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Abstract
Background: Several studies have proposed that coping strategies are a key predictor of sleep
problems. Furthermore, some authors have suggested that depressive symptoms, a factor that
is related to both coping strategies and sleep, may play a critical role in this relationship.
However, this preliminary research has shown mixed results.
Purpose: The aim of this research is to study the relationship between coping strategies (i.e.,
emotion-focused and problem-focused coping) and sleep, and investigate whether this
relationship is direct or mediated by depressive symptoms.
Methods: Using a cross-sectional design, we tested this idea in a sample of 723 participants
from the Midlife in the United States 2 study (mean age=54.22 years, age range=25-74 years,
54.40% females, 95.1% had at least a high school education). We applied mediation analyses
with bootstrapped bias-corrected 95% confidence intervals to test total, direct, and indirect
effects. Coping and depression were assessed using questionnaires. Objective and subjective
sleep quantity and quality were measured using the Pittsburgh Sleep Quality Index (PSQl), sleep
diaries, and actigraphy.
Results: The results show that low emotion-focused coping and high problem-focused coping
are associated with lower depressive symptoms, which, in turn, are associated with better
objective and subjective sleep quality. Moreover, greater use of emotion-focused coping is
related to more perceived sleep time.
Conclusions: This study sheds light on the process of the development of sleep problems in
people who use different coping strategies. It offers explanations for the association between
emotion-focused and problem-focused coping and sleep problems, via depressive symptoms.
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Introduction

Sleep is a complex, multidimensional behavior that has an impact on both psychological
and physical health [1,2]. Inadequate levels of sleep dimensions, particularly sleep duration and
quality, are associated with important health problems such as cognitive deficits [3],
cardiovascular diseases [4], and endocrine dysregulations such as obesity [5]. Although sleep
has been found to be influenced by different psychological processes [6,7], the role these
factors play in sleep quality and quantity has not yet been fully explained. Understanding the
way different factors contribute to differences in sleep is crucial to preventing and treating
sleep problems and sleep-related health disorders.

Previous research suggests that coping styles may be important in understanding
interindividual differences in sleep [8]. Coping can be defined as “volitional efforts to regulate
emotions, thoughts, behaviors, physiology, and the environment in stressful events or
circumstances” [9], and it is relatively stable over time [10]. The literature identifies two major
groups of coping strategies: problem-focused coping refers to one’s efforts to improve the
stressful situation, solve the problem [11], or decrease the threat [12], whereas emotion-
focused coping aims to lessen the emotional discomfort triggered by the situation [13,14] and
regulate the distressing emotional and physiological reactions to the stressor [11]. Although the
effectiveness of certain coping strategies can be context dependent [15], palliative or emotion-
focused coping strategies are generally considered dysfunctional or “maladaptive” [16].
Specifically, even though emotion-focused coping may be useful when responding to
uncontrollable stressors or major life events [17,18], if some degree of control over the
situation is possible, problem-focused coping turns out to be effective [19]. Furthermore, in
contrast to problem-focused coping, emotion-focused coping does not reduce discrepancies;

therefore, this type of coping is generally not considered helpful in dealing with stress



[13,14,20,21]. Regarding the relationship between coping styles and sleep, in the Psycho-bio-
behavioral model of vulnerability to insomnia, Harvey, Gehrman and Espie [8] recently
proposed that emotion-focused coping may be a risk factor for developing sleep problems.
Along these lines, empirical evidence supports the idea that emotion-focused coping strategies
are associated with sleep disruption [8,22-25]. For instance, Sadeh, Keinan and Dahon [23]
showed that a high emotion-focused coping score was a predictor of reduced sleep time (as
measured by sleep diaries and actigraphy) in a group of good sleeping students during the week
before an important interview. Moreover, Fernandez-Mendoza and colleagues [25] revealed a
positive association between emotion-focused coping and vulnerability in developing insomnia,
suggesting that maladaptive coping strategies (such as emotion-focused coping) predispose
people to the development of insomnia.

Although these studies seem to support the idea that emotion-focused coping is related
to sleep problems, it is important to note that maladaptive coping has been strongly associated
with other psychological conditions that also affect sleep. Within this context, depression may
be a critical factor in understanding the relationship between coping and sleep problems. On
the one hand, theoretical and empirical research indicates that maladaptive coping strategies
are important factors leading to the development of depression [9, 26-33]. Furthermore,
longitudinal studies have demonstrated that the use of emotion-focused coping strategies
favors the development of depression in different populations [e.g., 34-37]. On the other hand,
research shows that depression contributes to higher sleep disturbance, measured with the
Pittsburgh Sleep Quality Index (PSQl) [38]. In addition, insomnia disorder frequently co-occurs
with mental health disorders such as Major Depressive Disorder [39], and studies have shown
that up to 80% of individuals with Major Depressive Disorder also present symptoms of

insomnia [40]. Therefore, an important question is whether emotion-focused coping strategies
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may lead to sleep problems due to their relationship with depression (i.e., a mediating path
from coping to sleep through depression). Along these lines, in a two-wave study with 55
cancer patients, Hoyt and colleagues [24] showed that depressive symptoms mediated the
relationship between avoidance coping and sleep symptom interference (e.g., the degree of
interference with daily functioning, the appearance of sleep problems to others, and worries
related to sleep problems). They observed that more avoidance coping was related to more
depressive symptoms, leading to more sleep symptom interference. Thomas and colleagues
[41] also made an attempt to test the mediating role of depressive symptoms between coping
(i.e., approach, avoidance) and perceived sleep, but they failed to observe a significant
relationship in a sample of 23 prostate cancer and 33 breast cancer patients. Therefore, so far,
research investigating the mediating role of depression in the relationship between coping and
sleep is scarce and has shown mixed results. However, these studies [23,40] had small samples
and only measured subjective sleep parameters. Thus, a critical gap in the literature is to
determine whether emotion-focused coping is directly related to sleep, or whether depression
mediates the relationship between emotion-focused coping and sleep.

