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ABSTRACT Objective: The aim of this study is to analyze the acute
effect of exercise on the rate of exhaled carbon monoxide (CO) in healty
young smokers. Material and Methods: Twenty four male smokers
were included in the study. Pulmonary functions of the participants
were evaluated by spirometer forced expiratory volume in one second
(FEV,), forced vital capacity (FVC), FEV/FVC, peak flow rate (PEF)
and forced expiratory flow at 25 to 75% of FVC (FEF 25%-75%). Ex-
ercise testing was performed by using bicycle ergometer. Maximal load,
maximum oxygen uptake (VO,max), rest and maximal heart rate were
recorded. CO levels before and after the test were mesured with
portable breath CO monitor. CO levels and changes were assessed and
compared on the exercise test day and rest day (without exercise test).
Results: 25% of the participants have dyspnea, 20.8% have cough and
50% have sputum complaints. The results of the pulmonary function
test and exercise test of young healthy smokers are as follows: %
FEV1=89.7+9.9, % FEV1/FVC=87.448.2, % PEF=77.4+9.5, mean rest
heart rate=94.8+9.8 bpm, mean maximal heart rate=170.3+9.7 bpm and
mean VO,max=30.9+6.5 mL/min/kg. There is a statistically significant
difference between the first and the second CO values of the partici-
pants measured on both days (p<0.001). There is a significant difference
between the mean change of CO on the exercise test day and rest day
(p<0.001). Conclusion: Our results show that smoking causes respira-
tory symptoms, impaired cardiopulmonary responses to exercise and
increased CO level and exercise increases to the exhaled CO rate in
young and healthy male.
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OZET Amag: Bu calismanin amaci, sigara icen geng saglikli birey-
lerde egzersizin ekshale karbon monoksit (CO) orani tizerindeki akut et-
kisinin arastirilmasidir. Gere¢ ve Yontemler: Calismaya sigara i¢en
24 erkek birey dahil edildi. Katilimcilarin solunum fonksiyonlar spi-
rometri birinci sn zorlu ekspirasyon voliimii [forced expiratory volume
in one second (FEV1)], zorlu vital kapasite [forced vital capacity
(FVC)], FEV,/FVC, tepe akim hiz1 [peak flow rate (PEF)], FVC’nin
%25 ile 75'inde zorlu ekspiratuar akis (FEF %25-75) ile degerlendi-
rildi. Egzersiz testi bisiklet ergometresi kullanilarak yapild: ve test si-
rasinda maksimum yiik, maksimum oksijen tiiketimi (VO,max),
istirahat ve maksimum kalp hiz1 degerleri kaydedildi. Bireylerin CO
diizeyleri egzersiz testi 6ncesi ve sonrasi portatif CO cihazi ile 6l¢iildi.
CO diizeyleri ve degisiklikler egzersiz testinin yapildig: giin ve (eg-
zersiz testinin yapilmadigy) istirahat giiniinde degerlendirildi ve karsi-
lastirildi. Bulgular: Katilimcilarin %25’inde dispne, %20,8’inde
okstriik ve %50’sinde balgam sikayeti bulunmaktadir. Katilimeilarin
solunum fonksiyon testi ve egzersiz testi sonuglari soyledir: %
FEV=89,7£9,9, % FEV/FVC=87,4%8,2, % PEF=77,4%9,5, ortalama
istirahat kalp h1z1=94,8+9,8, ortalama maksimum kalp hizi=170,3+9,7
ve ortalama VO,max=30,9+6,5 mL/min/kg. Katilimcilarin her 2 giin
olgiilen 1. ve 2. CO degerleri arasinda istatistiksel olarak anlamli bir
fark vardir (p<0.001). Egzersiz testi yapilarak degerlendirilen CO de-
gisimi ile egzersiz testi yapilmadan degerlendirilen CO degisimi ara-
sinda istatistiksel olarak anlamli bir fark vardir (p<0.001). Sonu¢: Bu
caligmaya katilan geng ve saglikli erkeklerde sigara tiiketimi solunum-
sal semptomlara, egzersize verilen kardiyopulmoner yanitlarin bozul-
masina ve CO seviyesinin artmasina neden olmustur. Bu bireylerde
atilan CO miktarmin egzersizle birlikte daha fazla oldugu gorilmustiir.

