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ABSTRACT

Objective: To assess the burden of possible upper airway related symptoms such as voice, cough, and diurnal dyspnea on SF-36 quality of life (QOL)
measures among patients with obstructive sleep apnea (OSA).

Methods: Ninety-four individuals with OSA (53 men, 41 women; mean age 54.8+12.8) underwent an extensive telephone interview to collect information
regarding the presence and degree of voice, cough, and diurnal breathing symptoms and QOL.

Results: Voice disorder, cough, and diurnal dyspnea were found in 39.4%, 27.7%, and 30.9% of patients, respectively. The percent of patients with O, 1,
2, or 3 of these problems was 50.0%, 19.2%, 13.8%, and 17.0%, respectively. Among OSA patients with voice, cough, and/or diurnal breathing problems,
additional decreases in QOL existed. Voice and diurnal breathing problems had the strongest direct negative association with the SF-36 component phys-
ical QOL domain, and a voice problem had the strongest direct negative association with the SF-36 component mental QOL domain. There was a linear
association between the number of voice, cough, and diurnal breathing problems and reduced SF-36 QOL scores (slope = -6.5, P <0.001 for component
physical and -4.7, P <0.001 for component mental), after controlling for age, sex, body mass index, apnea hypopnea index, consistency of continuous pos-
itive airway pressure therapy use, and selected chronic health conditions. These symptoms explained 28.5% and 8.5% of the variation in the component
physical and mental scores, respectively.

Conclusion: Voice, cough, and diurnal dyspnea (perhaps reflecting upper airway dysfunction) are common in OSA and negatively compromise QOL even
after controlling for other high impact factors and/or medical comorbidities.

INTRODUCTION

The negative impact of obstructive sleep apnea (OSA) on quality of life (QOL)
is well established and occurs across the OSA severity spectrum [1]. The QOL
effects are age dependent, most pronounced in midlife, and wane after age
70 years [2]. With more severe OSA, the extent of sexual dysfunction, inconti-
nence, and poorer QOL increases (especially among women) [3,4]. However,
recent research has also established that OSA often presents with evidence
of potential upper airway related problems involving longstanding voice
problems, chronic refractory cough, and diurnal dyspnea, particularly among
women [5-11]. Although the origin of such problems in OSA is likely multifacto-
rial [8,11,12-23], it has been postulated that this constellation of voice, cough,
and diurnal dyspnea might reflect upper airway inflammation (a common fea-
ture of OSA) and/or possible laryngeal hypersensitivity and related laryngeal
motor dysfunction [5,11,22,23].

While OSA related burden on QOL is recognized, an expanding literature
has also confirmed poorer general QOL (e.g., limited social activities, poor-
er job performance, more depression, and lower self-esteem) for individuals
with voice disorders [24-32], even when adjusting for the effects of several
high-impact comorbidities [32]. Indeed, the presence of a voice disorder in
OSA negatively associated with both physical and mental health QOL indica-
tors and appeared to be independent of body mass index (BMI) and apnea
hypopnea index (AHI) [6]. Likewise, chronic cough has been associated with
adverse psychosocial effects on QOL [33], and women compared to men with
chronic cough seek more medical attention because their health related QOL
is more adversely impacted [34]. Furthermore, diurnal dyspnea associated
with chronic diseases such as lung cancer and chronic obstructive pulmonary
disease (COPD) also negatively associates with QOL [35,36].

In the current study, we extend our research to assess how chronic cough
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and diurnal dyspnea affect mental and physical QOL in OSA, as well as how
the combination of voice, cough, and diurnal dyspnea impacts QOL. We spe-
cifically aim to (1) understand the degree and nature of the reduction in men-
tal and physical QOL related to these specific problems in OSA, (2) determine
whether voice, cough, and diurnal dyspnea problems (and related symptoms)
contribute disproportionately to QOL deficits, and (3) establish the relative im-
pact of these disorders on QOL in OSA after adjusting for selected variables
(age, sex, BMI, AHI, chronic comorbid health conditions, and continuous pos-
itive airway pressure [CPAP] therapy), which have been previously associated
with QOL in OSA [1-4,37-39]. In this way, we can first determine the extent to
which voice, cough, and diurnal dyspnea uniquely and in combination con-
tribute to lower QOL in OSA; and by extension, determine whether allocating
additional resources to understand their nature and treatment is justified.

