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Background and Purpose To identify sex differences in daytime sleepiness associated with
apnea severity and periodic limb movements during sleep (PLMS) in subjects with obstruc-
tive sleep apnea (OSA).

Methods This study used the Epworth Sleepiness Scale (ESS), Beck Depression Inventory
(BDI), and Sleep Hygiene Index (SHI) in logistic regression analyses with interaction terms. Se-
vere OSA, excessive daytime sleepiness (EDS), and PLMS were defined as an apnea-hypopnea
index of 230, an ESS score of 211, and a periodic limb movements index of >15, respectively.

Results The 1,624 subjects with OSA (males, 79.1%) comprised 45.3%, 38.2%, and 16.4%
with severe OSA, EDS, and PLMS, respectively. Multiple logistic regression without interac-
tion terms showed that sex, severe OSA, and PLMS were not significantly associated with
EDS. However, significant interactions were noted between sex and severe OSA and PLMS in
EDS in both crude and adjusted models (all p values<0.05). In the adjusted model, severe
OSA was associated with EDS in males (p=0.009) but not in females. PLMS were more likely
to be associated with EDS in females (p=0.013), whereas PLMS were less likely to be associat-
ed with EDS in males (p=0.041). The models were adjusted by the BDI score, SHI, and pres-
ence of medical comorbidities.

Conclusions There are significant sex differences in subjective daytime sleepiness in sub-
jects with severe OSA and PLMS. Severe OSA and PLMS may influence daytime sleepiness
more in males and females, respectively.

Keywords obstructive sleep apnea; excessive daytime sleepiness;
periodic limb movements during sleep; sex differences.

INTRODUCTION

Obstructive sleep apnea (OSA) is a common type of sleep-disordered breathing, in which
collapse of the upper airway results in recurrent and transient cessation or reduction of the
airflow during sleep.! OSA is a significant risk factor for all-cause mortality.> A common and
important characteristic of the clinical presentation of OSA is excessive daytime sleepiness
(EDS).! EDS may contribute to mood disturbance and neurocognitive impairments in in-
dividuals with OSA** and, furthermore, is potentially dangerous because of the increased
risk of traffic collisions and occupational accidents.’ In general, OSA is more common and
severe in males than in females,' but it is inconclusive whether sex differences in EDS ex-
ist in individuals with OSA:* some studies have found no sex differences,*” while others have
found either females or males have a higher prevalence of OSA.%*

The mechanisms underlying EDS in patients with OSA are complicated and multifacto-
rial” Although various factors such as age, sex, obesity, depression, and other medical ill-
nesses may play an important role,” disturbance of the sleep architecture—including inter-
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mittent hypoxemia and frequent arousal resulting from sleep
apneas—has been considered one of the most important pre-
dictors for EDS." Patients with severe OSA have a worse sleep
architecture including more N1 sleep and less N3 and rapid
eye movement (REM) sleep." Therefore, there may be a di-
rect relationship between EDS and the severity of OSA, al-
though some studies have not found a strong linear relation-
ship of EDS with the apnea-hypopnea index (AHI) in OSA
patients.'™"? Nevertheless, continuous positive airway pressure
(CPAP) treatment is effective for controlling daytime sleep-
iness in individuals with severe OSA.” Whether the effects
of apnea severity on daytime sleepiness differ between males
and females remains to be confirmed, but there is evidence
supporting a sex difference." Specifically, daytime sleepiness
was found to not be correlated with AHI at mild-to-moder-
ate levels in females, and have a weaker association in females
than in males with severe OSA."

Periodic limb movements during sleep (PLMS) are invol-
untary leg movements that occur repetitively during sleep."
PLMS are common, with a reported prevalence of 29%-36%
among adults in the general population.'*"” Given that PLMS
are often accompanied by arousal, thereby disrupting noc-
turnal sleep,' these movements may be another important
causative factor for EDS. For example, sleepy individuals with
OSA despite treatment with CPAP are likely to have PLMS."
However, most studies have found that PLMS do not result
in daytime sleepiness.'®"” The literature on sex differences in
the association between PLMS and daytime sleepiness is in-
consistent. Among female OSA patients, those with PLMS
had less subjective sleepiness than those without PLMS, but
male OSA patients did not show such a difference.”” In con-
trast, another previous study found that PLMS were nega-
tively correlated with EDS in males with OSA.* Thus, how
sex influences the relationships of apnea severity and PLMS
with daytime sleepiness has not been clearly identified in OSA
patients. Therefore, we examined sex differences in the asso-
ciations of daytime sleepiness with apnea severity and PLMS
in subjects with OSA.