Anahtar Kelimeler: Sigara icicileri; karbon monoksit; egzersiz;
pulmoner fonksiyon
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Cigarette smoking is considered as one of the
most common and important causes of early death,
mortality, and morbidity in many developed and in-
dustrial countries. Cancer risks, especially lung can-
cer and cardiopulmonary diseases are generally more
common in smokers than non-smokers."? It is also
stated that cigarette smoking is increasing especially
in young people and it is ignored during this period
due to the fact that the symptoms and effects are not
severe. Cigarette contains countless bioactive chemical
compounds such as carbon monoxide (CO), nicotine
and particulate matter (tar) etc., associated with tobacco
and this leads to the onset and acceleration of patho-
logical diseases through an oxidative stress-free radi-
cal mechanism.>*

Exhaled CO concentration is affected by normal
and pathophysiological conditions such as lung in-
flammation, smoking, exercise and aging. It is reported
that cigarette smoking increases both respiratory and
blood CO levels.’ Since CO has an affinity approxi-
mately 225 times than that of O, for hemoglobin (Hb),
CO easier to combine than Hb. In healthy smokers, the
amount of CO excreted is higher than that of healthy
non-smokers, and the smoking status of the individual
and the carboxyhemoglobin (COHDb) levels in the indi-
vidual are related.® Smoking affects not only the air-
ways but also the lung parenchyma and pulmonary
arteries and leads to irreversible obstruction.” Com-
bined with cigarette consumption; nicotine increases
myocardial oxygen demand and increased CO levels
cause functional anemia. These effects also lead to hy-
pertension, increased heart rate and decreased exercise
tolerance.® Some studies suggest that long-term exer-
cise may have the potential to diminish some of the
negative effect of smoking and can be a useful aid to
stop smoking.” However, little has been published about
the acute effect of exercise on exhaled CO rate.! There-
fore, in this study we aimed to analyze the acute effect
of exercise on the rate of exhaled CO in healty young
smokers.

I MATERIAL AND METHODS

SUBJECTS

This cross-sectional study included 24 healthy male
students who recruited from school of physical ther-
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apy and rehabilitation and smoker for at least 5 years
between 2016 and 2019. The inclusion criteria were
having at least 1/2 pack smoking per day for at least
5 years, being between the ages of 18-26 and male
gender, absence of any pulmonary disease such as
asthma, pneumonia, etc. and other disease (cardiac,
musculoskeletal, neurological, etc.) was confirmed
by a doctor, having normal body mass index (BMI),
without regular exercise habits, volunteering to par-
ticipate in the study. The exclusion criteria were fail-
ing to complete the tests.

STUDY DESIGN

After the first evaluation, CO levels were measured
after 30 minutes the last cigarette smoked by the par-
ticipants. Then, the pulmonary function tests of the
participants were performed and they were taken to
the exercise test. The test lasted about approximately
15-20 minute and CO levels were measured at the
end of the test. The same subjects’ CO levels were
measured after 30 minutes of the last smoking the
next day and at the same time. After this, the CO lev-
els were measured again after waiting approximately
15-20 minutes (the time spent in the exercise test) be-
fore doing anything. CO levels and changes on the
days with and without exercise testing were assessed
and compared. Thus, the effect of the exercise on the
excreted CO level was evaluated.

