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Study Objectives: To evaluate the influence of sex on obstructive sleep apnea (OSA)-related symptoms and prevalent cardiovascular disease (CVD) in a large

clinical population of patients.

Methods: A total of 6,716 patients (mean age 52 years, 24% women) had undergone diagnostic polysomnography and completed the Epworth Sleepiness
Scale (ESS), Athens Insomnia Scale, and Beck Depression Inventory. We investigated the predictive value of sex on associated symptoms and prevalent
cardiovascular disease, after adjustment for relevant confounding factors including age, obesity, and comorbidities.

Results: Most of the patients (90%) had OSA (apnea-hypopnea index [AHI] = 5 events/h), and 66% were obese. Women were older than men and had a higher
body mass index; however, men had a thicker neck circumference, a higher waist-to-hip ratio, and increased OSA severity (AHI 36 versus 27 events/h, P <.001).
Female sex independently predicted prevalent CVD after adjustment for confounders (odds ratio [95% CI] 1.476 [1.154—1.887], P=.002). Men independently were
more likely to report driving problems (3.359[2.470-4.569], P<.001) and excessive daytime sleepiness (ESS = 16) (1.355[1.036-1.773], P=.027). Furthermore,
female sex was an independent predictive factor for depressive symptoms (2.473 [1.831-3.340], P <.001), frequent awakenings (1.703 [1.323-2.192], P <.001),
nocturia (1.727 [1.340-2.226], P <.001) and morning headaches (1.855 [1.488-2.326], P <.001).

Conclusions: Females referred for sleep studies were more likely to exhibit CVD and less likely to complain of typical OSA symptoms than males in this large

clinical patient cohort.
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BRIEF SUMMARY

large clinical population of patients.

availability of therapeutic options that take into account these differences.

Current Knowledge/Study Rationale: There are data suggesting that obstructive sleep apnea (OSA) has different cardiovascular risk and clinical
presentation profile in females. This study aimed to evaluate the influence of sex on OSA-related symptoms and prevalent cardiovascular disease (CVD) ina

Study Impact: Our results show that females referred for sleep studies were more likely to exhibit CVD and less likely to complain of typical OSA symptoms
than males. Better knowledge of sex differences in OSA will help to improve the awareness and diagnosis of OSA in women, and the development and

INTRODUCTION

Obstructive sleep apnea (OSA) is a common chronic disorder that
often requires lifelong care.! Based on a recent review, the overall
prevalence of OSA ranged from 9% to 38% in the general adult
population, from 13% to 33% in men and from 6% to 19% in
women.” It has been suggested that the higher prevalence of OSA in
males may result from the differences in symptoms between men
and women, along with the reluctance of women to acknowledge
OSA symptoms and seek medical help. Furthermore, sex differ-
ences in the upper airway, fat distribution, and respiratory stability
in OSA may also increase OSA prevalence in men.?

Currently, the typical population in need of OSA evaluation
is quite different from the classic picture of the male, obese, and
sleepy patient. Franklin and colleagues tried to determine the
frequency of OSA among females in the general population
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and found that up to 50% of women aged 20 to 70 years had
OSA related to age, obesity, and hypertension, but not to
daytime sleepiness.* Women with OSA predominantly pres-
ent with nonspecific symptoms such as insomnia, depression,
fatigue, morning headache, and nightmares.® Therefore, making a
differential diagnosis of OSA in women might be more difficult
due to more generalized daytime symptoms compared to men.°

It is noteworthy that women are underrepresented in OSA
clinical trials despite an increase in OSA prevalence after meno-
pause, and high rates of heart failure and stroke observed in older
women.” Furthermore, few studies have directly addressed the
association of OSA long-term health consequences on cardiovas-
cular disease (CVD) in women. The limited data available suggest
that although the prevalence of OSA may be lower in women
than in men, untreated severe OSA has been independently
and significantly associated with cardiovascular death in women.®
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Women with OSA also experience worse health status and have
higher health care costs compared with men.”'”

Such results suggest that OSA is just as important for women
as it is for men. Therefore, the aim of our study was to evaluate
the influence of sex on OSA-related symptoms and prevalent
CVD in a large clinical population of patients.