METHODS

Subjects

Subjects with suspected OSA who visited a sleep center be-
tween January 2009 and March 2015 were consecutively re-
cruited for this cross-sectional study. The inclusion criteria
were being >18 years of age and having a new diagnosis of
OSA based on polysomnography (PSG). Subjects were ex-
cluded if they had a total sleep time of <180 min as measured
by PSG, if they had narcolepsy, or if their data were incom-
plete. Demographic data, medical histories, and use of drugs
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were collected from the electronic medical charts and self-
reported checklists. Written informed consent was obtained
from all participants. The study was reviewed and approved
by the Institutional Review Board of Asan Medical Center
(2021-0390).

Polysomnography

Overnight standard PSG was conducted in a sleep labora-
tory. Polysomnograms obtained before and after November
2013 were scored based on the 2007 and 2012 manuals of the
American Academy of Sleep Medicine, respectively.”** An
episode of apnea was scored when the peak thermal sensor
excursion reduced by >90% of the pre-event baseline for >10
seconds. Hypopnea was scored using a nasal pressure sen-
sor when the peak signal excursion reduced by 230% of the
pre-event baseline for 210 seconds, along with a 24% reduc-
tion in O, saturation for PSG recordings made before Novem-
ber 2013,” or with either a 3% reduction in O, saturation or
an associated arousal for PSG recordings made after Novem-
ber 2013 in our laboratory.”® The AHI was quantified as the
average number of apnea and hypopnea episodes per hour
of sleep. OSA was defined by an AHI of =5 events per sleep
hour on PSG. The severity of sleep apnea was categorized ac-
cording to the AHI into mild (55AHI<15), moderate (15<
AHI<30), and severe (AHI>30).

Events of leg movements were collected from the bilateral
tibialis anterior using the following parameters: sampling fre-
quency of 200 Hz, 10-90 Hz filtering, and sensitivity of 10 uV/
mm. An event of leg movement was defined as an increase
of 28 uV in the electromyography voltage above the resting
value that lasted for 0.5-10 seconds.”*” A periodic leg move-
ment series was defined as at least four consecutive leg move-
ment events with a period of 5-90 seconds between the leg
movements. Leg movements in bilateral legs with an interval
of <5 seconds were considered a single leg movement. Respi-
ratory event-related leg movements were excluded from the
scoring of periodic leg movements when the leg movements
occurred during the period from 0.5 seconds preceding a re-
spiratory event to 0.5 seconds after the event.”>” The pres-
ence of PLMS was defined as a periodic leg movements index
(PLMI) of >15, corresponding to the number of leg move-
ments collected by definition per hour.

Measures

The Epworth Sleepiness Scale (ESS) is a self-reported eight-
item questionnaire asking how often the individual feels sleepy
during daytime activities.”* Each item is scored from 0 to 3,
resulting in lowest and highest possible scores of 0 and 24,
respectively. A higher score represents greater daytime sleep-
iness, and EDS was defined as an ESS score of >11. The Beck



Depression Inventory (BDI) is a self-reported 21-item ques-
tionnaire on how an individual has been feeling during the
past week.” Each item is scored from 0 to 3, and hence the
total score ranges from 0 to 63, with a higher score represent-
ing greater depressed mood. Sleep hygiene was assessed us-
ing the Sleep Hygiene Index (SHI),” which comprises 13 items
scored from 1 to 5. The total score therefore ranges from 13
to 65, with a higher score indicating worse sleep hygiene.