MATERIALS AND METHODS

Obstructive sleep apnea patients were identified from a chart review of diag-
nosis codes among individuals seen at the University of Utah Health Care over
a three-year period. Medical records of eligible participants were reviewed to
verify diagnosis. The diagnosis of OSA was made using attended polysomnog-
raphy at the University of Utah Sleep-Wake Center-an American Academy
of Sleep Medicine accredited sleep laboratory. Each participant had an AHI
score which was used to classify OSA as mild (5-14), moderate (15-29), or se-
vere (230) [40]. Confirmed OSA patients who were 18 years or older, able to
communicate in English, and had no known cognitive deficits were invited to
participate in the current study. Individuals were excluded from participation
if they were inpatients, or did not have telephone access for the interview. The
medical record review resulted in 246 eligible participants, of which 75 could
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not be reached by phone and 77 declined participation. The final study group
consisted of 94 OSA patients (i.e., 38% of eligible participants).

Following informed consent, an extensive telephone interview was com-
pleted using a structured questionnaire. The average interview time was 75
minutes. Interviews were carried out during a four-month period from 2014
to 2015. Trained students from the Department of Communication Sciences
and Disorders at the University of Utah conducted the interviews. The ques-
tionnaire sought information from five domains: knowledge of OSA severity,
duration, and type and compliance of treatment including CPAP devices; cur-
rent coughing, voice, and diurnal dyspnea disorders with their related history,
signs and symptoms; medical and behavioral history (e.g., BMI, AHI, medical
comorbidities, snoring and daytime somnolence); social and lifestyle condi-
tions; and psychosocial and occupational history. CPAP use was self-reported,
in response to questions surrounding the nature and consistency of use of
treatments, if any. The study was approved by the Institutional Review Board
at the University of Utah (IRB#00072401).

Severity of voice disorders, cough, and diurnal dyspnea problems were
measured using selected patient reported outcomes measures (PROMs) or
indices. The Voice-Related Quality of Life (V-RQOL) is a validated 10-item in-
strument designed to determine the impact of voice impairment on QOL [26].
Participants were asked to respond to questions about possible voice relat-
ed problems that occurred within the past two weeks. Scores range from 0
(worst) to 100 (best). V-RQOL cutoff (<94.8) was also used to establish the pres-
ence of a voice disorder [41]. The Cough Severity Index (CSI), a 10-item ques-
tionnaire, was used to quantify symptoms of upper airway related cough. The
CSI has been shown to be statistically reliable, valid, and a clinically sensitive
PROM [42]. Scores range from O (best) to 40 (worst), and a score greater than
10 was employed to indicate the presence of a significant coughing problem.
Using this threshold to establish a cough showed the highest correlation with
patients’ self-report of whether they currently experience a persistent cough
(data not shown). The Dyspnea Index (DI) is also a 10-item validated PROM
that aims to quantify symptoms of upper airway related dyspnea. Scores
range from 0 (best) to 40 (worst), with a DI score above 10 considered to be
within the abnormal range [43].

The Medical Outcomes Study Short Form 36 (SF-36) survey is a psycho-
metrically validated questionnaire developed to assess two overall summary
components of QOL (Physical Health and Mental Health), and four subscales
for each of these indicators [44]. Physical Health subscales consist of physical
function, role-physical, bodily pain, and general health. Mental Health sub-
scales consist of vitality, social functioning, role-emotional, and mental health.
Each of the QOL measures was converted to a 0 to 100 scale, with 100 repre-
senting highest QOL for that domain measure. For instance, a score of 100 on
the physical functioning score is obtained by performing all types of physical
activity including the most vigorous without limitations due to health; for the
role-physical score by having no problems with work or other daily activities;
for the bodily pain scale by having no pain or limitations due to pain; the gen-
eral health scale by evaluating personal health as excellent; the energy/fatigue
scale by feeling full of “pep” and energy all the time; the social functioning scale
by performing normal social activities without interference from physical or
emotional problems; the role-emotional scale by having no problems with
work or other daily activities as a result of emotional problems; and the men-
tal health scale by feeling peaceful, happy, and calm all of the time.