MEASURES

The demographic and clinical status were collected
through face-to-face interviews. Age, weight, height,
BMI, smoking history, respiratory symptoms (cough,
sputum and dyspnea etc.) were recorded through
medical history and physical examination. While the
measurement of dyspnea severities of the participants
were evaluated by using the Borg 0 to 10 category-
ratio scale, whether there were cough and sputum
complaints were evaluated subjectively.'!

PULMONARY FUNCTIONS MEASUREMENT

Before starting the exercise test, pulmonary functions
were evaluated. Pulmonary functions were assessed
by spirometry. Forced vital capacity (FVC), forced
expiratory volume in one second (FEV,), FEV,/FVC,
peak flow rate (PEF), forced expiratory flow at 25 to
75% of FVC (FEF 25%-75%) were measured in the
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sitting position according to the American Thoracic
Society (ATS) / European Respiratory Society (ERS)
criteria."?

EXERCISE TEST PERFORMANCE

Subjects exercised on the Jaeger brand bicycle er-
gometer with an ever-increasing loading. The first 3
minutes were cycled with no load. The next 3 minutes
were continued with 20 watt loading. Then continued
to load in 3-watt increments every 10 seconds until
the maximum load was reached. After reaching the
maximum load, 20 watts for 2 minutes and 10 watts
were loaded for 2 minutes and the test was terminated
with 1 minute no-load pedaling. The metabolic mea-
surement system consisted of a face mask, a pneu-
motachograph, a mass-spectrometer and a personal
computer. The maximum load and oxygen uptake
values reached at the end of the test were recorded.
Participants’ heart rate and peripheral oxygen satura-
tion were monitored throughout the test. Heart rate
was monitored simultaneously with a 12-lead elec-
trocardiography, using a standard chest lead through-
out the measurement, to determine the end point of
ramp exercise. The experimental room was controlled
to maintain the temperature and air ventilation. All
experiments were performed between 9.0 and 10.30
a.m. in the morning and all participants smoked for
half an hour before the test."

CARBON MONOXIDE MEASUREMENT

CO value of the patient was measured in a sitting po-
sition with the device called Breath Carbon Monox-
ide (Portable Bedfont Mini Smokerlyzer®). In
exhaled CO value measurement, when the nose was
closed with a latch, a deep inspiration was made and
the breath was kept for 15 seconds, then expiratory
into the device by means of a mouthpiece. The expi-
ratory rate was adjusted according to a sound pro-
duced by the device (the operation was repeated
when this sound did not emit when it was blown too
fast or slowly). Three measurements were made be-
fore and after the exercise test and the rest day, the
highest value was recorded.'*

DATAANALYSES

Sample size was calculated using G*Power (version
3.0.10) for medium effect size (d=0.5), 95% confi-

dence interval and 80% power. Twenty four subjects
were planned to be included in the study.

Data analysis was performed with IBM® SPSS®
software (version 22.0). Descriptive statistics were
summarized as frequencies and percentages for cate-
gorical variables. Continuous variables were pre-
sented as mean and standard deviation. Normality
was verified by the Shapiro-Wilk test. The signifi-
cance level was accepted as p<0.05. Paired sample t
test was used to compare the repeated measurements
of CO on both days. Significance between the CO
changes of two days was measured by paired sample
T test.

Ethical approval: All procedures performed in
studies involving human participants were in accor-
dance with the ethical standards of the Dokuz Eyliil
University Ethics Committe (Approval number:
2016/22-28, Date:05/08/2016) and with the 1964
Helsinki Declaration and its later amendments or
comparable ethical standards. Each study subject
gave written informed consent to participation.

