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ABSTRACT  This study aimed to investigate the effect of acute endurance exercise on cardiac and skeletal
muscles in smokers and non-smokers. Eight daily smokers (28.44 + 3.94 years) and nine non-smokers (29.62
+ 3.46 years) were included. The subjects were not trained and performed continuous endurance exercise on a
treadmill for 40 minutes at 70% of maximal heart rate. Venous blood samples were collected at baseline [pre-
exercise (PRE)], at immediately after the exercise [post-exercise (POST)], at 2 hours after the exercise (2h),
at 24 hours after the exercise (24h) to measure lactate dehydrogenase (LDH), creatine kinase(CK), creatine
kinase-myocardial band (CK-MB), cardiac troponin T (TN-T), and myoglobin levels. A progressive increase
was observed in all exercise-induced muscle damage parameters of the smoker and non-smoker from PRE to
2h. CK, myoglobin and T-NT levels of smokers were significantly higher than non-smokers at 24h (p=0.039,
p=0.018 p=0.008, respectively). No significant difference was found between the smoking and non-smoking
groups at all time points regarding CK-MB and LDH levels (p>0.05). Acute endurance exercise leads to more
skeletal and myocardial damage in smokers compared to non-smokers. Smoking may increase the risk of
cardiovascular events during both exercise and daily physical activity.
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Introduction

The long-term adverse effects of cigarette smoking on human health have been proven by experts. It is known
that smokers have a higher risk of death, heart diseases, and cancer (Srivastava et al., 2000). In the year 2000, an
estimated 1.62 million cardiovascular deaths occurred due to smoking in the world; and this figure constitutes
11% of the total global cardiovascular deaths (Ezzati et al., 2005). Increasing physical activity is a potential
strategy that can reduce the harmful effects of chronic smoking. However, it is unknown whether regular ex-
ercise alleviates the adverse effects of smoking on large artery distensibility (Tanaka & Safar, 2005; Park et al.,
2014). Skeletal muscle performance may be affected negatively in smokers since oxygen extraction is limited
in smokers than non-smokers (King et al., 1987). Although muscular damage is closely related to the intensity
of the exercise, those who are unaccustomed to exercise can frequently cause muscular damage (Borg, 1982;
Brown & Hill, 1991; Bryne & Eston, 2002; Colakoglu et al., 2014).

The affinity of haemoglobin for CO is 200 to 250 times greater than its affinity for oxygen. This results in
competitive inhibition of oxygen release due to a shift in the oxygen-haemoglobin dissociation curve, reduced
oxygen delivery, and subsequent tissue hypoxia (Ernst & Zibak, 1998; Fox et al., 1993). Smoking by causing
catecholamine stimulation may lead to decreased maximal oxygen utilization, deterioration of the respiratory
system and long-term cardiac damage (Green et al., 1986; Powders et al., 1989; Laustiola et al., 1988). Since
the decrease in oxygen utilization capacity will also affect the amount of oxygen delivered to the tissues, the
damage and recovery in muscle tissues will be expected to occur subsequently.

An increase in creatine kinase (CK) and lactate dehydrogenase (LDH), as indices of cellular necrosis and tissue
damage in skeletal muscles, is widely used in the diagnosis of skeletal muscle diseases (Brancaccio et al., 2006).

Received: October 26 2018 | Accepted after revision: January 24 2019 | First published online: September 01 2019

© 2019 by the author(s). License MSA, Podgorica, Montenegro. This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution (CC BY).

Contflict of interest: None declared.

Monten. J. Sports Sci. Med. 8 (2019) 2: 5-12 | DOI 10.26773/mjssm.190901 5



SKELETAL AND CARDIAC MUSCLE DAMAGE IN TERMS OF SMOKING | G. IPEKOGLU ET AL.

The diagnosis of myocardial injury is aided by a number of biomarker assays including CK isoenzyme MB
mass (CK-MB), cardiac troponin T (¢TnT) and myoglobin (MYB) (Hachey et al., 2016; Nie et al., 2011).

Although results from previous studies are somewhat conflicting, it is usually agreed that cigarette smoking
will reduce the capacity of an individual to perform aerobic exercise (Morton & Holmik, 1985). An expanded
body of literature mentions that aerobic exercise has positive effects on physical functioning, psychological
states, and mental processes (Martinsen & Stephens, 1994). Moreover, many of the variables influenced by
regular exercise are the same ones that are negatively affected by smoking withdrawal (Prapavessis et al.,
2007).