METHODS

Population

We conducted a single-center, retrospective study of consec-
utive patients aged 18 years or older, who were admitted to the
Sleep Disorders Center, Department of Thoracic Medicine,
University of Crete Medical School, during a 10-year period
(2006-2016) for evaluation of suspected sleep-disordered
breathing. Exclusion criteria included missing or erroneous
study variables, missing or incomplete sleep questionnaire data
and/or missing medical history. Ethical approval was provided
by the University Hospital Ethics Committee.

Data Collection

All patients underwent a detailed evaluation as part of the routine
clinical evaluation that included age, measurement of body mass
index (BMI), medical history focused on sleep-related symptoms,
associated conditions and comorbidities, smoking history, and
alcohol intake. Comorbidity information was derived not only
from patient self-report but also from medical records. In ad-
dition, overnight attended polysomnography (PSG) was per-
formed. Self-reported daytime sleepiness was assessed by the
Epworth Sleepiness Scale (ESS), insomnia with Athens In-
somnia Scale, and patient’s depressive symptoms by the Beck
Depression Inventory (BDI).

Epworth Sleepiness Scale

The ESS is currently the most widely used self-report measure
of daytime sleepiness in clinical practice.'!

Athens Insomnia Scale

The 8-item Athens Insomnia Scale is a self-assessment psy-
chometric instrument based on the International Classification
of Diseases, 10th Revision diagnostic criteria, which has been
developed as a tool to evaluate the severity of insomnia.'*'?

Beck Depression Inventory

The BDI is 21-item questionnaire that is a widely used and well-
validated self-reported inventory of depressive symptoms.'4'¢
Total scores range from 0 to 63 and represent the sum of the
highest levels endorsed on each item. Scores below 10 are
considered normal.

Sleep Study

All patients underwent a single-night full diagnostic PSG study
(Alice 5 Diagnostics System, Philips Respironics, Murrysville,
Pennsylvania, United States) according to standard tech-
niques, with monitoring of the electroencephalogram (using
three electroencephalographic derivations, frontal, central,
and occipital), electro-oculogram, electromyogram, flow (by
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oronasal thermistor and nasal air pressure transducer), thoracic
and abdominal respiratory effort (by respiratory inductance
plethysmography), pulse oximetry (SpO,), and body position
monitoring. Snoring was recorded by a microphone placed on
the anterior neck. The scorer was blinded to the origin of the data.
The definition of apnea and hypopnea followed the American
Academy of Sleep Medicine standard criteria.'” Apnea was
defined as a cessation of airflow (> 90%) for at least 10 seconds
and hypopnea as a > 30% reduction of airflow (from nasal
pressure transducer signal) lasting at least 10 seconds with a
concomitant > 4% desaturation. The apnea-hypopnea index
(AHI), calculated as the number of apnea and hypopnea events/h
of sleep, was used to diagnose OSA and assess its severity. OSA
was considered mild if the AHI was > 5 and < 15 events/h,
as moderate if AHI was > 15 and < 30 events/h, and as severe
if AHI was > 30 events/h. Rapid eye movement (REM)-
predominant OSA was defined as an AHI REM that was more
than two times the AHI non-rapid eye movement (NREM).'®

Statistical Analysis

All continuous variables were tested for normality using several
methods (skewness and kurtosis, the proximity of the mean to the
median, visual inspection of their histograms, Q-Q plots, and box
plots). Results are presented as mean + standard deviation (SD)
for continuous variables if normally distributed and as median
(25th, 75th percentile) if not. Qualitative variables are presented
as absolute number (percentage). For comparisons between
groups, atwo-tailed ¢ test for independent samples (for normally
distributed data) or a Mann—Whitney U test (for nonnormally
distributed data) was used for continuous variables and the chi-
square test for categorical variables. Correlation coefficients
were calculated using the Pearson or Spearman (for nonnormally
distributed data) correlation test. We examined in patients with
OSA the association of OSA related symptoms with sex after
adjustment for various potential explanatory variables, including
age, BMI, AHI, waist/hip ratio, neck circumference, smoking
status, and CVD, type 2 diabetes, dyslipidemia, chronic obstructive
pulmonary disease (COPD), asthma, and depression. For the
purpose ofthis analysis, the term “cardiovascular disease” used as
predictor in logistic regression models, referred to any of the
following conditions: hypertension, coronary disease, stroke
and heart failure. Furthermore, we examined the association of
prevalent CVD with sex, after adjustment of the previous
confounding factors plus excessive daytime sleepiness as a
categorical value (ESS > 16). Age was considered continuously
and categorically, as age groups of 18 to 59 years and 60 years
or older and as quartiles (< 42, 42-52, 52-62, > 62), BMI was
also considered continuously and categorically, as BMI groups
of < 30 and > 30 kg/m>. Results were considered significant
when values of P < .05. Data were analyzed using PAWP
17.0 software (SPSS Inc, Chicago, Illinois, United States).

