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women with obstructive sleep apnea
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Abstract

Background: Obstructive sleep apnea contributes to daytime sleepiness, poor quality of life and increased risk for
heart disease and hypertension among women. Continuous positive airway pressure improves sleepiness and
quality of life and may reduce health risks but few studies have evaluated predictors of adherence among women.
The goal of this study was to evaluate the role of relationship factors in women’s continuous positive airway pressure
(CPAP) adherence and change in relationship quality among married/partnered women.

Methods: Women recently diagnosed with obstructive sleep apnea completed relationship quality, social support
questionnaires and spousal involvement interviews. CPAP adherence was collected at 12 weeks.

Results: Data were available for 16 women. Average CPAP adherence was 3.6 SD = 2.7 h per night. Women with higher
reports of social support had higher adherence. None of the unmarried/partnered participants were adherent to the
recommendation of CPAP use≥ 4 h per night at 12 week follow-up. Marital status was not associated with demographic,
disease severity or social support measures. Relationship conflict among married/partnered participants was associated
with lower adherence. In qualitative surveys, encouragement and support were the two most commonly reported types
of partner involvement. Relationship quality did not change between baseline and 3 months.

Conclusion: Results suggest relationship factors are robust predictors of CPAP adherence among women with obstructive
sleep apnea.
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Background
Obstructive sleep apnea (OSA) prevalence rapidly in-
creases among middle aged women, and prevalence of
moderate to severe OSA is 6% of postmenopausal
women (Redline et al. 2014). Consequences of OSA in-
clude daytime sleepiness, depressive symptoms, de-
creased quality of life as well as increased risk for
cardiovascular disease, diabetes and stroke (Doherty
et al. 2005; Engleman et al. 1994; Marin et al. 2005,
2012). The main treatment for OSA is continuous posi-
tive airway pressure (CPAP), in which the patient wears
a mask connected to a small machine that pushes hu-
midified air into the airway, thus preventing airway col-
lapse during sleep. Despite the benefits of continuous
positive airway pressure (CPAP) for health and quality of
life, 46–83% of OSA patients are non-adherent (Weaver
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and Grunstein 2008). Understanding women’s CPAP use
is important because women with untreated OSA have
increased risk of hypertension, stroke and cardiovascular
death. Two studies have highlighted elevated cardiovas-
cular mortality and stroke in samples of women with
OSA (Campos-Rodriguez et al. 2012, 2014). Few studies
have focused on women with OSA and only a handful of
those examine CPAP adherence (Ye et al. 2009). Three
studies have demonstrated that women have poorer ad-
herence compared to men (Joo and Herdegen 2007;
Pelletier-Fleury et al. 2001; Woehrle et al. 2011). In an
urban public hospital, for example, women were 1.72
times more likely to be non-adherent to CPAP even
when adjusting for age and race (Joo and Herdegen
2007). However, one study reported higher adherence in
women (Sin et al. 2002) and two studies have reported
no relationship between gender and adherence (Gagnadoux
et al. 2011; McArdle et al. 1999).
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Given that so few studies have explored effects of gen-
der in adherence rates, even fewer studies have explored
the role of gender in CPAP adherence. Relationship
quality is a factor known to affect adherence to many
different medical treatments, such as medication and
dialysis adherence (DiMatteo 2004; Gove et al. 1990;
Lewis and Butterfield 2007). However few studies have
evaluated the role of social support and relationship
quality in CPAP and none have been conducted among
female patients. Despite compelling evidence linking re-
lationships and social support to health (Uchino 2006;
House et al. 1988; Walen and Lachman 2000), there is
limited understanding of the role of relationships in
CPAP treatment, especially among women. One study
conducted in men and women found that having a bed
partner was associated with greater CPAP adherence
(Lewis et al. 2004). A recent study found that being mar-
ried was associated with higher adherence in a sample of
both women and men (Gagnadoux et al. 2011). How-
ever, these studies did not take into account relationship
quality or they ways in which spouses were involved. We
previously reported in a study of male patients with
OSA, higher relationship conflict was associated with
poorer adherence and collaborative spousal involvement
by the spouse was associated with greater CPAP adher-
ence (Baron et al. 2011; Baron KG 2008). Given that
women are more physically and emotionally reactive to
relationship conflict (Kiecolt-Glaser and Newton 2001) and
both marital status and relationship quality have been asso-
ciated with women’s sleep quality (Gallo et al. 2003).
Therefore, the purpose of this study was to evaluate

