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Introduction
Since 1923, maximal oxygen uptake (V̇O2max) has referred to the oxygen uptake attained 

during maximal intensity exercise that could not be increased despite further exercise 
workload increments, thereby defining the limits of the cardio respiratory system. Surgical 
intervention requires the human body to undergo high physical stress, including hypoxia, 
which influences tissue regeneration after surgery as a consequence of an oxygen delivery 
versus consumption mismatch that occurs when cell proliferation exceeds neoangiogenesis 
[1]. Hypoxia inhibits, or even prohibits, continuing physical and intellectual activity 
during and post-surgical interventions, contributing to the prolongation of tissue recovery 
and patient’s general convalescence. Interestingly, in Rossetti et al. [2], physically active 
individuals, with greater sea-level fitness levels, reported less strenuous effort during 
simulated and actual physical activities, had better mood levels (less fatigue), and chose a 
higher step rate during perceptually regulated exercise, and did not suffer from any worsened 
arterial oxygen desaturation. Comparatively, surgical patients with acceptable levels of 
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Abstract

The serum angiotensin converting enzyme (ACE) level in individuals with a DD genotype is two-fold 
higher than those with an II genotype. The DD genotype is correlated with a higher risk of cardiovascular 
diseases, lower adaptability to hypoxic conditions, as well as lower cardio-respiratory capacity. The aim 
of the study was to examine the role of I/D polymorphisms in the ACE gene in surgical patients vs. healthy, 
active individuals. Two groups were investigated in the study: 91 surgical patients and 39 physically active 
controls. The level of adaptation to physical stress, compensating processes, and sense of well-being of 
participants were determined with subjective and objective inferential methods. Additionally, the repre-
sented ACE gene polymorphism was evaluated using molecular analyses.

The role of the DD vs. II genotype is unclear in healthy, active individuals. Whilst in patients who reg-
ularly participated in sport accrued shorter hospital stay time (P = 0.04). The type of surgery performed 
significantly affects patients’ time to convalescence (P = 0.03). Patients’ time in hospital after oncological 
surgeries is longer, regardless of whether chemotherapy was received or not. Based on the collected data, 
it was not possible to indicate a common genotype predisposing resistance to physical stress in both 
examined groups, with no statistically significant correlation between the ID polymorphism of ACE gene 
in either group. However, the noted tendencies may suggest a role of allele I and II genotypes in patient 
convalescence and as such, necessitates further investigation.
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endurance performance are shown to recover, relatively better, are 
discharged home earlier, and return to their daily activities sooner 
than patients with low levels [3]. 

The capacity to perform endurance exercise and, consequently, 
physical resistance is asserted to be genetically conditioned [4]. 
Genetic factors have an essential influence over components of the 
athletic performance such as elite athlete status [5], some of motor 
skills [6], endurance [7], maximal oxygen uptake [8-10], increased 
risk of injurence [11], resistance to pain [12] or determinants of 
aggression in sport [13] and other phenotypes.

Among 200 single nucleotide polymorphisms (SNP) associated 
with physical performance, the angiotensin-converting enzyme 
(ACE) gene is one of most frequently investigated [14]. The 
ACE converts angiotensin I to angiotensin II. This entails blood 
vessels narrowing in diameter, and results in increased blood 
pressure. Functionally, the most significant is intron 16 of the 
human ACE gene (location: 17q23.3) where a 287 bp Alu sequence 
insertion fragment (I allele) and deletion fragment (D allele) 
were recognized [15]. Significant differences between genotypes 
II and DD were observed in terms of blood pressure. The ACE 
gene is the most intensively examined gene in view of athletic 
performance, especially endurance performance, particularly given 
the importance of blood pressure during prolonged and intense 
exercise [16]. Allele I is overrepresented among active individuals 
who practice endurance sports [17].