In addition to the maladaptive emotion-focused coping strategy studied by Harvey and
colleagues [8], sleep might also be influenced by the use of more adaptive coping strategies
such as problem-focused coping. So far, this relationship has hardly been investigated. Sadeh
and colleagues [23] found a positive association between problem-focused coping and sleep
guantity measures (i.e., sleep period and true sleep time). Moreover, Thomas and colleagues
[41] showed a positive relationship between approach coping and better sleep in prostate
cancer patients. These studies support the link between problem-focused coping and sleep.
However, they included small and homogeneous samples (36 healthy students in Sadeh and

colleagues [23] and 56 cancer patients in Thomas and colleagues [41]. Therefore, more



research with a larger community sample is needed to investigate the role of problem-focused
coping in sleep in greater depth. Moreover, apart from its relationship with sleep, longitudinal
studies have shown that problem-focused coping predicts changes in depression [42-44],
suggesting that depression may also play a role in the relationship between problem-focused
coping and sleep.

Drawing on the above, and based on the Psycho-bio-behavioral model of vulnerability to
insomnia [8], coping strategies seem to be key factors in understanding interindividual
variability in sleep. Moreover, depressive symptoms, which are strongly related to both coping
strategies and sleep, may be a crucial factor in these relationships. However, no research has
addressed the possibility of a mediation path from coping through depression to sleep in a large
sample, considering key dimensions of coping (i.e., emotion- and problem-focused) and
different facets of sleep (i.e., sleep duration, sleep quality), and using different measures of
sleep (i.e., general sleep, perceived sleep using a diary, and actigraphy). Therefore, the aim of
this cross-sectional study was to investigate the relationship between coping strategies
(emotion-focused coping and problem-focused coping) and sleep problems (quantity and
quality) in a large sample, using objective and subjective measures of sleep quantity and quality
(general sleep using a questionnaire, perceived sleep using a diary, and actigraphy). Specifically,
we aimed to study whether the relationship between coping and sleep problems is direct or
mediated by depressive symptoms. Following the Psycho-bio-behavioral model of vulnerability
to insomnia [8], we expected emotion-focused coping to be related to more sleep problems.
Moreover, given that depression is related to both coping strategies and sleep, we
hypothesized that part of the variance in sleep problems explained by coping strategies could

be due to differences in depressive symptoms (i.e., a mediating path from coping to sleep



through depression). Finally, we investigate whether problem-focused coping is related to

sleep, and whether this relationship is also mediated by depressive symptoms.

Method

Participants

The study sample was recruited as part of the Midlife in the United States 2 study
(MIDUS 2), Projects 1 and 4, and Project Milwaukee. MIDUS is a multi-stage probability sample
of community-based English-speaking adults (aged 25 to 74) from the United States. MIDUS 2
was carried out between 2004-2009 and recruited 5,555 participants. In the current study, we
only included participants with measures of coping, depressive symptoms, and sleep. Sleep was
assessed using the Pittsburgh Sleep Quality Index (PSQl) [45], a sleep diary, and actigraphy. Of
the 5,555 participants invited to Midus 2 (Project 1), 1255 were asked to respond to questions
on sleep and depression (Project 4). Moreover, 445 and 441 participants (out of these 1,255)
completed a sleep diary and wore an actigraph for seven days, respectively. After the exclusion
of participants with missing data for the variables of interest and covariates (see description of
variables below), the sample included in this study consisted of 723 participants (mean age=
54.22, SD=11.84; men= 330, women= 393) for the PSQl, 437 for sleep diaries, and 428 for the
actigraphy data. Participants excluded from this study due to missing data had a lower
educational level and a higher body mass index. They reported more symptoms and chronic
conditions, and there were more females and males than in the group of participants included
in the study (p < .04). No differences in age, alcohol intake and use of sleep medication,
depression, or coping and sleep measures were observed between individuals with and without
missing data (p > .09). The institutional review board for Human Subject Protection at the UW-
Madison approved the study protocol for data collection. A detailed description of the sample

and the MIDUS 2 can be found on the website of the project (http://midus.wisc.edu).



Measures
Coping

Dispositional emotion-focused coping and problem-focused coping were measured
using the 24-item version of the Coping Orientation to Problems Experienced Inventory (COPE)
[46], as in previous research [47,48]. Participants were asked to answer a series of questions
about how they generally respond when they are confronted with difficult or stressful events in
their life. The response scale ranged from 1 (A lot) to 4 (Not at all). The questionnaire has six
subscales: “Focus on and venting of emotion”, “Denial”, “Behavioral disengagement”, “Positive
Reinterpretation and Growth”, “Active Coping”, and “Planning”. Emotion-focused coping was
calculated by combining “Focus on and venting of emotion”, “Denial”, and “Behavioral
disengagement”. Problem-focused coping was calculated by combining the subscales “Positive
Reinterpretation and Growth”, “Active Coping”, and “Planning”. The literature [49,50] supports
combining the items belonging to the active coping, planning, and positive reinterpretation and
growth subscales into a problem-focused coping factor, and combining the items in the venting
emotions, denial, and behavioral disengagement subscales into an emotion-focused or
dysfunctional coping factor. The scores on emotion-focused coping and problem-focused
coping range from 12-48 in each case. Cronbach’s alpha for the total sample was .83 for
emotion-focused coping and .90 for problem-focused coping.
Depression

We measured depressive symptoms during the past week with the 20-item Center for
Epidemiological Studies Depression Inventory (CES-D) [51,52], using a response scale ranging
from O (rarely or none of the time) to 3 (most or all of the time). The global score on the CES-D
ranges from 0-60. The threshold traditionally used to detect depression on the CES-D is a score

of 16 or more [52,53]. Cronbach’s alpha for this scale in the total sample was .89.



