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ABSTRACT
Background: The angiotensin converting enzyme insertion−deletion (ACE I/D) polymorphism lo-
cated on chromosome 17q23 (287 bp in intron 16) is associated with cardiovascular risk factors
(CRFs), but results vary among populations, which is thought to be the cause of ethnic differ-
ences. Objective: This study explored the role of the ACE I/D polymorphism and its correlation
with CRF determinants among urban and rural groups. Methods: A total of 182 male and female
participants were recruited in the age range of 20 – 55 years for CRF determinant examination and
ACE gene polymorphism (n = 140). Results: Most samples examined for polymorphic ACE genes
showed increased CRF determinants in the two groups. For genotype II and urban group ID, the risk
was increased 5 – 8 times for the CRF of obesity. The frequency of genotype II significantly increased
the incidence of CRFs of smoking and sedentary by 1 – 3 times in both groups. Conclusions: The
ACE I/D polymorphism has a differential effect on both urban and rural groups. Smoking, sedentary
behavior, and obesity were risk factors for CRF in both groups. Therefore, an overall design strategy
for health policies is needed to mitigate the burden of cardiovascular disease, which ends in death
in both groups.
Key words: gene polymorphism, angiotensin converting enzyme, insertion-deletion, cardiovas-
cular risk factors, Urban-Rural Populations

INTRODUCTION
The current public health challenge is the prevention
and control of cardiovascular risk factors (CRFs)1.
Coronary heart disease, often known as coronary
artery disease (CAD), contributes to 31% of deaths
worldwide. The trend of disease is increasing
throughout Southeast Asia2. Coronary heart disease
attacks people aged < 45 years, with an average age
of 39 ± 6 years. Similar studies through retrospec-
tive studies have also reported that there were ap-
proximately 10,268 patients who underwent coronary
surgery with age clusters in the range of < 45 to < 55
years (male; female)3. A paradigm shift in lifestyle in-
creases the prevalence of this disease. Various lifestyle
changes include unbalanced diets, excessive carbo-
hydrate consumption, progressive economic growth,
and urbanization4. Based on population analysis, it
has been reported that on theAsian continent, includ-
ing in Indonesia, this disease is increasing exponen-
tially in the population, especially in vulnerable urban
groups5.
The migration of several rural to urban community
groups occurs due to employment factors that have

effects on society and health. This is certainly detri-
mental to the population, including the potential to
increase the incidence of CRF determinants6. One
challenge that is very serious in developing countries,
especially in Indonesia, is urban health issues, includ-
ing CAD and CRF7.
One way CAD is affected in urban communities is via
extreme lifestyle changes, including lack of physical
activity, smoking, and unhealthy eating habits8.
Previous studies have reported the involvement of
genes in various populations, particularly in urban
and rural populations, but other studies have shown
that urban groups are correlated with CRFs in con-
trast to rural groups9.
Other studies have focused on ethnicity and ethnic
groups and their CRFs, such as nutritional deficits,
obesity, and hypertension (HTN). Furthermore, Pena
et al. (2016) studied the complex correlation between
genes and the environment triggered by CRFs10.
Thus, it is important to trace the role of genetics in
different urban and rural populations, especially gene
polymorphisms of populations.
The angiotensin converting enzyme (ACE) gene,
which is located on chromosome 17q23, contains
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many polymorphisms that are collections of differ-
ent phenotypes composed of DNA strands. The
insertion−deletion (I/D) polymorphism consists of
287 bp in intron 1611. The ACE I/D polymorphism
is one of the main enzymes that control the renin–
angiotensin system (RAS) pathway. Some researchers
have reported that this polymorphism is associated
with several diseases, especially non-communicable
and generative diseases, such as metabolic syndrome,
HTN, dyslipidemia, diabetes, obesity, and hyper-
triglyceridemia12.
The population distribution among urban and rural
populations has shown that they have the same risk of
developing CRF diseases. However, no reports have
compared the two populations. Thus, it is important
to provide an overview of the population distribution
for those at risk of CAD and CRFs and the role of ge-
netics among urban and rural populations, especially
gene polymorphisms in South Sulawesi populations.

METHODS

Study design

A population-based design with a cross-sectional
study approach was used in this study. Data were
collected via a purposive random sampling method.
The samples were from urban and rural community
groups.