the role of relationship status and relationship quality in
CPAP adherence among women with newly diagnosed
OSA. We predicted that being married or partnered, as
well as having higher relationship quality and higher
general levels of social support would be associated with
higher adherence. Our battery included known predic-
tors of CPAP adherence (self-efficacy for CPAP), pre-
sleep arousal, which has been related to relationship
quality, and a measure of insomnia symptoms, which are
more common among women. We also assessed partner
support through open-ended questions with married or
partnered participants to explore the helpful and un-
helpful ways their partners were involved in CPAP treat-
ment. Finally, we evaluated change in relationship
quality among married/partnered participants over the
first 3 months of starting CPAP.

Methods
Participants
This study was approved by the Northwestern University
Institutional Review Board and all participants com-
pleted written informed consent. Women who were
undergoing polysomnography due to suspected OSA
were recruited for the study from the Northwestern Med-
ical Center Sleep Disorders Laboratory. Patients were re-
cruited at the diagnostic, split night or titration study and
completed questionnaires before CPAP was set up at
home. Inclusion criteria included: female gender and
CPAP naïve. Exclusionary criteria included: diagnosis of
chronic obstructive pulmonary disease, neurological disor-
ders, use of supplemental oxygen, plan to undergo surgery
in the next 3 months, use of other treatments for OSA
(including bariatric surgery, upper airway surgery, or oral
appliance), dementia, inability to read or write in English
and unstable psychiatric disorders.

Procedure
Female participants undergoing diagnostic, split night,
or CPAP titration studies aged 18–70 were recruited
using flyers and phone calls. Participants who were in-
terested in the study were invited to complete question-
naires in a one hour visit to the sleep research
laboratory. Pre-treatment questionnaires were scheduled
after an OSA diagnosis was confirmed via polysomno-
graphy but before CPAP was set up in their home. All
PSG were conducted in the laboratory (no home PSG
studies) and were scored using standard AASM criteria.
Patients participated in the standard clinic protocol for
titration and CPAP initiation. All participants had mask
fittings and CPAP education with a sleep technician at
the titration or split night study. Patients were assigned
to durable medical equipment (DME) companies for
CPAP set-up per the clinic’s usual practices. The DME
company representative again reviewed the use and care
of the equipment as well as the importance of compli-
ance. CPAP machine settings were determined by the or-
dering physician who was blinded to study enrollment
status of each patient. Adherence was determined ob-
jectively, based on reports generated by querying the in-
ternal recording system that accompanies the CPAP
devices. The data was obtained by electronic download
at 10–12 weeks after treatment initiation.

Measures
Demographics: Age, gender, race, education, and income
were assessed by self-report.
Depressive Symptoms: Depressive symptoms were

assessed using the Center for Epidemiologic Studies
Depression Scale, (CES-D; Radloff 1977). This 20-item
measure is a commonly used and well-validated measure
of depressive symptoms in which scores ≥ 16 are associ-
ated with clinically elevated depressive symptoms in
middle-aged and older adults.
Subjective Sleepiness: The Epworth Sleepiness Scale

(ESS) was used to assess self-reported subjective sleepi-
ness at baseline (Johns 1991). In this questionnaire, par-
ticipants rate the likelihood they would fall asleep in 8