RESULTS

A total of 6,716 patients (mean age 52 years, 24% women) was
included (Figure 1). The baseline characteristics of the study
population compared according to sex are shown in Table 1.
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Figure 1—Flow chart of the study.
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OSA = obstructive sleep apnea.

Table 1—Characteristics of the study population.

A (AHI 2 5) (n = 6,2
(n =%I,I716) ?: 2(5)088'? ;:Ies( r Fzm(;?:s (Males vsPFemaIes)
(n = 4,780) (n=1,428)
Age (years) 52 + 14 43 £ 16 52 + 14 56 + 13 <.001
BMI (kg/m?) 3377 28+5 33+6 37+9 <.001
BMI = 30 kg/m? 4,500 (67) 132 (26) 3,250 (68) 1,157 (81) <.001
Neck circumference (cm) 42+ 4 38+4 44 + 4 40 + 4 <.001
Waist circumference (cm) 114 £ 16 98 +14 115+ 15 "7 £17 <.001
Hip circumference (cm) 114 £15 102 £ 13 13 +£14 122 £ 17 <.001
Waist/hip circumference ratio 1.003 £ 0.07 0.96 £ 0.07 1.02 + 0.06 0.96 £ 0.07 <.001
Current smokers 2,216 (33) 167 (33) 1,721 (36) 286 (20) <.001
Pack-years 20 (0, 76) 11 (0, 30) 30 (6, 52) 0(0, 15) <.001
Comorbidities
Hypertension 2,216 (37) 80 (16) 1,768 (37) 657 (46) <.001
Coronary heart disease 470 (7) 8(2) 382 (8) 86 (6) .002
Ischemic or hemorrhagic stroke 403 (6) 10 (2) 334 (7) 57 (4) .008
Heart failure 201 (3) 5(1) 143 (3) 96 (6) <.001
Cardiovascular disease 3,694 (55) 97 (19) 2,724 (57) 885 (62) .005
Type 2 diabetes 806 (12) 19 (4) 574 (12) 228 (16) <.001
COPD 806 (12) 27 (5) 717 (15) 100 (7) <.001
Bronchial asthma 334 (5) 30 (6) 142 (3) 143 (10) <.001
Hypothyroidism 806 (12) 61 (12) 335 (7) 414 (29) <.001
Dyslipidemia 1,947 (29) 96 (19) 1,434 (30) 428 (30) 9
Depression 295 (4) 43 (8.4) 141 (3) 121 (9) <.001

Data presented as mean + standard deviation, median (25th, 75th percentile), or n

(%). Cardiovascular disease includes hypertension, coronary heart disease,

stroke, and heart failure. AHI = apnea-hypopnea index, BMI = body mass index, COPD = chronic obstructive pulmonary disease, OSA = obstructive

sleep apnea.

Women with OSA were older than men and had a higher BMI;
the percentage of obese women was also higher (81% versus
68%, P <.001). However, men had higher neck, waist and hip
circumference and a higher waist-to-hip ratio. The rate of
cigarette consumption (P < .001) was also higher in men.
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Comorbidities prevalence in the whole sample varied be-
tween 3% for heart failure and 47% for hypertension. There
were sex differences in the way comorbidities presented.
Overall, 55% of participants had a history of CVD (hyperten-
sion or coronary heart disease or stroke or heart failure),
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with a female predominance in patients with OSA (62% versus
57%, P=.005). CVD has a similar female predominance in the
groups with mild (35% versus 26%, P =.029), moderate (67%
versus 59%, P =.008), and severe (70% versus 63%, P =.005)
OSA. The percentage of women with hypertension, heart
failure, diabetes mellitus, hypothyroidism, asthma, and depression
was higher (P <.001), whereas COPD, coronary artery disease,
and stroke were observed more frequently in men (P < .001).
The rates of dyslipidemia were similar in both groups (P =.9).