Sample size

In total, 182 participants were successfully recruited
in the age range of 20 – 50 years and included both
males and females. Of these, 42 subjects were ex-
cluded from the study because they refused to provide
consent to participate in the study, even though the
informed consent form had been explained in detail.
The ACE I/D polymorphism was examined and iden-
tified, and samples were separated according to pop-
ulation location (n = 60 for the rural group and n =
80 for the urban group). CRF determinant tests in-
cluded smoking, sedentary, obesity, HTN, abnormal
heart rate, and poor VO2max capacity (n = 140) for
both groups. We prepared anamnesis schedules and
initial examinations to obtain basic participant data,
including each participant’s name, age, gender, medi-
cal history, and occupation. Three milliliters of blood
were collected using a standard biomedical laboratory
protocol from the biomolecular Hasanuddin Univer-
sity - Medical Research Center (HUM-RC). All ma-
terials and tools used in this study were approved by
the Health Ethics Committee of the Makassar Health
Polytechnic.

Anthropometric measurement and CRF de-
terminants
Anthropometric measurements included age (years),
height (cm), weight (kg), body mass index (BMI =
BB/TB2) in kg/m2, systolic blood pressure (sbp) in
mmHg, diastolic blood pressure in mmHg, heart rate,
andVO2max. Specific standardization of BMI refers to
Southeast Asian populations according toWHO stan-
dards (2000)13. Blood pressure (BP) measurements
were taken on the left arm of participants while they
laid on the examination room bed using a BP digital
instrument (OMROM-7080), with standardization of
measurements according to JNCVII guidelines. Mea-
surements were performed at one time to minimize
measurement errors14.

Polymorphism and genotyping
DNA was extracted according to the Rigat et al.
(1990) protocol, and we performed allele-specific
polymerase chain reaction (PCR) of ACE I/D poly-
morphism using specific primer sequences via stan-
dardpro kol from Rigat et al., 199015.
Forward primer: 5′-
CTGGAGACCACTCCCATCCTTTCT-3′ and
Reverse primer: 5′-
GATGTGGCCATCACATTCGTCAGAT-3′

DNAwas amplified for 30 cycles with denaturation at
94 ◦C for 1 min, annealing at 58 ◦C for 1 min, and
extension at 72 ◦C for 2 min using an Applied Biosys-
tems thermal cycler. Genotyping of the PCR prod-
ucts [in base pairs (bp): DD (190 bp), ID (490 bp, 190
bp), and II (490 bp)] was performed via 2% agarose
gel electrophoresis. As per Perna et al. 1992 and Shan-
mugam et al. 1993, there is a possibility of ID geno-
types beingmistyped as DD. To avoid this, 51 samples
with DD genotypes were reanalyzed using the pro-
tocol suggested by Shanmugam et al. 1993 in which
5%dimethyl sulfoxide (DMSO)was added to the PCR
mixture16.

Statistical analysis
Using SPSS software application version 22.0, we con-
ducted statistical testing using the chi-square (X2) test
to identify general characteristics of the population
and CRF among the urban and rural groups. We
also used the chi-square test to determine the differ-
ences in genotype distributions according to the CRF
determinants. Meanwhile, Hardy–Weinberg equi-
librium (HWE) was carried out to observe the fre-
quency distribution of ACE I/D polymorphism geno-
types among the two population groups. Further-
more, the variables, including age, sex, education, oc-
cupation, smoking, and alcohol consumption, were
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adjusted to understand the role of the ACE I/D poly-
morphism in the CRF determinants using logistic re-
gression and interaction tests (moderated regression
analysis), with a significance of p < 0.05 (2-tailed).

RESULTS

Characteristics of urban and rural popula-
tions
Our study successfully recruited 140 participants, dis-
tributed in two population groups, namely, urban and
rural, with average ages of 39.04±9.5 and 38.78±9.4
years, respectively. However, these subjects were sim-
ilar in terms of gender, education, occupation, and al-
cohol and smoking consumption, but not age. Com-
parison of urban and rural groups based on general
characteristics found significant differences, includ-
ing differences in gender, education, occupation, and
smoking, except for age and alcohol consumption
(Table 1).
A significant proportion of the women and men were
smokers, had poor VO2max capacity, and were obese
(0.003, 0.002, and 0.032, respectively), which were
increased CRFs compared with sedentary, systolic
and diastolic HTN, and abnormal heart rate factors
(Figure 1).

