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Introduction: Physical impairments in obstructive sleep apnea syndrome (OSAS) patients are still unclear. This study
compared functional exercise capacity, dyspnea, fatigue, physical activity, quality of life, and respiratory and
peripheral muscle strength in patients with OSAS and controls.

Materials and Methods: Twelve patients with OSAS and 24 controls were included. Functional exercise capacity [6-
minute walking test (6-MWT)], dyspnea, peripheral muscle strength, fatigue, physical activity, quality of life,
respiratory muscle strength, and excessive daytime sleepiness [The Epworth Sleepiness Scale (ESS)] were evaluated.
Results: The 6-MWT, physical activity level, peripheral muscle strength, and quality of life were lower; the level of
fatigue and dyspnea were increased in patients with OSAS than in controls (p<0.05). Inspiratory and expiratory
muscle strength were similar in patients with OSAS and controls (p>0.05). ESS was correlated with fatigue (p=0.036,
r=0.608) and MMRC (p=0.018, r=0.665).

Conclusion: Patients had reduced functional exercise capacity, physical activity level, quality of life, peripheral muscle
strength, and increased perception of fatigue and dyspnea than healthy controls. Cardiac rehabilitation programs
should be added to the management of OSAS.
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Introduction

Obstructive Sleep Apnea Syndrome (OSAS),
defined by recurrent obstruction of the upper
airway, results in a reduction or complete
cessation of airflow despite respiratory effort
during sleep (1). OSAS, a widespread sleep-
disordered breathing form, is thought to affect
one billion of the 7.3 billion people globally
between the ages of 30 and 69 and is becoming
more common (2).

Asphyxia brought on by airway blockage
can result in increased inspiratory effort and
fatigue of the inspiratory muscles. Compared to
healthy controls, an inquiry with severe OSAS
showed decreased peripheral and inspiratory
muscle strength and higher inspiratory
muscle fatigue (3, 4). OSAS can cause dyspnea,
lower extremity weakness, respiratory muscle
dysfunction, and a lack of motivation. These
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Obstructive Sleep Apnea Syndrome

problems are associated with changes in
skeletal muscle energy metabolism that
affect physical exercise performance (5, 6). For
instance, patients with OSAS have lower
functional exercise capacity than healthy
controls. This loss is associated with the severity
of the disease as measured by the Apnea-
Hypopnea Index (AHI) (5). In OSAS, complaints
of fatigue, exhaustion, or lack of energy may be
just as significant as those of sleepiness, and
women report the symptoms more frequently
than men. Even after controlling for body mass
index (BMI), age, gender, and comorbidities,
people with OSAS often experience subjective
suffering and a generally low quality of life. Also,
these situations can result in physical inactivity
and severe sleep apnea (7-9). Patients with
sleep apnea may find it challenging to maintain
regular exercise routine due partly to weariness,
daytime sleepiness, and a lack of psychological
motivation (10).

Research has indicated that exercise capacity,
respiratory system and peripheral muscle
strength were affected in patients with OSAS
(3-10). However, the clinical impact on OSAS
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patients’ functional exercise capacity, physical
activity status, quality of life, and respiratory and
peripheral muscle strength have not been
wholly compared with healthy in any studies.
This multidimensional assessment of OSAS's
impact is critical for regulating appropriate
physiotherapy programs. The study was
designed to compare functional exercise
capacity, fatigue, dyspnea, physical activity,
quality of life, and respiratory and peripheral
muscle strength in OSAS and control.

Materials and Methods

Stuay Design & Ethical Statement

Twelve patients with OSAS referred to the
department from February 2020 to March 2020
were included. Patients and 24 individuals were
compared. Inclusion criteria were age between
18-70 vyears, diagnosed with OSAS. Patients
with musculoskeletal problem, acute infection,
unstable hypertension, neurological disorders,
pregnant or breastfeeding were excluded. The
Ethics Committee of the University approved
the study (No:2020/16). Patients and controls
provided informed consent under the principles
of the Helsinki Declaration.