I RESULTS

The study included 24 healthy male young people
who have normal BMI value and not using any medi-
ciation and didn’t have any known health problems.
The descriptive statistics of the participants were
given in Table 1. The mean of pulmonary function
test parameters of the participants were given in Table
2. The results of the pulmonary function test of young
healthy smokers were as follows: % FEV,=89.7+9.9,
% FEV,/FVC=87.448.2, % PEF=77.4+9.5. 25% of
the participants had dyspnea and mean BORG scale
score was 1.75+0.48, 20.8% had cough and 50% had

TABLE 1: Descriptive statistics of the participants.
Parameters n Mean (SD) Minimum-Maximum
Age (years) 24 22.6+1.9 19.0-27.0
Height (cm) 24 178.545.3 165.0-190.0
Weight (kg) 24 75.6+8.03 55.0-99.0
BMI (kg/m?) 24 233435 18.9-26.8
Smoking (years) 24 7.2+2.5 5.0-15.0
Cigarette consumption 24 74%32 2.5-15.0
(packetxyears)

BMI= Body mass index; n= number; SD= standart deviation.
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TABLE 2: Pulmonary function test parameters of participants.
Parameters Mean (SD) Minimum-Maximum
FVC (Lis) (%) 86.9+8.5 80.0-106.0
FEV1 (Lfs) (%) 89.749.9 81.2-111.0
FEVA/FVC (Ls) (%) 87.4+8.2 80.9-99.7
PEF (L/s) (%) 774495 72.0-117.0
FEF 25-75 (L/s) % 88.348,8 73.0-121.0
FEF 75 (L/s) % 82.5+9.8 62.0-120.0
FEF 50 (L/s) % 88.3+9.3 69.0-111.0
FEF 25 (L/s) % 106.4+7.7 80.0-129.0

FVC = Forced vital capacity; FEV1= forced expiratory volume in one second;

PEF= peak expiratory flow; FEF 25%-75%= forced expiratory flow at 25 to 75% of FVC;
FEF 75%= forced expiratory flow at 75% of FVC; FEF 50%= forced expiratory flow at
50% of FVC; FEF 25%= forced expiratory flow at 25% of FVC; SD=standart deviation.

TABLE 3: Cardiopulmonary exercise test results of all
participants.

Parameters Mean (SD) Minimum-Maximum
Test time (min) 16.7+1.9 14.2-22.0
RER 1.1£0.08 1.9-1.2
VO,max (ml.min-1.kg-) 30.9£6.5 17.3-44.6
V'O, (ml/min) % 70.6+9.1 48.0-100.0
MET (ml/kg/min) 8.8+1.8 5.0-12.7
VEmax (L/min) 85.749.3 50.0-91.0
Load max (watt) 181.2£13.5 130.0-240.0
Load max (watt) (%) 71.949.7 40.0-97.0
Resting HR (bpm) 94.8+9.8 78.0-110.0
HR max (bpm) 170.3£9.7 147.0-195.0
HR max (%) (bpm) 88.746.85 75.0-103.0

RER= Respiratory exchange ratio; VO,max= Maximum oxygen uptake;
MET= Metabolic equivalent; Vg= minute ventilation;
HR= Heart rate; bpm= Beats per minute; SD= Standart deviation.

TABLE 4: Comparison of rate of exhaled CO changes in

participants.

Mean (SD)  p4 value %  pyvalue
CO4 (ppm) 20752  <0.001* 3.9+0.8 <0.001*
CO, (ppm) 15.6 +4.4 3.1£0.6
CO3 (ppm) 1984562  <0.001* 3.7+0.8 <0.001*
COy (ppm) 17.3+4.9 3.4£0.7
A CO on the day of exercise test 4.6 £1.5 <0.001* 0.7£0.2 <0.001*
A CO on the day of rest 1.7+0.8 0.2+0.1

ppm= Parts per million; CO4= carbon monoxide level before exercise test; CO,= car-
bon monoxide level after exercise test; CO3= first measured carbon monoxide level at
rest day; CO4= carbon monoxide level measured on the day of rest after waiting for
the loading time (exercise test) after CO3 measurement; A CO on the day of exercise
test= carbon monoxide change on the day of exercise test (CO4-CO5); A CO on the
day of rest= carbon monoxide change on the day of rest, which didn't exercise test
(CO3-COy); SD=Standart Deviation; *= p<0.05, Min=minimum, Max=maximum, p
value =the difference between the two CO (ppm) values given in the row, p, value=
the difference between the two CO% values given in the row.

