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Abstract

Purpose Patients with obstructive sleep apnea (OSA) fre-
quently complain of exertional dyspnea. We aimed to assess
its related factors and the significance of its measurement in
OSA.

Methods We evaluated 301 subjects with suspected OSA
for dyspnea during activities of daily living using the Med-
ical Research Council (MRC) scale. We analyzed the rela-
tionships between MRC grades and various subjective and
objective indices. Further, the relationship of disease sever-
ity based on the apnea/hypopnea index (AHI) with these
indices was examined. Results were compared between
those obtained using MRC grades and the AHI.

Results Of 301 subjects, 265 were diagnosed with OSA.
Their MRC scores were worse than in non-OSA patients.
Among OSA patients, 125 had MRC grade 1 (mild), 121
had MRC grade 2 (moderate), and 19 had MRC grade 3 or
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more (severe) dyspnea. Various measurements differed sig-
nificantly between groups categorized according to the
MRC scale although determinants between mild and mod-
erate groups and between moderate and severe groups dif-
fered. AHI categorizations were not significantly related to
patient-reported measurements such as the Medical Out-
comes Study 36-item short form, Pittsburgh Sleep Quality
Index, and Hospital Anxiety and Depression Scale scores,
unlike categorization based on the MRC scale.
Conclusions Dyspnea is an important outcome in OSA al-
though dyspnea in OSA patients is unrelated to the sleep
disorder per se. Measurement of dyspnea in patients with
OSA might provide further insights into the health of these
patients and clinical manifestations of this disease.

Keywords Apnea/hypopneaindex - Depression - Dyspnea -
Health-related quality of life - Medical Research Council
scale - Obstructive sleep apnea

Introduction

Patients with obstructive sleep apnea (OSA) tend to com-
plain of exertional dyspnea or exercise intolerance [1-3].
Snoring and observed apnea, which are characteristic man-
ifestations of OSA, were correlated with dyspnea during
activities of daily living [4]. However, whether exertional
dyspnea is an outcome of OSA itself or of comorbid con-
ditions with OSA is not known. Whether measurement of
dyspnea is useful in OSA is also not known. Nocturnal
intermittent hypoxia and hypercapnia due to OSA increases
autonomic sympathetic activity and arterial vasoconstric-
tion, which may elevate abnormal cardiac responses to
exercise, possibly causing dyspnea [5]. On the other hand,
obesity, a well-known risk factor for OSA, is a prevalent
cause of dyspnea [6—8]. Other possible mechanisms related
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to dyspnea as a comorbid condition with OSA may include
pulmonary vascular diseases, comorbidities such as cardio-
vascular diseases or diabetes, systemic inflammation asso-
ciated with decreased pulmonary function or muscle
damage, poor physical condition, impaired health from var-
ious causes, and psychosocial problems [8—15].

Dyspnea can represent the overall systemic consequences
of several diseases. Therefore, in respiratory diseases such
as chronic obstructive pulmonary disease (COPD) or idio-
pathic pulmonary fibrosis, dyspnea during activities of daily
living, in addition to pulmonary function, is an important
outcome and represents disease severity associated with
mortality [16—18]. Here we hypothesize that dyspnea in
OSA would result from various pulmonary and systemic
effects of OSA or comorbid conditions and would reflect
disease severity, which might not be reflected by the apnea/
hypopnea index (AHI) alone. Thus, in the present study, we
assessed the relationships between dyspnea measurements
and various subjective and objective indices in patients with
OSA. We then compared the relationship of these indices
with the AHL

Methods
Study subjects

We recruited 457 consecutive outpatients with symptoms of
habitual snoring, apnea during sleep, or daytime sleepiness
from the Sleep Unit of Kyoto University Hospital. Exclu-
sion criteria included (1) central sleep apnea, (2) other
respiratory diseases, (3) uncontrolled comorbidities, (4)
comorbid conditions causing dyspnea apparently unrelated
to OSA, and (5) refusal or inability to complete question-
naires. This study was approved by the Ethics Committee of
Kyoto University, and informed consent was obtained from
all patients.