Sleep
Pittsburgh Sleep Quality Index. General subjective sleep measures were obtained using
the PSQI [30], a self-administered questionnaire about usual sleep habits during the past month
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that includes seven subscales: “Sleep quality”, “Sleep latency”, “Sleep duration”, “Habitual
sleep efficiency”, “Sleep disturbances”, “Use of sleep medication”, and “Daytime dysfunction”.
The global score on the PSQIl ranges from 0-21, and it is calculated by combining the seven
subscales. A global PSQI score above 5 distinguishes good sleepers from poor sleepers [45]. The
Cronbach’s alpha for this scale in the total sample was .70.

Actigraphy. Detailed descriptions of actigraphy data collection and scoring methods are
publicly available at the Interuniversity Consortium for Political and Social Research (ICPSR)
website (URL: http://www.icpsr.umich.edu). Briefly, the Mini Mitter ActiwatchH-64 activity
monitor is a device designed to detect the number of movements with a built-in motion sensor.
The participants wore the actiwatch on their non-dominant wrist for seven consecutive days
and nights. The data collection began at 7:00 a.m. on the Tuesday following a visit to the study
center, and it concluded the following Tuesday morning. The data were imported and analyzed
using the Actiware 5 software, a software that detects sleep based on 30 sec epochs and uses
the manufacturer’s algorithms following the formula validated by Oakley [54]. A medium-
sensitivity threshold was used for data evaluation. Three indexes were calculated from the
actiwatch data: (i) Total sleep time during the night was used as an index of objective sleep
guantity, and (ii) wake after sleep onset (WASO) and (iii) Sleep efficiency were computed as
indexes of objective sleep quality, where normative levels of sleep efficiency start at 80%-85%
[55]. Sleep time was operationalized as the total number of epochs during a given interval
scored as sleep, multiplied by the epoch length in minutes. WASO was operationalized as the

total number of epochs between the start time and the end time awake in the given sleep



interval, multiplied by the epoch length in minutes. Finally, Sleep Efficiency was calculated as
the percentage of scored total sleep time for a given period in bed.

Sleep Diary. On the same days the participants were wearing the actigraph, they were
asked to answer several questions related to their sleep. Two indexes were calculated from the
sleep diary: (i) the Daily perceived sleep quantity and (ii) the Daily perceived sleep quality. The
Daily perceived sleep quantity (in hours) was calculated using the participants’ responses to
three questions asked every day upon awakening: What time did you go to bed and begin trying
to go to sleep? How long did it take you to get to sleep last night? What time did you wake up
for the day and not go back to sleep? To assess participants’ Daily perceived sleep quality, we
calculated a global index of perceived sleep quality on the basis of participants’ responses to
the following questions every day upon awakening: How well-rested do you feel this morning (1
- well-rested to 5 - poorly-rested)? How deeply did you sleep last night (1 - very deeply to 5 -
very lightly)? How alert do you feel this morning (1 - very alert to 5 - not alert at all)? What was
the overall quality of your sleep last night (1 - very good to 5 - very poor)?

Control variables

Based on previous studies [56-58], we considered a series of variables that could have
an influence on our variables of interest. For the analyses with PSQJ, the following covariates
were considered: age, sex (men = 1; women = 2), body mass index (BMI; weight in kilograms
divided by the square of height in meters), total number of symptoms and chronic conditions
ever reported/diagnosed (heart disease, high blood pressure, circulation problems, blood clots,
heart murmur, TIA or stroke, anemia or another blood disease, cholesterol problems, diabetes,
asthma, emphysema/COPD, tuberculosis, positive TB skin test, thyroid disease, cancer, and
peptic ulcer disease), highest level of education completed (Responses were grouped into 12

categories ranging from 1 = “no school/some grade school” to 12 = “PhD, MD, JD, or another
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professional degree”), use of sleep medication (1 = not during the past month; 2 = less than
once a week; 3 = once or twice a week, 4 = three or more times a week), and frequency of
drinking during the previous month (1 = every day; 2 =5 or 6 days a week; 3 =3 or 4 days a
week; 4 = 1 or 2 days a week; 5 = less than one day a week; 6 = never drink, volunteered). For
the analyses with actigraphy and sleep diary data, the following covariates were considered:
age, sex, BMI, total number of symptoms and chronic conditions, highest level of education
completed, whether participants took a nap on the day of the assessments (1 = no, 2= yes, we
computed the mean for the whole week), whether they took sleep medication or supplements
on the day of the assessment (1 = no, 2= yes, we computed the mean for the whole week),
mean number of caffeine units (1 cup = 1 unit) on the assessment days, and mean number of
alcohol units (1 unit = 1 bottle beer or wine cooler, 1 glass of wine, or 1 shot of liquor) on the
assessment days.

Statistical analyses

Correlation analyses were used to investigate the relationships among the sleep
indexes, coping strategies (emotion-focused coping and problem-focused coping), depression,
and the covariates included in the study.

Mediation models were performed using hierarchical regression analyses of direct and
indirect effects, and bootstrapped bias-corrected 95% confidence intervals of the indirect
effects were computed using the PROCESS macro (version 2.16.3) in SPSS (Model 4) with 5000
bootstrapped samples. Confidence intervals that do not contain zero indicate a significant
effect. As independent variable, dependent variable, and mediator, we included coping (i.e.,
emotion-focused or problem-focused), sleep (i.e., PSQI, actigraphy or sleep diary data), and
depression, respectively. The analyses were first performed without covariates. Then, all the

mediation models were repeated including covariates. In order to estimate the effect sizes of
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significant indirect effects, we used the Completely Standardized Indirect Effect (abcs) index.
We also used the Percent Mediation (Pum) index for the indirect and direct effects, which
indicates the proportion of the indirect/direct effect compared to the total effect.

