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Amaç: Bu çalışmanın amacı Obstrüktif Uyku Apne sendromu (OUAS) 
ve Kronik Obstrüktif Akciğer hastalığı (KOAH) olan hastalarda solunum 
fonksiyonları, egzersiz performansı ve uyku kalitesini sağlıklı bireylerle 
karşılaştırmaktır. 
Gereç ve Yöntem: Bu kesitsel çalışmaya 17 OUAS’li hasta (12 erkek, 
5 kadın), 24 KOAH’li hasta (20 erkek, 4 kadın) ve 20 sağlıklı birey (15 
erkek, 5 kadın) katıldı. Solunum fonksiyonu ve kas kuvvet testleri yapıldı. 
OUAS ve KOAH’li hastalarda diz ekstansörleri, omuz abduktörleri ve el 
kavrama kuvveti dijital el dinamometresi kullanılarak ölçüldü. Egzersiz 
performansı 6 dakika yürüme testi (6DYT) kullanılarak, uyku kalitesi 
Pittsburgh Uyku Kalitesi indeksi (PUKİ) ile değerlendirildi.
Bulgular: KOAH’li hastaların 6DYT mesafesi, 6DYT mesafesi (%), omuz 
abduktörleri kas kuvveti ölçülen ve yüzde değerleri OUAS grubuna 
göre anlamlı olarak düşüktü (p<0,05). PUKİ kayıtlarına göre OUAS 
hastalarının %58,8’inin, KOAH hastalarının %58,3’ünün ve sağlıklı 
bireylerin %15,0’inin uyku kalitesi zayıftı (p=0,006). OUAS ve KOAH 
grubunda PUKİ-uyku bozukluğu, gündüz fonksiyon bozukluğu, alışılmış 
uyku etkinliği alt boyutları ve toplam PUKİ skorları sağlıklı bireylerden 
daha yüksekti (p<0,05).
Sonuç: Bu çalışma, hem OUAS hem de KOAH hastalarında uyku 
kalitesinin olumsuz etkilendiğini ve sağlıklı bireylere göre OUAS ve 
KOAH hastalarında uyku bozukluğu ve gündüz fonksiyon bozukluğunun 
arttığını ve alışılmış uyku etkinliğinin azaldığını göstermiştir. 
Anahtar Kelimeler: Obstrüktif uyku apnesi, egzersiz testi, kas kuvveti, 
solunum kasları, Kronik Obstrüktif Akciğer hastalığı

Objective: The purpose of this study was to compare the respiratory 
functions, exercise performance, and quality of sleep in patients with 
Obstructive Sleep Apnea syndrome (OSAS) and Chronic Obstructive 
Pulmonary disease (COPD) compared to healthy individuals.
Materials and Methods: Seventeen patients with OSAS (12 M, 5 F), 
24 patients with COPD (20 M, 4 F) and 20 healthy subjects (15 M, 
5 F) participated in this cross-sectional study. Respiratory function 
and muscle strength tests were performed. Knee extensors, shoulder 
abductors, and hand grip strength were measured in patients with 
OSAS and COPD using a digital hand-held dynamometer. Exercise 
performance was evaluated using a 6-minute walk test (6MWT), and 
sleep quality was assessed by the Pittsburgh Sleep Quality index (PSQI). 
Results: The 6MWT distance, 6MWT% distance, actual and percentage 
values of shoulder abductors muscle strength of patients with COPD 
were significantly lower than those of the OSAS group (p<0.05). 
According to PSQI recordings, 58.8% of OSAS patients’ sleep quality, 
58.3% COPD patients’ sleep quality, and 15.0% of healthy individuals’ 
sleep quality were poor (p=0.006). The PSQI-sleep disturbance, daytime 
dysfunction, habitual sleep efficiency subdimensions, and total scores 
of PSQI in OSAS and COPD group were higher than those of healthy 
individuals (p<0.05).  
Conclusion: This study showed that sleep quality is adversely affected 
in both OSAS and COPD patients and sleep disturbance and daytime 
dysfunction increases and habitual sleep efficiency decreases in OSAS 
and COPD patients compared to those of healthy individuals. 
Keywords: Obstructive sleep apnea, exercise test, muscle strength, 
respiratory muscles, Chronic Obstructive Pulmonary disease
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Introduction