Hemoglobin (Hb) (anemia marker), fibrinogen and C-
reactive protein (CRP) (inflammatory markers), B-type na-
triuretic peptide (cardiovascular marker), HbAlc (diabetic
marker), and d-dimer (pulmonary vascular disease marker)
were measured, using peripheral venous blood collected in
the morning following polysomnography. Arterial blood gas
analysis, including arterial partial pressure of oxygen (PaO,)
and arterial partial pressure of carbon dioxide (PaCO,), was
performed while patients were breathing room air at rest in
the supine position. The alveolar—arterial oxygen pressure
difference (A-aDO,) was calculated according to the stan-
dard formula, using a respiratory exchange ratio of 0.8.
Comorbidity was objectively evaluated by the Charlson
comorbidity index [19]. Briefly, this system assigns to each
disease a score of 1 to 6. A score of 1 is allocated to
myocardial infarction, congestive heart failure, peripheral
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vascular disease, cerebrovascular disease, dementia, chronic
lung disease, connective tissue disease, ulcer disease, mild
liver disease, and diabetes. A score of 2 is allocated to
advanced diabetes, hemiplegia, moderate or severe kidney
disease, and malignancies. A score of 3 is allocated to
moderate or severe liver disease, while a score of 6 is
allocated to acquired immune deficiency syndrome or meta-
static malignancies. The Charlson index score was calculat-
ed by the sum of all scores.

Polysomnography

The diagnosis of OSA was confirmed by polysomnography
(SomnoStar pro, Cardinal Health, Dublin, OH, USA) as
previously described in detail [11, 20]. Briefly, apnea was
defined as the complete cessation of airflow and hypopnea
as a clear decrease in airflow of 50 % or more lasting for
10 s or more accompanied by a decrease in arterial oxygen
saturation of at least 3 %. All AHI values were expressed as
the number of episodes of apnea and hypopnea per hour
over the total sleep time. OSA severity was defined based on
the AHIL: non-OSA (AHI of less than 5), mild OSA (AHI of
5 to 15), moderate OSA (AHI of 15 to 30), and severe OSA
(AHI of greater than 30) [21].

Pulmonary function

Pulmonary function tests were performed using CHESTAC
(Chest ML Inc., Tokyo, Japan). Residual volume and total
lung capacity were measured by the closed-circuit helium
method, and diffusing capacity for carbon monoxide
(DLco) was measured using the single-breath technique.

Patient-reported measurements

Dyspnea during activities of daily living was evaluated by
the Japanese version of the five-point Medical Research
Council (MRC) dyspnea scale [22] (Table 1). We then
roughly placed the scale scores into three categories in an
attempt to allow comparison with disease severity based on
the AHI [23]: no or little dyspnea (mild) for MRC grade 1,
dyspnea on exertion (moderate) for MRC grade 2, and
dyspnea on any exertion or at rest (severe) for MRC grades
3to 5.

Health-related quality of life (HRQoL) was assessed by
the Japanese version of the Medical Outcomes Study 36-
item short form (SF-36) [24, 25]. The SF-36 questionnaire
contains 36 items that are aggregated into eight subscales:
physical functioning, role—physical, bodily pain, general
health, vitality, social functioning, role—emotional, and
mental health. Scores were transformed into a score from 0
to 100, with 0 and 100 assigned the lowest (worst HRQoL)
and highest (best HRQoL) possible scores, respectively.
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Table 1 The MRC dyspnea scale

Grade Degree of breathlessness related to activities

Not troubled by breathlessness except with strenuous exercise
2 Short of breath when hurrying or walking up a slight hill

3 Walks slower than contemporaries on level ground because
of breathlessness or has to stop for breath when walking at
own pace

4 Stop for breath after walking about 100 m or after a few

minutes on level ground

5 Too breathless to leave the house or breathless when dressing
or undressing

Daytime sleepiness was assessed by the Japanese version
of the Epworth Sleepiness Scale (ESS) [26, 27]. With the
ESS, individuals score themselves on a scale of 0 (not at all
likely to fall asleep) to 3 (very likely to fall asleep) accord-
ing to how easily they would fall asleep in eight different
situations, with possible overall scores of 0 to 24. The
higher the score is, the sleepier the individual is. Sleep
quality was assessed by the Japanese version of the Pitts-
burgh Sleep Quality Index (PSQI) [28, 29]. Nineteen indi-
vidual items generate seven component scores including
subjective sleep quality, sleep latency, sleep duration, habit-
ual sleep efficiency, sleep disturbances, use of sleep medi-
cation, and daytime dysfunction. Each dimension was
scored from O to 3, and the seven component scores were
then summed to yield a global PSQI score, ranging from 0 to
21, with a higher score indicating poorer sleep quality.

