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Abstract

Sleep disturbances, such as short sleep duration and insomnia, are core features of depression.
However, it is unclear if sleep duration and insomnia have an interactive effect on depression
severity or individual symptoms. Data were drawn from a community sample (A= 1007)
containing responses on the Insomnia Severity Index, Patient Health Questionnaire-9 (PHQ-9),
and average sleep duration. Regression analyses determined the prevalence risks (PR) of
symptoms of depression based on insomnia severity and sleep duration. Depression severity was
related to insomnia severity (PR 1.09, p < 0.001) and short sleep duration (PR 1.52, p< 0.001), but
the interaction between the two was negative (PR 0.97, p< 0.001). Insomnia severity increased the
prevalence risk of all individual depression symptoms between 8 and 15%, while sleep duration
increased the prevalence risk of appetite dysregulation (PR 1.86, p< 0.001), fatigue (PR 1.51, p<
0.001), difficulty concentrating (PR 1.61, p=0.003), feelings of failure (PR 1.58, p=0.002), and
suicidal behavior (PR 2.54, p=0.01). The interaction of sleep duration and insomnia was negative
and ranged between 3 and 6%. In clinically significant depression (PHQ >=10), only insomnia
severity increased the prevalence risk of depression severity (PR 1.02, o= 0.001). Insomnia and
short sleep predict prevalent depression, but their interactive effect was negative. Thus, while
insomnia had a greater association with depression severity and symptoms, this association was
dependent on habitual sleep duration.
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Introduction

Sleep disturbance is a core symptom of depression [1], and as many as 90% of depressed
patients struggle with insomnia, hypersomnia, and/or short sleep duration (6 h or fewer) [2,
3]. Current research now supports sleep as a causal or predictive factor in incident
depression. Meta-analyses of prospective studies show that insomnia increases the risk of
incident depression twofold [4, 5]. Similarly, a meta-analysis of sleep duration found that
short sleep increased the incidence risk of depression by 31% [6]. In short, both insomnia
and short sleep are risk factors for depression.

What remains unclear is how these factors compare or interact with each other. Prospective
studies support a connection among insomnia, short sleep, and depression in adults [7-10].
However, none of these studies used clinically validated assessments for insomnia.
Moreover, subjects were often grouped by the presence or absence of insomnia symptoms
and sleep duration status, thus precluding analyses of interactive effects. This is important,
because many individuals with insomnia have short sleep duration and understanding
whether there is an interaction would be relevant for this sizeable group.

There is also reason to believe that sleep may have a differential effect on various depression
symptoms. A polysomnography study in major depression demonstrated that specific EEG
variables, particularly delta activity, were strongly associated with a subset of depression
symptoms [11]. Moreover, various forms of disturbed sleep have been associated with
depression symptoms such as suicidality [12], appetite [13], and anhedonia [14, 15].
However, the associations among insomnia, sleep duration, and specific depression
symptoms have not been systematically evaluated.

Therefore, the present study had two goals. The first was to determine the main and
interactive effects of insomnia and sleep duration on overall depression severity. The second
was to determine the main and interactive effects of insomnia and sleep duration on
individual depression symptoms. Data were drawn from validated questionnaires of
depression, insomnia, and sleep duration collected in a community sample. Additional
analyses split the sample into individuals with clinically significant and non-significant
depression severity to determine if the associations between sleep duration, insomnia, and
depression were unduly influenced by individuals with severe depression. Based on previous
evidence [7-10], the primary hypothesis was that insomnia and short sleep would have a
positive interactive effect on overall depression and individual symptoms.

Materials and methods

Participants

Data were acquired from the Sleep and Healthy Activity, Diet, Environment, and
Socialization (SHADES) study, an internet-based questionnaire study of 1007 adults aged
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22-60 in the Philadelphia area. Subjects were recruited through advertisements and
community centers without regard to medical or psychiatric comorbidity. Subjects were
required to complete all elements of the questionnaire to receive compensation, and only
completed data were collected for analysis. The Institutional Review Board at the University
of Pennsylvania approved this study, and informed consent was obtained from each subject
through electronic signatures.