Outliers were defined as values +3 SD and winsorized by replacing their values with
values equal to the mean +3 SD. Given that the sample was different for each independent
variable, different numbers of outliers were also detected: In the analyses with the PSQl, 1
outlier was detected for PSQI, 1 for Emotion-focused coping, 2 for Problem-focused coping, and
12 for Depression. In the analyses with actigraphy, 8 outliers were detected for WASQO, 7 for
sleep efficiency, 1 for Emotion-focused coping, 3 for Problem-focused coping, and 7 for
Depression. In the analyses with the Sleep diary, 3 outliers were detected for perceived sleep
time, 3 for perceived sleep quality, 1 for emotion-focused coping, 2 for Problem-focused
coping, and 7 for Depression. Statistical analyses were carried out using SPSS v.25 [59].

Results
Characteristics of the study sample

The characteristics of the study sample are shown in Table 1. There were 351
participants (48.5%) who met the clinical PSQI cutpoint of beyond 5 that distinguishes good
from bad sleepers. Also, 113 participants (15.63%) scored at or above the cutoff score of 16,
traditionally used to detect depression [52]. Finally, using 80% and 85% as clinical markers of
normative levels of sleep efficiency [55], there are 174 participants (40.65%) with sleep
efficiency below 80% and 287 participants (67.06%) with sleep efficiency below 85%.
Unadjusted Correlation Analyses

Correlations between study variables are displayed in Table 2. Depression was positively
related to emotion-focused coping and negatively related to problem-focused coping (both ps <

.01), and there was a negative association between emotion-focused and problem-focused
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coping (p < .01). The PSQI was positively related to emotion-focused coping and depression
(both ps < .01), and negatively related to problem-focused coping (p < .05). None of the
actigraphy indexes were significantly related to Problem-focused coping (all ps > .05), and only
WASO was positively related to emotion-focused coping (p < .01). All the actigraphy measures
were significantly related to depression: WASO positively (p < .01), and sleep time and sleep
efficiency negatively (ps < .05 and < .01, correspondingly). Regarding the sleep diary, perceived
(lack of) sleep quality was positively associated with emotion-focused coping (p < .05) and
depression (p < .01), and negatively related to problem-focused coping (p < .01). In addition,
perceived sleep time was positively related to emotion-focused coping (p < .05). Finally, there
was a positive relationship between actigraphy-measured sleep time and perceived sleep time
(p < .01), as well as a positive relationship between perceived sleep quality and actigraphy-
measured WASO (p < .05) and a negative relationship between perceived sleep quality and
actigraphy-measured sleep efficiency (p < .01).
Mediation Analyses

In the next step, we investigated the hypothesized mediation effects between coping
strategies (emotion- and problem-focused) and sleep, through depression. All the mediation
results are displayed in Tables 3 and 4. In the text, we only report the statistically significant
results.
Emotion-Focused Coping

Pittsburgh Sleep Quality Index. The results show an indirect effect of emotion-focused
coping on PSQI (B=.14; IC 95% = [.103, .193]; abcs = .144 [.103, 191], Pmind = .735) that is
maintained after controlling for all covariates. Specifically, emotion-focused coping is
significantly related to depressive symptoms (B=.30, 95% CI [.231, .363]), and depressive

symptoms are significantly related to the PSQI (B=.49, 95% ClI [.415, .557]). The results indicate
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a significant full mediation between emotion-focused coping and the PSQl through depressive
symptomes.

Actigraphy. The findings show significant indirect effects from emotion-focused coping
through depressive symptoms to actigraphy measures of sleep quality (i.e., sleep efficiency,
WASO). Specifically, the results show (a) a significant mediation between emotion-focused
coping and sleep efficiency through depressive symptoms (B=-.08; IC 95% = [-.127, -.042]; abcs =
-.081 [-.132, -.044]; Pmind = .921), where emotion-focused coping is significantly related to
depressive symptoms (B=.31, 95% Cl [.222, .402]) and depressive symptoms are significantly
related to sleep efficiency (B=-.25, 95% Cl [-.345, -.156]), as well as (b) a significant mediation
between emotion-focused coping and WASO through depression (B=.05; IC 95% = [.022, .098];
abes = .057 [.023, .102]; Pming = .497), where emotion-focused coping is significantly related to
depressive symptoms (B=.31, 95% Cl [.222, .402]) and depressive symptoms are significantly
related to WASO (B=.17, 95% CI [.078, .266]). That is, a greater use of emotion-focused coping
was associated with more depressive symptoms, leading to worse objective sleep quality (i.e.,
higher WASO and lower sleep efficiency). These results remain significant after controlling for
covariates. We also observed an indirect effect of emotion-focused coping on total sleep time
(B=-.04; 1IC 95% = [-.083, -.014]; abcs = -.044 [-.084, -.013]; Pmind = -.622). Specifically, emotion-
focused coping is significantly related to depressive symptoms (B=.31, 95% Cl [.222, .402]), and
depressive symptoms are significantly related to total sleep time (B=-.14, 95% ClI [-.240, -.041]).
These results indicate that a greater use of emotion-focused coping was associated with more
depressive symptoms, leading to less objective sleep quantity. However, this mediation does
not remain significant after controlling for covariates.