Patients with OSA were statistically described using counts, percentages,
means, and standard deviations. Mean QOL measures were obtained and
compared according to the presence of a current voice problem, cough, and di-
urnal dyspnea adjusted for selected age, sex, race/ethnicity, education, annual
household income, body mass index (kg/m?), AHI, chronic comorbid health
conditions (i.e., esophageal reflux, allergies, pneumonia, emphysema, COPD,
bronchitis, and asthma), and CPAP use. Compliance with CPAP use and these
other measures, with the exception of AHI, was based on patient self-report.
The health conditions were measured by asking if they “ever had ...” Multiple
regression analyses were used to evaluate the association between current
voice problems, cough, and diurnal dyspnea and the SF-36 QOL measures.
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The combined influence of 0 through 3 of these problems on the QOL mea-
sures was also evaluated. Statistical significance was based on the two-sided
test of hypothesis at the 0.05 level of significance. An exploratory assessment
using stepwise regression used the 0.10 level of significance. Statistical analy-
ses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA, 2012).

RESULTS

Distributions for selected variables appear in Table 1. The sample consisted
of more males than females, with mean age of 54.7 years (standard deviation
12.8) and ages ranging from 23.4 to 80.1 years. Majority of patients were 50
years or older, white, non-Hispanic, had an associate's degree or higher, were
obese or morbidly obese, had a household gross income of at least $60,000,
and had moderate or severe OSA. Approximately 78.7% of OSA patients were
treated using a CPAP device, of whom 71.6% used it nightly.

Having a current voice problem was significantly more common in wom-
en and in those with less education, lower annual household gross income,
and in those who did not use CPAP nightly. Having a cough was significantly
more common in women and in those with less severe OSA and who did not
use CPAP nightly. Experiencing diurnal dyspnea based on the Dyspnea Index
was significantly greater in women and among those with lower education
and who did not use CPAP nightly. Selected chronic health conditions contrib-
ute to voice, cough, and breathing problems.

The combination of voice, cough, and diurnal dyspnea problems (0-3) was
assessed, with 47 (50%) having no problem, 18 (19%) having one problem, 13
(14%) having two problems, and 16 (17%) having three problems. Of those
18 with one problem, voice, cough, and diurnal dyspnea were present in 11,
4, and 3 individuals, respectively. Of those 13 individuals with two problems,
voice and cough were in 3, voice and diurnal dyspnea in 7, and cough and
diurnal dyspnea in 3.

Unadjusted mean scores for the Short Form 36 (SF-36) QOL measures
are shown in Table 2. For the component physical scale, mean scores were
significantly worse/lower for those with a current voice, cough, and/or diurnal
dyspnea problem. Each of the subscales making up this component measure
contributed to this result. For the component mental scale, mean scores were
significantly worse/lower for those with a current voice, cough, and/or diurnal
dyspnea problem. Vitality, social functioning, and mental health, but not role
emotional, contributed to this result.

As the combined number of voice, cough, and diurnal dyspnea problems
increased, mean SF-36 QOL scores significantly decreased, with the exception
of role-emotional. For example, participants with all three problems com-
pared with no problems had significantly lower mean scores (i.e., 31.8 points
lower) for component physical and (20.4 points lower) for component mental.
Although voice, cough, and diurnal dyspnea problems were significantly asso-
ciated with both lower physical and mental SF-36 measures, the impact was
slightly greater for the physical measures.

Using stepwise regression, the SF-36 eight-subscale domains were each
regressed on voice, cough, and diurnal dyspnea QOL measures, as well as
age, sex, BMI, AHI, treatment with CPAP (yes vs. no), and prevalence of se-
lected comorbid health conditions (esophageal reflux, allergies, pneumonia,
emphysema, COPD, bronchitis, and asthma) (Table 3). There was a significant
negative association between voice and most of the SF-36 QOL measures. Di-
urnal dyspnea was only significantly negatively associated with bodily pain.
Having a current voice problem, higher BMI, and a history of pneumonia, em-
physema, COPD, and bronchitis significantly lowered the component physical
score, whereas CPAP use significantly increased (improved) this score. Having
a current voice problem and a history of allergies significantly lowered the
component mental score, and older age and CPAP use significantly increased
this score.