Statistical analysis

Students ¢-test, the Mann—Whitney U test, and the Pearson’s
chi-square test were used for statistical analysis depending
on the type and distribution of the variable. To determine sex
interactions with OSA, PLMS, and EDS, a logistic regression
analyses with interaction terms were performed using an ESS
score of 211 as the dependent variable. Sex, an AHI of >30,
and a PLMI of >15 were used as the independent variables.
The models were adjusted by the confounding variables ex-
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hibiting a p value <0.05 in univariate analysis. Variables with
a condition index of >30 or a variance inflation factor of >10
were excluded due to the assumed presence of multicollinear-
ity. We used the Hosmer-Lemeshow test to evaluate the good-
ness of fit of a statistical model. Statistical analyses were con-
ducted with the Statistical Package for the Social Sciences
(version 21.0, IBM Corp., Armonk, NY, USA). A two-tailed
p value <0.05 was considered significant.

RESULTS

Subjects

Of 1,661 consecutive subjects with an AHI of =5 enrolled dur-
ing the study period, 37 subjects were excluded due to a total
sleep time of <180 min (n=21), narcolepsy (n=3), or incom-
plete data (n=13). The remaining 1,624 subjects with OSA
were included in the study (Table 1). The medical comorbidi-
ties noted included medical disorders (n=168), neurological

Table 1. Subject characteristics and comparisons thereof depending on excessive daytime sleepiness in males and females with obstructive sleep

apnea
Males (n=1,284) Females (n=340)
Total (n=1,624) ESS score <11 ESS score =11 ESS score <11 ESS score 211
(n=787) (n=497) (n=217) (n=123)

Age (yr) 51.4+11.7 50.9+11.9 48.8%11.7°F 56.0110.3 56.319.5
BMI (kg/m?) 26.1£3.8 26.1£3.5 269+3.8° 24.814.0 25.5£3.9
Hypertension 577 (35.5) 286 (36.3) 166 (33.4) 75 (34.6) 50 (40.7)
Diabetes mellitus 188 (11.6) 94 (11.9) 53(10.7) 21(9.7) 20 (16.3)
Medical comorbidities 270 (16.6) 121 (15.4) 79 (15.9) 43(19.8) 27 (22.0)
ESS score 9.4+53 6.0t2.8 14.613.2° 6.0+2.8 15.814.0°
AHI 27.3 [15.1-46.0] 28.0 [16.0-45.3] 32.0[18.2-52.0 20.5 [11.4-35.4] 17.0 [10.0-28.3]
AHI >30 735 (45.3) 369 (46.9) 270 (54.3)* 68 (31.3) 28 (22.8)F
PLMI >15 267 (16.4) 137 (17.4) 68 (13.7) 31(14.3) 31(25.2)°
PLMAI >5 77 (4.7) 39 (5.0) 18 (3.6) 11 (5.1) 9(7.3)
Total arousal index (/h) 34.7+17.1 35.2+15.1 38.0+20.0° 29.0+15.2 28.0+173
BDI score 10.2+7.7 8.4%7.0 11.147.3° 113483 16.2+8.8°
SHI 23.0+19.0 222491 25.0%9.19° 20.5%8.1 243%8.2°
Subjective sleep quantity (h) 6.4+13 6.5+13 6.2+1.4" 6.2+13 6.1+1.6
Sleep architecture

N1 (min) 106.9£53.3 111.4148.2 117.6£59.3" 82.0141.9 79.1£54.2

N2 (min) 149.1+49.4 14751465 146.61+52.7 156.5+48.5 156.01+53.2

N3 (min) 17.8 [1.5-46.0] 13.0 [0.5-40.0] 15.0 [0.5-41.3] 35.0[9.3-59.8] 32.5[7.5-66.0]

REM (min) 58.4+25.6 5541243 60.2£26.5 61.7124.8 64.2129.6

TST (min) 342.2%474 338.5146.3 349.5148.1° 340.4146.1 339.4+51.3

Sleep latency (min) 3.5[1.5-7.5] 3.6 [2.0-7.5] 3.0[1.5-55]° 45 [2.5-10.5) 3.5[1.5-8.0]