Baron et al. Sleep Science and Practice  (2017) 1:10 Page 3 of 8
different situations, such as being a passenger in a car.
Scores range from 0–24 and scores >10 have been asso-
ciated with excessive sleepiness (Johns 1991).
Relationship Quality: Relationship quality was mea-

sured by the Quality of Relationship Inventory (QRI)
support and conflict subscales at baseline and follow-up
(Pierce et al. 1991). The support subscale contained
items related to emotional support in the marriage, such
as “To what extent could you count on your spouse for
help with a problem?” and “To what extent could you
count on this person to listen to you when you are very
angry at someone else?” The conflict subscale contained
items related to the frequency and extent of marital con-
flict, such as, “How angry does your spouse make you
feel?” and “How often do you have to work hard to avoid
conflict with your spouse?” Subscales were scored as the
average of the 7 support items and average of the 12
conflict items. Reported test-retest reliability correlations
ranged from 0.48 to 0.79 (Pierce et al. 1997; Verhofstadt
et al. 2006). This questionnaire in our sample demon-
strated adequate internal consistency (Cronbach’s alpha =
0.80 for the support subscale and 0.74 for the conflict
subscale).
Social Support: Social support was measured using

the Enhancing Recovery in Coronary Heart Disease
Patients social support index (ESSI) (Mitchell et al.
2003). This 8 item questionnaire measures structural,
instrumental, and emotional social support. Scores
range from 8 to 34, with higher scores indicating
greater social support. This measure had good in-
ternal consistency in our sample (Cronbach’s alpha =
0.86). Although it was developed in cardiac patients,
this measure has been used in other medical popula-
tions including cancer and HIV (Penedo et al. 2012;
Mergenova et al. 2016).
Sleep Apnea Self-Efficacy: Self efficacy related to sleep

apnea was measured by the Self Efficacy Measure for
Sleep Apnea. This 26-item measure contains 3 subscales:
risk perception of OSA (e.g., “chances of falling asleep
driving”), outcome expectancies of CPAP (e.g., “job per-
formance will improve”), and treatment self-efficacy
(e.g., “I would use CPAP if it made my nose stuffy”).
Patients completed this measure at baseline. In valid-
ation studies of OSA patients, this scale demonstrated
good psychometric properties. Cronbach’s alpha was re-
ported as 0.90 for the total scale, 0.85–0.89 for the 3
subscales and reported test-retest reliabilities ranged
from 0.68–0.77 (Weaver et al. 2003). In our sample,
Cronbach’s alpha was between 0.70 and 0.89.
Perceived important of OSA treatment: We assessed

perceived importance for OSA treatment in one item:
“How important is it to you that you are treated for
OSA”. Item responses range from 0 (not at all) to 5 (very
motivated).
Pre-sleep Arousal was measured by the Pre-sleep
arousal scale (Nicassio et al. 1985). This 16 item scale
has two subscales “cognitive” and “somatic”. Items for
the cognitive arousal subscale include the feeling of hav-
ing an active mind before sleep, anxious or depressed
thoughts. The somatic pre-sleep arousal subscale in-
cludes physical feelings of anxiety and restlessness before
sleep, such as a racing heart. Items are scored from 1
(not at all) to 4 (extremely). Scores range from 8–40.
This scale has demonstrated adequate reliability and in-
ternal validity (Nicassio et al. 1985; Jansson-Frojmark
and Norell-Clarke 2012).
Insomnia Symptoms were measured by the Insomnia

Severity Index (ISI). This 5 item scale assesses symptoms
of insomnia as well as satisfaction with quality of sleep
and concern about the impact of sleep on quality of life
(Morin 1993). Chronbach’s alpha demonstrated adequate
internal consistency (0.74) and this measure has been
demonstrated to have adequate concurrent validity and
sensitivity to improvements in sleep (Bastien et al. 2001).
Apnea severity was determined by the apnea severity

index (apnea or hypopnea events per hour) on the diag-
nostic polysomnography or the diagnostic portion of the
split night polysomnogram.

Data analysis
Data were analyzed using SPSS Version 20. Participant
characteristics were described using means, standard
deviations, and percentages. Associations between rela-
tionship status, quality, and CPAP adherence were evalu-
ated using Pearson correlations and linear regression.
All tests were 2-tailed and statistical significance was
defined as p < 0.05.