Although the adverse effects of smoking have been studied, the extent to which smoking damages the heart
and skeletal muscle in relation to exercise types is an issue of concern. For this reason, this study aimed to
examine the changes in cardiac and skeletal muscle injury levels in acute endurance exercise between the
smoking and non-smoking individuals.

Methods

Participants

The study was carried out on eight male smokers (28.44 + 3.94 years), who smoked at least 15 cigarettes per
day for five years, and on nine male non-smokers (29.62 + 3.46 years) (Table 1). All subjects were untrained.
Subjects with any diseases (hypertension, thyroid, diabetes, cardiac, etc.) were not included in this study. We
informed the participants in detail about the objectives of the study according to the Helsinki Declaration
and obtained informed consent. This study was approved by the Ethics Committee of the University (decision
number 40990478-05.99).

TABLE 1 The physical properties of smoking and non-smoking groups.

Smoker Non-smoker
(n=9) (n=8)
Age (years) 28.44 +3.94 29.62 +3.46
Body Height (cm) 17545 +4.70 173.87 £3.96
Body Weight (kg) 73.11£6.95 71.12£5.61
BMI (kg/m?2) 23.17£1.96 22.72+2.72

Note. Mean + SD *Significant difference between groups (p<0.05).

Exercise protocol

Subjects performed continuous endurance exercise on a treadmill (Dunlop EL900) for 40 minutes at 70%
of maximal heart rate (HR). The target HR range was calculated as 0.7 x (peak HR — resting HR) + (resting
HR), in accordance with the method of Karvonen. To verify and record the duration and intensity of exercise,
participants wore a heart rate monitor (Polar RS400, Polar, Kempele, Finland).

Measurements

A total of 15 cc venous blood samples were extracted from the forearm pre-exercise (PRE), post-exercise
(POST), post-exercise 2 hours (2h), post-exercise 24 hours (24h) to measure levels of TN-T, MYB, CK, CK-
MB, and LDH. The blood samples were first centrifuged at a rate of 5000 revolution/minute, and the upper
phases were transferred to Eppendorf tubes and kept at -80 °C until the use. The concentrations were studied
with the Beckman Coulter method using a Beckman Coulter AU2700 Plus biochemical auto-analyser with
Beckman Coulter kits (Colakoglu et al., 2016).

Statistics analysis

The data were analysed with the SPSS version 22 software package, and the distribution of the analysed var-
iables was assessed using a Shapiro-Wilk test. The results showed that the distributions deviated from the
normal distribution. The biochemical data were non-parametrically distributed and were expressed as the
median (interquartile range) (IQR). The Mann-Whitney U test was used to compare the PRE, POST, 2h, and
24h values between the two groups. A Friedman rank test was undertaken to evaluate the statistical differenc-
es in time for each parameter. When a significant F-value in Friedmans’ analysis was found, a post-hoc test
was used to determine the between-means differences. The level of significance was set to be p<0.05.

Results

According to the results, the TN-T levels of the non-smokers showed no significant changes at all time points
(p>0.05) except for 24h (p=0.008) when compared with pre-exercise. The 24h TN-T level was significantly
lower than PRE in non-smokers (p=0.007). Compared with pre-exercise, the TN-T activity of the smoking
group was significantly elevated at post-exercise (p=0.040). Furthermore, there were no significant differ-
ences among the 2h and 24h TN-T levels of the smoking group (p=0.641) (Table 2).
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TABLE 2 Changes in the serum troponin (pg/ml), myoglobin (ng/ml), CK (u/l), CK-MB (u/l) and LDH (u/l) concentrations at different time points