Table 2 and Table 3 show sex differences in terms of PSG
features and clinical manifestations. Most of the patients (90%)
had OSA (AHI> 5 events/h). OSA diagnosis was slightly lower
in females compared to males (94% versus 86%, P < .001).
Indices of OSA severity, such as AHI, oxygen desaturation
index, and total sleep time (TST) spent with SaO, < 90%
(TST90) were also lower in females. Although there was no
difference in AHI in REM sleep (P = .56), women with OSA
had higher prevalence of REM-predominant OSA (21% versus
8%, P <.001). OSA severity increased in both sexes with age,
with a plateau in men after age 52 years (Figure 2). Further-
more, the difference in AHI between women and men decreased
after age 62 years (Figure 2). In other PSG parameters sleep and
REM latency as well as SWS (%TST) were increased in female
patients with OSA (P <.001). Both men and women with OSA

Effect of Sex on OSA Outcomes

had similar TST, sleep efficiency, and wake after sleep onset
time (all P > .05).

As shown in Table 3, there was no difference in terms of
snoring, witnessed apneas and insomnia symptoms between
men and women. However, frequent awakenings, morning
headache, nocturia and depressive symptoms were observed
more common in women (P <.001). Additionally, men reported
more excessive daytime sleepiness (ESS > 16) and driving
problems than women (P < .001).

Sex Association With OSA Symptoms and CVD

Analyzing OSA-related symptoms, men independently were
more likely to report driving problems (odds ratio [OR] 3.359,
95% confidence interval [CI] 2.470-4.569, P < .001) and ex-
cessive daytime sleepiness (ESS > 16) (1.355 [1.036-1.773],
P =.027). Furthermore, female sex was an independent pre-
dictive factor for depressive symptoms (BDI > 10) (2.473
[1.831-3.340], P <.001), frequent awakenings (1.703 [1.323—
2.192], P<.001), nocturia (1.727 [1.340-2.226], P<.001), and
morning headaches (1.855[1.488-2.326], P<.001). Reports of
snoring (1.108 [0.600-2.048], P = .743), witnessed apneas
(0.902[0.650-1.254], P=.541) and insomnia symptoms (1.184
[0.647-2.164], P=.584) were not significantly associated with
sex. Many symptoms were also associated with age (apneas,

Table 2—Polysomnography characteristics of the study population.

OSA (AHI 2 5) (n = 6,208)
(n =%”716) ?: r=l?OSS? Males Females (Males vsPFemaIes)
’ (n =4,780) (n =1,428)

TRT (minutes) 422 + 55 431 £ 53 420 £ 55 426 £ 55 .005
TST (minutes) 276 £ 70 307 + 68 270 + 68 27370 203
Sleep efficiency (%) 65 + 14 71 +14 64 + 14 64 + 14 74
WASO (minutes) 109 £ 52 84 £ 52 113 £ 52 110 + 51 135
Sleep latency (minutes) 39 (26, 65) 40 (25, 66) 39 (25, 64) 42 (27, 71) .001
REM latency (minutes) 244 + 88 220 + 81 244 + 87 259 + 89 <.001
NREM sleep (%TST) 07 89+8 9M+7 90+8 .09
SWS (%TST) 7(5 1) 9(6, 13) 7(5,10) 8(5 1) <.001
REM sleep (%TST) 9+4 104 9+4 9+4 A2
AHI (events/h) 33 (18, 57) 2(1,3) 40 (21, 62) 29 (18, 48) <.001
REM AHI (events/h) 37 (15, 62) 3(1,5) 43 (24, 65) 42 (24, 68) .56
REM-predominant OSA 981 (15) 198 (39) 374 (8) 302 (21) <.001
Al (events/h) 39+ 17 25+ 12 42 +17 37+16 <.001
ODI (events/h) 1(16, 62) 2(1,3) 6 (21, 66) 27 (17, 58) <.001
Mean Sa0, (%) 92 (89, 94) 96 (95, 97) 2 (89, 93) 92 (89, 94) .001
Lowest Sa0;, (%) 81 (75, 86) 91 (89, 93) 80 (74, 85) 81 (74, 86) .056
TST90 (minutes) 7(1,81) 0(0,0) 9 (5, 97) 22 (2, 88) 01
OSA severity