Results
Sample characteristics
Sample characteristics are listed in Table 1. During the
recruitment period, 384 women underwent polysomno-
graphy and study staff identified 129 women who met
eligibility criteria for the study. Reasons for non-
participation were not provided by most of the potential
participants but those who did provide reasons reported:
they were not starting CPAP (n = 6), they did not have
time to participate (n = 3) and they already started CPAP
at home (n = 4). Of the eligible women who were pro-
vided flyers and phone calls, 33 women volunteered for
the study. Nine women dropped out without providing a
reason before completing informed consent. A total of
24 women provided informed consent and completed
baseline questionnaires for the study. There were no dif-
ferences in age, BMI, insurance type, AHI between par-
ticipants and non-participants. After enrollment, three
participants declined CPAP treatment and data from
one participant was removed from the analyses due to



Table 1 Participant Characteristics

N = 20 M (SD) or N (%)

Age 50 (10) years

Race/Ethnicity

Black 6 (30%)

White 9 (45%)

Latina 4 (20%)

Other/more than one race 1 (5%)

Marital Status

Married 7 (35%)

Living with a romantic partner 6 (30%)

Never married, living alone 5 (25%)

Other (separated, widowed) 2 (10%)

Apnea Hypopnea Index 20.5 (16.3) events/h

Epworth Sleepiness Scale 11.7 (5.0)

Body Mass Index 37.8 (10.8) kg/m2

CPAP Adherencea

Average use per night 3.7 (2.8) hours

Percentage with adherence ≥4 h, 70% of nights 6 of 16 (38%)
aCPAP adherence data were missing for 4 participants (unable to contact 3
participants, equipment failure in 1 participant)

Table 2 Comparison of key variables for married/partnered
versus unmarried/unpartnered participants

Married or partnered
women (N = 13)
M (SD) or N (%)

Unmarried and
unpartnered
women (N = 7)
M (SD) or N (%)

Age 50.8 (9.1) 48.7 (12.0)

Race

White 7 (53) 2 (29)

Black 3 (23) 3 (43)

Hispanic/Latina 5 (15) 2 (29)

Other/More than 1 race 1 (8) 0 (0)

Apnea Hypopnea Index 16.2 (12.4) 28.4 (20.5)

Epworth Sleepiness Scale 11.7 (4.7) 11.7 (5.9)

Body Mass Index 35.0 (8.4) 42.7 (13.4)

Split night study 4 (57) 3 (23)

CPAP Adherence*

Average use per night 4.6 (2.8) 2.1 (1.7)†

Adherence ≥4 h, 70%
of nights

6 (60) 0 (0)*

Center for Epidemiologic
Depression Scale (CES-D)

12.9 (6.6) 13.9 (4.3)

CPAP Self-Efficacy 27.4 (6.7) 34.6 (4.6)*

Perceived importance of
treating OSA (1, not
important-5, very important)

4.7 (0.9) 4.9 (0.4)

Insomnia Severity Index 15.5 (7.9) 20.4 (6.6)

Presleep Arousal Scale

Cognitive 20.9 (10.2) 23.9 (9.4)

Somatic 16.5 (9.5) 19.5 (9.4)

*p < .05, †p < .08
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prior CPAP use. Therefore, the resulting sample was 20
participants (with adherence data available for 16 of the
20 participants). Missing adherence data were due to in-
ability to contact participant for download (n = 3) and
one participant did not have a chip to record adherence.
The sample was 45% (n = 6) non-Hispanic white. Over
half of participants were married or living with a roman-
tic partner (n = 13, 65%). There was a range of apnea se-
verity but the average AHI was in the moderate range.
Average subjective sleepiness was >10 and BMI was in
the obese range. Average adherence was 3.7 h (SD = 2.8)
and the range was 0.1 h to 7.8 h. Of the 16 participants
with adherence data, 6 (38%) were considered adherent
(CPAP ≥4 h on ≥ 70% of nights).