WASO (min) 26.4 [13.0-51.4] 28.0 [14.0-51.8] 21.5 [11.0-45.0)° 30.5 [15.2-58.5] 30.1 [14.5-60.0]

Sleep efficiency (%) 91.4 [84.3-95.5] 90.6 [84.0-95.0] 93.3 [86.0-96.0)° 90.2 [82.0-95.2] 90.3 [80.8-95.3]

Data are n (%), meantstandard deviation, or median [interquartile range] values.
*p<0.1; Tp<0.05; *p<0.01; °p<0.001.
AHI, apnea-hypopnea index; BDI, Beck Depression Inventory; BMI, body mass index; ESS, Epworth Sleepiness Scale; PLMAI, periodic limb movements
arousal index; PLMI, periodic limb movements index; REM, rapid eye movement; SHI, Sleep Hygiene Index; TST, total sleep time; WASO, wake after

sleep onset.
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diseases (n=72), and psychiatric disorders (n=30). Overall,
medical comorbidities were more common in females (20.6%)
than in males (15.6%) (p=0.027). Severe OSA was more com-
mon in males (49.8%) than in females (28.2%) (p<0.001), while
24.4% (n=397) of all subjects had mild OSA and 30.3% (n=
492) had moderate OSA. The proportions of subjects with
PLMS and EDS did not differ between females and males
overall.

The proportions of subjects with EDS did not differ depend-
ing on presence of severe OSA or PLMS in males and females
(Table 1). Severe OSA was particularly prevalent among males
with an ESS score of >11. However, PLMS were less common

Table 2. Results of logistic regression analysis revealing factors asso-
ciated with EDS in patients with OSA (n=1,624)

ESS score 211

Model and variables

OR 95% Cl P

Model without interaction®

Sex, male 1225  0938-1.600 0.136

AHI >30 1.208 0.979-1.490 0.078

PLMI >15 0910 0.687-1.206  0.512
Model with interaction of sex and severe OSA*

Males with AHI <30 1.000

Males with AHI >30 1.366 1.084-1.722 0.008

Females with AHI <30 1.027  0.747-1.412  0.870

Females with AHI >30 0.673 0.413-1.095 0.111
Model with interaction of sex and PLMS*

Males with PLMI <15 1.000

Males with PLMI >15 0.708 0.510-0.982 0.038

Females with PLMI <15 0.669 0.497-0.901 0.008

Females with PLMI >15 1.378 0.805-2.359 0.242

*Adjusted by BDI score, SHI, and the presence of medical comorbidi-
ties; *Adjusted by PLMI >15, BDI score, SHI, and the presence of medi-
cal comorbidities; *Adjusted by AHI >30, BDI score, SHI, and the pres-
ence of medical comorbidities.

AHI, apnea-hypopnea index; BDI, Beck Depression Inventory; Cl, confi-
dence interval; EDS, excessive daytime sleepiness; ESS, Epworth Sleepi-
ness Scale; OR, odds ratio; OSA, obstructive sleep apnea; PLMS, peri-
odic limb movements during sleep; PLMI, periodic limb movements
index; SHI, Sleep Hygiene Index.

in males with an ESS score of 211 than in those with an ESS
score of <11, but more common in females with an ESS score
of 211 than in those with an ESS score of <11. For both male
and female subjects, the BDI score and SHI were positively
associated with an ESS score of 211 (all p values<0.001). With
regard to sleep architecture, males spent more time in N1 sleep
and less time in N2, N3, and REM sleep; had a shorter sleep
latency and wake-after-sleep-onset time; and had a higher
sleep efficiency than females.

Sex interaction with OSA and PLMS on EDS

A multiple logistic regression without interaction terms showed
that all independent variables (sex, AHI 230, and PLMI >15)
were not significantly associated with an ESS score of 211, al-
though an AHI of >30 almost reached statistical significance
(p=0.078) (Table 2). The model was adjusted by BDI score,
SHI, and presence of medical comorbidity. Body mass index,
total arousal index, total sleep time, and subjective sleep quan-
tity at home were excluded from the model due to a condi-
tion index of >30, and age was removed from the model be-
cause p was <0.05 in a Hosmer-Lemeshow test.