Sleep Diary. A significant indirect effect is observed for the relationship between

emotion-focused coping and perceived sleep quality through depression (B=.15; IC 95% = [.100,
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.210]; abcs = .149 [.100, .205]; Pmind = .826). Specifically, emotion-focused coping is significantly
related to depressive symptoms (B=.33, 95% Cl [.237, .415]), and depressive symptoms are
significantly related to perceived sleep quality (B=.46, 95% Cl [.370, .548]). That s, a greater
use of emotion-focused coping is associated with more depressive symptoms, leading to worse
subjective sleep quality. Moreover, the results also show a direct effect of emotion-focused
coping on perceived sleep time (B=.13; IC 95% = [.044, .214]; P 4ir = .893) indicating that there
is a direct relationship between a greater use of emotion-focused coping and more perceived
sleep time. These results were maintained when controlling for the covariates.
Problem-Focused Coping

Pittsburgh Sleep Quality Index. The mediation analysis indicates a significant indirect
effect between problem-focused coping and PSQI through depression (B=-.14; IC 95% = [-.179, -
.098]; abcs =-.136 [-.178, -.099]; Pming = 1.834). Specifically, problem-focused coping is
significantly related to depressive symptoms (B=-.26, 95% Cl [-.327, -.194]), and depressive
symptoms are significantly related to PSQl (B=.52, 95% Cl [.451, .591]). This means that a
greater use of problem-focused coping was associated with fewer depressive symptoms,
leading to better general sleep quality (i.e., lower score on the PSQl). These results remained
unchanged after controlling for covariates.

Actigraphy. The findings indicate significant indirect effects from problem-focused
coping through depression to actigraphy measures of sleep quality (i.e., sleep efficiency,
WASO). Specifically, there was a significant indirect effect (a) between problem-focused coping
and sleep efficiency through depression (B=.06; IC 95% [.035, .103]; abcs = .065 [.037, .106]; Pum
ind = 9.834), where problem-focused coping is significantly related to depressive symptoms (B=-
.24, 95% Cl [-.330, -.145]) and depressive symptoms are significantly related to sleep efficiency

(B=-.27,95% ClI [-.358, -174]), as well as (b) between problem-focused coping and WASO
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through depression (B=-.05; IC 95% [-.084, -.021]; abcs = -.048 [-.087, -.022]; Pmind = 1.505),
where problem-focused coping is significantly related to depressive symptoms (B=-.24, 95% ClI
[-.330, -.145]) and depressive symptoms are significantly related to WASO (B=.19, 95% Cl [.101,
.284]). These results indicate that a greater use of problem-focused coping was associated with
fewer depressive symptoms, leading to better objective sleep quality (i.e., lower WASO and
higher sleep efficiency), and they remained significant after controlling for covariates. We also
observed an indirect effect of problem-focused coping on the actigraphy-measured sleep time
(B=.03; IC 95% [.006, .060]; abcs = .028 [.006, .061]; Pmind = -.886). Specifically, problem-focused
coping is significantly related to depressive symptoms (B=-.24, 95% Cl [-.330, -.145]), and
depressive symptoms are significantly related to total sleep time (B=-.12, 95% Cl [-.216, -.021]).
This indicates that a greater use of problem-focused coping is associated with fewer depressive
symptoms, leading to more objective sleep quantity. However, the effect is no longer significant
after including the covariates.

Sleep Diary. The results for the sleep diary show a partial mediation of depression in the
relationship between problem-focused coping and perceived sleep quality (total effect B=-28;
IC95% [-.369, -.187]; abcs = -.10. [-.142, -.057]; Pmind = .35). Specifically, problem-focused
coping is significantly related to depressive symptoms (B=-.23, 95% Cl [-.319, -.136]), and
depressive symptoms are significantly related to perceived sleep quality (B=.43, 95% Cl [.344,
.513]). These results indicate that a greater use of problem-focused coping was associated with
fewer depressive symptoms, leading to better subjective sleep quality. These results are
maintained after controlling for covariates.

We have carried out additional analyses including sex as moderating variable in all our
mediation analyses performed with PROCESS (v2.16.2 Model 59). We found only one significant

interaction effect of problem-focused coping and sex on AW sleep time. Specifically, in men,
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there was a significant direct effect of problem-focused coping on AW Sleep Time, whereas this
direct effect was not significant in women. We also found a significant interaction effect of
depressive symptoms and sex on sleep efficiency. However, this effect was no longer present
when including covariates in the analyses. In addition, in order to rule out the possible
moderating role of age in all the proposed mediations, we carried out moderated mediation
analyses performed with PROCESS (v2.16.2 Model 59) with the variable age as moderator. The
results show that there was no significant interaction effect of age on the direct/indirect/total
effects.
Discussion

The purpose of this study was to investigate the relationship between coping strategies
(i.e., emotion-focused and problem-focused coping) and sleep (i.e., quantity and quality,
perceived, and actigraphy-measured), and study whether this relationship is direct or mediated
by depressive symptoms. The results show significant indirect effects from emotion-focused
coping through depressive symptoms to: (a) general sleep quality (i.e., PSQIl score); (b)
actigraphy-measured sleep quality (i.e., sleep efficiency, WASQ); and (c) subjective sleep
quality. In all these cases, more emotion-focused coping was associated with more depressive
symptoms, which, in turn, were associated with worse sleep. Moreover, the results showed
that there is a direct positive relationship between the use of emotion-focused coping
strategies and perceived sleep time. Regarding problem-focused coping, the results showed
significant indirect effects from problem-focused coping through depressive symptoms to: (a)
general sleep quality (i.e., PSQIl score); (b) actigraphy-measured sleep quality (i.e., sleep
efficiency, WASO); and (c) subjective sleep quality. In all cases, more problem-focused coping
was associated with having fewer depressive symptoms, which, in turn, was associated with

better subjective and objective sleep parameters.
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This study provides strong evidence for the critical role of depression in the relationship
between coping and sleep quality. In line with previous studies [8,22-25], unadjusted
correlation analyses showed a significant relationship between emotion-focused coping and
worse sleep (specifically, PSQI, WASQO, and perceived lack of sleep in a sleep diary). However,
the results of the mediation models explain that, when depression is considered, the
connection between emotion-focused coping and sleep quality occurs because of the impact of
coping on depressive symptoms [30-33], a variable that has a strong connection with sleep
problems [38-40]. Therefore, it is possible that the relationship between emotion-focused
coping and sleep observed in previous studies was due to the fact that these studies did not
consider the role of depressive symptoms. Overall, this study supports the idea that the
emotion-focused coping style is an important factor in understanding the interindividual
differences in sleep quality [8,23,41], but it indicates that depression plays a central role in this
relationship.

