gmin-1) 0.08 ± 0.03 0.09 ± 0.03 0.01 ± 0.04 1.077 0.297

Fat Oxidation at 20% VO2max (gmin-1) 0.25 ± 0.06 0.26 ± 0.06 0.01 ± 0.06 0.763 0.456

Fat Oxidation at 30% VO2max (gmin-1) 0.24 ± 0.07 0.26 ± 0.06 0.02 ± 0.06 1.392 0.183

Fat Oxidation at 40% VO2max (gmin-1) 0.23 ± 0.10 0.29 ± 0.07 0.05 ± 0.09 2.423 0.028*

Fat Oxidation at 50% VO2max (gmin-1) 0.19 ± 0.08 0.28 ± 0.11 0.09 ± 0.09 4.446 0.000*

Fat Oxidation at 60% VO2max (gmin-1) 0.14 ± 0.11 0.23 ± 0.10 0.08 ± 0.12 2.891 0.011*

Fat Oxidation at 70% VO2max (gmin-1) 0.09 ± 0.09 0.16 ± 0.11 0.07 ± 0.10 2.960 0.009*

Data are shown as mean ± SD; * p<0.05

ACE I/D Genotype and Response to Exercise Training 

Dependent variables responses among ACE genotype groups at pre-test and post-test are shown in Table 5. A 3 
(group) × 2 (time) ANOVA with repeated measures on the anthropometric, cardiovascular, and biochemical variables 
demonstrated no interaction between ACE I/D gene polymorphism and 4 weeks of endurance training on the 
anthropometric (F(12, 18)=1.195, p=0.356, Wilks’ Λ=0.310), cardiovascular (F(12, 18)=0.930, p=0.540, Wilks’ 
Λ=0.381), and biochemical (F(8, 22)=1.195, p=0.346, Wilks’ Λ=0.486) variables responses following the training 
program. OGTT value also did not differ by ACE I/D genotype (F(12, 18)=0.715, p=0.719, Wilks’ Λ=0.458). 

Table 5 Anthropometric, cardiovascular, biochemical, oral glucose tolerance test and fat oxidation responses to 4 weeks of 
endurance training in participants with ACE I/D genotype

Variables Genotype Pre-Training Post-Training

Interaction 
(genotype 
× training 
session)

Training 
effect 

(within-
subject)

Genotype 
effect 

(between 
subjects)

Anthropometric

Body Weight (kg)

II 73.93 ± 5.37 75.97 ± 1.40

0.314 0.567 0.825ID 74.22 ± 14.88 74.02 ± 15.59

DD 72.97 ± 12.42 67.52 ± 17.27

Body Mass Index (kg/m2)

II 23.30 ± 2.91 23.89 ± 1.75

0.322 0.532 0.945ID 23.88 ± 2.43 23.79 ± 2.61

DD 24.12 ± 3.50 22.36 ± 5.39

Waist (cm)

II 80.70 ± 5.28 81.77 ± 2.54

0.424 0.682 0.930ID 79.90 ± 8.82 78.46 ± 9.13

DD 79.20 ± 8.96 78.69 ± 11.52

Hip Circumference (cm)

II 96.77 ± 2.20 97.77 ± 0.47

0.092 0.326 0.753ID 98.89 ± 5.65 98.64 ± 6.05

DD 97.70 ± 7.21 94.77 ± 8.25

Waist Hip Ratio

II 0.83 ± 0.04 0.84 ± 0.03

0.082 0.657 0.549ID 0.81 ± 0.05 0.79 ± 0.05

DD 0.81 ± 0.04 0.83 ± 0.06

Body Fat (%)

II 16.50 ± 5.14 17.93 ± 7.54

0.689 0.461 0.827ID 20.30 ± 6.86 20.69 ± 7.49

DD 19.36 ± 8.81 19.16 ± 8.74
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Cardiovascular

Systolic Blood Pressure 
(mmHg)