Compared with males with an AHI of <30, the odds ratio
(OR) for an ESS score of 211 was higher in males with an AHI
of 230, but not in females regardless of the AHI (Table 2). In
contrast, compared with males with a PLMI of <15, the OR
for an ESS score of >11 was lower in males with a PLMI of >15
and females with a PLMI of <15, but not in females with a
PLMI of >15.

The effects of sex interaction with severe OSA and PLMS
on EDS were significant in both the crude and adjusted mod-
els (all p values<0.05) (Table 3). Specifically, in the adjusted
model, an AHI of >30 was associated with an ESS score of
>11 in males (OR=1.359, 95% confidence interval [CI]= 1.079-
1.713, p=0.009), but not in females (p=0.113). A PLMI of >15
was more likely to be associated with an ESS score of 211 in
females (OR=2.075, 95% CI=1.163-3.702, p=0.013), whereas
a PLMI of >15 was less likely to be associated with an ESS
score of 211 in males (OR=0.711, 95% CI=0.512-0.987, p=

Table 3. Results of logistic regression analysis revealing sex interactions with sleep apnea and periodic limb movements during sleep on EDS in

patients with OSA (n=1,624)

ESS score 211

Effect Sex Crude model Adjusted model*
Interaction p OR 95% Cl p Interaction p OR 95% Cl p
AHI >30 Male 0.0Mm 1.338 1.068-1.677 0.0m 0.013 1.359 1.079-1.713 0.009
Female 0.644 0.385-1.078 0.094 0.651 0.383-1.106 0113
PLMI >15 Male 0.003 0.763 0.556-1.046 0.093 0.002 071 0.512-0.987 0.041
Female 2.026 1.158-3.545 0.013 2.075 1.163-3.702 0.013

*Adjusted by BDI score, SHI, and the presence of medical comorbidities.

AHI, apnea-hypopnea index; BDI, Beck Depression Inventory; Cl, confidence interval; EDS, excessive daytime sleepiness; ESS, Epworth Sleepiness Scale;
OR, odds ratio; OSA, obstructive sleep apnea; PLMI, periodic limb movements index; SHI, Sleep Hygiene Index.
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0.041). The Hosmer-Lemeshow test showed that the model
had a good fit (p=0.631). All of the variance inflation factors
were <3, and the condition index was 12.5.

DISCUSSION

We found significant sex differences in the relationships be-
tween EDS, severe OSA, and PLMS. With regard to the in-
teraction between sex and severe OSA, males but not females
were more likely to have EDS when they had severe OSA.
These findings are similar to a recent report of the relation-
ship between apnea severity and daytime sleepiness differing
between males and females,' where each unit increase in ESS
score was threefold more strongly related to an increase in
AHI in males than in females." In contrast, in the Sleep Heart
Health Study (in which 42% of participants were females), the
ESS scores did not differ with sex after controlling for AHL”
In that study, AHI was significantly correlated with the ESS
scores, but no significant moderation of the relationship be-
tween them by sex or the presence of nocturnal leg cramps
or leg jerks was identified in analyses of the covariance.” Sim-
ilarly, in another recent study (in which 51% of subjects were
females), the ESS scores did not differ between males and fe-
males after controlling for AHI,*® and AHI had a significant
independent association with daytime sleepiness, with no sig-
nificant moderation by sex.”® In addition, we found that EDS
was not significantly associated with severe OSA, although
an AHI of 230 almost reached statistical significance (p=
0.078). Some studies have found a significant relationship be-
tween EDS and OSA severity,”* but this remains controver-
sial because other studies have not found a strong relation-
ship between EDS and apnea severity in patients with OSA.>"
These discrepancies may be due to methodological issues such
as differences in the size and in the age and sex distributions
of the study populations.