Slope estimates from the stepwise models reported in Table 3 were reas-
sessed for just those individuals who were treated with CPAP. In this analysis,
rather than adjust for CPAP therapy (yes vs. no), we adjusted for compliance
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Table 1. Voice, Cough, and Diurnal Dyspnea Problems by Selected Variables

Variable No. % Voice, % Cough, % Diurnal dyspnea, %
Overall 394 27.7 30.9
Sex
Men 53 56.4 245 17.0 17.0
Women 41 436 58.5 4.5 488
Chi-square P 0.001 0.008 0.001
Age
20-39 13 13.8 30.8 38.5 231
40-49 22 234 27.3 273 273
50-59 24 255 45.8 333 45.8
>60 35 37.2 45.7 20.0 257
MH Chi-square P 0.162 0.246 0.834
Race/Ethnicity
White, not Hispanic 79 84.0 36.7 253 29.1
Hispanic 10 10.6 50.0 30.0 30.0
Other 5 53 60.0 60.0 60.0
Chi-square P 0.450 0.128 0.349
Schooling
<HS 3 32 66.7 00.0 66.7
HS/GED 32 34.0 46.9 31.2 375
Associate's degree 18 19.2 444 333 333
Bachelor's degree 18 19.2 389 27.8 38.9
Master's degree 13 13.8 23.1 385 15.4
Doctoral degree 10 10.6 20.0 00.0 0
MH Chi-square P 0.036 0.424 0.012

Annual household gross income

<$20,000 16 19.3 68.8 438 50.0
$20,000 - $39,999 15 18.1 66.7 333 333
$40,000 - $59,999 8 9.6 375 375 375
> $60,000 44 53.0 273 204 25.0
Missing 1"

MH Chi-square P 0.001 0.071 0.084

Body mass index

Normal 5 53 20.0 471 0.0
Overweight 23 245 348 245 34.8
Obese 49 52.1 44.9 21.7 30.6
Morbidly obese 17 18.1 353 20.0 353
MH Chi-square P 0.536 0.111 0.403
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Table 1. Voice, Cough, and Diurnal Dyspnea Problems by Selected Variables (continued)

Variable No. %
Apnea-hypopnea index
Mild 45 479
Moderate 19 20.2
Severe 30 31.9
MH Chi-square P
Using CPAP
Yes 74 78.7
No 20 21.2
Chi-square P
Consistency of CPAP
Nightly 53 71.6
Less than nightly 21 284
Chi-square P
Ever had ...
Esophageal reflux 61 64.9
Respiratory allergies 40 426
Pneumonia 41 43.6
Emphysema 4 43
COPD 9 9.6
Bronchitis 48 51.1
Asthma 29 30.8

Voice, % Cough, % Diurnal dyspnea, %
46.7 40.0 356

47.4 21.0 421

233 133 16.7

0.053 0.010 0.107

37.8 257 27.0

45.0 35.0 45.0

0.563 0.408 0.123

28.3 13.2 18.9

61.9 57.1 47.6

0.007 <0.001 0.012
2.3(1.1-4.7) 1.9(1.2-3.1) 4.7 (1.5-14.3)
1.2(0.7-1.9) 1.2(0.9-1.8) 1.9(1.0-3.5)
0.8(0.5-1.3) 1.3(0.9-1.8) 1.4(0.8-2.5)
1.3(0.5-3.5) 13(0.7-2.4) 2.6 (1.4-5.0)
1.5(0.8-2.8) 1.6(1.2-2.2) 2.5(1.4-4.4)
0.9 (0.6-1.5) 1.8(1.2-2.6) 1.6(0.8-3.0)
1.2(0.7-2.0) 1.5(1.102.1) 2.4(1.3-43)

COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; GED, general educational development; HS, high school; MH, Mantel Haenszel. Column 3 percentages sum to 100.
Columns 4-6 percentages indicate the amount of the respective problems that correspond with the levels of the selected variables in the table. A current (within past two weeks) voice problem is based on
the Voice-Related Quality of Life (V-RQOL): max = 100 (best), min = 0 (worst), <94.8 = voice problem (37 Yes and 57 No). A coughing problem is based on the Cough Severity Index (CSI): max = 40 (worst), min
=0 (best), >10 = coughing problem (26 Yes and 68 No). A diurnal dyspnea problem is based on Dyspnea Index (DI): Max = 40 (worst), min = 0 (best), >10 = abnormal (breathlessness) (29 Yes and 65 No). Risk
factors at the end of the table reflect prevalence ratios (95% confidence intervals), and have been previously reported [11].

to CPAP therapy (nightly vs. otherwise), along with age, sex, BMI, AHI, and the
comorbid health conditions. Similar variables tended to significantly contrib-
ute to the models, as those shown in Table 3. Having a voice problem was sig-
nificantly associated with lower physical function, role physical, general health
component physical, vitality, social functioning, mental health, and compo-
nent mental; having diurnal dyspnea significantly associated with lower bodily
pain; and having a cough did not significantly associate with any of the QOL
measures, in the adjusted models.

Slope estimates of the association between each of the SF-36 eight-sub-
scale domains and component measures and number of voice, cough, and
diurnal dyspnea problems are shown in Table 4. As the total number of prob-
lems increase, each of the subscale and component scores significantly de-
crease, with role-emotional insignificant, in the adjusted model. Specifically,
as the number of problems increase by one, the component physical scale
decreases by 6.7 points and component mental decreases by 5.0, on average.
Voice, cough, and diurnal dyspnea problems explain 21.5% of the variation in
the component physical score and 10.5% of the variation in the component
mental score, after adjusting for age, sex, BMI, AHI, CPAP use, esophageal
reflux, allergies, pneumonia, emphysema, COPD, bronchitis, and asthma. To
assess the influence of consistency of CPAP therapy (nightly vs. otherwise),
the models in Table 4 were estimated again, but for the CPAP users only. Es-
timates were adjusted for age, sex, BMI, AHI, the above-referenced comor-
bidities and consistency of CPAP use (nightly vs. otherwise). Estimates in this
sub-analysis that now adjusted for consistency of CPAP use were similar or
larger to the original analysis, with voice, cough, and diurnal dyspnea prob-
lems now explaining 28.5% of the variation in the component physical score
and 8.5% of the variation in the component mental score (Table 4).

To better understand the specific symptoms that might be potentiating
QOL reductions (i.e., at a granular level), analyses were undertaken at the in-
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dividual item level for each of the PROMS. In this regard, physical and mental
component scores were inversely associated with the severity of several items
comprising the measures of V-RQOL, CS|, and DI (data not shown). Stepwise
regression was then used to identify the V-RQOL, CSI, and DI items that most
strongly associated with the component physical and mental QOL measures.
Each V-RQOL item was measured from 1 (none) to 5 (as bad as it gets). (Note
that these results are rescaled to get the 0 (worst) to 100 (best) component
V-RQOL score.) Each CSI item was measured from 0 (never) to 4 (always). Each
DI item was measured from 0 (never) to 4 (always). Analyses were also adjust-
ed for age, sex, BMI, AHI, and CPAP use (yes vs. no).

For both the component physical and mental scores, only one V-RQOL
item remained significant: “Do you run out of air and need to take frequent
breaths when talking?” The adjusted regression estimate was -9.1 (P <0.001) in
the component physical model and -5.9 (P = 0.003) in the component mental
model. Thus, for each unit increase in response to this item, physical compo-
nent QOL decreased by 9.1 and mental component QOL decreased by 5.9, on
average, suggesting that this item contributed disproportionately to reduced
QOL. For both the component physical and mental models, only one CSI item
remained significant: “My coughing problem affects my voice.” Estimates for
the two models were -3.9 (P = 0.021) and -3.5 (P = 0.025), respectively. Finally,
for the component physical model, two DI items were significant “My breath-
ing problem causes me to restrict my personal and social life” and “My breath-
ing problem makes me feel stressed.” Corresponding estimates were -8.2
(P =0.004) and -4.5 (P = 0.018). For the component mental model, only “My
breathing problem causes me to restrict my personal and social life” remained
significant, with an estimate of -9.4 (P <0.001).