II 119.67 ± 10.41 117.67 ± 10.69

0.888 0.326 0.786ID 120.86 ± 4.45 120.29 ± 5.71

DD 119.43 ± 7.00 117.57 ± 4.58

Diastolic Blood Pressure 
(mmHg)

II 74.67 ± 4.93 72.67 ± 5.03

0.724 0.643 0.776ID 73.14 ± 6.09 76.14 ± 7.45

DD 75.00 ± 9.45 77.43 ± 6.93

Mean Arterial Pressure 
(mmHg)

II 89.67 ± 6.74 87.67 ± 4.73

0.701 0.877 0.886ID 89.05 ± 3.76 90.86 ± 5.88

DD 89.81 ± 7.53 90.81 ± 5.57

Resting Heart Rate (beat per 
minute)

II 50.96 ± 9.87 52.67 ± 11.24

0.533 0.463 0.625ID 57.38 ± 6.01 55.11 ± 8.96

DD 54.55 ± 8.13 51.45 ± 7.59

Resting Pulse Pressure 
(mmHg)

II 6037.67 ± 707.84 6184.33 ± 1282.96

0.565 0.341 0.460ID 6934.82 ± 782.38 6622.09 ± 1082.04

DD 6520.43 ± 1098.19 6044.09 ± 881.73

Maximal Oxygen 
Consumption (L/min)

II 3.48 ± 0.47 3.83 ± 0.21

0.532 0.003* 0.594ID 3.07 ± 0.86 3.26 ± 0.95

DD 3.14 ± 0.57 3.30 ± 0.59

Peak Power Output (Watts)

II 302.67 ± 45.39 333.33 ± 26.56

0.642 0.000* 0.516ID 264.00 ± 79.67 284.00 ± 82.06

DD 256.00 ± 46.43 284.00 ± 44.20

Biochemical

Triglyceride (mmol/L)

II 0.93 ± 0.27 0.75 ± 0.15

0.081 0.618 0.561ID 0.74 ± 0.12 0.91 ± 0.27

DD 0.93 ± 0.24 1.02 ± 0.45

Total Cholesterol (mmol/L)

II 3.28 ± 0.54 3.36 ± 0.50

0.418 0.180 0.110ID 4.25 ± 0.42 4.00 ± 0.46

DD 3.89 ± 0.85 3.45 ± 0.66

High Density Lipoprotein 
(mmol/L)

II 1.14 ± 0.27 1.06 ± 0.23

0.476 0.404 0.247ID 1.45 ± 0.38 1.38 ± 0.25

DD 1.15 ± 0.38 1.19 ± 0.33

Low Density Lipoprotein 
(mmol/L)

II 1.73 ± 0.64 1.80 ± 0.70

0.259 0.372 0.493ID 2.22 ± 0.68 2.21 ± 0.67

DD 2.25 ± 0.63 1.74 ± 0.53

Oral Glucose Tolerance Test

Fasting Blood Glucose 
(mmol/L)

II 4.60 ± 0.72 4.97 ± 0.15

0.544 0.547 0.799ID 4.94 ± 0.36 4.87 ± 0.48

DD 4.91 ± 0.29 4.90 ± 0.38

Blood Glucose 30 minutes 
(mmol/L)

II 8.83 ± 1.91 9.53 ± 1.96

0.715 0.926 0.157ID 7.99 ± 1.20 7.27 ± 2.67

DD 9.07 ± 1.80 8.90 ± 1.44
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Blood Glucose 60 minutes 
(mmol/L)

II 8.43 ± 1.76 7.70 ± 1.04

0.373 0.672 0.479ID 6.87 ± 1.22 7.37 ± 1.31

DD 7.17 ± 1.17 7.91 ± 1.59

Blood Glucose 90 minutes 
(mmol/L)

II 7.37 ± 1.00 6.53 ± 1.27

0.517 0.484 0.553ID 6.57 ± 0.96 6.53 ± 0.78

DD 6.59 ± 0.51 6.76 ± 0.64

Blood Glucose 120 minutes 
(mmol/L)