Furthermore, as observed with emotion-focused coping, our mediation results show
that problem-focused coping is related to better sleep quality (PSQI score, WASO, sleep
efficiency, and subjective sleep quality in diaries) through its relationship with depression. That
is, a greater use of problem-focused coping is related to less depression, which, in turn, is
associated with fewer sleep problems. These results indicate that problem-focused coping is an
effective and positive strategy that can counterbalance the severity of depressive symptoms
[34] and their effects on sleep [38-40].

Although our study was well powered and we used different measures of sleep quantity,
most of the relationships with sleep quantity were not statistically significant after controlling
for covariates. In addition, although sex and age have been considered important factors in the

development of depression and insomnia, our results indicate that sex and age do not
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moderate most of the relationships between coping, depression, and sleep. Specifically, in men,
but not in women, only problem-focused coping was associated with more objective sleep time
(assessed using AW). However, this result was not replicated in other sleep markers.
Considering the large sample size, these results indicate that our findings are consistent across
sex and the lifespan.

It is noteworthy that there was a significant but moderate negative correlation between
problem-focused coping and emotion-focused coping. This result is conceptually meaningful
and consistent with previous research suggesting that people can deal with stress by employing
a relatively wide range of coping strategies [46]. Moreover, the possibility of empirically
separating the coping strategies "means that it should be possible to study their effects
separately"” [46]. It is also interesting that emotion-focused coping and problem-focused coping
correlated with distinct indicators of sleep. They both correlated (positively and negatively)
with the PSQl. However, emotion-focused coping was positively related to WASO and perceived
sleep time, whereas a greater use of problem-focused coping was related to better perceived
sleep quality. Although the positive correlation between emotion-focused coping and perceived
sleep time may seem counterintuitive at first glance, this significant association could be due to
the fact that the participants may have noticed a longer time between falling asleep and
awakening, being unaware, however, of (micro) awakenings during the night (a symptom of
lack of sleep quality) that add to the time comprised in between. This idea is supported by the
results indicating that emotion-focused coping correlates positively with WASO. In turn, the
negative correlation between problem-focused coping and sleep quality might be explained by
the fact that problem-focused coping can entail increased positive emotions (e.g., due to
successful accomplishment of tasks or dealing with a stressor [60]), which might provoke

positive retrospective bias when evaluating past events, such as the quality of sleep the
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previous night. Further research is needed to further investigate the association between
different coping strategies and the specific sleep markers.

The contribution of this study is that, to our knowledge, it is the first to address the
existence of a possible mediation path from coping through depression to sleep in a large
community sample, considering different dimensions of coping (i.e., emotional and problem-
focused) and facets of sleep (i.e., sleep quantity and quality), and employing different measures
of sleep (i.e., general perceived sleep, perceived sleep using a diary, and actigraphy). Therefore,
this study provides evidence of the relationship between coping, depression, and sleep.
Furthermore, this study makes a clear contribution to the Psycho-bio-behavioral model of
vulnerability to insomnia [8]. Specifically, it indicates that depression may be an important
mediator in the relationship between coping and sleep problems, and it suggests that
depression should be included in the model. It also indicates that the Psycho-bio-behavioral
model of vulnerability to insomnia [8] should be expanded to include problem-focused coping.

The direction of the relationship between coping, depression, and sleep warrants
discussion. Although our hypothesis is based on the idea proposed by the Psycho-bio-
behavioral model of vulnerability to insomnia that coping may lead to sleep problems [8], due
to the cross-sectional design, this study cannot provide insight into causality between coping,
depression, and sleep. In this context, previous research demonstrated that sleep problems
may contribute to the development of depression (for a review see Fang et al. [61]). Moreover,
it has been shown that changes in mood may affect the way coping strategies are used, and
that some coping strategies observed in healthy individuals may change when people are
depressed [62-65]. Thus, some alternative explanations can be proposed for our findings, such
as the possibility that sleep problems lead to depression, which in turn leads to changes in

coping, or that depressive symptoms lead to both the use of certain coping strategies more
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than others and worse sleep. Future studies employing longitudinal designs are clearly needed
to shed light on the direction of the relationships observed in this study.

Apart from the novel findings and methodological strengths, some limitations should be
considered. One limitation of this study is the use of actigraphy instead of polysomnography,
which is considered the “gold standard” in sleep measurement. However, actigraphy is
considered a reliable tool for examining sleep patterns in insomnia patients and for diagnosing
circadian rhythm disorders [66,67]. Additionally, actigraphy is more practical than PSG because
it makes it possible to conveniently record continuously for days [66]. Another limitation is the
inclusion of only English-speaking subjects in the study. Moreover, most of the participants
were White (82.99%), and 95.1% had at least a high school education. Therefore, the
generalizability of the results may be limited, and more research is needed with different
populations. Finally, it is important to note that the effectiveness of coping strategies can be
context dependent. For instance, emotion-focused coping strategies may be adaptive when
responding to uncontrollable stressors or major life events [17,18]. Future studies are needed
to investigate whether the relationship between coping strategies and sleep depends on the
kinds of stressors to which individuals are exposed.