Influence of CRF determinants among ur-
ban and rural groups
The prevalence of CRF determinants among urban
and rural groups is shown in Table 2. The CRF de-
terminants that were similar included smoking and
occupation. Other similar risk factors were BMI, BP,
HR, and VO2max. Overall, the CRF determinants that
were significantly (< 0.05) correlated with the urban
and rural community groups included smoking, oc-
cupation, BMI, BP, HR, and VO2max (Table 2).
The comparison of adult, middle, and advanced ages
showed that middle age people had a higher preva-
lence of CRF determinants than the other two age
groups. Specifically, three factors included systolic
and diastolic HT and abnormal HR (0.000, 0.000, and
0.009, respectively), which were the dominant CRFs
(Figure 2).

Distribution of ACE I/D genotype and allele
frequency among urban and rural groups
This study focused on the ACE I/D polymorphism
among urban and rural groups. We observed Hardy–
Weinberg equilibrium (HWE) in genotypes II, ID,
and DD, and frequencies of alleles I and D were ob-
served in the urban group (p = 0.0001). Both groups

(urban and rural) showed significant HWE equilib-
rium (X2 = 24.177; 20,292, p = 0.0001) (Table 3). The
distribution of genotypes II, ID, and DD in both ur-
ban and rural groupswas evenly distributed, and there
was no difference in genotype (0. 956, 0.062, 0.069,
respectively) between the two groups (Figure 3).

Distribution of the ACE I/D genotype and
its correlation with CRF determinants in ur-
ban and rural groups
The ACE I/D polymorphism examinations of the ur-
ban group showed differences in the CRF determi-
nants. Genotype II in the urban groups showed smok-
ing risk to be more prevalent than in ID and DD
genotypes (29%, 23.40%, and 17.65%, respectively).
The sedentary factor was higher than for DD and ID
(62.16%, 50%, and 54.90%, respectively). The obese
factor was higher in genotype ID than in II and DD
(25.7%, 4.76%, and 12.5%, respectively). Moreover,
the DD genotype showed a higher prevalence of HTN
than the II and ID genotypes (54.17%, 42.86%, and
31.43%, respectively). The prevalence of abnormal
HR was higher in DD than in II and ID (50.98%,
49.54%, and 44.23%, respectively), and poor VO2max

capacity was higher inDD than in ID and II genotypes
(56.86%, 50%, and 48.65%, respectively Their respec-
tive odds ratio values (1.026, 0.833, 5.250, 0.914, and
1.296) showed the incidence of CRF determinants in
the future (Table 4).
Similarly, the rural group showed differences in al-
most all CRF determinants. In genotype II, smok-
ing and sedentary factors were higher than in the
DD and ID genotypes (25%, 14.81%, 5.88%, 71.43%,
14.81%, and 5.88%, respectively). The DD geno-
type was dominant for obesity (33.34% and 11.76%),
HTN (54.17%, 42.86%, and 31.43%), abnormal HR
(33.33%, 25.00%, and 23.53%), and poor VO2max ca-
pacity (37.04%, 31.25%, and 29.41%) compared with
those in genotypes II and ID. Thus, genotypes II and
DD in the rural group have increased potential for
CRF determinants compared with the ID genotype
group, with their respective odds ratios (1.026, 0.833,
5.250, 0.914, and 1.296) increasing the CRF determi-
nants (Table 5).

Interaction of ACE I/D genotype with CRF
determinants in urban and rural groups
We analyzed the interactions of the ACE I/D poly-
morphism among the three genotypes, II, ID, andDD,
with the CRF determinants in the urban and rural
groups. Individuals in the rural group who had geno-
type ID had an 8-fold increased risk of obesity, a 2-
fold increased risk of smoking, and a 1-fold increased
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Table 1: General characteristics of the population in urban and rural settings

General characteristics Urban Rural χ2 P

Age (years) 39.04± 9.5 38.78± 9.4 .025 (.875)

Sex

Female 67 (83.75) 30 (50) 20.819 (.0001)

Male 13 (16.25) 30 (50)

Education

Illiterate 56 (72.73) 32 (53.33) 20.819 (.012)

literate 21 (27.27) 28 (46.67)

Occupation

Sedentary 52 (65) 25 (41.67) 7.858 (.006)

Active 28 (35) 35 (58.33)