Psychological status was evaluated by the Japanese ver-
sion of the Hospital Anxiety and Depression Scale (HADS)
[30, 31]. The HADS consists of 14 items, seven for anxiety
and seven for depression. Each item was scored from 0 to 3,
where a score of 3 represents a worst state. The sum of these
items produces anxiety and depression scores ranging from
0 to 21, respectively.

Statistics

Statistical analyses were performed using JMP version 9
(SAS Institute, Cary, NC, USA). Continuous variables are
expressed as means + standard deviation. A chi-square test
(gender), Mann—Whitney’s U tests (Charlson comorbidity
index and MRC), and unpaired ¢ tests (other continuous
variables) were used to compare variables between non-
OSA and OSA groups. The significance of intergroup dif-
ferences based on the levels of dyspnea or the AHI was
determined by an analysis of variance (ANOVA). When a
significant difference was observed, we used the Fisher’s
protected least significant difference method to identify
where the differences were significant. A chi-square test
was used to compare a dichotomous variable. Stepwise
logistic regression analyses were performed to indentify

factors that were independently related to differences be-
tween groups classified by the levels of dyspnea, using
variables that were significantly different on post hoc tests.
A p value less than 0.05 was considered to indicate statisti-
cal significance.

Results

Among the 457 patients, we excluded patients for the following
reasons: refusal or inability to complete questionnaires (n=19),
asthma (n=33), COPD (n=11), bronchiectasis (n=1), intersti-
tial lung disease (n=7), congestive heart failure (CHF) (n=3),
collagen vascular disease (n=26), cancer (n=34), severe liver
disease (n=3), severe kidney disease (n=5), neuromuscular
disease (n=4), and central sleep apnea (n=10). Then, 301
patients were examined further.

Of the 301 subjects in the final study group, 265 (88 %)
were diagnosed as having OSA. Among them, 57 (22 %), 82
(31 %), and 126 patients (47 %) had mild, moderate, and
severe OSA, respectively. When comparing the baseline
data between non-OSA subjects (n=36) and OSA subjects
(n=265), there were some differences in the background
measurements (Table E1). MRC scores were significantly
higher in subjects with OSA (1.6+0.7) than in those without
OSA (1.4+0.6) (»p=0.04). Regarding the dyspnea severity,
125 (47 %), 121 (46 %), and 19 patients (7 %) had mild,
moderate, and severe dyspnea, respectively.

Patient characteristics categorized according to the MRC
dyspnea scale

Table 2 shows patient characteristics of the three groups of
OSA patients categorized according to the MRC grade. First
of all, the AHI and ESS did not differ significantly among
the three groups (p=0.49 and 0.94, respectively), indicating
that there is no relationship between dyspnea severity and
measures of sleep disorder. Secondly, significant differences
among the groups were observed in sex, body mass index
(BMI), neck circumference, and waist circumference, which
are well-known important factors in determining OSA se-
verity. There were also significant differences in the Charl-
son comorbidity index and, regarding blood parameters, in
Hb, fibrinogen, CRP, and HbA1c. With regard to pulmonary
function and arterial blood gas, significant differences were
observed in vital capacity (VC), forced vital capacity (FVC),
DLco, P302, and A-aDOz.

Regarding patient-reported measurements, all SF-36 sub-
scale scores were significantly different between groups
(ANOVA, p<0.05). Between the mild and moderate dys-
pnea groups, there were significant differences in the six
subscales but no significant differences were shown with the
two subscales, which were vitality and social functioning,
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Table 2 Patient characteristics categorized according to MRC dyspnea scale