AHI 5 to < 15 events/h 739 (11) - 526 (11) 228 (16) <.001

AHI 15 to < 30 events/h 1,880 (28) - 1,386 (29) 542 (38) <.001

AHI = 30 events/h 3,492 (52) - 2,868 (60) 658 (46) <.001

Data presented as mean + standard deviation, median (25th, 75th percentile), or n (%). AHI = apnea-hypopnea index, Al = arousal index, NREM = non-rapid eye

movement, ODI =

oxygen desaturation index, OSA = obstructive sleep apnea, REM = rapid eye movement, SaO, = saturation of oxygen, SWS = slow wave

sleep, TRT = total recording time, TST = total sleep time, TST90 = total sleep time spent with Sa0, < 90%, WASO = wake after sleep onset.
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Table 3—Nocturnal and diurnal symptoms of the study population.

> =

(n =%I,I716) '(‘lr? r;(5)038‘6)‘ zjllzs(AHl T Fz’:‘:i::s (Males vsPFemaIes)

(n=4,780) (n=1,428)

Nocturnal Symptoms
Snoring 6,380 (95) 427 (84) 4,636 (97) 1,385 (97) 83
Witnessed apneas 5,775 (86) 351 (69) 4,254 (89) 1,257 (88) 22
Athens Insomnia Scale Score 8 (4, 1) 9 (6, 12) 8(4,11) 8 (5, 12) .36
Athens Insomnia Scale Score = 6 4,500 (67) 401 (79) 3,107 (65) 957 (67) .68
Frequent awakenings 4,902 (73) 340 (67) 3,441 (72) 1,114 (78) <.001
Nocturia 4,701 (70) 254 (50) 3,394 (71) 1,100 (77) .001
Diurnal Symptoms
ESS score 11 (6, 15) 7(3,11) 11 (6, 15) 10 (6, 14) .001
ESS =10 3,828 (57) 183 (36) 2,868 (60) 828 (58) 19
ESS =16 1,410 (21) 46 (9) 1,147 (24) 257 (18) <.001
Morning headache 1,948 (29) 163 (32) 1,147 (24) 571 (40) <.001
Driving problems 1,612 (24) 17 (23) 1,769 (37) 214 (15) <.001
BDI score 10 (5, 16) 9 (5, 16) 9 (4, 15) 14 (8, 20) <.001
BDI = 10 3,492 (52) 234 (46) 2,294 (48) 985 (69) <.001

Data presented as median (25th, 75th percentile) or n (%). BDI =

Beck Depression Inventory, ESS = Epworth Sleepiness Scale.

Figure 2—AHI versus age groups (quartiles) in female versus male patients with obstructive sleep apnea.
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AHI = apnea-hypopnea index.
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Table 4—Multiple stepwise logistic regression analysis of the relationship between cardiovascular disease and various

independent variables.

B SE P OR (95% ClI)
Females vs males 0.389 0.125 .002 1.476 (1.154-1.887)
Age > 60 years 1.454 0.092 .001 4.280 (3.571-5.129)
Body mass index = 30 kg/m? 0.390 0.113 .001 1.478 (1.183-1.846)
Waist/hip circumference ratio 2.021 0.716 .005 7.546 (1.856-30.678)
Neck circumference 0.022 0.014 116 1.022 (0.995-1.050)
ESS score = 16 -0.137 0.101 A74 0.872 (0.716-1.062)
Smoking 0.218 0.107 041 1.243 (1.009-1.532)
Type 2 diabetes 0.725 0.126 .001 2.064 (1.614-2.641)
Dyslipidemia 0.531 0.086 .001 1.700 (1.438-2.011)
COPD 0.459 0.139 .001 1.582 (1.205-2.076)
Asthma -0.212 0.199 .286 0.809 (0.548-1.194)
Depression -0.558 0.200 .005 0.572 (0.387-0.847)
Moderate OSA 0.819 0.142 .001 2.269 (1.717-2.997)
Severe OSA 0.696 0.142 .001 2.006 (1.519-2.648)

Cl = confidence interval, COPD = chronic obstructive pulmonary disease, ESS = Epworth Sleepiness Scale, OR = odds ratio, OSA = obstructive sleep apnea,

SE = standard error.

driving problems, sleepiness, morning headaches, and nocturia,
P <.05) and OSA severity (sleepiness, snoring, apneas, driving
problems, frequent awakenings, nocturia, depressive symp-
toms, P <.05).