Alkohol

No 67 (83.75) 50 (83.33) .004 (.948)

Yes 13 (16.25) 10 (16.67)

Smoking

No 53 (66.25) 51 (85) 6.514 (.012)

Yes 27 (33.75) 9 (15)

P value is significant at≤ 0.05; mean± SD

Figure 1: Prevalence of cardiovascular risk factors in urban and rural groups.
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Table 2: Distribution of cardiovascular risk factors among urban and rural settings

Cardiovascular risk
factor

Normal range Urban (± SD) Rural (± SD)
(%n = 60)

χ2 (P )

Smoking 6.31 (.012)

No 53 (66.25) 51 (85)

Yes 27 (33.75) 9 (15)

Occupation 7.542 (.0006)

Sedentary 52 (65) 25 (41.67)

Active 28 (35) 35 (58.33)

BMI (kg/m2) 21.15± 3.25 22.99± 1.92 15.198 (.0001)

Underweight (U) < 18.5 25 (31.25) 0

Normal (N) ≥ 18.5 but < 23 32 (40) 43 (71.67)

Overweight (Ov) ≥ 23 but < 25 10 (12.5) 6 (10)

Obese (Ob) ≥ 25 13 (16.25) 11 (18.33)

BP (mmHg) 127.63± 19.86; 85.94
± 9.56

114.17± 17.92; 80.87
± 9.78

16.675 (.000)
8.027 (.018)

Normotension (Nr) SBP < 120 and DBP
< 80

6 (7.5) 22 (36.67)

Pre-hypertension
(PrPHTN)

SBP 120 – 139 or
DBP 80 – 89

35 (43.75) 18 (30)

Hypertension
(HTN)

SBP≥ 140 or DBP
≥ 90

39 (48.75) 20 (33.33)

HR (bpm) 94.36± 10.097 90.73± 9.669 12.782 (.0001)

Normal 60 - 100 33 (41.25) 43 (71.67)

Abnormal < 60 and > 100 47 (58.75) 17 (28.33)

VO2max (ml/kg/min) 41.92± 3.69 45.81± 4.15 .277 (.0001)

Good 27 (36.99) 40 (66.67)

Poor 63 (63.01) 20 (33.33)

P value is significant at≤ 0.05; mean± SD

Table 3: Distribution of ACE I/D genotypes and allele frequencies among in rural and urban settings

Genotype Urban total N = 80 (%) Rural total N = 60 (%)

II 21 (26.25) 16 (26.67)

ID 35 (43.75) 17 28.33)

DD 24 (30) 27 (45)

I allele 36 (45) 24 (40)

D allele 44 (55) 36 (60)

HWE X2 (P ) X2 = 24.177 (0.001) X2 = 20.292 (0.001)

N number of individuals
P≤ 0.05 significant

P = 0.038

Abbreviations: ACE: angiotensin converting enzyme; II: insertion-insertion;DD: deletion-deletion; I: insertion;D: deletion;HWE: Hardy–
Weinberg equilibrium
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Table 4: ACE I/D genotypic distribution and association with cardiovascular risk factors among urban
population

Cardiovascular risk
factor

Urban OR (95%CI) P II
versus ID + DD

II n (%) ID n (%) DD n (%) X2 (P)

Smoking 1.547 (.219) 1.026 (.357 - 2.947)
.962

No 26 (70.27) 36 (76.60) 42 (82.35)

Yes 11 (29.73) 16 (23.40) 9 (17.65)

Occupation .750 (.476) .833 (.297-2.340)
.729

Sedentary 23 (62.16) 26 (50) 28 (54.90)

Active 14 (37.84) 26 (50) 23 (45.10)

BMI (Kg/m2) 38.508
(.0001)

5.250 (1.113 -
24.771) .036

Underweight 15 (71.43) 0 10 (41.7)

Normal 4 (19.05) 17 (48.6) 11 (45.8)

Overweight 1 (4.76) 9 (25.7) 0

Obese 1 (4.76) 9 (25.7) 3 (12.5)

BP (mmHg) 3.068 (.216) .914 (.334-2.506)
.862

Normotensives 6 (28.57) 11 (31.43) 6 (25)

Prehypertensives 6 (28.57) 13 (37.14) 5 (20.83)

Hypertensives 9 (42.86) 11 (31.43) 13 (54.17)

HR (bpm) 1.030 (.362)