Thus, of the items that comprise V-RQOL, running out of air and needing
to take frequent breaths to talk had the greatest negative impact on physical
and mental QOL measures. Likewise, the CSI item most strongly negatively
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Table 2. Mean SF-36 Subscale and Summary Component Quality of Life Measures According to Voice, Cough, and Diurnal Dyspnea Problems

Variable Physical Role Bodily General Component

function physical pain health physical

M=70.4 SD =28.8 M =63.0 SD =427 M =64.1 SD =18.0 M =52.9 SD =232 M=61.3 SD =238

Estimate Pr> |t| Estimate Pr> |t] Estimate Pr> |t| Estimate Pr> |t] Estimate Pr> |t|
Voice -14.0 0.004 -30.4 <0.001 -19.6 <0.001 -14.0 0.004 -19.8 <0.001
Cough -11.5 0.031 -16.7 0.090 -14.3 0.025 -11.5 0.031 -16.8 0.002
Diurnal -11.5 0.026 -25.1 0.008 -22.7 <0.001 -11.5 0.026 =213 <0.001
dyspnea
Problem reference = 0
1 -3.2 0.650 -11.4 0.314 4.8 0.503 -11.0 0.080 -5.6 0.343
2 -10.2 0.204 -12.4 0.334 -21.2 0.010 -13.0 0.068 -11.8 0.080
3 -39.0 <0.001 -41.1 0.001 -27.4 <0.001 -18.0 0.007 -31.8 <0.001
Variable Vitality Social Role Mental Component

functioning emotional health mental

M =46.5 SD =235 M=77.0 SD =28.7 M=72.0 SD =39.8 M =70.9 SD =20.8 M =65.0 SD=21.5

Estimate Pr> |t] Estimate Pr> |t] Estimate Pr> |t| Estimate Pr> |t] Estimate Pr> |t]
Voice -12.7 0.010 -21.7 <0.001 -8.8 0.299 -12.5 0.004 -13.1 0.003
Cough -10.3 0.057 -16.0 0.014 -16.2 0.077 -11.8 0.013 -12.9 0.008
Diurnal -7.4 0.161 -16.6 0.009 9.4 0.295 -1 0.016 -10.4 0.028
dyspnea
Problem reference =0
1 -11.7 0.068 -14.9 0.048 -1.8 0.869 -3.7 0.502 -7.2 0.209
2 -3.4 0.637 -10.5 0.216 1.0 0.934 -11.6 0.068 -6.4 0.324
3 -17.9 0.008 -30.2 <0.001 -21.7 0.061 -17.7 0.003 -20.4 0.001

M, mean; OSA, obstructive sleep apnea; Pr, probability; SD, standard deviation; SF-36, study short form 36. Slope estimates were derived using regression analysis and represent how the presence of the respective problem or
combination of problems (1, 2, or 3 vs. 0) influence the mean SF-36 scores. For example, the mean physical function score is 14.0 lower for those with a current voice problem compared with OSA patients without a current voice

problem.

associated with the SF-36 component physical and mental QOL measures in-
volved their cough affecting their voice. Although cough has a direct effect on
QOL, in the fully adjusted model that includes voice, it became insignificant.
Thus, cough negatively associates with QOL, in part because of its negative
impact on the voice. Finally, among the items comprising the DI, physical and
mental component QOL measures were most strongly negatively associated
with breathing restricting personal and social life. However, in the fully adjust-
ed model, which included voice, cough, diurnal dyspnea (and other variables),
only having a voice problem and higher BMI were associated with worse social
functioning (Table 3). Hence, breathing and cough problems appear to neg-
atively correlate with social functioning through their association with voice.