Healthy controls
Assessed for eligibility
(n=30)

Excluded (n=6)
Age not matched (n=3)
Declined to participate (n=3)

Lt

\d
Included (n=24)

Figure 1. Flow diagram of the patients with OSAS and healthy controls
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Functional exercise capacity was assessed by 6-
minute walking test (6-MWT) according to the
guideline. Individuals were instructed to walk in
a 30-meter unobstructed corridor at average
speed. Two tests were performed, with at
least 30 minutes between them. The most
significant distance was recorded. A percentage
of predicted values was used (11, 12).

700,00 p=0.007

600,00
550,00
500,00

Figure 2. Six-minute walk test distance of the patients
with OSAS and healthy controls

A hand-held dynamometer (JTECH Power
Track Commander, Baltimore, MD, USA) was
used to evaluate lower (quadriceps femoris,
hip flexors) and upper (shoulder abductors)
muscle strength. According to the reference
values, the percentage of the predicted value
was calculated (13). Hand-grip strength was
assessed with an analog hand dynamometer
(PowerTrack Il, JTECH Medical, Midvale, Utah,
USA). Evaluations were performed 3 times, and
the highest value was used for comparison (14).

A mouth pressure device (MicroMedical Micro
RPM, England) was used to assess respiratory
muscle strength [maximal inspiratory and
expiratory pressure (MIP, MEP)] according to
guideline (15). Reference values were calculated
for comparison (16). Fatigue was identified
with the fatigue severity scale (FSS). The
scale has nine items that are scored 0-7.
The highest score is 63. Severe fatigue was
defined according to the scores over 36 (17).
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The modified Medical Research Council
(MMRC) dyspnea scale was used for identifying
dyspnea severity. The severity of dyspnea was
graded from 0 to 4 (18). Charlson Comorbidity
Index (CCl) was utilized to determine the level
of comorbidity. The index includes 19 medical
conditions. Mortality risk increases with an
increasing total score (19).

Physical activity level was identified with the
International Physical Activity Questionnaire
(IPAQ) short form. The questionnaire contains
information about sedentary activity, walking
time, moderate and vigorous-intensity activity
(20). The Short Form 36 (SF-36) questionnaire
identified the quality of life. There are eight
subscales of the questionnaire. Higher values
(scores vary from 0-100) show better health (21).
Excessive daytime sleepiness was evaluated
with the Epworth Sleepiness Scale. A score >10
indicates excessive daytime sleepiness (22, 23).

Groups

101
Mosas
[contrals

p=0.018

inactive minimally active

Category of IPAQ
Figure 3. The International Physical Activity
Questionnaire categories of OSAS and controls

sufficiently active

Statistical Analyze

The SPSS v20.0 statistical analysis program
(Armonk, NY: IBM Corp.) was performed. To
determine data normality, the Shapiro-Wilk and
Kolmogorov-Smirnov test were used. Student's
t-test or Mann-Whitney U was used to compare
two groups’ parameters for quantitative data.
Data were expressed as mean (+standard
deviation), mean difference, and 95%CI| for
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Table 1. Demographic characteristics of patients with OSAS and healthy control