Normal 10 (59.46) 16 (55.77) 7 (49.02)

Abnormal 11 (49.54) 19 (44.23) 17 (50.98)

VO2max

(ml/kg/min)
.475 (.623) 1.296 (.460 - 3.652)

.624

Good 19 (51.35) 26 (50.00) 22 (43.14)

Poor 18 (48.65) 26 (50.00) 29 (56.86)

Abbreviations: ACE: angiotensin converting enzyme; II: insertion-insertion;DD: deletion-deletion; I: insertion;D: deletion;BMI: bodymass
index; kg: kilogram;ml: mililitre; BP: blood pressure;mmHg: milimetre merkuri (hydrargyrum);HR: heart rate; bpm: beats per minute.

risk of being sedentary, with the remaining risks be-
low a 1-fold increase (HTN, abnormal heart rate, and
poor VO2max capacity). In genotype II, the risk in-
creased five times for the incidence of obesity, and we
observed a 1-fold increase in the incidence of smok-
ing, abnormal heart rate, and poor VO2max capacity.
The sedentary behavior and HTN risks were below a
1-fold increase in incidence. The DD genotype re-
sulted in a 2-fold increased risk of obesity and a 1-
fold increased risk of sedentary behavior and abnor-

mal heart rate. It showed a less than 1-fold increase in
the incidence of smoking. In the rural group, those
who had genotype II had a 3-fold increased risk of
sedentary behavior and obesity and a 1-fold increased
risk of abnormal heart rate and poor VO2max capacity.
This genotype also resulted in below a 1-fold increase
in the incidences of smoking and HTN. In genotype
ID, the risk was twice the incidence of smoking, and
the remaining risks were below a 1-fold increase, in-
cluding the incidence of sedentary behavior, obesity,
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Figure 2: Cardiovascular risk factors stratified by age groups include young, middle and advanced adult-
hood (20 - 34; 35 - 45; 50 – 55).

Figure 3: Distribution of ACE I/D polymorphism in urban and rural group populations.

HTN, abnormal heart rate, and poor VO2max capac-

ity. Finally, in the DD genotype, there was a 2-fold

increased incidence of obesity, and a 1-fold increased

incidence in sedentary behavior, abnormal heart rate,

and poor VO2max capacity. The remaining risks were

below a 1-fold increased incidence, including smok-

ing (Table 6).

DISCUSSION
Our study provides an important description of dif-
ferent ways in which ACE I/D polymorphism affects
different environmental dimensions, such as urban
and rural communities. Urbanization is one of the
main biomarkers for the occurrence of CRF determi-
nants, and this is the main demographic change oc-
curring in developing countries that have large popu-
lations17.
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Sociodemographic data of urban and rural
groups with CRF determinants
Almost all sociodemographic data between these two
groups were similar for the study subjects in terms of
sex, education, occupation, alcohol, and smoking, ex-
cept for age. This study assessed two main popula-
tions: urban and rural groups.
The CRFs that were determinants in this study in-
cluded smoking, sedentary lifestyle, obesity, HTN,
abnormal heart rate, and poor VO2max capacity. Al-
most all CRF determinants observed were high in
the urban group. However, only one CRF determi-
nant, obesity, was found in the rural group. Thus,
the main sociodemographic finding was that almost
all CRF determinants were higher in the urban group
than in the rural group (Table 2). The findings chal-
lenge the previous paradigm that CRF determinants
are evenly distributed upon migration in urban and
rural groups. However, a meta-analysis study from
Gupta and Hernández et al. reported that urban pop-
ulations have the potential for increased CRF deter-
minants18.

ACE I/Dgenotype in urban and rural groups
The separation between the urban and rural groups
took place over a long time, namely, during the de-
velopment of the new Indonesian government. Pre-
viously, the rural population was dominant, and even
when they separated into two different groups, their
genetics did not change. With the discovery of se-
quencing technology for the ACE I/D polymorphism,
these two groupswere found to be different in terms of
their HWE scales. Genotypes II and ID are dominant
in the urban group, while DD genotypes are domi-
nant in the rural group with a statistical significance
(p = 0.038).
Differences in the genotypes of the two groups in the
ACE I/D polymorphism occur specifically, where ru-
ral groups have a high number of homozygotes, and
urban groups have a higher number of heterozygotes
(Table 3).
The shift or change in homozygous traits owing to the
erosion of the influence of urbanization indicates that
the DD genotype from homozygotes was more dom-
inant in the rural group, whereas the DD genotype in
the urban group showed homozygous relaxation19.
With the evolution of humans in the past, many genes
have undergone positive selection, e.g., changes in
viral pathogenic genes (APOBEC3G) to prevent the
body’s immune response (PRM1 evolution of male
reproductive genes and evolution (FOXP2) for HIV
infection resistance (CCR5delta32)). Interestingly,