DISCUSSION

The negative impact of OSA on QOL is well established [1-4], and, as expected,
mean QOL measures for the SF-36 eight-subscale domains for our OSA pa-
tients were lower than normative values in the United States [41]. However,
the current study confirmed that the presence of possible upper airway re-
lated disorders such as voice, cough, and diurnal dyspnea added significantly
to the overall QOL burden, beyond what would be expected by OSA alone.
In general, SF-36 QOL physical and mental health component and subscale
scores tended to become consistently worse as the combined number of
voice, cough, and diurnal dyspnea problems increased. As the number of
problems increased from O to 3, the physical and mental scale and subscale
scores worsened, after adjusting for age, sex, BMI, AHI, consistency of CPAP
therapy, and chronic comorbid health conditions (esophageal reflux, allergies,
pneumonia, emphysema, COPD, bronchitis, and asthma). Thus, even after
controlling for other high impact factors and/or comorbidities that reported-
ly influence QOL in OSA [1-4], the presence of these possible upper airway
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problems significantly lowered physical and mental QOL, uniquely explaining
28.5% and 8.5% of the variation in the component physical and mental scores,
respectively.

In fully adjusted regression models, which included the three potential
upper airway related problems, as well as age, sex, BMI AHI, consistency of
CPAP therapy, esophageal reflux, allergies, pneumonia, emphysema, COPD,
bronchitis, and asthma, voice problems played a central role in negative-
ly impacting the mean QOL component physical and mental score. Diurnal
dyspnea only negatively impacted bodily pain and cough was not significantly
associated with any of the QOL measures. Thus, as compared with cough and
diurnal dyspnea, voice had a larger direct negative impact on QOL. Yet, having
two or all three of these problems had a markedly greater negative effect on
the QOL measures than just having a voice problem alone. In addition, inspec-
tion of individual items that contributed disproportionately to reduced social
functioning revealed that breathing and cough problems appear to negatively
associate with QOL through their effects on voice.

In OSA, reductions in QOL are often driven by several neurocognitive con-
sequences (i.e., daytime sleepiness, memory loss, loss of mental alertness,
reduced care in avoiding danger, impaired cognitive control of behavior, and
greater risk of accidents) [45]. Nocturnal CPAP therapy reduces daytime sleep-
iness [46], which, in turn, may lower the risk of other neurocognitive problems.
Likewise, consistent (nightly) CPAP treatment has been shown to reduce the
frequency of voice, cough, and diurnal breathing problems which might be
upper airway related [6,11,47,48]. In the current study, CPAP use was asso-
ciated with significantly better component physical and mental QOL, yet the
untoward effects of voice and diurnal breathing problems on QOL persisted
even after adjustment for nightly CPAP use.

Limitations exist in this study. First, the results are based on data from
a single institution retrospective evaluation of a relatively small sample size.
Second, data are primarily from self-report and using such report to disam-
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Table 3. Mean SF-36 Quiality of Life Measures According to Voice, Cough, and Diurnal Dyspnea Problems

Variable Physical Role Bodily General Component

function physical pain health physical

Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t|
Voice -15.5 <0.001 -33.0 <0.001 -11.9 0.008 -17.3 <0.001
Cough
Diurnal dyspnea -18.8 0.003
Age
Sex 10.5 0.068
BMI -1.2 <0.001 -0.5 0.012 -0.8 <0.001
AHI
CPAP 17.5 <0.001 1.2 0.008
Esophageal reflux
Pneumonia -10.0 0.010 -16.3 0.043 -8.9 0.015
Emphysema
COPD -41.4 <0.001 -17.89 0.018 -22.8 <0.001
Bronchitis 9.4 0.015 -25.4 0.002 -8.7 0.049 -11.2 0.002
Variable Vitality Social Role Mental Component

functioning emotional health mental

Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t| Estimate Pr> |t]
Voice -11.5 0.012 =221 <0.001 -12.7 0.004 -14.2 <0.001
Cough
Diurnal dyspnea
Age 0.4 0.083 0.9 0.004 0.4 0.006 0.5 0.004
Sex
BMI -0.4 0.064 -0.6 0.032
AHI
CPAP 15.0 0.006 10.2 0.038
Esophageal reflux -7.2 0.096
Allergies -23.9 0.002 -9.5 0.019
Bronchitis -11.4 0.011

AHI, apnea-hypopnea index; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; Pr, probability; SF-36, study short form 36. Estimates were derived using stepwise-
regression analysis. Variables were eligible to enter or exit the model if significant at the 0.1 level. The slope estimates indicate the extent to which voice, cough, diurnal dyspnea, age, sex, BMI, AHI, CPAP use, and chronic comorbid
health conditions (i.e., esophageal reflux, allergies, pneumonia, emphysema, COPD, bronchitis, and asthma) are associated with change in the specific physical and mental SF-36 subscale and component measures. For example,
a voice problem is associated with a mean decrease in the component physical measure of 17.3 and in the component mental measure of 14.2.