To conclude, this is the first study to show, in a large sample, a mediation path from
coping through depression to sleep, while considering: (a) key dimensions of coping (i.e.,
emotion- and problem-focused); (b) different facets of sleep (i.e., sleep duration, sleep quality);
and (c) and different measures of sleep (i.e., general sleep, perceived sleep using a diary, and
actigraphy). We observed that depression is a critical factor in understanding the relationship

between coping strategies and sleep quality.
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Table 1. Descriptives

Variable M / count (SD / %)
Age 5422 (11.84)
Sex
Male 330 (45.60%)
Female 393 (54.40%)
Education
No school/some grade school (1-6) 1 (0.10%)
Eighth grade/junior high school (7-8) 5 (0.70%)
Some high school (9-12 no diploma/no GED) 24 (3.30%)
GED 6 (0.80%)
Graduated from high school 138 (19.10%)
1to 2 years of college, no degree yet 118  (16.30%)
3 or more years of college, no degree yet 32 (4.40%)
Grad. From 2-year college, vocational school, or assoc. Degr 46 (6.40%)
Graduated from a 4- or 5-year college, or bachelor's degree 171 (23.70%)
Some graduate school 36 (5.00%)
Master's degree 111 (15.40%)
PH.D., ED.D., MD, DDS, LLB, LLD, JD, or other profess'nl deg 35  (4.80%)
Race
White 600  (82.99%)
Black and/or African American 98 (13.55%)
Native American or Alaska native Aleutian Islander/Eskimo 4 (0.55%)
Asian 1 (0.14%)
Other 18 (2.49%)
Don't know 2 (0.28%)
Body Mass Index 29.31  (6.39)
Total number of Symptoms and Chronic Conditions?® 3.88 (2.83)
Sleep medication
Not during the past month 532 (73.58%)
Less than once a week 58  (8.02%)
Once or twice a week 33 (4.56%)
Three or more times a week 100 (13.83%)
How often one drink past month
Every day 74 (10.20%)
5 or 6 days a week 51 (7.10%)
3 or 4 days a week 95  (13.10%)
1 or 2 days a week 165  (22.80%)
Less than one day a week 334 (46.20%)
Never drink (volunteered) 4 (0.60%)
Average nap on assessments days (1 = no, 2= yes) 1.74 (0.28)
Sleep meds yesterday 1.92 (0.24)
Average caffeine units on the assessment days 2.17  (1.63)
Average alcohol units on the assessment days 0.83 (1.21)
Depression (CES-D) 8.62 (8.14)
Problem-focused coping (COPE) 38.39 (5.80)
Emotion-focused coping (COPE) 2211 (5.33)
Pittsburgh Sleep Quality Index (PSQl) 6.21 (3.57)
Perceived sleep quality (sleep diary) 2.34  (0.69)
Perceived sleep time (sleep diary) 7.54 (1.09)
Sleep efficiency (Actigraphy) 80.49 (9.56)
WASO (Actigraphy) 48.62 (22.52)
Sleep time (Actigraphy) 378.00 (65.37)

Note. CES-D= Center for Epidemiological Studies Depression Inventory; COPE= Coping Orientation to Problems
Experienced Inventory; PSQI=Pittsburg Sleep Quality Inventory; WASO=Wake after sleep onset. ! Total number of
symptoms and chronic conditions: heart disease, high blood pressure, circulation problems, blood clots, heart murmur,
TIA or stroke, anemia or other blood disease, cholesterol problems, diabetes, asthma, emphysema/COPD, tuberculosis,
positive TB skin test, thyroid disease, cancer, and peptic ulcer disease.
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Table 2. Correlations among the study variables.

Variable (1) (2) (3) (4) (5) (6) (7) (8) (9) (100 (11) (12) (13) (14) (15) (16) (17) (18) (19)
1.Age

2.5ex -.09

3. Education .01 -.06

4. Body Mass Index -06 -03 -12

;i\érirtwip;tnc;ms and chronic 38 10 -0l 13

6. Sleeping medication .00 .07 .01 .03 .21

7. Alcohol .11 24 -02 11 -07 -06

8. Naps today .14 12 .06 -13 -11 .00 -11

9. Sleep meds yesterday -08 -09 -05 .05 -26 -52 .01 .02

10. Caffeine today .08 -17 .02 -01 -10 -11 -06 .05 .07

11. Alcohol today .11 -23 -11 -08 -15 -05 -56 .02 .05 .13

i;)iEn”g‘o“"”'foc“SEd 01 .16 -17 -0l .16 .14 .03 -03 -17 -04 .07

iz;):goblem'ﬂ’c”md 06 11 05 .02 -02 .03 .01 .13 .00 -0l -17 -25

14. Depression .16 .03 -11 .12 .17 .18 -0l -17 -06 -03 -03 .30 -27

15. PSQl .13 .12 -08 .09 .24 55 01 -20 -33 -03 .03 .20 -08 .48

16. Sleep time 05 .14 -0l -14 -13 -10 .03 .28 .02 -0l -07 .05 -06 -15 -.29

17. Sleep efficiency 0 10 A3 -23 -24 -26 11 .26 .04 .15 -19 -13 .04 -25 -39 .64

18. WASO 03 -04 -09 .19 .24 27 -09 -18 -05 -12 .17 .17 -07 .18 .32 -.15 -.69
:3; Eteyrce“’ecj sleep .20 -03 .02 .06 .08 .14 -02 -13 -13 -08 .07 .13 -33 .42 .48 -09 -18 .14
20. Perceived sleep time 0 06 -15 .03 03 .13 -06 .15 -05 -11 .10 .14 -09 -02 -10 .68 -02 .34 -04

Note. Results in bold indicate a significant relationship (p < .05; 2-tailed).