II 5.23 ± 0.15 5.10 ± 0.62

0.699 0.328 0.248ID 6.03 ± 0.66 5.46 ± 1.04

DD 6.13 ± 0.94 6.00 ± 1.14

Area Under Curve  
(mmol/L.min)

II 14.78 ± 1.65 14.40 ± 1.93

0.582 0.733 0.452ID 13.49 ± 1.33 13.81 ± 1.21

DD 14.18 ± 0.93 14.51 ± 1.46

Fat oxidation

Resting Fat Oxidation  
(gmin-1)

II 0.08 ± 0.05 0.12 ± 0.01

0.348 0.162 0.138ID 0.07 ± 0.04 0.06 ± 0.03

DD 0.08 ± 0.03 0.09 ± 0.03

Fat Oxidation at 20% 
VO2max (gmin-1)

II 0.21 ± 0.06 0.29 ± 0.06

0.038* 0.109 0.972ID 0.27 ± 0.07 0.25 ± 0.07

DD 0.24 ± 0.04 0.27 ± 0.05

Fat Oxidation at 30% 
VO2max (gmin-1)

II 0.20 ± 0.05 0.30 ± 0.04

0.043* 0.022* 0.896ID 0.26 ± 0.08 0.26 ± 0.08

DD 0.24 ± 0.08 0.25 ± 0.04

Fat Oxidation at 40% 
VO2max (gmin-1)

II 0.20 ± 0.07 0.33 ± 0.04

0.263 0.011* 0.85ID 0.26 ± 0.10 0.28 ± 0.09

DD 0.22 ± 0.12 0.28 ± 0.06

Fat Oxidation at 50% 
VO2max (gmin-1)

II 0.15 ± 0.05 0.36 ± 0.06

0.016* 0.000* 0.806ID 0.19 ± 0.07 0.25 ± 0.10

DD 0.21 ± 0.10 0.28 ± 0.12

Fat Oxidation at 60% 
VO2max (gmin-1)

II 0.12 ± 0.10 0.32 ± 0.03

0.207 0.003* 0.669ID 0.16 ± 0.10 0.23 ± 0.11

DD 0.14 ± 0.13 0.19 ± 0.10

Fat Oxidation at 70% 
VO2max (gmin-1)

II 0.03 ± 0.03 0.26 ± 0.01

0.000* 0.000* 0.921ID 0.09 ± 0.07 0.14 ± 0.10

DD 0.11 ± 0.12 0.13 ± 0.12

Note: Data are shown as mean ± SD; * p<0.05

However, there was a statistically significant interaction effect between ACE I/D genotype and 4 weeks of endurance 
training on the fat oxidation variables (F(14, 16)=3.269, p=0.013; Wilks’ Λ=0.067). Figure 1 described the estimated 
marginal means of the interaction effect between ACE I/D genotype and endurance training on fat oxidation at 20% 
and 30% VO2max. The interaction observed for the scores at 20% and 30% VO2max indicated that although the ID 
genotype group had much higher fat oxidation rates at 20% and 30% VO2max than the other genotype groups before 
the endurance training, the II genotype group obtained the highest rates after the training program.
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Figure 1 Estimated marginal means of fat oxidation at 20% and 30% VO2max between ACE/ID genotype and endurance 
training

Figure 2 illustrated the estimated marginal means of the interaction effect between ACE I/D genotype and endurance 
training on fat oxidation at 50% and 70% VO2max. The interaction indicated that although the DD genotype group 
had much higher fat oxidation scores at 50% and 70% VO2max than the other genotype groups before the endurance 
training, the II genotype group obtained the highest scores after the training program.