MRC grade 1 (n=125) MRC grade 2 (n=121) MRC grades 3-5 (n=19) p value
Sex, male/female 107/18 88/33* 12/7* 0.01
Age, years 54.6+13.6 59.7+£13.4* 58.3+12.8 0.01
BMI, kg/m2 25.8+4.5 26.9+5.5 29.6+8.4% ** 0.01
Neck circumference, cm 39.6+3.7 39.4+4.5 39.5+2.9 0.95
Waist circumference, cm 92.1+10.7 95.5+13.1% 100.5£14.3* 0.008
Smoking (pack years) 16.4£22.5 22.0+30.0 32.5+£33.5% 0.03
Charlson comorbidity index 0.3+0.5 0.4+0.7* 0.941.2% ** <0.001
Hemoglobin, g/dl 15.0+1.5 14.3+1.7* 13.8+1.7*% <0.001
Fibrinogen, mg/dl 277.4+64.5 282.6+56.8 302.7+67.4 0.24
CRP, mg/dl 0.1+0.3 0.1+£0.2 0.2+0.2 0.64
D-dimer, pg/ml 0.4+0.4 0.5£0.5 0.7+£1.0%* 0.03
HbAlc, % 5.6x1.0 5.8+1.0 6.4+1.5% ** 0.009
BNP, pg/ml 22.3+29.3 34.9+50.8 24.5+40.8 0.053
AHI, events/h 33.5+22.6 33.5+21.3 39.9+29.9 0.49
VC, % predicted 114.9+15.2 110.6+16.0* 102.7417.2% ** 0.003
FVC, % predicted 113.2+15.4 107.9+16.5* 101.2£17.5* 0.002
FEV,, % predicted 107.7£15.9 103.3+17.9 100.5+18.8 0.06
FRC, % predicted 107.2+26.4 111.0+£54.8 111.74+41.6 0.76
RV, % predicted 112.5+£36.2 113.4+44.1 115.4+45.4 0.96
TLC, % predicted 102.7421.0 102.6+23.7 103.0+£27.6 0.99
DLco, % predicted 89.7+15.6 80.7+16.4* 82.3+11.3 <0.001
PaCO,, mmHg 422435 41.6+3.7 41.3+5.9 0.40
PaO,, mmHg 85.4+10.8 81.6+10.0* 83.5+154 0.03
A-aDO,, mmHg 11.9+11.2 16.4+£10.1* 14.9+12.1 0.006
Global PSQI score 6.3£2.8 7.2+£3.2% 8.4+3.9% 0.004
ESS score 9.3£5.0 9.5+4.9 9.2+54 0.94
HADS—anxiety 4.543.3 5.6+3.8% 6.7+£2.6* 0.006
HADS—depression 4.743.3 6.3£3.6* 7.8+£3.4% <0.001

Data presented as number or mean + standard deviation

BMI body mass index, CRP C-reactive protein, BNP B-type natriuretic peptide, AHI apnea/hypopnea index, VC vital capacity, FV'C forced vital
capacity, FEV, forced expiratory volume in 1 s, FRC functional residual capacity, RV residual volume, TLC total lung capacity, DLco diffusing
capacity for carbon monoxide, PaCO, arterial partial pressure of carbon dioxide, PaQ), arterial partial pressure of oxygen, A-aDO, alveolar—arterial
oxygen pressure difference, PSQI Pittsburgh Sleep Quality Index, £SS Epworth Sleepiness Scale, HADS Hospital Anxiety and Depression Scale

*p<0.05 versus patients with mild dyspnea (MRC grade 1); **p<0.05 versus patients with moderate dyspnea (MRC grade 2)

and in the moderate and severe dyspnea groups, there were
also significant differences in the six subscales, but no
significant differences were shown in general health and
mental health (Fig. 1). Although ESS scores did not differ
among the groups, global PSQI and HADS scores were
worse as the severity of dyspnea increased (Table 2).

Factors associated with MRC grades

To identify the determinants of the differences in the severity
of dyspnea, we performed two stepwise logistic regression
analyses between the mild and moderate dyspnea groups and
between the moderate and severe dyspnea groups using fac-
tors based on the post hoc tests, respectively, because factors
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determining the differences between two groups might vary
[32]. Waist circumference, DL, physical functioning of the
SF-36, and depression of the HADS were significant factors
associated with differences between mild and moderate
groups, whereas the Charlson comorbidity index and physical
functioning and social functioning of the SF-36 were signifi-
cantly related to the difference between the moderate and
severe groups (Table 3).