Depression symptoms and severity were measured with the Patient Health Questionnaire-9
(PHQ-9) [16]. The questionnaire assesses the frequency of symptoms in the last 2 weeks,
including anhedonia, depressed mood, sleep disturbance, fatigue, appetite dysregulation,
feelings of failure, difficulty concentrating, psychomotor symptoms, and suicidal ideation.
Each item is rated as “Not at all,” “Several days,” “More than half the days,” and “Nearly
every day.” The total score on the PHQ-9 ranges from 0 to 27, with higher scores reflecting
increased depression severity.

Sleep duration was measured using a question from the National Health and Nutrition
Examination Survey, which has been used in previous studies [17, 18]. Respondents were
asked “How much sleep do you usually get at night on weekdays or workdays?” and were
required to provide a whole number estimate of sleep duration. Sleep duration was
categorized as “Short” (fewer than 7 h), “Recommended” (7-8 h), or “Long” (9 h or more).
These categories were based on existing guidelines [19, 20] and previous studies [17, 21]
which demonstrate that the prevalence and health impact of sleep duration is nonlinear.
Insomnia severity was assessed with the Insomnia Severity Index (I1SI) [22], a validated
clinical measure that asks about symptoms of insomnia in the last 2 weeks. Higher scores on
the 1S are associated with increasing insomnia severity.

Statistical analyses

All analyses were performed with R (v. 3.5.1). Subjects were categorized by sleep duration
and compared by ISl scores and PHQ-9 total score and item responses. To reduce col-
linearity, the PHQ-9 sleep item (question 3) was removed from analyses and subtracted from
the total PHQ-9 score, creating an adjusted total PHQ-9 score. Age, seX, education level,
race/ethnicity, and BMI (calculated as kg/m?2) were treated as covariates. One-way ANOVA
and Chi-squared tests compared IS scores, covariates, and PHQ-9 scores across groups.

PHQ-9 total scores and item responses were treated as counts and modeled using quasi-
Poisson (QP) regression. QP is an extension of Poisson regression which relaxes the
assumption that the variance of the response is equivalent to the mean response, thus
allowing for overdispersion of data. Additionally, unlike logistic regression, Poisson
regression calculates risk, not odds, which allows more direct interpretation of the results. In
the case of cross-sectional data (as presented here), the QP model calculates prevalence risk,
defined as the risk of increased PHQ-9 symptom frequency for a change in any of the model
predictors. Unadjusted analyses modeled PHQ-9 total scores and item responses using sleep
duration as a categorical predictor and ISl score as a linear predictor. Interaction terms were
also included. Adjusted analyses included the covariates listed above. An additional
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subgroup analysis was conducted that splits the sample into individuals with PHQ-9 total
scores greater than 10 (clinically significant depression), and those with PHQ-9 scores of 10
or less (sub-clinical depression). The goal of this analysis was twofold: to determine if
associations between sleep and depression were unduly influenced by individuals with
severe depression; and to explore these associations in individuals with subclinical
depression (e.g., premorbid or remitted depression).

Characteristics of the sample

Characteristics of the sample are reported in Table 1, either as mean + standard deviation or
column percentages. The average age was 34.0 + 9.4 years, with 61% women, 56% college
graduates, 60% non-Hispanic Whites and 25% African-Americans. The mean BMI was 26.6
+ 7.9. A total of 26.61% of subjects reported moderate or severe insomnia, and 38.7% of
subjects reported clinically significant depression symptoms. Average sleep duration was
6.46 + 1.57 h. There were 477 (47.4%) subjects with Short Sleep, 480 (47.7%) with
Recommended Sleep, and 50 (5.0%) with Long Sleep. All covariates differed significantly
across sleep duration except for sex.

Sleep duration, insomnia severity, and depression in the whole sample

Overall depression severity was significantly associated with short sleep duration, insomnia
severity, and the interaction between insomnia and short sleep. Short sleep duration
increased the prevalence risk of a worsened PHQ-9 score by 56% (PR 1.56, p < 0.001),
while each point increase in ISI score increased the adjusted total PHQ-9 score by 10% (PR
1.10, p< 0.001). However, the interaction between ISI score and short sleep was negative
(PR 0.97, p<0.001). Insomnia severity and short sleep duration remained significant
predictors even after adjusting for demographic covariates (I1SI p < 0.001; Short Sleep p <
0.001; Interaction p < 0.001). Taken together, both insomnia and short sleep duration are
positively associated with depression, but the presence of short sleep accounts for part of the
relationship between insomnia and depression.