Whether healthy and active, or suffering through ill-health, 
the interest among both populations for recovery, fitness and 
adaptation is of paramount importance [18]. The serum ACE level 
in individuals with a DD genotype is two-fold higher than those with 
an II genotype and is correlated with a higher risk of cardiovascular 
diseases, lower adaptability to hypoxic conditions, as well as lower 
cardio-respiratory capacity, it was therefore postulated that the 
existence of the II, DD or ID polymorphism may be associated with 
outcome and recovery in both populations. The aim of the study 
was to examine the role of I/D polymorphisms in the ACE gene

Methods
The study sample comprised surgical patients and physically 

active controls (described below) andwas conducted in accordance 
with the Declaration of Helsinki. The physically active group 
consisted of 39 male and female volunteers, ranging from 
professional climbers (ascended over 7000m) and recreational 
athletes, all of which met national physical activity guidelines. 
The group of patients underwent gastrointestinal surgeries 
and comprised 91 men and women of varied health status, aged 
28 to 84 years. They were subdivided into 36 non-oncological 
surgery patients subjected to “medium” surgical procedures 
(cholecystectomy, stoma reversal, thyroid resection), and to “big” 
surgical procedures (colectomy, digestive tract reconstruction, 
adrenalectomy); and 55 oncological patients subjected to digestive 
tract tumor surgeries, who spent more time in hospital, and 

whose surgical procedures were more advanced and extensive. 
Additionally, 29 patients also underwent chemotherapy.

The study consisted of two parts: molecular analysis, and analysis 
of participants’ health status and well-being, pre and post-surgery 
and physical activity, respectively. All participants gave their full 
written and informed consent to take part in the study. Participants’ 
health status, fatigue level, and existing medical conditions and 
symptoms were evaluated using self-report questionnaires, whilst 
patients’ course of post-operative recovery was analyzed in detail. 
The buccal cells were donated by participants with the use of 
sterile foam-tipped applicators (Puritan, USA). DNA was extracted 
using a GenElute Mammalian Genomic DNA Miniprep Kit (Sigma, 
Germany) according to the manufacturer’s protocol. The samples 
were genotyped in duplicate. PCR amplification of the polymorphic 
region of the ACE gene containing either an insertion (I) or deletion 
(D) fragment was performed using a T100™ Thermal Cycler (Bio-
Rad, Germany) instrument. One pair of primers (forward: CTG GAG 
ACC ACT CCC ATC CTT TCT, and reverse: GAT GTG GCC ATC ACA 
TTC GTC AGA) was used to determine the ACE genotype, yielding 
amplification products of approximately 490bp (for allele I) and 
190bp (for allele D). PCR mixture and thermal-time profile were 
coequal as described by Cięszczyk et al. [17]. The amplified DNA 
fragments were visualized by using 1.5% agarose gels stained with 
ethidium bromide.

All statistical calculations were made with the use of the SAS® 
ver. 9.3 software package (2013). The significance of experimental 
factors was determined with a multifactorial analysis of covariance 
according to the following linear models: for mountaineers yijkm = 
si + aj +mk + gl + eijklm, where: yijkm- value of the analyzed trait, si 
- fixed effect of sex (i = 1,2), aj- fixed effect of age (j = 1,2), mk- fixed 
effect of mountaineer class (k = 1,2), gl- fixed effect of genotype/
polymorphism (l = 1,2,3), eijklm - random error; and for patients 
yijkmno = si + aj + zk + cl + pm + gn+ eijklmno, where: yijkmnop - 
value of the analyzed trait, si - fixed effect of sex (i = 1,2), aj- fixed 
effect of age (j = 1,2), zk - fixed effect of surgery type (k = 1,2), cl 
- fixed effect of chemotherapy treatment, pm - fixed effect of sport 
class (m = 1,2,3,4,5), gl- fixed effect of genotype/polymorphism (l 
= 1, 2, 3), eijklm - random error. Post-hoc Tukey test’s for multiple 
comparisons were used to compare means for the items. 

Results
The investigated polymorphism conformed to the Hardy-

Weinberg equilibrium. A distribution of the genotypes and alleles 
in physically active individuals and patients is shown in Table 1. The 
ACE gene polymorphism was not shown to significantly affect well-
being pre or post physical activity (Table 2). However, in the case 
of individuals with genotype II, well-being did not deteriorate post 
physical activity, while the tendency for well-being to decline was 
the highest for genotype DD. Neither class (amateur/professional) 
nor age (under or over 35 years) significantly affected well-being 
pre or post physical activity (Table 3).
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Table 1: Distribution of genotypes and alleles in healthy individuals and patients.