Patient characteristics categorized according to the severity
of OSA

For comparison of categories of dyspnea severity with those
of the severity of OSA, we categorized the patients into
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Fig. 1 Box and whisker plots
representing the score
distributions on the SF-36 be-
tween groups, based on the
MRC dyspnea scale. The boxes
show the first to third quartile,
the horizontal line represents
the median, and the vertical
bars indicate the 10th to 90th
percentiles. Asterisk, significant
differences in the scores as
compared with patients with
mild dyspnea; dagger, signifi-
cant differences in the scores as
compared with patients with
moderate dyspnea (Fisher’s
protected least significant dif-
ference method)
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three groups based on the severity of OSA (Table 4). Sig-
nificant differences among the groups were observed in sex,
BMI, neck circumference, waist circumference, and the
Charlson comorbidity index and, regarding blood parame-
ters, in Hb, fibrinogen, CRP, and HbAlc. With regard to
pulmonary function and arterial blood gas, significant differ-
ences were observed in PaO, and A-aDO,. Regarding
patient-reported measurements, there were no significant
differences in the SF-36 (Fig. 2), ESS, global PSQI, and
HADS scores.

Discussion

MRC scores of patients with OSA were poorer than those of
individuals who did not have OSA. There were significant
differences in various measurements between mild, moderate,
and severe dyspnea groups categorized by the MRC scale,
although there were differences in the factors that were inde-
pendently related to differences in dyspnea between mild and
moderate groups and between moderate and severe groups.

Role-
Function Physical

Social Role-  Mental
Function Emotional Health

General
Health

Bodily
Pain

Vitality

The categorization based on the AHI did not significantly
show a relationship with patient-reported measurements of
the SF-36, PSQI, and HADS scores, unlike the categorization
based on the MRC scale.

OSA patients had a greater degree of dyspnea than non-
OSA patients, with 46 % of OSA patients having moderate
dyspnea and 7 % severe dyspnea. Although in patients with
respiratory diseases, dyspnea is a common distressing symp-
tom that limits the activities of daily living, the significance
of its severity has not been assessed in OSA. A wide variety
of clinical conditions such as pulmonary, cardiovascular,
psychogenic, neuromuscular, and other conditions, includ-
ing obesity, can cause dyspneic symptoms [8]. OSA is a
condition with the potential to cause dyspnea associated
with these multiple clinical and pathophysiological charac-
teristics. In the present study, categorization based on MRC
scores identified many variables with significance including
patient characteristics (sex, age, smoking, and obesity),
comorbidities or secondary clinical conditions (including
anemia, diabetes, and possible pulmonary vascular dis-
eases), pulmonary function impairment, HRQoL, and

Table 3 Regression analysis of
variables between MRC grades:

odds ratios, 95 % confidence
intervals, and levels of
significance

DL diffusing capacity for car-
bon monoxide, SF-36 Medical
Outcomes Study 36-item short
form, HADS Hospital Anxiety
and Depression Scale

Outcome variable Explanatory variable Odds ratio (95 % CI) p value

MRC 1 versus MRC 2 Waist circumference, cm 1.04 (1.01-1.06) 0.008
DLco, % predicted 0.96 (0.94-0.98) <0.001
SF-36, physical function 0.96 (0.93-0.98) <0.001
HADS—depression 1.14 (1.04-1.24) 0.004

MRC 2 versus MRC 3-5 Charlson comorbidity index 1.89 (1.02-3.50) 0.044
SF-36, physical function 0.96 (0.94-0.99) 0.01
SF-36, social function 0.98 (0.96-1.00) 0.049
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Table 4 Patient characteristics categorized according to the severity of OSA