Subsequent analyses explored how insomnia and sleep duration predicted the frequency of
individual depression symptoms. In unadjusted analyses, each additional point on the ISI
increased the prevalence risk of all symptoms between 8 and 16% (all p< 0.001). Short
sleep was associated with an increased risk of depressed mood (PR 1.32, p=0.043), appetite
dysregulation (PR 1.86, p< 0.001), fatigue (PR 1.51, p < 0.001), difficulty concentrating
(PR 1.61, p=0.003), feelings of failure (PR 1.58, p=0.002), psychomotor disturbance (PR
1.74, p=0.029), and suicidal ideation (PR 2.54, p=0.007). Long sleep was significantly
associated with increased risk of appetite dysregulation (PR 1.89, p=0.029). The interaction
between short sleep and insomnia severity was significant and negative for all symptoms
except anhedonia, and ranged from 3 to 6%. Thus, short sleepers saw a smaller increased
risk with increasing insomnia severity. In adjusted analyses, insomnia severity increased the
prevalence risk of all symptoms by 8-15% (all p < 0.001). Short sleep duration was a
significant predictor of appetite dysregulation (PR 1.82, p< 0.001), fatigue (PR 1.49, p<
0.001), difficulty concentrating (PR 1.58, p=0.005), feelings of failure (PR 1.54, p<
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0.004), and suicidal behavior (PR 2.38, p=0.01). Long sleep no longer predicted any
symptom frequency. Moreover, the short sleep and insomnia interaction remained significant
for depressed mood (PR 0.97, p=0.01), appetite dysregulation (PR 0.97, p < 0.001), fatigue
(PR 0.97, p<0.001), difficulty concentrating (PR 0.97, p= 0.006), feelings of failure (PR
0.97, p=0.005), and suicidal behavior (PR 0.94, p=0.005). These results are presented in
Table 2 and in Fig. 1.

Sleep duration, insomnia severity, and depression in depressed subjects

It is possible that the results described above were primarily driven by subjects with severe
depression severity or symptoms, represented on the PHQ-9 as a total score of 10 or more
[23, 24]. Therefore, A= 390 individuals with an unadjusted PHQ-9 total score greater than
10 were selected from the total sample. Insomnia severity was the only predictor of adjusted
total PHQ-9 scores (the sleep item removed) (PR 1.02, 0.001). In assessing individual items,
increasing insomnia severity increased the prevalence risk of depressed mood (PR 1.02, p=
0.024), appetite dysregulation (PR 1.02, p= 0.02) and fatigue (PR 1.02, p=0.01). However,
short sleep reduced the risk of increased anhedonia frequency (PR 0.62, p = 0.005), while
the interactive effect with insomnia was significant and positive (PR 1.03, p=0.017). Long
sleep was not associated with any depression symptoms. Adjustment for covariates did not
alter these effects. These results are presented in Table 3.

Sleep duration, insomnia severity, and depression in non-depressed subjects

Given the limited associations between insomnia, short sleep, and depressive symptoms in
subjects with clinical levels of depression, the next analysis investigated these relationships
in individuals who did not report significant depression (unadjusted PHQ-9 total scores less
than 10). Adjusted total PHQ-9 scores (with the sleep item removed) were significantly
associated with insomnia severity (PR 1.07, p< 0.0001) and short sleep (PR 1.43, p=
0.003), and there was a negative interaction between the two conditions (PR 0.96, p<
0.001). Individually, increasing insomnia severity was associated with a 4-13% increased
risk of all 8 symptoms, while short sleep duration was only associated with appetite
dysregulation (PR 1.74, p=0.01) and fatigue (PR 1.43, p=0.01). The interaction of short
sleep and insomnia was significant and negative for depressed mood (PR 0.96, p= 0.024),
fatigue (PR 0.96, p=0.001), and difficulty concentrating (PR 0.94, p=0.011). Long sleep
was not associated with any symptom. Adjustment for covariates did not significantly
attenuate these effects. These results are presented in Table 4.