In Table 4, multiple stepwise logistic regression analysis
of the relationship between CVD and various independent
variables is shown. Female sex was a significant predictor of
prevalent CVD after adjustment for confounders (OR [95% CI]
1.476 [1.154-1.887], P = .002). However, age older than
60 years, type 2 diabetes, COPD, moderate to severe OSA, and
waist/hip ratio were associated with greater odds for CVD
than was sex. Moreover, REM-predominant OSA was not as-
sociated with CVD after adjustment for previous confounders
not only in the whole OSA group (0.838 [0.636-1.105],
P = 211) but also separately in men (0.784 [0.534-1.151],
P = .214) and women (0.897 [0.598-1.345], P = .600).

Subgroup Analysis by Age, BMI, REM Predominance,
and OSA Severity

Further analysis in subgroups stratified by age or BMI dem-
onstrated that female sex predicted prevalent CVD but only in
the age group < 60 years (OR [95% CI] 1.742 [1.281-2.370],
P < .001) and in the BMI < 30 kg/m? group (3.091 [1.741-
5.486], P <.001). In those older than 60 years (1.004 [0.645—
1.562], P=.986) and in obese patients (BMI >30 kg/m?) (1.200
[0.912—1.579], P =.193), sex was not a significant predictor of
CVD. Additional analysis in subgroups stratified by REM
predominance demonstrated that female sex predicted prevalent
CVD for both groups. However, the odds for CVD was greater
in the patients with REM-predominant OSA (2.412 [1.115-
5.218], P=.025) compared to NREM-predominant OSA (1.484
[1.129-1.951], P =.005).
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Finally, the OSA severity group was found to influence the
predictive value of sex on prevalent CVD. Female sex was a
significant predictor mainly in the mild (OR [95% CI] 7.912
[3.360-18.631], P <.001) and moderate (1.669 [1.058-2.635],
P=.028)butnotinthe severe OSA group (1.153[0.831-1.599],
P =.3906).

DISCUSSION

In our study that analyzed data in a large database of patients, we
tried to extend previous observations and clarify some con-
troversies regarding the cardiovascular effect and symptom
profile in females compared to males with OSA. We found that
OSA diagnosis was slightly lower and less severe in women.
Female sex was an independent significant predictor of prev-
alent CVD, especially in the younger and nonobese patients
with OSA. Furthermore, sex was an explanatory variable of
daytime and nocturnal OSA-related symptoms. After adjusting
for various confounding factors women were less likely to
report excessive daytime sleepiness and driving problems than
males. However, female sex was an independent predictive
factor of depressive symptoms, frequent awakenings, nocturia,
and morning headaches. Conversely, the report of snoring,
apneas, and insomnia symptoms did not show a significant
association with sex.

Previous studies have shown a male-to-female ratio of OSA
between 3:1 and 5:1 in the general population.®'*2° In our sleep
clinic population we also observed sex differences in OSA
frequency and severity. OSA, although slightly less frequent in
women compared to men, had prevalence as high as 86%.
Therefore, OSA in women is not as rare as was originally
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believed, probably because until now the diagnosis and treat-
ment was less frequent in females than males. Furthermore,
women had less severe OSA in all ages compared to men despite
being older, having a higher BMI and age; neck circumference
and waist-to-hip ratio were lower and maybe more predictive of
severity of OSA. OSA severity also increased in both males and
females with age, but the difference in AHI between women and
men decreased after age 62 years.

Sleep architecture is another aspect that has been shown
to differ between men and women. We found that women
took longer to fall asleep than men and, once asleep, had
fewer awakenings and more slow wave sleep, in accordance
with previous studies,*'** despite no difference observed be-
tween sleep efficiency, wake after sleep onset, NREM and
REM sleep.