Variables Groups Pre Post 2 hr 24 hr
. Smoker 5.17 (4.32-6.84) 5.44 (3.00-8.87)* 5.79 (3.00-18.37) 4.82 (3.00-6.10)
Troponin (pg/ml)
Non-smoker 5.75 (4.78-6.99) 5.84 (4.00-7.52) 8.86 (3.00-22.26) 3.00 (3.00-5.60)*
. Smoker 40.07 (23.01-226) 54.52 (23.58-234) 88.40 (47.95-291.3) 49.76 (28.94-159.1)
Myoglobin (ng/ml)
Non-smoker 29.85 (21-70.20) 50.51(33.31-110.4)* 58.28 (39.75-188.20) 35.06 (26.47-219.1)
KW Smoker 116.00 (47-996) 150.50 (55-1056)* 149.50 (72-1073)* 275.50(103-938)*
u
Non-smoker 132.00 (90-316) 157.00 (107-383)* 181.00 (128-361)* 235.00 (133-802)*
CKMB (/) Smoker 15.50 (11-26) 17.50 (12-30)* 16.00 (11-26) 16.00 (11-24)
Y Non-smoker 15.00 (13-19) 18.00 (17-23)* 16.00 (14-23)* 17.00 (13-44)
LOH (/) Smoker 136.50 (116-228) 179.00 (144-242)* 166.00 (135-262)* 168.50 (108-251)
u

Non-smoker 161.00 (92-195) 177.00 (144-228)* 196.00 (120-228)*

188.11 (110-357)
Note. Median (Interquartile Range); *Significant difference compared with Pre (p<0.05).

The TN-T levels were significantly different between the smoking and non-smoking groups at PRE
(p=0.039) and 24h (p=0.008) (Figure 1).
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FIGURE 1 Changes in the serum cardiac troponin-T (pg/mL). *p < 0.05 indicates significant difference smoker
vs. non-smoker.
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The MYB levels of the non-smokers showed no significant changes at all time points (p>0.05), except for
POST (p=0.015), when compared with pre-exercise. The MYB activity of the smoking group significantly
increased only at 2h (p=0.045). Although the PRE MYB levels were similar between the groups (p=0.137),

the POST (p=0.027), 2h (p=0.043), and 24h (p=0.039) MYB levels were significantly higher in the smok-
ing group compared to non-smoking group (Figure 2).
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FIGURE 2 Changes in the serum cardiac troponin-T (pg/mL). *p < 0.05 indicates significant difference smoker
vs. non-smoker.
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The results indicated significant difference between CK activities of the smoking group. It increased signif-
icantly at post-exercise (p=0.008), 2h (p=0.031) and 24h (p=0.040). Furthermore, the CK activities of the
non-smoking group were elevated at post-exercise (p=0.000), 2h (p=0.011), and 24h (p=0.008) (Table 2). The
CK level was significantly higher in the smoking group than the non-smoking group at 24h (p=0.018). There
was no significant difference between the groups at other time points (p>0.05) (Figure 3).
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FIGURE 3 Changes in the serum creatine kinase(u/L). *p < 0.05 indicates significant difference smoker vs. non-
smoker.
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Post hoc analysis revealed that the 2h CK-MB level for the non-smoking group was higher than both PRE and
POST (p=0.000, p=0.007, respectively). Furthermore, the CK-MB activity of the smoking group significantly
increased only at POST (p=0.045). No significant difference was found between the smoking and non-smoking
groups at all time points regarding CK-MB levels (p>0.05) (Figure 4).
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In both groups, both post-exercise LDH levels (n-smoker p=0.001, smoker p=0.012) and LDH levels 2
hours after exercise (n-smoker p=0.000, smoker p=0.042) showed a significant increase compared to the
pre-exercise LDH levels. No significant difference was found between the smoking and non-smoking
groups at all time points regarding LDH levels (p>0.05) (Figure 5).
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FIGURE 5 Changes in the serum lactate dehydrogenase (u/L)
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Discussion

The levels of muscle damage parameters measured in the study show that smoking constitutes a strong risk
factor for both cardiac and skeletal damage. In addition to cigarette use, there is a physiologically significant
increase in the exercise-induced muscle damage parameters. The results of the study are in agreement with
the literature (Maughan et al., 1989; Clarkson et al., 2006; Greer et al., 2007; Lewicki et al., 1987; Coombes et
al., 2000; Schumann et al., 2003) and it was noted that the LDH levels measured 2 hours after exercise peaked
in both groups. Statistical comparison of the LDH levels between the smoking and non-smoking groups indi-
cated that there was no statistically significant difference between the groups at any time point.