Figure 2 Estimated marginal means of fat oxidation at 50% and 70% VO2 max between ACE/ID genotype and 

DISCUSSION

This study aimed to determine whether ACE I/D gene polymorphism is associated with an adaptive response to short-
term endurance training. While previous studies demonstrated the association of ACE I/D gene polymorphism on the 
enhancement in endurance performance following the endurance training among trained individuals, the information 
on the association between ACE I/D gene polymorphism and such parameter was not well established for untrained 
individuals [1,2,4,5]. It is important to note that this information is important as it reduces the gene-environment 
interaction such as the training effect of the trained individuals.

The present study found significant differences in VO2max, peak power output, and fat oxidation at (40%, 50%, 
60%, and 70%) VO2max between the pre-training and post-training, which showed that 4 week of endurance training 
program elicits improvements in endurance performances of untrained adults. Interestingly, greater improvements 
in fat oxidation rate scores after the training program were more pronounced among participants with II genotype 
compared to other genotypes. This result appears to reflect the suggestion in the previous study that the II genotype 

endurance
 training
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can be correlated with enhanced medium-long aerobic endurance performance, while the DD genotype appears to be 
better for enhancing performance over the shorter duration and greater intensity durability  [24]. 

The baseline data obtained from the present study suggest that in overall participants comprised of both genders, the 
possession of certain ACE I/D genotypes on studied parameters is not obvious, except for the HDL variable. However, 
when the baseline data were analyzed by gender, we found that the waist-hip ratio in females was significantly lower 
in the ID genotype group compared to other genotype groups. Meanwhile, DBP, MAP, and total cholesterol in the 
male may be related to the ACE I/D gene polymorphism as DBP and MAP were significantly lower in the ID genotype 
group compared to another genotype group. Meanwhile, the total cholesterol was significantly lowered among 
II genotype carriers. Although studies on the sex differences in fat oxidation during exercise suggest that there is 
variability in fat oxidation owing to sex exist due to the inherent hormonal differences specific to men and women, the 
study present showed a lack of association of baseline OGTT-based ACE I/D gene polymorphism with fat oxidation 
values regardless of gender [25-27]. This result extends the findings from Huang, et al., who have found no significant 
association of the ACE I/D polymorphism with glucose tolerance among non-diabetic individuals [12]. One possible 
explanation for the lacking association observed in the present study may also be due that our subjects are healthy 
individuals. The association between ACE I/D polymorphism and glucose tolerance can be observed in high-risk 
individuals such as diabetic patients or overweight individuals as observed in another study [12]. 

Although there was a small association found between the studied gene variant with the baseline parameters, the 
present study observed that individual metabolic responses to endurance training were heterogeneous. Surprisingly, 
II genotype carriers who showed a lower baseline in fat oxidation rate have a better response to endurance training 
compared to other genotype groups who had higher baseline values. This finding was consistent with previous studies 
that have attempted to identify if possession of the I allele would enhance the effect of exercise training on training 
adaptation [28]. In comparison with the D allele carrier, previous studies demonstrated that the I allele carrier was 
shown to enhance mechanical efficiency in trained muscle following an 11-week program of aerobic training, increased 
aortic distensibility due to chronic prolonged training, greater exercise adherence to 6-month exercise training at 60% 
and 85% of maximal exercise capacity, as well as higher improvement in 30 minutes (at 70% of heart rate reserve) 
running speed performance after a 6-week anaerobic and aerobic training program [1,28-30]. 

Following the above-mentioned findings, we can assume that there was a greater physiological adaptation among 
II genotype individuals compared to other genotypes for aerobic training. The mechanisms of how ACE I/D gene 
polymorphism influences fat oxidation response to endurance training are unclear and not well reported. The endocrine 
system is reported to be responsible for the regulation of fat oxidation at rest and during exercise [31]. The activation of 
the hormone system during exercises such as the Renin-Angiotensin-Aldosterone System (RAAS) and its component; 
angiotensin II levels which are determined by the ACE I/D gene polymorphism could be a potential mechanism that 
would permit the II genotype individuals to perform in endurance activities better than those with the DD genotype. 
It is speculated that during exercise, the ACE level which was reported lower in individuals with II genotype will 
make the conversion of ANG I to ANG II decreased, leading to a reduction in skeletal muscle vasoconstriction, and an 
increase in blood flow oxygenated to the working muscles [32,33]. 