Variables OSAS Control Mean difference P
Mean=SD/ Median (IQR) Mean+SD/Median (IQR) %95Cl| value
Age (years) 47.50+9.04 51.95+6.95 -4.45 (-9.98-1.06) 0.110
Sex (male/female) 11/91.7%;1/8.3% 17/70.8%;7/29.2% 0.224
Weight, kg 94.83+14.88 85.33+9.04 9.50 (-0.45-19.45) 0.060
Height, cm 170.50+8.24 167.85+6.85 2.64 (-2.62-7.97) 0.314
BMI, kg/m2 32.53+3.48 31.07+1.42 145 (-0.19- 3.1) 0.082
Overweighted/obese, n (%) 2/16.7%;10/83.3% 8/33.3%;16/66.7% 0.438
Waist circumference (cm) 110.50+13.42 102.10+£8.62 8.40 (0.46-16.33) 0.070
Smoking (current/ex/non-smoker), n(%) | 4/33.3%;5/41.7%,3/25% 7/29.2%;4/16.7%;13/54.2% 0.167
CCl score 0(0-0.75) 0(0-0) 0.012
AHI, events/h 47.55+281
Medical history
Hypertension 2/16.7%
Chronic coronary syndrome 3/25%
Epworth Sleepiness Scale (0-24) 4(2.25-10.75)
** BMI: body mass index; CCl: Charlson Comorbidity Index; AHI: apnea-hypopnea index; Cl: confidence interval. *p<0.05.
Table 2. Comparison of 6-MWT, peripheral and respiratory muscle strength in OSAS and healthy control
Variables OSAS Control Mean difference P
MeanzSD/Median (IQR) = Mean+SD/Median (IQR) %95Cl| value
6-MWT distance, m 542.90+54.1) 601.28+58.59 -58.37[(-99.46)-(-17.29)] 0.007
6-MWT distance, % predicted 87.69+11.13 96.52+13.76 -8.83[(-17.60)-(-0.07)] 0.048
Quadriceps femoris (D), N 181.86+60.33 199.20+61.52 -17.34(-61.27-26.59) 0.428
Quadriceps femoris (ND), N 164.65+50.08 194.45+57.13 -29.80[(-69.29)-9.67] 0.134
Quadriceps femoris, % predicted (ND) 31.09+8.35 42.44+11.96 -11.34[(-19.20)-(-3.49)] 0.006
Hip flexors muscle strength (D), N 186.50+61.40 202+56.26 -15.50(-57.15-26.15) 0.455
Hip flexors muscle strength (ND), N 185.75+48.45 190+57.63 -4.25(-43.64-35.14) 0.828
Hip flexors muscle strength % predicted (ND) 97.05+19.86 17.42+34.91 -20.37[(-38.97)-(-1.77)] 0.033
Shoulder abductors muscle strength (D), N 119.88+36.24 163.70+54.67 -43.81[(-79.36)-(-8.27)] 0.017
Shoulder abductors muscle strength (ND), N 13.75+38.20 143.10+39.70 -29.35[-57.53-(-1.16)] 0.042
Sr"eo;g;a&gdors muscle strength % 48.79+14.75 72.67+20.08 -2388[(-37.19)-(-10.57)] | 0001
Hand grip strength (Right), P 70.08+25.08 83.29+21.08 -13.20(-29.34-2.94) 0.105
Hand grip strength (Left), P 66.16+22.78 779112134 -1.75(-27.42)-3.92) 0.137
MIP (cmH;0) 101.41+33.77 112.16+32.69 -10.75(-34.49-12.99) 0.364
%MIP 87.91+26.19 105.56+24.60 -17.65(-35.70-0.40) 0.055
MEP (cmH,O) 121.58+37.29 128.70+50.99 -7.12(-40.89-26.64) 0.671
%MEP 55.33+16.04 62.65+20.28 -7.32(-20.98-6.34) 0.284

** 6-MWT: 6-minute walk test; ND: non-dominant; D: dominant; MIP: Maximal inspiratory pressure; MEP: Maximal expiratory pressure;

Cl: confidence interval. *p<0.05
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normally quantitative data, and student's t-test
was used to compare. The Mann-Whitney U
was used to compare non-normal quantitative
data expressed as the median (IQR). The chi-
square test was used to compare qualitative
data such as sex and smoking status. Pearson's
and Spearman's rank correlation coefficients
were used to calculating correlations between
ESS and other parameters. The significance
level was determined as a p<0.05. A sample
size analysis was performed with G*Power
software. Based on the MIP results of a prior
study, at least nine individuals were calculated
for each group to detect a value of 0.05 with an
effect size of 1.29 and 80% power (4).

