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ABSTRACT

Purpose: It is known that tobacco smoke exposure is a risk factor for the development of pulmonary arterial hypertension (PAH). In addition, 
tobacco smoke exposure can cause numerous health problems. This study aimed to compare functional capacity, respiratory muscle strength, 
and physical activity level between the patients with PAH who have or do not have tobacco smoke exposure.

Methods: Seventeen patients with PAH who has tobacco smoke exposure and 20 nonsmoker patients were included in this cross-sectional 
study. Tobacco smoke exposure was defined as current smokers, ex-smokers, and passive smokers. The study outcomes included the maximal 
inspiratory and expiratory pressure measurement, 6-minute walk test, and physical activity.

Results: There was no significant difference for age, gender, body mass index, pulmonary arterial pressure, and functional class between the 
two groups (p>0.05). Inspiratory muscle strength (p=0.035), functional exercise capacity (p=0.040) and physical activity level (p=0.034) were 
lower in patients with tobacco smoke expose compared to the nonsmokers.

Conclusion: The results of this study showed that functional capacity, respiratory muscle strength, and physical activity level were significantly 
lower in patients with tobacco smoke expose than the nonsmoker patients with PAH. These findings suggest that tobacco smoking is not only 
associated with PAH risk but also numerous health problems, specifically important ones for this population.
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Pulmonary arterial hypertension (PAH) is a condition that resting 
mean pulmonary artery pressure (mPAP) is equal or greater than 
20 mmHg, pulmonary arterial wedge pressure (PAWP) it equal 
or less than 15 mmHg and pulmonary vascular resistance (PVR) 
is greater than 3 Wood units (WU) (1). PAH is considered as a 
subgroup of pulmonary hypertension (PH). In the pathophysiology 
of PAH, vasoconstriction is thought to lead to inflammation and 
endothelial dysfunction (2).

Environmental risk factors may play a role in the occurrence of 
PAH. One of the widespread environmental factors associated with 
systemic endothelial dysfunction is tobacco smoke (active and 
secondhand) (3). In addition, tobacco smoke affects the airways 

and lungs of people who are active smokers or passively exposed 

(4). In animal and human studies, exposure to tobacco smoke has 

been shown to lead to pulmonary endothelial dysfunction and 

PH (5, 6). Cigarette smoke-induced PH is associated with oxidative 

vascular damage caused by reactive nitrogen species, which are 

thought to be originated from cigarette smoke itself (7). In a study 

of young heavy smokers, pulmonary artery pressure was reported 

to be higher than nonsmokers (8). It has been shown that 

cigarette exposure is high in patients with PAH and that exposure 

to both active and environmental tobacco smoke is common 

in PH (3, 9, 10). Tobacco smoke exposure is also a risk factor for 

the development of PAH (3). It has been reported that 10–15% 
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of patients with PH continue to smoke after the diagnosis, and 
half of nonsmoker women with PH are exposed to secondhand 
smoking (10). In addition, it has been shown that smoking rate in 
patients with PAH is higher than both the patients with chronic 
thromboembolic PH and healthy controls (3, 10). In the studies of 
healthy people and patients with chronic obstructive pulmonary 
disease (COPD), the smokers were reported to have less physical 
activity level and exercise capacity than the nonsmokers (11–
14). Exercise capacity has important impacts on prognosis, 
quality of life, and mortality in PAH (15). Increased respiratory 
and peripheral muscles strength and physical activity level are 
associated with increased exercise capacity in patients with PAH 
(15). Despite the known harm effects of tobacco smoke exposure, 
there is no study investigating the effects of cigarette exposure 
on functional exercise capacity, respiratory muscle strength, and 
physical activity level, which are the important endpoints in the 
assessment and rehabilitation of patients with PAH. Therefore, 
we aimed to compare functional exercise capacity, respiratory 
muscle strength, and physical activity level between patients with 
PAH who have and do not have tobacco smoke exposure.

METHODS

Study group
Thirty-seven patients with PAH were included in this cross-
sectional study from the PH outpatient clinic of Dokuz Eylül 
University Hospital. The inclusion criteria were as follows: defined 
diagnosis of PAH, 18 years older above, and no change in the PAH-
specific pharmaceutical therapy for the previous three months. 
The exclusion criteria were having an orthopedic problem which 
interferes with walking, left heart failure, and chronic obstructive 
pulmonary disease.