Healthy Patients

Genotype I/I I/D D/D Total I/I I/D D/D Total

Number of subjects 1 23 15 39 10 51 30 91

Frequency of genotypes 0.0256 0.5897 0.3846 - 0.1099 0.5604 0.3297 -

Allele frequency 0.3205 - 0.6795 - 0.3901 - 0.6099 -

Expected frequency of genotypes 0.1027 0.4356 0.4617 - 0.1522 0.4758 0.372 -

Number of subjects 4 17 18 39 14 43 34 -

χ2 2.256 2.1283 0.502 4.8863 1.0697 1.3684 0.4377 2.8758

Table 2: Comparative analysis between polymorphisms and participants’ well-being.

p Polymorphism N x̅ SD

Healthy individuals

Well-being pre 
physical activity 

(pts)

0.21 I/I 1 9 -

I/D 23 8.35 1.37

D/D 15 7.4 0.99

Difference in well-
being post physical 

activity (pts.)

0.98 I/I 1 0 -

I/D 23 0.13 1.25

D/D 15 0.33 1.35

Patients

Well-being pre 
surgery (pts.)

0.65 I/I 10 6.4 1.71

I/D 51 6.39 2.41

D/D 30 6.13 2.05

Difference in well-
being post surgery 

(pts.)

0.16 I/I 10 -0.9 1.79

I/D 51 -0.02 2.79

D/D 30 -1 2.18

Time spent in 
hospital (days)

0.16 I/I 10 6.7 2.21

I/D 51 8.75 5.48

D/D 30 9.03 7.38

The ID genotype in the ACE had no significant effect on the 
patients’ time spent in hospital (P>0.05; Table 2). However, time to 
convalescence following a surgical procedure was the shortest in 
patients with genotype II, and the longest in patients with genotype 
DD. Furthermore, patients with genotype DD did not endure 
surgeries as well as those with genotype II, and their well-being 
deteriorated to a greater extent post-surgery compared with well-
being pre-surgery. The type of surgery had a significant impact on 
convalescence (Table 4). Time spent in hospital after oncological 
surgeries was shown to be longer than after non-oncological 

surgeries, irrespective of whether chemotherapy was administered. 
Patients’ age did not significantly affect time spent in hospital or 
well-being (Table 3). However, older patients required more time 
for convalescence and home discharge, and their well-being also 
deteriorated to a greater extent post- surgery. It was also observed 
that the greater frequency with which patients practiced sports, 
the shorter their hospital admittance (Table 5). Furthermore, 
physically active patients had a better well-being post-surgery than 
patients doing no sports. 

Table 3: Comparative analysis of well-being, and patients’ convalescence.

p Feature N x̅ SD

Healthy 
individuals

Well-being pre-
physical activity 

(pts.)

0.09 class amateur 27 8.22 1.19

professional 12 7.5 1.45

Difference in 
well-being post 
physical activity 

(pts.)

0.22 amateur 27 0.04 1.22

professional 12 0.58 1.31

Well-being pre 
physical activity 

(pts.)

0.66 age ≤ 35 years old 19 8.26 1.19

> 35 years old 20 7.75 1.37

Difference in 
well-being post 
physical activity 

(pts.)

0.85 ≤ 35 years old 19 0.16 1.38

> 35 years old 20 0.25 1.16
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Patients

Well-being pre 
surgery (pts.)

0.49 age ≥ 50 years old 30 6.63 2.53

51-65 years old 32 5.97 2.21

> 65 years old 29 6.34 1.86

Difference in 
well-being post 
surgery (pts.)

0.32 ≥ 50 years old 30 -0.13 2.74

51-65 years old 32 -0.88 2.88

> 65 years old 29 -0.28 1.81

Time spent in 
hospital (days)

0.86 ≥ 50 years old 30 7.87 4.65

51-65 years old 32 8.31 4.82

> 65 years old 29 9.72 7.95

Table 4: Comparative analysis of patients’ convalescence time, well-being, administration of chemotherapy, and surgery 
type.

p Chemotherapy N x̅ SD

Well-being before a 
surgery (pts.)

0.56 no 62 6.42 2.27

yes 29 6.07 2.09

Difference in well-being 
after a surgery (pts.)