Results

Twelve patients with OSAS and 24 gender and
age-matched healthy controls were compared
(Fig-1). The clinical & demographic characteristic
were similar in groups (p>0.05); the CCl score
was higher in patients than controls (p=0.012)
(Table-1). 4 patients (33.3%) reported excessive
daytime sleepiness. Of 12 patients evaluated, 4
(33.3%) had moderate OSAS, and 8 (66.7%)
had severe OSAS. 6-MWT distance (p=0.007)
(Figure-2), 6-MWT% (p=0.048), % predicted
quadriceps femoris (p=0.006), % predicted hip
flexors muscle strength (p=0.033), dominate
(p=0.017) and non-dominate (p=0.042) shoulder
abductors muscle strength, and % predicted
shoulder abductors muscle strength (p=0.001)
were significantly lower in patients than in
controls (Table 2, p<0.05).

The FSS (p=0.003) and MMRC (p=0.001)
scores were higher, SF-36 physical functioning
(p<0.001), role limitations due to physical health
(p=0.012) subscales, IPAQ walking (p=0.005)
and total physical activity (p<0.001) scores were
lower in patients than in controls (Table 3,
p<0.05). Ten (83.3%) patients were inactive, 1
(8.3%) was minimally active, and 1 (8.3%) was
sufficiently active, while 10 (42.7%) of the
controls were sufficiently active, 6 (25%) were
minimally active, 8 (33.3%) were inactive (p=
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0.018) (Fig-3). Six(50%) patients reported severe
fatigue. ESS was correlated with fatigue (p=
0.036, r=0.608) and MMRC (p=0.018, r=0.665).

Discussion

The present study finds that 1) functional
exercise capacity, level of physical activity,
quality of life, and peripheral muscle strength
are decreased; 2) fatigue and dyspnea levels
are increased in patients with OSAS compared
to controls; and 3) increased fatigue and
dyspnea are correlated with excessive daytime
sleepiness in patients.

Exercise capacity was decreased in patients
with OSAS. Also, this decrease was considered
multifactorial and related to obesity, physical
inactivity, and cardiovascular diseases (24, 25).
A reduction in exercise capacity was shown
in obese patients with OSAS (25). On the
other hand, another study stated no difference
in exercise capacity between normal-weight
patients with OSAS and controls (26). However,
their following study showed that exercise
tolerance differs in obese and non-obese
individuals regardless of the presence of OSAS
(27). In the present study, functional exercise
capacity was lower in overweight and obese
patients with OSAS than in the overweight and
obese controls. Physical inactivity and reduced
muscle strength might cause a decrease in
exercise capacity. To control obesity related to
OSAS, aerobic exercise training should be
applied in rehabilitation programs.

Results about peripheral muscle performance
are conflicting. A study showed quadriceps
femoris muscle strength was decreased in
patients with OSAS compared to controls (4).
The other research stated similar lower
extremity and hand-grip muscle strengths
between OSAS, COPD, and controls. Shoulder
abductor muscle strength was reduced in
COPD patients than in OSAS and controls (2).
In the current study, upper and lower muscle
strength was decreased in patients with OSAS
than in controls. As with peripheral muscle
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Table 3. Comparison of dyspnea, fatigue, quality of life and physical activity level in OSAS and control

Variables

MMRC dyspnea scale score, 0-4
FSS score (0-63)

SF-36 subscales (0-100)

Physical functioning

Role limitations due to physical health

Role limitations due to emotional
problems

Energy/fatigue
Emotional well-being
Social functioning
Pain

General health

IPAQ (MET-min/week)

Total
Walking
Moderate

Vigorous

Sitting (min/day)

OSAS

Mean+SD/Median (IQR)

0.50(0-1)
36(12.50-46)

85(80-88)
100(81.25-100)

100(75.25-100)

66.66+21.46
65+24.89
88(50-100)
65(25.12-100)
67.50(43.75-85)