The general characteristics and the clinical guidelines for
evaluation and diagnosis of OSA are based primarily on
studies conducted in male patients. However, OSA has a
number of significant sex-related differences in the symptoms,
diagnosis, and consequences of OSA.*** Whereas women
with OSA predominantly present nonspecific symptoms such
as insomnia, depression, fatigue, morning headache, and
nightmares,?*” discordant results exist regarding the reporting
of snoring, apneas, and excessive daytime sleepiness.”*>' We
performed multiple regression analysis to determine whether
male or female sex independently predicted OSA symptoms
and found that excessive daytime sleepiness (ESS > 16) and
driving problems were associated with male sex but there was
no sex association with snoring, apneas, and insomnia symp-
toms. Notably, a recent study suggested that the cutoff value of
ESS score > 16 used in our study was more likely to be asso-
ciated with objective sleepiness as expressed by the mean
sleep latency during the multiple sleep latency test.>? Moreover,
in accordance with previous studies, female sex was an in-
dependent predictive factor of depressive symptoms, frequent
awakenings, nocturia, and morning headaches.* Knowledge
of these sex-related differences in clinical features of OSA
may contribute to an increased awareness and improved
OSA diagnosis.

Another important finding of our study is the influence of
sex on various comorbidities, especially CVD. It has been
shown that, although women had milder OSA compared to
men, comorbidities such as depression, CVD, diabetes mel-
litus, hypothyroidism, and asthma were found to be more
common in female patients with OSA,%2%222%333% in agree-
ment with our results. Regarding CVD, untreated severe OSA
has been independently and significantly associated with car-
diovascular death in women.”*> However, in our study, the
effect of female sex on CVD was more prominent in the
group with mild OSA. It is possible that women with OSA
are more susceptible to the adverse cardiovascular conse-
quences of OSA than men, having been shown to have more
marked endothelial dysfunction.*® Furthermore, relation-
ships of biomarkers of myocardial injury and incident heart
failure in relation to OSA appear to be stronger in women
than in men.*’

In our study, the effect of female sex was more prominent in
the younger and nonobese patients with OSA. This subgroup of
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patients is usually represented by mild-moderate OSA. How-
ever, AHI as the sole criterion for OSA severity should be
reconsidered because it does not represent arousals and other
OSA-related changes, whereas the association between OSA,
CVD, and relative mortality rate is much higher in younger
patients with OSA.**° Therefore, understanding in which age
and BMI group the disease becomes significant in women and at
what point treatment should be initiated is central for effectively
detecting and treating the condition. Nevertheless, future in-
vestigations addressing the effects of OSA treatment in females
is highly desired.

Results from our analysis also confirm that female sex is an
important risk factor for REM-predominant OSA.*'** Al-
though the pathophysiological mechanism is unclear, previous
studies have indicated that OSA during REM sleep seems to
contribute to a higher CVD risk than OSA during NREM
sleep.”> We found that in the patients with REM- predominant
OSA the odds of female sex having an effect was greater for
CVD compared to NREM-predominant OSA. Further re-
search and larger studies focusing on REM OSA in women are
needed to potentially redefine treatment strategies for this
OSA subgroup.

Certain limitations of the current study must be addressed.
First, patients were enrolled based on a clinical referral to the
sleep center, a factor that potentially limits the ability to gen-
eralize our findings to other populations. Second, our study was
cross-sectional, and data were evaluated retrospectively pre-
cludes causal inferences. Furthermore, the duration of OSA is
also difficult to ascertain from the cross-sectional design, and
thus the cumulative exposure to OSA and related risks cannot
yet be determined from our sample. However, a particular
strength of our study is the large study population collected in
this sleep laboratory population.

In conclusion, our results suggest that there are substan-
tial differences between females and males in the symp-
toms, diagnosis, and consequences of OSA. Women with
OSA who were referred for sleep studies are less likely to
complain of typical OSA symptoms than men, but they
complain of depressive symptoms, frequent awakenings,
nocturia, and morning headaches. Furthermore, in patients
sent for sleep studies, female sex was an independent sig-
nificant predictor of prevalent CVD, especially in the
younger and nonobese patients with OSA. Better knowledge
of sex differences in OSA will help to improve the awareness
and diagnosis of OSA in women, and the development and
availability of therapeutic options that take into account
these differences.

ABBREVIATIONS

AHI, apnea-hypopnea index

BDI, Beck Depression Inventory

BMI, body mass index

COPD, chronic obstructive pulmonary disease
CVD, cardiovascular disease

ESS, Epworth Sleepiness Scale

OSA, obstructive sleep apnea
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PSG, polysomnography
TST, total sleep time
TST90, total sleep time spent with SaO, < 90%
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