The Noninvasive Research Ethics Board of Dokuz Eylül University 
was approved the study protocol (approval number=2019/13–24). 
The study was performed following the ethical standards as laid 
down in the 1964 Declaration of Helsinki (as revised in Brazil 
2013). All the participants gave the written informed consent 
before entering the study.

Outcome measurements
Demographic and clinical characteristics [New York Heart 
Association (NYHA) classification, brain natriuretic peptide, and 
pulmonary arterial pressure] of the patients were recorded.

Tobacco smoke exposure was defined as current smokers, ex-
smokers, and passive smokers. If a person smoked ≥1 packet 
of cigarettes for over 1 year ever was accepted as current or 
ex-smoker. If a person has not been ever smoked but reported 
exposure to secondhand smoke ≥1 hour in a day for ≥1 year 
was accepted as passive smoker. The pack-years of smoking was 
calculated as “number of packs of cigarettes smoked per day × 
number of years the person had been smoked.”

Respiratory muscle strength
The respiratory muscle strength was assessed as maximal 
inspiratory pressure (MIP) and maximal expiratory pressure (MEP) 

with a hand-held mouth pressure device (Micro RMP; Micro 
Medical, Rochester, UK). Three to five acceptable and reproducible 
maximal maneuvers were performed in the assessment of MIP 
and MEP (16).

Functional exercise capacity
The functional exercise capacity was measured by the six-minute 
walk test (6MWT) following the standard guidelines in a 30-m 
indoor corridor (17). The distance walked in the 6MWT (6MWD) 
was recorded as the score.

Physical activity
The physical activity level was assessed using the Turkish version 
of the International Physical Activity Questionnaire-Short Form 
(IPAQ-SF) which is a 7-item questionnaire asking the frequency 
and duration of some activities done in the last 7 days (18, 19). 
The metabolic equivalents (MET)-minutes/week was calculated 
for each category by multiplying standard coefficient x minutes 
x days reported by the patients. The standard coefficients are 3.3 
for walking category, 4.0 for moderate-intensity activity category, 
and 8.0 for vigorous-intensity activity category. The combined 
total physical activity MET-minutes/week was computed as 
the sum of walking + moderate + vigorous MET-minutes/week 
scores.

Statistical Analysis
Statistical significance was defined at p>0.05. The statistical 
analysis was conducted using the IBM SPSS software (Version 
24.0, IBM Corp., Armonk, NY). Nonparametric analyses were used 
because the data were not normally distributed, as determined by 
Shapiro-Wilk test and histograms. The Mann-Whitney U test was 
used to compare the two groups in the continuous variables, and 
chi-square test was used to compare the categorical variables. The 
effect size was calculated as Cohen’s d which was interpreted as 
small (d=0.2), moderate (d=0.5), and large (d=0.8) (20). Since the 
number of male patients were relatively small, the results for only 
female patients were also reported separately.

RESULTS

Seventeen patients (13 females) with tobacco smoke exposure and 
20 nonsmoker patients (16 females) were included in the study. 
Comparisons of the characteristics of the patients are presented 
in Table 1. There was no significant difference for age, gender, 
body mass index, pulmonary arterial pressure, and functional 
class between the two groups (p>0.05). Median pulmonary 
arterial pressure was 59.50 (IQR, 46.00–98.75) mmHg, and brain 
natriuretic peptide level was 111.50 (IQR, 53.25–242.75) pg/ml for 
the patients with PAH who has tobacco smoke exposure. Median 
pulmonary arterial pressure was 56.00 (IQR, 46.00–76.25) mmHg, 
and brain natriuretic peptide level was 143.00 (IQR, 61.50–323.00) 
pg/ml for the patients who are nonsmokers. There were 8 patients 
(47.10%) with NYHA functional class II and 9 patients (52.90%) 
with class III in the tobacco smoke exposure group, and there 
were 14 patients (70.00%) with NYHA functional class II and 6 
patients (30.00%) with class III in the nonsmoker group.
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Active and passive tobacco smoke exposure was 12.5 pack-
years. Six (35.5%) of the patients were current smokers, and they 
continued to smoke even after diagnosis, 8 (47.1%) of the patients 
were ex-smokers, and 3 (17.6%) of the patients were passive 
smokers. Of the 6 patients who continued smoking, 5 (83.3%) 
were female. All passive smokers were female. Two (66%) of the 
patients reported that their exposure to tobacco smoke had 
ended. Three (37.5%) of 8 patients who were ex-smokers were 
male, and 5 patients (62.5%) were female.