99(0-338.25)

66(0-338.25)
0(0-24.75)
0(0-0)
300(240-420)

Control Mean difference P
Mean+SD/Median (IQR) %95C]| value
0(0-0) 0.001
10.50(1-14) 0.003
97.50(91.25-100) <0.001
100(100-100) 0.012
100(100-100) 0.079
73171317 -6.45(-18.18-5.26) 0.271
76.33+£17.41 -11.33(-25.80-3.13) 0.121
100(87.50-100) 0.053
90(78.12-100) 0.055
85(65-88.75) 0.091
2076(483.75-
428175) <0001
478.50(132-2079) 0.005
0(0-240) 0.388
240(0-1620) 0.061
240(157.50-472.50) 0.624

MMRC: Modified Medical Research Council Dyspnea Scale; FSS: Fatigue Severity Scale; SF-36, Short-Form 36; IPAQ, International
Physical Activity Questionnaire; Cl: confidence interval. *p<0.05.

strength results, the results are variable in
respiratory muscle strength in OSAS. A study
showed a decline in MIP (4); on the other hand,
another study stated a similarity in MIP and MEP
between OSAS, COPD patients, and controls
(3). In the current study, MIP and MEP were
similar in patients with  OSAS and controls.
Physical inactivity may be related to a decrease
in muscle strength. More research is needed to
identify factors affecting muscle weakness.

A recent study stated that patients with OSAS
had more significant dyspnea during exercise.
They noted that this increased dyspnea
perception might be due to pulmonary gas
exchange abnormalities and increased systemic
vascular stiffness (28). In the current study,

115

patients with OSAS had higher dyspnea levels
during daily activities. Also, dyspnea was related
to excessive daytime sleepiness. Interventions
that may diminish and control dyspnea, such as
yoga, should be recommended for patients
with OSAS. Studies reported severe fatigue in
approximately 61% of the patients with OSAS (7,
29). Also, fatigue was related to excessive
daytime sleepiness (7). In the current study, 50%
of the patients reported severe fatigue related
to excessive daytime sleepiness, similar to the
literature. Poor sleep quality and increased
fatigue perception might be associated with
daytime sleepiness (7); therefore, interventions
to reduce fatigue, such as physical activity, may
be effective in breaking this vicious circle.

Ulutas Med J 2023;9(3):110-117
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Impairment in quality of life was shown in
patients with OSAS (7, 30-31). Poor quality of
life was correlated with physical functioning,
ESS score (30), and rarely OSAS severity (7). In
the current study, patients' physical functioning
and role limitations were lower due to physical
health sub-parameters. Also, other parameters
were lower, although there was no difference.
Reduced physical activity levels may be a source
of poor quality of life.

Physical inactivity increased OSAS (9). A study
showed that 15% of patients with OSAS walked
over 10,000 steps per day (32). Another study
stated that 19% of the patients were sufficiently
active (7). In the current study, only 8.3% of
the patients were adequately active. To reduce
the severity of OSAS and its adverse effects,
physical activity counselling should be included
in the management of OSAS.

The study has some limitations. Exercise
capacity was assessed with the 6-MWT ().
Due to technical problems, a cardiopulmonary
exercise test was not conducted, but it should
be used in future studies. Secondly, physical
activity was assessed using a questionnaire.
Although the IPAQ is a practical, standardized,
cost-effective questionnaire (20), new studies
should use accelerometers. Thirdly, the sample
size was small; therefore, the current study's
findings cannot be generalized.

Conclusion

In conclusion, exercise capacity quality of life
is impaired, physical activity level, lower and
upper extremity muscle strength are decreased,
fatigue and dyspnea levels are increased, and
increased fatigue and dyspnea are correlated
with excessive daytime sleepiness in patients
with OSAS. New studies are needed to improve
outcomes for patients with OSAS. Cardiac
rehabilitation programs should include exercise
training and physical activity counselling.
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