Despite daytime sleepiness not varying with PLMS, we found
significant differences in the association between EDS and
PLMS depending on sex. Specifically, females with PLMS were
sleepier than those without PLMS after controlling for their
apnea severity. In contrast, males with PLMS were less sleepy
than those without PLMS. The associations between PLMS
and daytime sleepiness are inconsistent in the literature. Since
PLMS are often accompanied by arousal," their presence may
be one of the risk factors for EDS. However, two recent pop-
ulation-based studies did not find that PLMS caused daytime
sleepiness regardless of associated arousals.'*"” It is particu-
larly interesting that some hospital-based studies have found
a negative association between PLMS and daytime sleepi-
ness, similar to that observed for males in the present study.
A recent Korean study of males with OSA found a significant
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negative association between EDS and PLMS even after con-
trolling for AHL*' Another study of 1,124 adults with OSA
(70% of which were males) showed that a PLMI of >5 was in-
versely associated with sleepiness measured objectively using
a multiple sleep latency test, but not with subjectively mea-
sured sleepiness (i.e., ESS scores).” In contrast, a study of sub-
jects with OSA found that females were more likely to have
PLMS than males, particularly among those aged <55 years,
and that females (but not males) with PLMS had less subjec-
tive sleepiness than those without PLMS.*

The mechanisms underlying sex differences in the relation-
ships between EDS, severe OSA, and PLMS are unclear. A pos-
sible influencing factor is the use of a subjective measure to
detect sleepiness. Males and females answer questions about
sleepiness differently. Females with OSA are more likely to use
various expressions compared to male such as lack of energy,
tiredness, or fatigue, to depict their daytime sleepiness.” There-
fore, using the ESS to detect subjective sleepiness is more like-
ly to identify this in males than in females.”’ However, this does
not explain why males were less sleepy than females among
the subjects with PLMS in the present study. In a recent study,
males with PLMS had a shorter total sleep time and worse
sleep architecture than those without PLMS, despite having
less-severe OSA.?' Scofield et al.? also reported that those with
a PLMI of >15 were much more likely to complain of insom-
nia than EDS. Decreased sleepiness in males with PLMS de-
spite the presence of significant sleep disturbances raises the
possibility that PLMS reflect a neurophysiologic mechanism
by which the brain reduces daytime sleepiness.” Such an mech-
anism might explain why PLMS are common in individuals
with multiple types of sleep disorders. Another possible mech-
anism is the influence of untested confounding variables known
to be related to PLMS, such as age.”

Another possible factor influencing the observed sex dif-
ferences is the comorbidity of restless legs syndrome (RLS)
with PLMS. Similar to the interactions between EDS, PLMS,
and sex observed in this study, the Wisconsin Sleep Cohort
study found significant interactions between RLS and PLMS
with regard to daytime sleepiness measured objectively us-
ing a multiple sleep latency test.'® Specifically, among patients
with RLS symptoms, those with PLMS had more daytime
sleepiness than those without PLMS, whereas among those
without RLS symptoms, those with PLMS had less daytime
sleepiness than those without PLMS.'® Taking into consider-
ation such interactions between RLS and PLMS, and epide-
miological data showing that females older than 35 years are
twice as likely as males of the same age to have RLS,” the find-
ings of the present study indicating increased daytime sleep-
iness in females with PLMS may partly reflect the interaction
between RLS and PLMS. However, most subjects with RLS
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rarely complain about daytime sleepiness.”* Although the find-
ings in the present study are interesting, firm conclusions can-
not be drawn because we did not use an objective measure to
detect sleepiness or RLS as an independent variable in the
analysis.

Some caution is necessary when interpreting our findings.
First, our data did not produce evidence for causal or tem-
poral relationships because the study had a cross-sectional
design. Second, information was not collected about insom-
nia, which may influence daytime sleepiness. A recent meta-
analysis revealed a high overall prevalence (38%) of insom-
nia among subjects with OSA.* Third, as mentioned above,
RLS was not assessed, and so our findings may have been con-
founded by undiagnosed RLS. Finally, we assessed daytime
sleepiness subjectively using the ESS, and the ESS score might
not reflect objective sleepiness as measured using the multi-
ple sleep latency test.*

In summary, we found significant sex differences in the re-
lationships of subjective daytime sleepiness with severe OSA
and PLMS. Specifically, males (but not females) were sleepier
when they had severe OSA, whereas females (but not males)
were sleepier when they had PLMS.
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