Chronic Obstructive Pulmonary disease (COPD) and Obstructive 
Sleep Apnea syndrome (OSAS) are two common Obstructive 
Respiratory diseases. The COPD is a systemic disorder that 
is resulting in persistent airflow limitation and respiratory 
symptoms (1). The OSAS is a disorder characterized by the 
repetitive complete or partial collapse of the upper airway 
during sleep (2). While many factors including edema, obesity, 
and genetics change the anatomy of upper airways, problems 
in neuromuscular function leading to a decrease in dilator 
muscle activity in sleep, respiratory control instability, and many 
anatomical risk factors play a direct role in the pathogenesis of 
OSAS (2,3). 
Regardless of whether the patients with OSAS have airway 
or parenchymal lung disease, lung volumes reduce, and this 
decline is related to OSAS severity (4). Otherwise, recurrent 
airway obstruction and the subsequent asphyxia can increase 
inspiratory efforts and leads to an increase in the incidence of 
inspiratory muscles fatigue (5,6). OSAS has been shown as a 
systemic oxidative disorder (7). Oxidative stress was shown to 
be an essential role in peripheral muscle dysfunction in patients 
with COPD (8). In an investigation with severe OSAS, both 
peripheral and inspiratory muscle strength were reduced, and 
inspiratory muscle fatigue was increased compared to healthy 
controls (6). 

The maximal exercise capacity was demonstrated to be declined 
in patients with OSAS compared to healthy counterparts, and 
this reduction is associated with disease severity determined by 
Apnea-Hypopnea index (AHI) (9). Another study showed that 
the OSAS patients walked shorter than lean, healthy controls in 
6-minute walk test (6MWT) (10). 
Almost 70% of the patients with COPD have reduced quality 
of sleep (11). Otherwise, it was shown that patients with OSAS 
had more respiratory disturbances during sleep and excessive 
sleepiness than COPD patients (12). Although there are clinical 
studies that compare the clinical findings between COPD and 
OSAS patients (13), also in the COPD-OSAS Overlap syndrome 
(14), there is a limited data that evaluates lung functions, 
respiratory muscle strength and sleep quality changes between 
these Obstructive diseases and compares healthy controls as a 
reference point. The comparison of OSAS and COPD as two 
obstructive diseases will provide an understanding of the effect 
of OSAS on patients in terms of respiratory parameters and 
muscle function with respect to COPD patients and guide the 
establishment of optimal treatment programs in rehabilitation 
programs. Therefore, the purpose of this study was to compare 
the respiratory functions, exercise performance, and quality of 
sleep in patients with OSAS and COPD compared to healthy 
individuals. 

Materials and Methods

Participants

The study was conducted at Hacettepe University Faculty 
of Physical Therapy and Rehabilitation, Cardiopulmonary 
Rehabilitation Unit. This cross-sectional study included 17 

patients with OSAS (12 M, 5 F), 24 patients with COPD (20 
M, 4 F) and 20 healthy subjects (15 M, 5 F) aged 30-80 years 
old. Patients who could be cooperative for evaluations and can 
have walking ability and stable health status (patients who have 
not had an acute exacerbation last three months for the COPD 
group) included in the study. Patients with a neurological, 
cardiovascular, orthopedic, endocrine, or psychological disease 
that may affect outcomes, and patients with Body Mass index 
(BMI) 40 kg/m2 or more were excluded. All OSAS patients were 
newly diagnosed and were not receiving CPAP-therapy. The 
healthy group was composed of individuals among the relatives 
of researchers and academic personnel that were without 
known systemic, orthopedic or neurologic diseases, cooperative 
and voluntary to participate to study. It was confirmed by 
pulmonary function tests that the healthy group has no COPD 
diagnosis. The Hacettepe University Ethics Committee has 
approved the study (number: GO 18/491). Participants were 
informed about the trial, and their written informed consents 
were collected before the study.