29



Table 3. Mediation effects between emotion-focused coping and sleep through depression.

X-M M-Y X-Y Indirect effect Direct effect Total effect
EC — Dep - PSQ| Unadijusted .30% A9* .20% Est.=.14, CI [.103; .193] Est.= .05, Cl [-.015; .119] Est.=.20, Cl [.124; .268]
Adjusted .26* .38* .08* Est.= .10, Cl [.066; .130] Est.=-.01, Cl [-.073; .043] Est.=.08; CI [.021; .142]
EC— Dep — SE Unadijusted 31* -25* -.09 Est.=-.08, Cl [-.127;-.042]  Est.=-.01, Cl [-.100; .087] Est.=-.08, Cl [-.176; .007]
Adjusted .26* -17* -.07 Est.=-.04, Cl [-.082;-.019]  Est.=-.02, Cl [-.115; .067] Est.=-.07, Cl [-.158; .021]
EC—Dep-WASO  Unadjusted 31* 17* 1% Est.= .05, Cl [.022; .098] Est.= .05, Cl [-.039; .147] Est.=.11, CI [.018; .197]
Adjusted .26* A1* .07 Est.= .03, Cl [.004; .065] Est.= .04, Cl [-.054; .133] Est.=.07, Cl [-.023; .158]
EC—Dep - ST Unadijusted 31* -.14* .07 Est.=-.04, C| [-.083;-.014]  Est.=.11, CI [.015; .213] Est.= .07, Cl [-.024; .165]
Adjusted .26* -.08 .05 Est.=-.02, Cl [-.052; .004] Est.= .07, Cl [-.030; .166] Est.= .05, Cl [-.047; .142]
EC - Dep - PSQ Unadjusted 33% A46* .18* Est.=.15, CI [.100; .210] Est.=.03, Cl [-.057; .121] Est.= .18, Cl [.088; .275]
Adjusted 27* 42* 14* Est.=.11, CI [.072; .169] Est.=.02, Cl [-.069; .115] Est.= .14, Cl [.041; .233]
EC— Dep — PST Unadjusted .33* .02 14* Est.=.01, Cl [-.025; .046] Est.=.13, Cl [.044; .214] Est.=.14, Cl [.056; .217]
Adjusted 27* .02 .10* Est.=.01, Cl [-.023; .039] Est.= .09, CI [.007; .180] Est.=.10, CI [.017; .183]

Note. EC=Emotion-focused coping; Dep=Depression; PSQl=Pittsburg Sleep Quality Inventory;
SE=Sleep efficiency; WASO=Wake after sleep onset; ST=Sleep time; PSQ=Perceived sleep quality;
PST=Perceived sleep time X=Independent Variable; M=Mediator; Y=Dependent Variable. *significant
as per bootstrapped bias-corrected 95% Cl.
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Table 4. Mediation effects between problem-focused coping and sleep through depression

X-M M-Y X-Y Indirect effect Direct effect Total effect
PC— Dep - PSQ| Unadjusted -.26* 52% -.07*  Est.=-.14, IC [-.179; -.098] Est. = .06, Cl [-.005; .128] Est.=-.07, Cl [-.147; -.001]
Adjusted -25* .38* -.08*  Est.=-.09,Cl[-.123;-.066]  Est.=.01, CI [-.041; .070] Est.=-.08, Cl [-.136; -.019]
PC - Dep — SE Unadjusted S24% 27 01  Est.=.06, Cl [.035;.103] Est.=-.06, Cl [-.149; .035] Est.= .01, Cl [-.086; .099]
Adjusted -19*  -.20% -07  Est.=.04,CI[.017;.073] Est.=-.11, CI [-.195;-.019]  Est.=-.07, Cl [-.155; .020]
PC—Dep-WASO  Unadjusted -24* .19* -03  Est.=-.05,Cl[-.084;-.021]  Est.=.02, Cl [-.076; .107] Est.=-.03, Cl [-.121; .060]
Adjusted -.19* 13* .02  Est.=-.03,Cl[-.056;-.007]  Est.=.04, Cl[-.050; .130] Est.=.02, Cl [-.074; .104]
PC—Dep — ST Unadjusted S24% 12 -.03  Est.=.03, Cl [.006; .060] Est.=-.06, Cl [-.157; .038] Est.=-.03, Cl [-.127; .063]
Adjusted -.19* -.08 -.08  Est.=.02, Cl[-.001; .042] Est.=-.10, Cl [-.191;-.002]  Est.=-.08, Cl [-.173; .012]
PC—Dep - PSQ Unadjusted -23* A43% -28*  Est.=-.10, Cl[-.144;-.056]  Est.=-.18, CI [-.265;-.096]  Est.=-.28, Cl [-.369; -.187]
Adjusted -.19* .39* -25*%  Est.=-.07,Cl[-.118;-.037]  Est.=-.18, CI[-.266;-.093]  Est.=-.25, Cl [-.345; -.162]
PC — Dep — PST Unadjusted -23* .07 -01  Est.=-.02, Cl [-.047; .009] Est.= .00, Cl [-.083; .084] Est.=-.01, Cl [-.096; .067]
Adjusted -.19* .05 -01  Est.=-.01, CI [-.035; .011] Est.= .00, Cl [-.081; .086] Est.=-.01, Cl [-.088; .075]

Note. PC=Problem-focused coping; Dep=Depression; PSQI=Pittsburg Sleep Quality Inventory; SE=Sleep
efficiency; WASO=Wake after sleep onset; ST=Sleep time; PSQ=Perceived sleep quality; PST=Perceived
sleep time; X=Independent Variable; M=Mediator; Y=Dependent Variable. *significant as per

bootstrapped bias-corrected 95% ClI.
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