Mild OSA (n=57) Moderate OSA (n=82) Severe OSA (n=126) p value
Sex, male/female 38/19 63/19 106/20* 0.03
Age, years 54.6+13.6 59.7+13.4 58.3+12.8 0.61
BMI, kg/m? 24.9+3.8 25.3+4.9 28.245.8% ** <0.001
Neck circumference, cm 37.9+3.1 38.3+£3.5 40.9+4.2% ** <0.001
Waist circumference, cm 90.2+10.6 91.2+12.6 97.9+11.9% ** <0.001
Smoking (pack years) 16.0£25.4 22.2+32.2 20.6+24.4 0.41
Charlson comorbidity index 0.3+0.5 0.3+0.5 0.540.8%,** 0.04
Hemoglobin, g/dl 14.4+2.0 14.3+1.4 14.941.6% ** 0.02
Fibrinogen, mg/dl 275.8455.8 267.7+64.4 293.0+60.0%* 0.01
CRP, mg/dl 0.1+£0.2 0.1+£0.2 0.2+£0.3%%* 0.04
D-dimer, pg/ml 0.5+0.7 0.4+0.4 0.4+0.5 0.81
HbAlc, % 5.5+0.8 5.5+0.8 6.0£1.2% ** <0.001
BNP, pg/ml 16.4+14.6 30.3+£37.5 32.2+£50.6 0.052
AHI, events/h 9.7+£2.7 22.3+3.9% 52.5+18.9% ** <0.001
VC, % predicted 112.2+16.5 113.6£15.9 111.0+£15.9 0.53
FVC, % predicted 110.4+16.1 111.6+16.6 108.5+16.5 0.40
FEV,, % predicted 105.4+15.9 105.8+19.0 104.7+£16.7 0.91
FRC, % predicted 108.0+25.5 110.6+43.3 108.9+47.9 0.93
RV, % predicted 117.6+39.6 108.6+37.4 114.0+£42.6 0.42
TLC, % predicted 106.6+26.7 101.2+22.6 101.84+20.5 0.33
DLco, % predicted 82.1+£14.8 83.6+17.9 87.4+15.6 0.08
PaCO,, mmHg 41.5+3.4 42.3+3.6 41.7+4.1 0.37
PaO,, mmHg 85.8+11.9 85.7+9.6 81.1£10.8% ** 0.002
A-aDO,, mmHg 12.3+12.4 11.4+10.4 16.8410.1%* ** <0.001
Global PSQI score 7.6£3.0 6.6+3.1 6.7£3.2 0.10
ESS score 10.1+£5.0 9.4+4.5 9.1£5.2 0.45
HADS—anxiety 57433 5.1+£3.7 5.0£3.6 0.44
HADS—depression 5.7£3.6 5.6£3.8 5.6+34 0.99

Data presented as number or mean + standard deviation

0S4 obstructive sleep apnea, BMI body mass index, CRP C-reactive protein, BNP B-type natriuretic peptide, 4HI apnea/hypopnea index, V'C vital
capacity, FV'C forced vital capacity, FEV; forced expiratory volume in 1 s, FRC functional residual capacity, RV residual volume, 7LC total lung
capacity, DL diffusing capacity for carbon monoxide, PaCO), arterial partial pressure of carbon dioxide, PaO, arterial partial pressure of oxygen,
A-aDO; alveolar—arterial oxygen pressure difference, PSQI Pittsburgh Sleep Quality Index, ESS Epworth Sleepiness Scale, H4DS Hospital Anxiety

and Depression Scale

*p<0.05 versus patients with mild OSA; **p<0.05 versus patients with moderate OSA

psychosocial issues such as sleep quality, depression, and
anxiety, although the AHI and ESS did not differ between
the three patient groups (Table 2). Therefore, dyspnea in
OSA is unrelated to a sleep disorder per se and may reflect a
composite of clinical aspects of OSA that cannot be evalu-
ated by the AHIL.

Multiple logistic regression analyses indicated differen-
ces in the contributive factors for the increasing severity of
dyspnea between mild, moderate, and severe groups, which
were similarly observed in patients with COPD [32]. Firstly,
abdominal obesity, gas exchange derangement, and self-
ratings of physical functioning and depression were signif-
icantly associated with the difference between MRC grades
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1 and 2. They are all important clinical features in OSA [11,
13-15, 33-35]. Recently, work from our group [11] and
others [36] suggested OSA as a cause of subclinical lung
injury and gas exchange derangement. In addition to obesi-
ty, which is a prevalent cause of dyspnea [6—8], subclinical
lung injury in OSA might also have a clinically significant
impact on respiratory symptoms. Secondly, regarding the
differences between MRC grade 2 and grades 3 or more,
comorbidities and self-ratings of physical and social func-
tioning were the significant determinants. As OSA is asso-
ciated with multiple comorbidities including cardiovascular
diseases, metabolic syndrome, and diabetes [37], the pres-
ence of those comorbidities was related to dyspnea even
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[ Moderate 0SA(n=82)
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Social Role-  Mental
Function Emotional Health

Fig. 2 Box and whisker plots representing the score distributions on
the SF-36 between groups, based on the level of the AHI. The boxes
show the first to third quartile, the horizontal line represents the
median, and the vertical bars indicate the 10th to 90th percentiles

after excluding subjects with uncontrolled comorbidities or
comorbid conditions unrelated to OSA.