Assessments

Physical data (age, height, weight) were recorded. BMI was 
calculated as body weight/height2 (kg/m2). BMI was classified 
like underweight (<18.5 kg/m2), normal (18.5-24.99 kg/m2), 
overweight (>25 kg/m2) and obese (>30 kg/m2) (15). Dyspnea 
during effort, cough, and sputum symptoms were recorded in 
all three groups. 
Polysomnography findings were recorded for the OSAS patients. 
The term AHI was described as the number of apnoeas plus 
hypopnoea per hour of sleep. According to their AHI scores, the 
OSAS patients were described as like: mild OSAS (AHI <15/hr), 
moderate OSAS (AHI between 15 and 30/hr), and severe OSAS 
(AHI ≥30/hr) (16). 
Pulmonary function test was performed in all groups using a 
Spirolab III spirometer (Spirolab, Medical International Research, 
Rome, Italy) in the sitting position. Pulmonary function test 
results were expressed as the actual values (L) and the 
percentages of the expected values adjusted for age, height, 
body weight, and sex (17). Airflow limitation severity was 
classified as mild (Global Inıtiative Obstructive Lung diseases 
(GOLD) stage I) if FEV1≥80% predicted, moderate (GOLD 
stage II) if 50%≤FEV1<80% predicted, severe (GOLD stage III) if 
30%≤FEV1<50% predicted and very severe (GOLD stage IV) if 
FEV1<30% predicted (1). 
Respiratory muscle strength was determined by measuring 
maximal inspiratory pressure (MIP), and maximal expiratory 
pressure (MEP) generated at the mouth using a mouth pressure 
device (MicroRPM, Micromedical, Kent, United Kingdom) (18). 

The respiratory muscle strength results were expressed as actual 
values and percentages of normal values that are calculated 
using regression equations according to age and sex (19). 
Peripheral muscle strength (knee extensors, shoulder abductors, 
and hand grip strength) was measured in patients with OSAS 
and COPD using a digital hand-held dynamometer (JTECH, 
Medical Commander Powertrack II, USA). Peripheral muscle 
strength testing was repeated three times for each muscle. 
The best value of the dominant sides in Newtons (N) was then 
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taken for statistical analysis (20). The peripheral muscle strength 
results were expressed as actual values and percentages of the 
expected values adjusted for age and sex (21,22). The peripheral 
muscle strength assesment was not applied to healthy controls 
because this measurement have reference values according to 
age and gender and results were expressed as percentages of 
this expected values. 
The 6MWT is a self-paced test of walking capacity. Patients 
were requested to walk as far as possible in 6 min along a flat 
corridor. Standardized instructions and encouragement are 
commonly given during the test. The test was administered 
twice in the same day with a half-hour interval. The distance 
in meters is recorded, and the best value was taken for the 
analysis. The 6MWT distance was expressed as percentages of 
the expected values from age and sex (6MWT% of distance) 
(23). 
The Pittsburgh Sleep Quality index (PSQI) is a self-rating 
questionnaire that evaluates the quality of sleep and consists 
of seven subscores (sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbance, use of sleep 
medication, and daytime dysfunction), and global score ranges 
between 0 and 21. A PSQI total score higher than 5 indicates 
poor sleep quality (24). 

Statistical Analysis

All analyses were performed using the Statistical Package 
for the Social Sciences (version 18.0) for Windows (Version 

18.0, IBM Inc., Armonk, NY, USA) (25). For categorical 
variables, frequencies and percentages were presented, and for 
continuous variables, the mean and standard deviation were 
given. The variables were investigated to determine whether 
or not they were normally distributed using visual (histograms/
probability plots) and Kolmogorov-Smirnov test, as appropriate. 
According to the normality of a variable, One-Way ANOVA or 
Kruskal-Wallis tests were used to compare variables between 
the groups.  Levene’s test was used to assess the homogeneity 
of the variances. An overall 5% type-1 error level was used 
to infer statistical significance. When an overall significance 
observed, pairwise post-hoc tests performed using Tukey’s test 
or Tamhane’s T2 test. For Kruskal-Wallis test, the Mann-Whitney 
U test was performed to test the significance of pairwise 
differences using Bonferroni correction to adjust for multiple 
corrections (26). To calculate clinically essential differences 
between groups using 6MWT distance values as the primary 
outcome measure, with 80% statistical power and an alpha of 
0.05, nine patients had to be included in each group. 