Associations with CPAP Adherence
Comparisons of characteristics of married/partnered vs.
unmarried partnered participants are listed in Table 2.
There was a trend for higher average nightly CPAP use
among married/partnered participants compared to un-
married/unpartnered participants (4.6 h versus 2.1 h, p <
0.08). Using the Medicare adherence criteria of ≥4 h of
use on 70% of nights, 40% of married or partnered partici-
pant and 100% of the unpartnered patients were non-
adherent (p < .05). Unmarried/unpartnered participants
reported greater CPAP self-efficacy (p < .05) but there
were no other differences demographic, disease related, or
psychosocial characteristics between married/partnered
and unpartnered participants.
Correlations between adherence, relationship quality,
social support, self-efficacy, and pre-sleep arousal are
listed in Table 3. Among married or partnered pa-
tients, relationship conflict was negatively associated
with adherence (r = -0.60, p < 0.05, Fig. 1). Ratings of
support in the relationship were unassociated with
adherence. Greater perceived social support was posi-
tively associated with adherence among all partici-
pants (r = 0.65, p < 0.05, Fig. 2). In addition, both
cognitive and somatic pre-sleep arousal were associ-
ated with poorer CPAP adherence (r = -0.53, p < 0.05,
r = -0.59, p < 0.05,) and higher relationship conflict (r
= 0.66, p < 0.05, r = 0.53, p < 0.05). Depressive symp-
toms were correlated with relationship conflict (r =
0.58, p < 0.05), social support (r = -0.48, p < 0.05), cogni-
tive (r = 0.60, p < 0.05) and somatic pre-sleep arousal (r =
0.63, p < 0.05). Relationship support, depressive symp-
toms, insomnia symptoms, CPAP self- efficacy were not
associated with CPAP adherence.



Table 3 Correlations between CPAP use, relationship quality and social support

1. 2. 3. 4. 5. 6. 7. 8. 9.

1. CPAP Use – −.60* .37 .65* .30 .01 .01 −.53* −.59*

2. Relationship conflict – −.25 −.47 −.33 −.01 .31 .66** .53*

3. Relationship support – .09 −.02 −.13 −.34 −.41 −.46

4. Social support − −.14 .09 −.06 −.36 −.39

5. OSA risk − .28 −.23 −.13 −.06

6. CPAP expectations − .04 .23 .48

7. OSA self-efficacy – .21 .11

8. Cognitive pre-sleep arousal – .74

9. Physiological pre-sleep arousal –

*p < .05, **p < .01
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Qualitative responses about “helpful” and “unhelpful”
spousal behaviors
One week after CPAP initiation, 7 participants pro-
vided responses to open ended questions about help-
ful and unhelpful ways their spouse or partner was
involved in CPAP. The majority (6 of 7) of partici-
pants reported support and encouragement from their
spouse/partner to use CPAP. Helpful types of involve-
ment reported by participants included: asking about
CPAP, problem solving, support, providing encourage-
ment, using humor, helping the participant “realize
the benefits” of CPAP, encouraging use to “better my
health”, helping the participant to feel less self-
conscious about it, and checking to see if she is snor-
ing at night. One participant reported her spouse was
not involved in CPAP use and two participants report
unhelpful types of involvement. Unhelpful types of in-
volvement listed included: repeatedly asking if “it’s
working” and making fun of the participant (referring
to it as a “Darth Vader” mask).
Change in relationship quality
Participants did not demonstrate changes in overall rela-
tionship quality, relationship support or conflict (Table 4).
Fig. 1 Relationship conflict is associated with lower CPAP use
Discussion
Results of this study demonstrate that both relationship
status and relationship quality strongly predict women’s
CPAP adherence. We found a very strong link between re-
lationship status (being married or living with a partner)
and adherence, in that 40% of married/partnered partici-
pants were adherent according to the criteria set by Medi-
care whereas none of the unpartnered participants were
adherent (≥4 h of CPAP use on 70% of nights). Further-
more, there was a strong correlation between ratings of
conflict in the relationship (for married/partnered pa-
tients) as well as general levels of social support and CPAP
adherence. Therefore, even in the case of unpartnered
participants, higher levels of support from other sources
was associated with better adherence.
In an attempt to explain the effects of relationship sta-

tus on CPAP, we explored differences in demographic,
physical, and psychological variables. CPAP self-efficacy
was actually higher among unmarried/unpartnered par-
ticipants. However, we did find associations between re-
lationship quality and social support variables with
depression and pre-sleep arousal. Although our sample
size is too small to formally explore a mediation path-
way, this may be one way relationship conflict interferes
with CPAP adherence among women. Both cognitive
Fig. 2 Social support is associated with higher CPAP use