when physical fitness (VO2max) wasmeasured in both
groups, a higher level of physical fitness (VO2max) was
found for all genotypes, II, ID, and DD, in the rural
group than in the urban group20.

Interaction of the ACE I/D genotype with
CRF determinants
Our study has shown that theACE I/D polymorphism
is directly correlated to CRF determinants with vari-
able results9,21,22. The determinants that cause this
variability in the results are demographic, geographi-
cal, and ethnic factors. One important finding of our
study was that the urban and rural groups were in
the same Mendelian family, namely, ethnic Malayu,
where allele Dwas found to have a 1,227-fold increase
in the urban group compared with the rural group
(Table 4). Similar research has been conducted pre-
viously 23.
The CRF determinants showed an increased correla-
tion with the ACE I/D polymorphism of the D allele
in the urban group. Comparison ofHWE equilibrium
and decreased function of the DD genotype in the ru-
ral group revealed new data related to loss of positive
selection sensitivity in this group.
However, the analysis of the odds ratio in the urban
groups that had genotype II and ID showed a 5-8-fold
increased risk of obesity compared with the DD geno-
type. Thus, urban groups have protection against obe-
sity. However, this is not entirely true because geno-
types II and ID and obesity may have a negative selec-
tion, which leads to the omission of genotype DD as
a marker; thus, the odds ratio results could have been
skewed (Table 6).
Some researchers have found that obesity and dyslipi-
demia are causative factors of cardiovascular diseases
and are considered adverse CFR determinant pheno-
types24.
Other studies have revealed positive interactions of
the ACE I/D polymorphism with smokers, which is
likely because ACE is the main enzyme of the renin–
angiotensin system (RAS) that plays a role in reg-
ulating the mechanism of cardiorespiratory home-
ostasis25. In addition, one CAD and CVD trigger
is the ACE gene. Previous researchers from North-
ern Ireland have found that the ACE I/D polymor-
phism is directly related to the incidence of smok-
ing. Researchers fromTurkey also reported their find-
ings on the relationship between ACE I/D polymor-
phism and obesity and found that the incidence of
obesity was significantly higher than that in controls
(21.4%), which was dominant in women. Similarly,
in another study that sampled the Tibetan popula-
tion, researchers reported that the D allele of the ACE
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gene contributed to obesity in women. However, in
Tibetan men, this allele was not identified. Concern-
ing rural population groups, one study also reported
that ACE I/D polymorphism does not cause primary
HTN. Our research found the presence of the DD
genotype in urban and rural groups and theDD geno-
type in rural groups leads to the increasedCRF of obe-
sity.

CONCLUSIONS
In this study, we found that almost all CRF deter-
minants that activate ACE I/D polymorphism were
higher in the urban group than in the rural group. The
urban and rural groups were in the same Mendelian
family, namely, ethnic Melayu, where allele D was
found to have a 1,227-fold increase in urban groups
compared with in rural groups. CRF determinants
showed a high correlation with ACE I/D polymor-
phism in both groups with a high incidence of car-
diovascular disease, resulting in death. Therefore, an
overall design strategy for health policies is needed to
mitigate the burden of cardiovascular disease, which
ends in death in both groups.

ABBREVIATIONS
ACE: angiotensin-converting enzyme, I/D: insertion-
deletion,CRF: cardiovascular risk factor, II: insertion
insertion, ID: insertion deletion, DD: deletion dele-
tion, CAD: coronary arteries deseases, HTN: hyper-
tension, RAS: renin–angiotensin system, HUM-RC:
Hasanuddin University — Medical Research Center,
BMI: body mass index, SBP: Sistolic blood pressure,
DBP: diastolic blood pressure, BP: blood pressure,
DMSO: dimethyl sulfoxide, HWE: hardy–weinberg
equilibrium, VO2max: volume oxygen maximum.
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