Results

Data regarding the characteristics of patients and healthy 
individuals are shown in Table 1. Age, height, weight and BMI 
values, and gender distribution were comparable between 
groups (p>0.05, Table 1). According to BMI classification, 5.9% 
of patients with OSAS were normal, 52.9% of patients with 
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Table 1. Demographic characteristics, pulmonary functions and respiratory muscle strength measurements of patients with OSAS and COPD 
and healthy individuals

Variables OSAS
(n=17)

COPD
(n=24)

Healthy 
(n=20) p

Mean (SD) Mean (SD) Mean (SD)

Age (years) 55.06±4.66 57.20±7.10 79.94±10.81 0.166

Body weight (kg) 79.94±10.81 76.48±15.46 75.00±9.48 0.479

Height (cm) 166.12±9.46 168.33±6.73 167.60±6.55 0.649

BMI (kg/m2) 28.99±3.29 26.87±4.41 26.62±2.38 0.093

Gender (Male/Female) 12/5 20/4 15/5 0.611

FEV1 (L) 3.16±0.80 1.60±0.74 2.98±0.49 0.089

FVC (L) 3.59±0.85 2.61±0.85 3.75±0.53 <0.001*

FEV1 (%) 106.35±14.95 49.46±18.60 102.85±11.78 <0.001&

FVC (%) 98.45±13.47 66.92±17.31 104.20±8.43 <0.001*

FEV1/FVC (%) 87.66±5.62 60.10±12.60 79.94±7.94 <0.001&

FEF25-75% (L) 3.77±1.60 1.12±0.82 2.96±1.04 <0.001*

FEF25-75% (%) 106.75±39.45 26.92±14.32 89.90±30.16 <0.001*

PEF (L) 7.83±2.24 4.72±2.00 6.99±2.13 <0.001*

PEF (%) 101.49±20.92 56.20±23.04 95.90±21.17 <0.001*

MIP (cmH2O) 107.29±33.29 94.30±24.59 96.55±15.85 0.280

MIP % 105.37±31.32 91.14±23.55 99.03±22.15 0.172

MEP (cmH2O) 144.35±39.67 143.68±33.42 121.90±29.84 0.089

MEP % 72.60±17.97 69.52±15.46 62.04±11.52 0.083

BMI: Body Mass index, FEV1: Forced expiratory volume in one second, FVC: Forced vital capacity, PEF: Peak expiratory flow rate, FEF25-75%: Forced expiratory flow from 
25%-75%, MIP: Maximal inspiratory pressure, MEP: Maximal expiratory pressure, COPD: Chronic Obstructive Pulmonary disease, OSAS: Obstructive Sleep Apnea syndrome

*p<0.05, One-Way ANOVA test, &p<0.05, Kruskal-Wallis test, SD:Standart deviation
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OSAS were overweight, and 41.2% of patients with OSAS were 
obese. The 4.2% of COPD patients were cachectic, 29.2% of 
COPD patients were normal, 37.5% of COPD patients were 
overweight, and 29.2% of COPD patients were obese. The 
25% of healthy individuals were normal, 60% of healthy 
individuals were overweight, and 15% of healthy individuals 
were obese. There was not a significant difference between 
groups concerning BMI classifications (p=0.611). The 52.9% of 
the OSAS patients had exertional dyspnea, 5.9% had a cough, 
and 23.5% patients had sputum symptoms. Seventy-nine point 
three percentage of COPD patients had exertional dyspnea, 
46.3% had cough, and 53.7% had sputum symptoms. Thirty-
five percentage of healthy individuals had exertional dyspnea, 
10% of healthy individuals had a cough, and 5% of healthy 
individuals had sputum symptoms. 
There were significant differences in all parameters of respiratory 
function test between the groups (p<0.05, Table 1). The FEV1 