According to our study, in both the smoking and non-smoking groups, there was a significant increase in CK
levels immediately after exercise, 2 hours after exercise and 24 hours after exercise compared to the pre-ex-
ercise levels. These increases are considered to be due to exercise. The CK level gradually increased in both
groups and reached the maximal level 24 hours after exercise. No significant difference was detected in terms
of CK levels between the smoker and non-smoker subjects in any of the other periods except 24 hours after
exercise. The serum CK level reference interval in a healthy person should be between 45-171 U/L (Schumann
et al., 2003) but the CK level of the smoking group was above the normal level even before the exercise. This
result showed that the CK levels of the smoking group were higher than the level that a healthy person should
have. Another point to note is that the 24-hour CK level of the non-smoking group was lower than the pre-ex-
ercise CK value of the smoking group.

Exercise causes excessive disruption of skeletal muscle structure. As a result, CK is released from the cells (Su-
zuki et al., 2000). In sedentary individuals, both low and high severity endurance exercises lead to a significant
increase in plasma CK levels starting within 6 hours after exercise (Guzel et al., 2007). CK level peaks 6 hours
after low-intensity exercise, but it peaks after 24 hours following high-intensity exercise. In another study on
untrained individuals, it was observed that with the endurance exercise at the intensity of 70% of VO2max,
the CK level reached peak levels before, after, and even 48 hours after exercise (Coombes & McNaughton,
2000). In a study examining the effect of smoking on CK isoenzymes, rats were exposed to cigarette smoke
for 12 weeks. The serum CK levels of the rats who were exposed to cigarette smoke increased significantly
compared to the previous period (Anbarasi et al., 2005). No similar study has been conducted on humans.

Myoglobin is a protein structure found only in the muscles. As a result of muscle or tissue injury, it may get
into the blood. Although it is one of the markers of both skeletal and cardiac muscle injury, myoglobin is a
parameter that is examined more frequently in the diagnosis of heart attack (Chiu et al., 1999). In a study in
which aerobic endurance exercise was performed, myoglobin level during exercise did not show significant
increase before exercise, it peaked 1 hour after exercise and returned to normal level 12 hours after exercise
(Suzuki et al., 1999).

In a study examining the level of myoglobin according to the condition of the subjects, the subjects were given
a gradually increased training for 24 days. According to the obtained data, the myoglobin levels between the
first training and the last training decreased significantly (Ross et al., 1983). This situation indicated that the
increase in the condition of the subjects was inversely proportional to the level of myoglobin in the blood.
Sewright et al. (2008) investigated the effect of gender on eccentric exercise. At the end of the study, no dif-
ference was found in serum myoglobin levels between male and female athletes (Sewrigth et al., 2008). In
general, with many types of exercise, myoglobin can be said to peak at about 2 hours following exercise (Chiu
etal., 1999; Suzuki et al., 1999; Sewright et al., 2008; Volek et al., 2002).

When the effect of endurance exercise on the myoglobin level in the smokers and non-smokers was exam-
ined; there was no statistically significant difference between the pre-exercise and post-exercise myoglobin
levels in the non-smoker subjects. In the time parameters other than this, no statistically significant differ-
ence was detected. In contrast, a comparison of post-exercise and 2 hours after exercise myoglobin levels of
untrained smokers showed that the serum myoglobin level 2 hours after exercise was higher. No significant
difference other than this was found. The myoglobin levels in both groups peaked 2 hours after exercise. In
the comparisons of subjects among smoking and non-smoking groups, there were statistical significances in
all periods other than the pre-exercise period. While pre-exercise serum myoglobin levels did not differ, the
levels of myoglobin in the blood samples taken immediately after the exercise were observed to be significant-
ly higher in the smoking group. The serum myoglobin levels of the smokers 2 hours after exercise were found
to be significantly higher than those of the non-smokers. Also 24 hours after exercise, the myoglobin level in
smokers was higher than those of the non-smokers. When the myoglobin levels 24 hours after exercise were
examined, it was found that the levels of myoglobin of the non-smokers after 24 hours reduced almost to the
baseline level, while it remains at high levels in the smokers. This finding suggested that skeletal muscle and
cardiac injury were more prominent in the smokers than non-smokers; furthermore, the recovery time after
exercise with the smokers lasted longer than the non-smokers.