The low level of ACE in RAS is also thought will enhance fat oxidation by other indirect mechanisms depending on the 
specific tissues it stimulates, the level of activation, or the physiological state of the human. A current study reported 
that the ACE modulated expression pathway being activated by endurance exercise is associated with carbohydrate 
and lipid metabolism in skeletal muscle [34]. Another important determinant of endurance performance, strongly 
involved in the resistance to fatigue and adaptation to endurance exercise, is substrate utilization. Substrate utilization 
differs according to muscle phenotype [7]. The soleus, an oxidative muscle, can actively oxidize fatty acids, whereas 
the gastrocnemius, a predominantly glycolytic muscle, produces energy mainly from glucose use [7]. Although the 
majority of studies have focused on the systemic influences of the RAS on metabolism, there is also evidence that 
brain angiotensin may also have a determining influence [35]. A study showed that rats with a deficiency in brain 
angiotensinogen that is induced by an angiotensinogen-antisense gene coupled to a glial cell-specific promoter were 
found to have reduced body fat composition, and improved glucose tolerance, low blood pressure, and increased 
appetite compared with wild-type rats [35]. However, these components were not evaluated in this study which 
indicates that more work is thus needed to assess this potential mechanism for the adaptive response to endurance 
training.
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Contradictory findings for associations with the ACE I/D gene polymorphism may also be the result of genetic effects 
interacting with specific types of training. The presence of the D allele is associated most strongly with the short-
duration, power-oriented events, whereas the I allele has been associated with performance in longer-duration events 
[24]. The potentially favorable effect of possession of the D allele on short-duration, power-oriented events could be 
due to the production of ANG II in the skeletal muscle. A greater local ANG II production in the skeletal muscle has 
been reported to increase protein synthesis and cell hypertrophy, thereby inducing muscle contraction for maximal 
power [36,37]. Following this evidence, as this study employed endurance training, the greater adaptive response 
observed among II genotype individuals might be interpreted due to reduced ACE serum levels during exercise. The 
current study, however, does not measure the ACE serum which requires future research to validate this potential 
mechanism. 

Despite all positive findings, the mixed and non-significant results for other parameters in our study were speculated 
may be generally due to the small number of participants examined in this study. Our sample group consisted of 
healthy individuals and involved mixed-gender participants. For the training program, we include both genders as 
the number of females is low, and it makes it impossible to compare it by genotype. Therefore, it remains unknown if 
the effects of the ACE I/D polymorphism on training adaptation may differ by gender. The responses to training may 
easily be observed among special populations such as diabetes and cardiovascular patient. The number of training 
sessions may also appear to contribute to this controversial finding. Given that the absence of a concrete guideline on 
the number of training sessions needs to be conducted to elucidate the effects of the ACE I/D gene polymorphism on 
training response, this speculation needs further investigation. 

Even with these limitations, the findings currently available are reasonably reliable since each research participant is 
comparatively uniform in terms of health and training status. The genetic evaluation was reliable and unbiased because 
the genotype distribution was in the Hardy-Weinberg balance. The intervention was standardized by participants with 
the same trained investigator who conducted the training intervention. The participants underwent familiarisation 
procedures to reduce the variability in starting point measurements caused by apprehension. This study was conducted 
as a double-blind study, in which the participant and a qualified researcher who conducted the data collection did not 
know the genotype of the participants.

CONCLUSION

In summary, this research endorses the idea that the ACE I/D polymorphism correlated with adaptation to short-term 
endurance training. The individuals possessed of II genotype are more favorable to endurance training compared to 
other genotype carriers. This finding shows that before an individual engages in a certain exercise program for health 
management, genetic testing is essential to ensure that efficiency and the benefits of the exercise training program 
are fully utilized. More investigation with larger sample size and longer duration of exercise program is warranted to 
delineate and confirm the current findings.
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