0.7 no 62 -0.5 2.58

yes 29 -0.31 2.45

Time spent in the hospital 
(days)

0.61 no 62 7.92 6.08

yes 29 10.1 5.41

p Surgery type N x̅ SD

Time spent in hospital 
(days)

0.03 non-oncological 36 7.03 4.66

oncological 55 9.65 6.47

Table 5: Comparative analysis of patients’ convalescence time, well-being, and sport participation level.

p Sport Participation Level N x̅ SD

Difference in well-
being after a surgery 

(pts.)

0.68 none 28 -1.07 3.03

little 33 -0.36 1.82

occasional 14 0.07 3.32

amateur 13 0.08 2.22

professional 3 0 1

Well-being before a 
surgery (pts.)

0.74 none 28 6.21 2.2

little 33 6.12 2.12

occasional 14 6.93 2.59

amateur 13 6.54 2.3

professional 3 5.33 1.53

Time spent in hospital 
(days)

0.04 none 28 10.36 7.58

little 33 7.88 5.18

occasional 14 8.93 5.27

amateur 13 6.15 3.24

professional 3 9.67 6.66

Discussion
The main finding of this study is that patients who are more 

physically active and practice sports regularly, stay for a shorter 
time in hospital, post-surgery (p = 0.04). Secondly, Occurrence of 
allele I remained invariant between participants with high or low 
levels of well-being. It is asserted that certain genetic factors may 
influence physical performance [11]. The D/I polymorphism of 
the ACE gene has been extensively studied for its association with 
diseases and physical performance. The ACE gene, by affecting 

the regulation of the heart and circulatory system function, is 
unequivocally important for the performance of endurance 
exercises at high intensity [19]. 

Professional or high-level sporting performance is, often, 
associated with a high V̇O2max, and is often positively correlated 
with the presence of allele I in the ACE gene [20]. Moreover, 
individuals with genotype II in the ACE gene were found to 
experience low blood pressure, which positively affects their 
endurance performance during prolonged and intense exercise 
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[15]. The efficacious function of the cardiopulmonary system is 
necessary for both healthy individuals and post-surgery recovery 
[3].

Our study did not find a statistically significant relationship 
between the presence of allele I in the ACE gene and physical fitness 
and well-being post physical activity or surgical intervention, 
respectively. Similarly, Oelz et al. [21] also noted no effects of the 
polymorphism on their participants’ performance; whilst Rankinen 
et al. [4] noted a significant association of V̇O2max with genotype 
DD, but not with genotype II [5]. Elevated ACE was noted in deletion 
homozygotes in the cardiac muscle and the circulatory system in 
elite athletes [22]. This is related to a higher level of conversion 
of angiotensin I into angiotensin II, which in turn contributes to 
the growth of cardiomyocytes and fibroblasts. An increase in the 
strength of skeletal muscles and the cardiac muscle (increased 
mass of the left ventricle) has been demonstrated in individuals 
with DD and DI genotypes in the ACE gene than in individuals with 
genotype II in response to physical exercise during military training 
[16]. Other authors also observed that allele D was associated with 
greater strength, muscle volumes, a higher percentage of fast-
twitch muscle fibers [23]. This was confirmed by a study of short-
distance swimmers in whom allele D was present more often than 
in a sedentary control group [24]. 

The adaptation of the circulatory system to high altitudes 
involves decreased maximal cardiac output and stroke volume. 
Maximal aerobic capacity is essentially determined by the matching 
of convective and diffusion oxygen transport systems, which can be 
modulated by specific pulmonary vasodilating interventions [25]. 
Allele D of the ACE gene was also shown to deleteriously affect 
heart rate, blood pressure, and arterial oxygen saturation [25]. 
Charu et al. [26] noted that the D/D and D/I genotypes occurred 
often in individuals susceptible to high altitude pulmonary edema 
(HAPE), and in turn, allele I was present in individuals resistant to 
HAPE. In a study of residents living at elevations of above 3400m, 
the occurrence of allele I was found to be significantly higher in 
inhabitants of high-altitude rather than low-altitude environments. 
These results indicate that the overrepresentation of the ACE 
gene may be a factor playing a fundamental role in high-altitude 
adaptation [27]. Notwithstanding, the DD polymorphism is 
associated with higher oxygen uptake, periventricular leukomalacia, 
or intraventricular hemorrhage [28].