The highest reference myoglobin level in a healthy person is known as 90 ng/ml (De Winter et al., 1995). In the
non-smokers, the serum myoglobin level did not exceed the critical value even 2 hours after exercise, while the
myoglobin level of the smokers reached 111.14 ng/mL immediately after exercise. The maximum serum myo-
globin level of the smokers reached nearly double the amount of the critical value of 161.28 ng/ml (Figure 2).
The adverse effect of smoking on recovery time and myoglobin level after exercise were observed in this study.
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One of the other determinants of cardiac injury used in this study was troponin-T (De Winter et al., 1995; Lippi
et al,, 2008; Newby & Ohman, 2000). Serum troponin level is the most commonly used parameter in case of
cardiac damage. There are many studies investigating the increase in serum troponin-T in relation to various
factors. In one study, it was reported that exercise-dependent troponin-T release in adolescent long-distance
athletes showed a more significant increase compared to that of adult colleagues (Nie et al., 2011). This may
be partially due to the undeveloped antioxidant defence system in the hearts of adolescent athletes (Fu et al.,
2009). In another study, remarkable results were detected in the blood samples taken during a marathon. While
the troponin-T levels of the athletes gradually increased during the race, they returned to baseline level after
exercise. However, they were observed to rise again 4-6 hours after exercise (Middleton et al., 2008). In the
literature, no studies investigating the effect of smoking on cardiac troponin level were found.

We determined that troponin-T levels measured after exercise and 2 hours after exercise were not different
from baseline levels in the non-smoking group. However, it was noticeable that the troponin-T level 24 hours
after exercise was significantly higher than the pre-exercise troponin-T level. In the case of smokers, however,
there was a significant difference only between the pre-exercise levels and the levels immediately after exercise.
The fact that the pre-exercise basal level did not show a significant increase after exercise indicated that the in-
crease of exercise-dependent cardiac troponin-T level in the smokers was higher than that of the non-smokers.
There was a significant difference concerning troponin-T levels between the groups (Figure 1) with regards to
pre-exercise and post-exercise measurements. Although the basal levels of troponin-T in non-smokers were
higher than those of the smokers, their response to exercise was less pronounced. It was observed that the
values of the smoking group did not fall to the basal level 24 hours after exercise while that of the non-smoking
group were far below the basal level. When examined broadly, the recovery levels of the non-smokers were
more rapid than the smokers.

In the study, the last parameter examined for cardiac injury was CK-MB. It is known that CK-MB increases in
the case of cardiac diseases and long-lasting exhausting endurance exercises (Middleton et al., 2008; Newby
et al,, 2000; Sanchis Gomar et al., 2015; Smith et al., 2004). CK-MB levels may increase and may even rise to
26-fold of its basal levels in exercises that force the metabolism to work extremely hard, such as ultra-mara-
thon (Smith et al., 2004; Siegel et al., 1983). CK-MB levels were found to be higher in rats exposed to cigarette
smoke for 12 weeks than those not exposed (Sewrigth et al., 2008). In our study, the pre-exercise levels of
both the smoking and non-smoking groups showed a significant increase after exercise (Figure 4). There was
no statistically significant difference at all time points between the groups regarding CK-MB levels. The CK-
MB levels began to return to the basal level 2 hours after exercise. In this respect, we can say that the CK-MB
levels showed almost similar results in both smokers and non-smokers. However, longer exercise may lead to
different results.

Since this study was conducted with limited resources, it did not reveal whether there were any changes in the
CK and LDH levels 48 hours after the subjects exercising. Another limitation of the study is that the number
of subjects was 17. Different exercise programs that will be performed to the smokers on a higher number of
subjects may provide more general and clear results for researchers.

The literature and the results of this study suggest that aerobic exercise causes injury in the skeletal and heart
muscles. Except for LDH and CK-MB parameters, it can be stated that long-term use of cigarettes increases the
damage caused by exercise in both skeletal and heart muscles and prolongs the recovery time of the smokers
more than that of the non-smokers. These results may contribute to the ability of smoking athletes to work
and make their recovery period in this direction. It is also believed that the occurrence of cardiac injury due to
smoking increases the risk of cardiovascular disease both during exercise and daily life.

In conclusion, when athletes or sedentary people are exposed to cigarette smoke, it affects their performance
adversely and increases their level of exhaustion. Thus, they are advised to keep themselves directly or indi-
rectly away from cigarette smoke. In addition to aerobic exercise, high-intensity anaerobic studies in trained
smokers and non-smokers should be investigated for future studies. Furthermore, the effects of cigarette
smoke exposure while exercising can be examined.
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