HRQoL is impaired in patients with OSA, and the SF-36
is a recommended measurement of generic HRQoL [14].
SF-36 scores that involved both physical and mental aspects
were clearly separated according to the categorization based
on the MRC. Significant differences were observed in six of
the eight subscales between mild and moderate dyspnea
groups and between moderate and severe groups. A similar
relationship was observed in patients with COPD who had
clear separations in HRQoL according to the MRC dyspnea
scale [23]. This may not be surprising in diseases where
dyspnea is demonstrated to be a main determinant of
HRQoL [38, 39]. However, as the significance of dyspnea
as an impairment in the health of OSA patients remains to be
addressed, our current finding is novel.

We compared categories based on MRC grades and AHI.
HRQoL, sleep quality, and psychological status differed
significantly between groups based on the levels of dyspnea,
but not on the AHI. Presently, the severity of OSA has been
assessed solely by the AHI. However, previous studies
suggested that self-perceptions of general health [34, 40],
sleep quality [41], or psychological status [42—44] in
patients with OSA were not significantly related to the
AHI. Thus, particularly from the viewpoint of patient-
reported outcomes, assessment of dyspnea, in addition to
the AHI, would be useful in patients with OSA.

The categorization based on MRC scores, but not on the
AHI showed clear separations for pulmonary function (VC,
FVC, and DL(() according to the level of dyspnea, but the
results for systemic inflammation biomarkers (fibrinogen
and CRP) were not clearly separated according to the level

of dyspnea. Decreased pulmonary function and increased
systemic inflammation, respectively, are known to be asso-
ciated with cardiovascular mortality [45, 46]. In addition,
the trends of Hb levels across subgroups were opposite
between patient categories based on the MRC score and
AHI. The trend toward lower Hb levels in proportion to
the severity of dyspnea might have been dependent on
values from the female subjects. However, as relationships
between anemia and adverse clinical outcomes are often
reported in chronic diseases [47, 48], a relationship between
anemia and dyspnea in patients with OSA might not be
unexpected. Furthermore, d-dimer was elevated in the sub-
jects with severe dyspnea, but its values did not differ
between groups based on the AHI. OSA is known as an
underlying disease causing pulmonary vascular diseases [8,
9], in which d-dimer is a candidate biomarker [49, 50].
Thus, although the severity of OSA has been determined
based on the AHI particularly in relation with a future risk of
cardiovascular diseases, the combined assessment of both
the AHI and the results of the simple and brief MRC scale
might be more useful in assessing disease severity, the
degree of which would otherwise be overlooked based only
on the frequency of nocturnal respiratory events.

The present study has some limitations. First, few patients
had severe dyspnea (7 %). That may be partly due to the
blunted ventilatory responsiveness that is commonly seen in
patients with OSA [51-53]. In addition, although we used the
simple five-point MRC scale, a more discriminative multidi-
mensional measure like the Baseline Dyspnea Index (0-12)
[54] might have been more useful. Second, since this is a cross-
sectional study, the direction of causality and causality itself
cannot be definitively established from the present study. The
purposes of measuring dyspnea include differentiation be-
tween patients with greater and lesser degrees of dyspnea,
evaluation of changes in dyspnea after medical interventions,
and prediction of future outcomes [17, 55]. Further study may
be warranted to evaluate the level of dyspnea after treatment of
OSA and to investigate whether assessment of dyspnea in
OSA is also useful for evaluative and predictive purposes.
Third, we did not evaluate cardiac function by catheterization
or echocardiography. To reduce sampling bias, we excluded
patients with CHF, severe kidney disease, or other uncontrolled
diseases and measured several blood biomarkers instead of
performing catheterization or echocardiography.

In conclusion, dyspnea is an important outcome in OSA,
although dyspnea in OSA patients is unrelated to the sleep
disorder per se. Patient-reported outcomes such as quality of
life and psychological status were not related to the severity of
the sleep disorder but were significantly related to the severity
of dyspnea. Categorizing OSA patients based on their level of
dyspnea in addition to the present categorization by the AHI
alone might provide further insights into the health of these
patients and the clinical manifestations of OSA.
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