270

sputum complaints. The mean of cardiopulmonary
parameters of the participants were given in Table 3.
The results of the cardiopulmonary tests were as fol-
lows: mean VO,max=30.9+6.5 mL/min/kg, mean
rest heart rate=94.8+9.8 bpm and mean maximal
heart rate=170.34£9.7 bpm. As 4 people had leg fa-
tigue and 5 people reached maximal heart rate
early, the exercise tests of these subjects were com-
pleted before the expected time. However, all par-
ticipants completed exercise tests without having
any problem.

Measured CO values were high on both days
[exercise test day first measurement of CO=20.7+5.2
ppm and rest day first measurement of CO=19.845.2
ppm]. There was a significant decrease in the CO val-
ues measured before and after the exercise test
(p<0.001). There was also a significant decrease in
CO measurements on the day of rest where the exer-
cise test was not performed (p<0.001). However,
when the last CO measurement results of both days
were examined; the end of exercise CO value was
lower. There was a significant difference between the
mean change of CO on the exercise test day and on
the day of rest (p<0.001). The amount of exhaled CO
in the exercise test was higher than the rest day when
the exercise test was not performed (Table 4).

I DISCUSSION

In this study, we evaulated acute effect of exercise on
the rate of exhaled CO in healthy and young smokers.
Results showed that the amount of exhaled CO was
higher on the day of the exercise test according to the
day of the rest in the same subjects. That is, the
amount of CO exhaled with exercise was greater. In
our study, although it was shown that pulmonary
functions measured by spirometry were not affected
in young and healthy smokers, the presence of respi-
ratory symptoms was observed due to smoking.
There were negative effects on cardiopulmonary re-
sponses to exercise, such as increased heart rate dur-
ing rest and exercise and decreased VO, max value
although they were young individuals and had no
known cardiopulmonary disorders.

The average COHD levels of smokers were be-
tween 3.9 and 4.1 %. COHb level was significantly
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lower in non-smokers than 1.3%.% In our study,
COHD level measured in smokers were consistent
with the other studies. Increased COHb shifts the
oxygen dissociation curve to the left, thereby reduc-
ing oxygen release to the tissue. Since there is less
Hb binding site for O,, there is also a decrease in the
transmission of O, to working muscles. This combi-
nation of low O, loading, low O, transmission and
degraded extraction leads to a reduction in the
VO,max at high work rates.'*'* Kouba et al. showed
that the VO,max value of smokers (35.7+0.9) during
exercise was lower than the VO,max of healthy indi-
viduals (39.0+0.7).% Although the individuals in our
study were younger, there was a decrease in VO, max
due to the increased CO amount similar to this study.
However, Horvath et al. showed that VO,max was
not changed until CO levels exceeded 4.3% and a lin-
ear decrease occurred in VO,max with increasing
COHD levels.!” In our study, although COHb level
was below 4.3% there was a decrease in VO,max.
Waiting 30 minutes after smoking a cigarette, we
measured the COHb level, so we think that COHb
does not exceed this value. Arnow and et al. con-
cluded in their study that due to increased COHb lev-
els, exercise time and maximum oxygen consumption
decreased, which could impair exercise performance.
The mean age of the 10 healthy subjects in this study
was 50.743.8 years, and the amount of CO was
3.94+0.4 %.'® Although the mean age of the partici-
pants in our study was lower than in this study, the
amounts of CO and deterioration in cardiac responses
to exercise were similar. It is thought that exercise ca-
pacity may decrease rapidly in these individuals due
to cigarette consumption and may cause more seri-
ous hemodynamic responses in later ages.