The comparison statistics results of respiratory muscle strength, 
functional exercise capacity, and physical activity level for the 
patients are presented in Table 2. The MIP was significantly lower 
in the patients who has tobacco smoke expose compared to the 
nonsmokers (p=0.035). The 6MWD was significantly shorter in 
tobacco smoke exposure group compared to the nonsmokers 
(p=0.040). Tobacco smoke exposure group’s physical activity level 
was significantly lower than the nonsmoker group (p=0.034). The 
comparison of respiratory muscle strength, functional exercise 
capacity, and physical activity level for the only female patients 

with PAH are presented in Table 3. Tobacco smoke exposure 
group’s MIP, 6MWD and physical activity level were significantly 
lower than the nonsmoker group (respectively; p=0.009, p=0.001, 
p=0.004) in female patients with PAH.

DISCUSSION

The aim of this study was to compare functional exercise capacity, 
respiratory muscle strength, and physical activity level between 
patients with PAH who have and do not have tobacco smoke 
exposure. The results showed that functional exercise capacity, 
inspiratory muscle strength, and physical activity level were 
significantly lower in the patients with PAH who has tobacco 
smoke expose than the patients who are nonsmokers. Functional 
exercise capacity, inspiratory muscle strength, and physical activity 
level were significantly lower in the female patients with PAH who 
has tobacco smoke expose than the female patients with PAH 
who are non-smokers. To our knowledge, this is the first study on 
comparing respiratory muscle strength and physical activity level 

Table 1. Differential characteristics of smokers-passive smokers and nonsmokers who have PAH

Variables

Smokers (n=17) Nonsmokers (n=20)

p dMedian (IQR) Min-Max Median (IQR) Min-Max

Age (years) 59.0 (45.50–64.00) 35.0–75.0 56.50 (34.75–67.50) 20.0–74.0 0.522 0.21

Gender, n (%)

Female 13 (76.50) 16 (80.0) 0.795 0.09

Male 4 (23.50) 4 (20.0)

Body mass index (kg/m2)	 28.39 (23.17–30.77) 19.72–34.96 25.97 (22.42–28.16) 18.82–39.04 0.263 0.39

NYHA classification, n (%)

Class II 8 (47.1) 14 (70.00) 0.157 0.48

Class III 9 (52.9) 6 (30.00)

mPAP (mmHg) 59.50 (46.00–98.75) 33.00–110.00 56.00 (46.00–76.25) 25.00–125.00 0.717 0.13

BNP level (pg/ml) 111.50 (53.25–242.75) 8.00–405.00 143.00 (61.50–323.00) 32.00–616.00 0.408 0.29

Tobacco smoke exposure (pack-years) 12.5 (6.00–20.00) 2.00–40.00 NA NA NA NA
NYHA: New York Heart Association; mPAP: mean pulmonary arterial pressure; BNP: brain natriuretic peptide; PAH: pulmonary arterial hypertension. 

Table 2. Comparison of muscle strength, functional capacity, physical activity between smokers-passive smokers and nonsmokers who have PAH

Variables

Smokers (n=17) Nonsmokers (n=20)

p dMedian (IQR) Min-Max Median (IQR) Min-Max

MIP (cmH
2
O) 44.00 (25.00–59.00) 12.00–87.00 56.50 (45.00–76.20) 30.00–101.00 0.035* 0.74

MEP (cmH
2
O) 75.00 (50.00–107.00) 15.00–180.00 74.50 (57.00–106.50) 45.00–138.00 0.714 0.12

6MWD (m)	 300.00 (210.00–435.00) 50.00–600.00 420.00 (337.50–480.00) 260.00–540.00 0.040* 0.71

IPAQ (MET-min/week) 99.00 (16.50–328.50) 0.00–891.00 297.50 (152.87–406.37) 33.00–842.00 0.034* 0.74
MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; 6MWD: six-minute walk test distance; IPAQ: international physical activity questionnaire

Table 3. Comparison of muscle strength, functional capacity, physical activity in female smokers-passive smokers and nonsmokers who have PAH

Variables

Smokers (n=13) Nonsmokers (n=16)

p dMedian (IQR) Min-Max Median (IQR) Min-Max

MIP (cmH
2
O) 40.00 (24.00–46.50) 12.00–64.00 51.50 (45.00–65.00) 30.00–82.00 0.009* 1.10

MEP (cmH
2
O) 64.00 (20.00–85.00) 15.00–107.00 71.50 (52.00–100.00) 45.00–118.00 0.300 0.40

6MWD (m)	 270.00 (130.00–380.00) 50.00–420.00 420.00 (337.50–472.50) 260.00–520.00 0.001* 1.51

IPAQ (MET-min/week) 60.00 (0.00–183.50) 0.00–822.00 297.00 (115.75–391.50) 33.00–696.50 0.004* 1.23
MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; 6MWD: six-minute walk test distance; IPAQ: international physical activity questionnaire
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between the patients with PAH who has and do not have tobacco 
smoke exposure.