Table 4 Relationship quality measures at baseline and 3 month
follow-up for married/partnered participants (N = 13)

Baseline 3 Month follow-up

Relationship quality total score 60.3 (11.3) 59.7 (10.4)

Relationship support 3.5 (0.5) 3.4 (0.8)

Relationship conflict 2.0 (0.7) 2.1 (0.7)

P values are all non-significant
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(e.g., active thoughts and worry) as well as somatic pre-
sleep arousal (e.g., physical tension) were associated with
poorer CPAP use. Poor marital quality may increase pre-
sleep arousal, which may in turn negatively impact
CPAP adherence. Because patients wear CPAP at bed-
time, marital stress and lack of support may hinder
women’s motivation to use CPAP because they may be
more preoccupied with other factors, such as managing
relationship stress. It is also possible the feeling “wound
up” cognitively or physiologically may interfere with the
ability to tolerate CPAP in women. Previous studies have
found that marital happiness is associated with better
sleep quality in women, above and beyond depression
(Troxel et al. 2007).
We also queried married/partnered participants about

what they found to be helpful and unhelpful behaviors
from their spouse or partner one week after starting
CPAP. The majority reported that support and encour-
agement from their partner was an important factor in
their CPAP adherence. In addition, patients reported
their partners were involved in many different ways, in-
cluding helping them feel less self-conscious and helping
solve problems and check that they are wearing the
CPAP properly (e.g., monitoring for snoring). All but
one of the patients who responded to the open ended
questions could generate examples of helpful spousal in-
volvement. We received fewer answers on the item
about unhelpful spousal involvement. It is possible that
the women who did not provide responses to this
question either did not experience unhelpful spousal
involvement or were reluctant to report it. Our previ-
ous study of spousal involvement in men utilized a
written survey and found that 57% of male patients
reported their spouse attempted to scare them into
using CPAP, which is typically viewed as a negative
tactic (Baron et al. 2011).
Results of our study add to a broader context of the role

of relationships in OSA and CPAP use as well as the role
of gender in OSA treatment. The symptoms of OSA, in-
cluding snoring, daytime sleepiness, and depressed mood,
affect both patient and partner quality of life (Doherty
et al. 2003; Reishtein et al. 2006; Cartwright 2008;
Cartwright and Knight 1987; Baron et al. 2009). In male
participants, relationship conflict was associated with
poorer adherence and collaborative involvement from the
spouse was associated with higher adherence (Baron et al.
2009, 2011). Results of this study cannot address gender
differences per se; but, we can compare magnitude of cor-
relations between studies. In our previously published
study in men, the correlation between relationship conflict
and adherence was -0.31 whereas in this current study in
women, it is twice as strong (−0.61). Although relationship
conflict may be deleterious for CPAP adherence in both
men and women, it may have a greater negative impact on
women’s CPAP use. In addition, we reported a decrease in
perceived relationship conflict among men who started
CPAP, whereas in this study we did not observe a change
in relationship measures among women.
Our results are limited by a small sample size and re-

cruitment from a single center. It is possible we were un-
able to observe associations with adherence among some
of the typical predictors (e.g., self-efficacy) due to low stat-
istical power from samples size and/or lack of variability
in the measures. This study was also unable to identify the
frequency of symptoms such as claustrophobia, which
may have affected adherence. Strengths of this study are
in-depth assessment of spousal involvement and diversity
of the sample in terms of age, race/ethnicity, and social
structure. Future studies conducted in larger samples may
elucidate the pathways between these interrelated vari-
ables, and inform the design of interventions that take into
account relationship factors. Our results suggest that in-
creasing helpful spousal involvement may be helpful for
both men and women. We previously reported that col-
laborative involvement and support were associated with
higher adherence (Baron et al. 2011, 2012). To date only
one intervention has specifically involved spouses (Hoy
et al. 1999) and found that increasing helpful involvement
was one part of a successful intervention.

Conclusions
These data suggest that the context of a supportive
relationship is highly important to women’s CPAP
use. Understanding of gender and social processes
among women with OSA expands our knowledge and
ability to modify risk factors for poor CPAP adher-
ence in this population.
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