Rowel et al., reported that nicotine-induced ele-
vations in circulating catecholamines and increased
CO levels caused functional anemia leads to an in-
crease in cardiac output by increasing both heart rate
and stroke volime.'"” However, some studies have
suggested that smoking has an inhibitory effect on
heart rate during maximal work loads exercise.?” Our
finding of an increased heart rate after smoking at rest
and at the maximal work loads is in line with the find-
ings most of the other studies.?’*> Yasuda et al. ex-
amined the effect of exercise on exhaled CO and
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stated that the total amount of exhaled CO (Vco) in-
creased a linear during exercise, but the fraction of
CO (Fco) decreased, and after the cessation of exer-
cise Vco and Fco returned to the pre-exercise level
within several minutes, according to the changes of
VO, and minute ventilation.”® Vogel et al. showed
that the COHD concentration (%) gradually decreased
due to exercise intensity from 1.7 % at rest to 1.0% at
maximal exercise. This decline indirectly indicates
that COHb may be the main source of exhaled CO.!®
However, it is still unclear whether blood CO content
can be provided into the exhaled gas. A number of re-
cent studies have indicated that Fco decreases and
Vco increases in general depending on the exercise
intensity.'®?* In our study, there was a significant dif-
ference between the amounts of the first and the sec-
ond CO, measured on the day of the exercise and the
day of rest. However, the difference between the
amounts of CO exchanges measured in both days was
statistically significant. In coherence with the litera-
ture, the amount of exhaled CO amount was greater
on the exercise day. Yet, in our study, the Fco value
was not measured from the measurement device but
only the total exhaled CO amount was measured.

Cigarette smoking is associated with both ob-
structive and restrictive lung diseases. In our study,
although the respiratory symptoms such as cough,
sputum and dyspnea were observed, we found that
the results of pulmonary function test measured by
spirometer were not affected significantly and were
within the normal limits stated in the literature. Many
recent studies have shown that smokers with open air-
flow obstruction in the spirometer, similar to our
study, have evidence of structural lung disease, which
is called symptomatic smokers, and have an impor-
tant symptom burden. Woodruff et al. reported that
50% of current or old smokers with preserved pul-
monary function (FEV,/FVC 0.70 and a FVC above
the lower range normal range after bronchodilator
use) had many respiratory symptoms.?>2¢ It is re-
ported in the literature that spirometry is not very sen-
sitive for diagnosis, especially in early or mild
diseases. In addition, the highest lung function
achieved and basal lung function in many people is
unknown and a significant reduction in lung function
may be started before meeting the airflow obstruc-
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tion criteria.”” In addition to the reasons stated in
other studies, we also think that our subjects’ results
of the pulmonary function tests were in the normal
range due to the fact that the individuals in our study
were young and therefore any notable yearly decrease
in lung function was not seen. Similar to the decrease
in PEF in our study and the presence of respiratory
symptoms, Cooc et al. reported that low PEF was as-
sociated with chronic respiratory symptoms such as
sputum, coughing and dyspnea.?®

The present study has some limitations. Firstly,
our study was a cross-sectional framework with a
small sample size. Secondly, we didn’t use laboratory
markers and radiographic findings. Thirdly, there was
no control group that included non-smoker individu-
als. Despite these limitations, we believe that the re-
sults of our study make an important contribution to
the field in order to overcome the shortcomings in the
literature. More studies are needed to be conducted
with more participants including non-smoking con-
trol group.

I CONCLUSION

We can conclude that smoking causes respiratory
symptoms, impaired cardiopulmonary responses to
exercise and increased CO level in young and healthy
male. Furthermore, the essential point is that the
amount of exhaled CO level is greater with exercise.
According to our results, we recommend that espe-
cially young and healthy people should be informed
about the harm of smoking and the importance of

smoking cessation and the studies examining this
issue should be increased. Additionally, with this
study, young and healthy males should be encouraged
to do exercise by creating an objective awareness of
the effect of exercise on CO level in smokers.
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