(L), FEV1 (%), FVC (L), FVC (%), FEF25-75% (L), FEF25-75% (%), PEF 
(L), and PEF (%) values of patients with COPD were significantly 
lower than those of the OSAS group and healthy group 
(p<0.017, Table 1). The FEV1/FVC (%) of patients with COPD 
was significantly lower than those of the OSAS and healthy 
groups, but The FEV1/FVC (%) of OSAS group was significantly 
higher than healthy group (p<0.017, Table 1). According to 
spirometry results, 4.2% of COPD patients in the GOLD stage 
I, 50% of COPD patients in the GOLD stage II, 25% of COPD 
patients in the GOLD stage III and 20.8% of COPD patients 
in the GOLD stage IV (27). Mean AHI values of OSAS patients 
were 32.02±19.88. Five patients (29.4%) were in the mild 
OSAS group, four patients (23.5%) were in the moderate OSAS 
group, and eight patients (47.1%) were in severe OSAS group. 
According to respiratory muscle strength measurements, there 
was not a statistically significant difference in MIP, MEP, %MIP, 
and %MEP values between three groups (p>0.05, Table 2). When 
we analyze the peripheral muscle strength measurements, the 
shoulder abductors muscle strength (Figure 1) and percentage 
of shoulder abductors muscle strength according to normative 
values of COPD patients were significantly lower than those of 
OSAS patients (p<0.05, Table 2). There was not any significant 
difference in other peripheral muscle strength measurements 
between two groups (p>0.05, Table 2).
There were a statistically significant difference in 6MWT 
distance (Figure 2) and 6MWT% distance between three 
groups (p<0.05, Table 2). The 6MWT distance and 6MWT% 
distance of patients with COPD were significantly lower than 
those of the OSAS group (p<0.017, Table 2). The percentage of 
maximal heart rate (HR) reached during 6MWT in patients with 
OSAS was significantly lower than those of COPD patients and 
healthy individuals (p<0.017, Table 2).  There were statistically 
significant differences in changes in HR, SpO2, perceptions of 
dyspnea, leg fatigue, and general fatigue during 6MWT among 
the groups (p<0.05, Table 2). The HR increase during 6MWT 
was higher in COPD and healthy groups than OSAS group 
(p<0.05, Table 2). The decrease in SpO2 during 6MWT was 
higher in the COPD group than OSAS group (p<0.05, Table 

2). The increases in dyspnea, leg fatigue, and general fatigue 
perceptions during 6MWT were higher in COPD patients than 
those in OSAS patients (p<0.05, Table 2). In addition, the 
increases in dyspnea and general fatigue perceptions during 
6MWT were higher in COPD patients than those of healthy 
subjects (p<0.05, Table 2).
According to PSQI recordings, 58.8% of OSAS patients’ sleep 
quality, 58.3% COPD patients’ sleep quality, and 15.0% of 
healthy individuals’ sleep quality were poor (p=0.006). There 
were statistically significant differences in sleep duration, sleep 
disturbance, daytime dysfunction, habitual sleep efficiency 
subdimensions, and total scores of PSQI among the three 
groups (p<0.05, Table 2, Figure 3). The PSQI-sleep duration 
score of OSAS patients was significantly lower than COPD 
patients and healthy individuals (p<0.017, Table 2). The PSQI-
sleep duration score of COPD patients was significantly higher 
than healthy individuals (p<0.017, Table 2). The PSQI-sleep 
disturbance, daytime dysfunction, habitual sleep efficiency 
subdimensions, and total scores of PSQI in OSAS and COPD 
group were higher than those of healthy individuals (p<0.017, 
Table 2).  

Figure 1. The comparison of shoulder abductors muscle strength 
between patients with Obstructive Sleep Apnea syndrome and 
patients with Chronic Obstructive Pulmonary disease

Figure 2. The comparison of 6MWT distance between patients 
with Obstructive Sleep Apnea syndrome, patients with Chronic 
Obstructive Pulmonary disease and healthy controls
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Discussion

The main findings of our study are that pulmonary functions, 
peripheral muscle strength, and functional exercise capacity are 
more negatively affected in patients with COPD than patients 
with OSAS. Otherwise, pulmonary functions, respiratory muscle 
strength, and exercise capacity are preserved in OSAS patients 
compared to healthy counterparts. Although the worst sleep 
quality is seen in patients with OSAS, sleep disturbance, 
daytime dysfunction, habitual sleep efficiency, and global sleep 
quality are worse in both OSAS and COPD groups compared to 
those of healthy individuals. 
There is an inconsistency about the data about the association 
between lung volume and OSAS severity is independent of 

Table 2. Comparison of peripheral muscle strength, functional exercise capacity and sleep quality between patients with OSAS and COPD 
compared to healthy individuals

Variables OSAS
(n=17)

COPD
(n=24)

Healthy 
(n=20)

OSAS vs 
COPD

COPD vs 
healthy

OSAS vs 
healthy

Mean (SD) Mean (SD) Mean (SD) p p p p

Shoulder abductors 
muscle strength (N)

201.41±55.10 136.33±47.90 <0.001*

Shoulder abductors 
muscle strength %

98.69±23.96 67.29±19.44 <0.001*

Handgrip strength (N) 219.81±82.42 191.81±53.10 0.230

Handgrip strength % 55.46±22.17 46.09±11.79 0.153

Knee extensors 
muscle strength (N)