In our study, 76.5% of the patients who has tobacco smoke expose 
were female. On the other hand, previous studies reported less 
numbers. For example, Keusch et al. (10) and Schiess et al. (3) 
reported the frequency of female patients who had ever exposed 
to tobacco smoke were 37% and 45%, respectively. Specifically, 
secondhand smoking was higher in women. These results suggest 
that women are significantly at more danger in terms of smoking 
exposure. Therefore, it is important to include the other family 
members, commonly the partners, of the women into the smoking 
cessation programs.

We found that the patients who have tobacco smoke exposure 
had significantly lower functional exercise capacity and physical 
activity level than the patients who do not have tobacco smoke 
exposure. In addition, female patients who have tobacco smoke 
exposure showed lower significantly lower functional exercise 
capacity, inspiratory muscle strength and physical activity level 
compared to nonsmoker women in our study. Physical inactivity 
is more common in smokers (21). A study showed that exercise 
capacity was lower in women compared to man in passive smokers 
in patients with PH (10). The previous studies showed that lower 
physical activity level and reduced exercise capacity was found in 
the smokers without COPD compared to nonsmokers (11, 22, 23). 
In addition, reduced exercise capacity has shown in smoker older 
people compared with nonsmoker older people (24). The muscle-
lung-heart axis may cause reduced exercise capacity in smokers 
(25, 26). Physical activity and smoking are inversely related as 
physical activity and exercise can decrease inflammatory markers 
associated with decreased cardiovascular fitness (27). Our study 
can support that this mechanism could be similar in the patients 
with PAH. Since one of the main aims of the PAH management is 
to increase the exercise capacity, the issue of changing smoking 
behavior should be more important as a risk factor that can be 
changed.

We found that inspiratory muscle strength was significantly lower 
in the patients with PAH who has tobacco smoke exposure. The 
previous studies showed that healthy smoker individuals had 
reduced inspiratory muscle strength compared to the nonsmokers 
(28, 29). Enright et al. (30) showed significantly lower maximal 
inspiratory pressure in the older people who are current smokers 
than those who are the nonsmokers. Since the respiratory 
muscle strength is an important endpoint in the assessment and 
rehabilitation of the patients with PAH, our study suggests that 

smoking history, even secondhand, is very important. Future 
longitudinal studies are highly required to assess the effects of 
smoke quitting programs of these variables in the patients with 
PAH.

There are some potential limitations to our study. First, because 
of the cross-sectional design, we cannot provide a cause-effect 
relationship, longitudinal studies are highly warranted. Second, 
there is no healthy control group. A healthy control group would 
be better to understand how much the assessed variables were 
affected. Nicotine addiction level was not evaluated; but, it should 
be evaluated in further studies. Last, our sample size was quite 
low since it was a preliminary study. Our post-hoc sample size 
calculation revealed that 54 patients with PAH (27 in each group) 
should be required to achieve 80% of power with alpha error 
probability of 0.05 for the 6MWD as the primary outcome. We 
believe that our study will guide the future studies.

In conclusion, the patients with PAH who have active, or secondhand 
tobacco smoke exposure had significantly less functional exercise 
capacity, inspiratory muscle strength, and physical activity level 
compared to the nonsmokers. Also, the results were similar in 
the female patients who have active, or secondhand tobacco 
smoke exposure had significantly less functional exercise capacity, 
inspiratory muscle strength, and physical activity level compared 
to the nonsmokers. These findings can be important for patients 
with PAH and their caregivers, as early counselling to smoking 
cessation for both the patients themselves and their close relatives 
can be important to maintain and/or improve functional exercise 
capacity, inspiratory muscle strength, and physical activity level. 
However, longitudinal prospective studies with larger sample size 
are highly warranted to prove this hypothesis.
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