An Insertion polymorphism can be also associated with a higher 
risk of coronary heart disease and left ventricular hypertrophy [29], 
whilst the presence of allele I also seems to prevent pathologies 
in the body by reducing the prevalence of the so-called metabolic 
syndrome, i.e. a clustering of risk factors associated with developing 
cardiovascular disease. Signs of metabolic syndrome include 
insulin resistance and hypertension, which decrease following the 
use of ACE inhibitors. Further, the DD polymorphism was shown 
to occur more often in women with arterial hypertension and with 
recognized metabolic syndrome [30]. 

Adaptability was confirmed where the mean muscle fiber 
cross-sectional area was significantly smaller and the number of 

capillaries per unit cross-sectional area was significantly greater 
in individuals with I/I genotype, which enables more efficient 
oxygen transport and nutrition of muscles [21]; thereby enabling 
more effective use of energy substrates, and adaptation of glucose 
catabolism enzymes [30]. Efficacious transport of nutrients and 
oxygen to the muscle in individuals with the I/I genotype during 
prolonged physical exercise may not only be exclusively associated 
with the efficiency of oxygen supply to skeletal muscles via the 
circulatory system; allele I of the ACE gene likely determines to a 
greater degree the induction of post-exercise responses leading to 
a quick attainment of homeostasis [31]. The increased effectiveness 
of these biochemical processes at the cellular level rationalizes 
the storage of other energy substrates in the body, in particular 
glycogen stores [16]. A study of resistance to local exercise by I/I 
genotype individuals highlighted that participants performed more 
weightlifting repetitions (using elbow flexors) [16]; indicating a 
positive effect of local changes on individuals with genotype I/I, 
not just merely on their endurance performance levels attained as 
a function of their more efficient cardiovascular system [24]. It has 
been asserted that allele I may have a positive influence on aerobic 
endurance, most likely manifest through local muscle performance, 
opposed to the central circulatory system [24]. Whilst Oelz et al. 
[21] noted that the presence of genotype I/I in the ACE gene may 
not only be relevant to the functioning of cardiovascular system, 
but also for aerobic and respiratory factors.

Apart from ACE, other components of the renin-angiotensin 
system (AGT, AGTR1, CYPR11B) have been investigated [31]. The 
RAS component hormones found in many human body organs, e.g. 
heart, kidneys, brain, and body fat, are significant for control of 
gene expression and cell growth. Their activation may contribute 
to high blood pressure, obesity, diabetes, and dyslipidemia [30], i.e. 
medical conditions necessitating prolonged hospitalization. It was 
also indicated that, in individuals resistant to physical stress, allele 
I co-occurs exclusively with the ET-1 genotype [26]. Furthermore, 
a positive correlation has been highlighted between the ACE D 
polymorphism and AGT 235M [25], whilst a correlation between 
ACE (A240T) with high-altitude pulmonary edema [32], as well as 
with I/D polymorphism, have been noted [33]. Due to equivocal 
nature of empirical studies to date, it would be highly desirable 
to carry out further research into genotypes of professional and 
amateur athletes, and, in particular, surgical patients to investigate 
the mechanisms of exercise/surgical tolerance, recovery, and 
responses to high physical stress and hypoxia.

Limitations
Although during the course of this study we performed 

detailed molecular and qualitative analyses, there are further data 
that could be collected in future studies to supplement existing 
measures, such as oxygen saturation or uptake, heart function, and 
blood pressure. This would permit a greater understanding of the 
physiological responses to both surgery and healthy individuals, 
notwithstanding issues of feasibility; this was not the primary 
aim of the study. A further limitation of this study was the use of 
self-report modalities to ascertain physical activity level and well-
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being, nevertheless, both constructs are routinely collected using 
such methods in clinical practice and epidemiological research. 
The authors would, however, recommend that objective measure 
of physical activity [34] being scrutinized in greater detail in future 
studies [35].

Based on the collected data, it was not possible to indicate a 
common genotype predisposing resistance to surgery or physical 
activity, with no statistically significant correlation between the 
ID polymorphism of ACE gene in either group. However, in the 
patient group, physical activity was conducive to shorter time to 
convalescence, and should be considered by clinicians and other 
key stakeholders in the management of such patients.
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