354.70±115.58 309.92±68.40 0.167

Knee extensors 
muscle strength %

80.36±18.80 74.02±14.52 0.236

6MWT distance (m) 614.69±60.02 532.70±86.28 563.43±59.80 0.008& 0.002β

Maximum HR % 48.40±6.19 73.16±12.66 69.58 ±7.94 <0.001& <0.001© <0.001©

∆HR (beats/min) 3.23±11.13 35.08±18.68 36.80±12.15 <0.001& <0.001β <0.001β

Median (min-max) Median (min-max) Median (min-max)

6MWT %
112.26 
(101.29-142.35)

101.22 
(69.97-121.58)

108.25 
(80.28-125.39)

0.002Ø 0.001µ

∆SpO2 (%) 0.59 (-5-5) -3.21 (-20-2) -0.45 (-3-4) 0.002Ø 0.001 µ

∆Dyspnea (modified Borg) -0.41 (-5-0) 2.13 (0-7) 0.38 (0-3) <0.001Ø <0.001µ 0.001µ

∆Leg Fatigue (modified Borg) -0.35 (-3-1) -0.7 (-2-4) 0.53 (0-3) 0.012Ø 0.016µ 0.011µ

∆General Fatigue 
(modified Borg)

-0.47 (-6-3) 1.63 (-2-6) 0.53 (0-2.5) 0.009Ø 0.014µ 0.009µ

PSQI-sleep duration score 0 (0-3) 1 (0-2) 0.5 (0-2) 0.009Ø 0.015µ 0.005µ

PSQI-sleep disturbance score 2 (1-3) 1 (0-2) 1 (0-2) <0.001Ø 0.004µ <0.001 µ

PSQI-sleep latency score 1 (0-3) 1 (0-2) 0 (0-4) 0.061

PSQI-daytime dysfunction score 1 (0-3) 1 (0-2) 0 (0-2) <0.001Ø <0.001µ 0.014µ

PSQI-habitual sleep 
efficiency score

0 (0-3) 1 (0-2) 0 (0-0) <0.001Ø <0.001µ

PSQI-sleep quality score 1 (0-3) 1 (0-2) 1 (0-2) 0.133

PSQI-use of sleep 
medication score

0 (0-0) 0 (0-1) 0 (0-0) 0.463

PSQI-total score (0-21) 6.35 (1-14) 6.13 (1-10) 2.95 (0-9) <0.001Ø <0.001µ 0.002µ

6MWT: 6 minute walk test, HR: Heart rate, SpO2: Oxygen saturation, PSQI: Pittsburgh Sleep Quality index, *p<0.05, Student’s t-test, µp<0.05, Mann-Whitney U-test, 
&p<0.05, One-Way ANOVA test, Øp<0.05, Kruskal-Wallis test, βTukey test for pair wise comparison between groups, ©Tahmane’s T2 test for pair wise comparison between 
groups

Figure 3. The comparison of PSQI total score between patients 
with Obstructive Sleep Apnea syndrome, patients with chronic 
obstructive pulmonary disease and healthy controls
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obesity (4). Some findings support lower lung volumes in 
OSAS compared to BMI-matched healthy controls (6,28). 