biguate upper from lower airway cough or breathing disorders is problematic.
The study did not include objectively measured CPAP compliance based on
device downloads or ascertain the type of mask used with CPAP. Therefore,
the impact of CPAP therapy on these complaints of voice, cough, and diurnal
dyspnea could not be fully assessed. Third, because only 94 of the 246 eligi-
ble participants could be reached and agreed to participate, generalization of
the results should be done with caution. Fourth, only OSA patients were con-
sidered. Although estimated associations between the upper airway symp-
toms (voice, cough, and diurnal dyspnea) and QOL accounted for potential
confounding effects of selected chronic comorbid health conditions, including
non-OSA patients may have better account for unmeasured confounders and
allowed us to compare the measured associations according to OSA status.
These limitations may represent a direction in future studies.

CONCLUSION

This study confirmed that voice and other problems potentially reflecting up-
per airway dysfunction matter in OSA and deserve clinical and research atten-
tion. Half of the OSA patients had one or more of voice, cough, and diurnal

Archives of Otorhinolaryngology-Head & Neck Surgery. 2020;4(2):3

dyspnea and each of the problems negatively impacted QOL. The adverse
effects of such problems persisted, even after controlling for high impact fac-
tors/comorbidities as previously shown to affect quality of life such as age,
sex, AHI, BMI, chronic health conditions, and consistency of CPAP use. Given
the high frequency of these problems (and their significant effects on QOL) in
OSA, further research is warranted to (1) understand the nature of these dis-
orders (when present) in OSA and (2) develop effective treatments to lessen
their adverse impact on QOL.
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Table 4. Slope Estimates of the Association Between Subscale and Component SF-36 Measures and the Number of Voice, Cough, and Diurnal Dyspnea Problems

Physical Role Bodily
function physical pain
Estimate  Pr> |t| Partial Estimate  Pr> |t| Partial Estimate  Pr> |t|
R-Square R-Square
5.7 0.002 0.205 -11.6 0.001 0.107 77 0.002
6.2 0.007 0.289 -15.4 <0.001 0.157 9.9 0.001
Vitality Social Role
functioning emotional
Estimate  Pr> |t| Partial Estimate  Pr> |t| Partial Estimate  Pr> |t|
R-Square R-Square
-3.2 0.106 0.024 -8.0 0.001 0.133 -2.8 0.118
-5.1 0.040 0.103 -6.5 0.030 0.055 -4.5 0.220

General Component

health physical
Partial Estimate  Pr> |t| Partial Estimate  Pr> |t| Partial
R-Square R-Square R-Square
0.150 -4.6 0.026 0.093 6.7 <0.001 0.215
0.181 21 0.5262 0.008 6.5 0.010 0.285

Mental Component

health mental
Partial Estimate  Pr> |t| Partial Estimate  Pr> |t| Partial
R-Square R-Square R-Square
0.003 -5.1 0.021 0.106 -5.0 0.006 0.105
0.011 4.4 0.067 0.152 -4.7 0.024 0.085

Pr, probability; SF-36, study short form 36. Estimates adjusted for age, sex, body mass index (BMI), apnea-hypopnea index (AHI), continuous positive airway pressure (CPAP) use, esophageal reflux, allergies, pneumonia,
emphysema, chronic obstructive pulmonary disease (COPD), bronchitis, and asthma. Estimates were derived using regression analysis and represent how the number of problems influence mean SF-36 scores. For example, for
each additional problem, from 0 to 3, the mean physical function subscale decreases by 5.7. Variables were eligible to enter or exit the model if significant at the 0.1 level. The partial R-square refers to the proportion of variability
in the mean SF-36 score explained by the component voice, cough, and diurnal dyspnea problem variable after accounting for other variables in the model. Estimates in the shaded lines represent just those treated with CPAP

(N=74), and are adjusted for age, sex, BMI, AHI, and consistency of CPAP use (nightly vs. other).
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