Oztürk et al. (29) found that OSAS patients (mean AHI 
44±19) and healthy controls had similar pulmonary function 
characteristics and judged that extrathoracic airway obstruction 
might be a presence in only severe OSAS. The lower spirometry 
measurement recordings in COPD than patients with OSAS 
and healthy subjects was consistent with the literature and 
an expected finding (13,30). We think that similar pulmonary 
function results between OSAS and healthy groups are related 
to that only 42% of OSAS patients was obese, and the group 
included OSAS patients from every disease stages.
Existing data suggest that there is a modest relationship 
between airway obstruction and muscle dysfunction in COPD 
(31), and muscle weakness does not affect all muscle groups 
at the same level (32). Otherwise, muscle abnormalities may 
have been observed in the early stages of disease (31). Just 
the opposite, inspiratory muscle strength may not be reduced 
compared to healthy controls when corrected for lung volume 
in COPD (33). In a trial with 15 severe OSAS (mean AHI: 
54.0±21.7), muscle strength and endurance of inspiratory and 
knee extensors were shown to be reduced than BMI-matched 
healthy counterparts (6). In our study, the similar inspiratory, 
expiratory, knee extensors and handgrip strength between 
three groups can be related to COPD and OSAS patients 
consisted patients from all stages. Lower shoulder abductors 
muscle strength in COPD patients than healthy controls is 
consistent with previous findings that consist mostly of GOLD 
stage II-III patients (30). The explanation for this finding may be 
that COPD patients can reduce unsupported arm movements in 
order to avoid dyspnea. The preservation in quadriceps muscle 
strength can be explained with lack of deconditioning because 
both COPD and OSAS patients’ exercise capacity had reached 
up higher than 100% of the expected values.
Ilgın et al. (13) have shown that exercise capacity levels in 
patients with COPD and OSAS who had similar obstruction 
level were comparable. In addition, there was a correlation 
between 6MWT distance and disease severity by AHI, FEV1, 
FVC, and an increase in dyspnea perception and hemodynamic 
parameters during exercise in OSAS. In the COPD group, only 
there was a correlation between 6MWT and FEV1 and FVC. The 
maximal exercise capacity by the incremental shuttle walk test 
(ISWT) distance was strongly associated with FEV1 and FVC 
in moderate-to-severe OSAS (34). Although disease severities 
were similar between COPD and OSAS patients in our study, 
lower airway obstruction level in COPD patients can be related 
with lower functional exercise capacity, higher deoxygenation, 
increase in dyspnea, leg fatigue, and general fatigue perceptions 
during exercise, and it is consistent with our previous findings 
(30). The comparable exercise capacity between OSAS and 
healthy groups in our study can be related with that pulmonary 
functions of OSAS group were in the normal range, and most of 
the patients were not obese and severe OSAS (34,35). 
In our previous study in 2015, we found that 57% of the 
COPD patients had poor sleep quality (36). Ali Zohal et al. 

(37) showed that 67.9% of mild-severe COPD patients had 
poor sleep quality, and they demonstrated worse sleep quality 
and more daytime sleepiness than the control group. Akinci 
et al. (38) demonstrated in their study involving 51 moderate 
to very severe COPD that patients were suffering from poor 
sleep quality (94%) irrespective of OSAS. In another trial, 
the OSAS patients (mean FEV1=77.70±7.71%) was shown to 
have more respiratory disturbances during sleep and longer 
non-rapid eye movement sleep than patients with COPD 
(mean FEV1=57.10±13.90%) (12). Supporting the literature, 
our findings showed that OSAS and COPD groups had poor 
sleep quality compared to healthy controls. The most affected 
areas were sleep disturbance (to often go to the toilet at night, 
unable to breathe comfortably, delay to start of sleep, coughing 
and so on), daytime dysfunction like being hard to stay awake 
and reduced sleep efficiency in OSAS and COPD group. This 
supports the evidence that sleep quality is negatively affected 
in patients with OSAS and COPD because of dyspnea, nocturnal 
cough, effects of some medications, nocturnal hypoxemia, 
and so on (36-39). Lower sleep duration in OSAS and higher 
sleep duration score in COPD compared to healthy individuals 
supported the literature (37,39). 

Study Limitations

There are several limitations to this study. First of all, we could 
not have evaluated the exercise capacity with a cardiopulmonary 
exercise test as a gold standard that shows the underlying 
mechanisms that limit the exercise. Another limitation of 
our study, we did not evaluate respiratory muscle endurance 
that may be more adversely affected than respiratory muscle 
strength in patients with OSAS. In addition, because 6MWT is a 
self-paced walking test, OSAS patients in our study had reached 
almost 50% of maximal heart rate. This showed us that they 
could not have performed the best they could.

Conclusion

The present study demonstrated that the strength of peripheral 
muscles and exercise performance are adversely affected in 
patients with COPD than OSAS.  Pulmonary functions, respiratory 
muscle strength, and exercise capacity are preserved in the 
OSAS group that mostly contain mild-moderate patients. Sleep 
quality is adversely affected in both OSAS and COPD patients 
and sleeps disturbance, and daytime dysfunction increases and 
habitual sleep efficiency decreases in OSAS and COPD patients 
compared to those of healthy individuals. Consequently, we can 
suggest that the presence of sleep disorders and evaluation of 
sleep quality should be considered in patients with COPD and 
must be one of the main components of assessments in clinical 
settings.  Otherwise, although respiratory muscle strength and 
exercise capacity can be preserved in the early stages of OSAS, 
handgrip strength as a indicative for general muscle strength 
was under the predicted values. These supports the idea that 
peripheral muscle strength should be evaluated and improved 
in rehabilitation programs of OSAS from the beginning of the 
disease. 
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