Discussion

In this study, short sleep and insomnia were independently associated with increased
depression severity and frequency of individual symptoms. However, the interaction between
short sleep and insomnia severity was negative. Compared to those sleeping 7-8 h, short
sleepers had a higher depression risk at low insomnia severity and their risk increased at a
slower rate with increasing insomnia severity. This suggests that the association between
depression and insomnia is dependent on sleep duration.
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The first analysis explored how insomnia severity and sleep duration were associated with
overall depression severity in this sample. Even after adjusting for covariates, both short
sleep and insomnia severity were associated with increased depression, thus reaffirming the
individual roles of sleep duration and insomnia on the presence of depression. Short sleep
conferred a 52% increased risk of depression, which is higher than the 31% risk reported in
a 2015 meta-analysis [6]. Part of this may be because the sample over-represented depressed
individuals, who are known to subjectively under-report sleep duration compared to
objective measures [25]. Thus, short sleepers may represent depressed individuals who sleep
the recommended amount but underestimate their own sleep duration. With regard to
insomnia, each additional point on the ISI was robustly associated with a 9% risk of
worsened depression. In other words, an ISI score of 15 more than doubled the risk of
depression in the sample, which is well in line with previous estimates [4, 5].

Interestingly, the interaction between short sleep and insomnia severity was negative. This
does not mean that the two conditions together decrease the risk of depression symptoms or
severity. Rather, it means that short sleepers show a slower rise in the risk of depression
symptoms than healthy sleepers as insomnia severity scores increase. This suggests that
short sleep accounts for part of the effect of insomnia on depression severity, probably
because insomnia often involves reduced sleep duration. It is unlikely that this finding is
affected by subjective sleep duration measurement, since objective and subjective sleep
duration are well correlated in insomnia [26, 27]. These findings suggest that while insomnia
with short sleep may confer the highest risk of concurrent depression [7-10], the effects of
these conditions are additive, not synergistic.

Analyses then explored how insomnia severity and sleep duration were associated with
individual depression symptoms. Insomnia was robustly associated with each of the 8
symptoms (excluding the sleep symptom), while short sleep duration was associated with
only a subset: appetite dysregulation, fatigue, difficulty concentrating, feelings of failure,
and suicidal ideation. Several of these associations are well established; insufficient sleep is
strongly related to metabolic activity and diet control [18, 28, 29], daytime functioning and
cognitive capacity [30], and suicidal behavior [31]. It is interesting that short sleep was
associated with feelings of failure, but not associated with anhedonia and only marginally
associated with depressed mood, the core affective symptoms of depression [1]. Finally, the
initial finding that short sleep and insomnia had a negative interactive effect was replicated
for nearly every symptom, and was significant for depressed mood even when short sleep
alone did not have an independent effect.

Secondary analyses explored whether the associations between depression, insomnia, and
sleep duration differed between those with and without clinical depression symptoms
(defined as an unadjusted PHQ-9 score of 10 or more) [23, 24]. Surprisingly, only insomnia
was significantly related to adjusted total PHQ-9 score in depressed subjects, and this
relationship was much weaker than in non-depressed individuals (a 2% increased prevalence
risk per point on the ISI). Moreover, insomnia severity was associated with a smaller set of
symptoms (depressed mood, appetite dysregulation, and fatigue) in depressed subjects.
Similarly, short sleep was only positively associated with appetite dysregulation, and
negatively associated with anhedonia (e.g., short sleep reduced the risk of anhedonia).
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Meanwhile, individuals without clinically significant depression showed a pattern of
depression severity and symptom risk that matched the whole sample. Although cross-
sectional data limits inferences on depression incidence, it is possible that sleep plays a
greater role in premorbid depression. Ultimately, more work is needed to clarify how sleep
duration and insomnia influence depression incidence, and these results suggest that both
disturbances need to be treated effectively to minimize depression risk.

There are also several important caveats to these findings. First, the sample was younger
(mean age 34), mostly female (61.5%), and majority college educated (56%), which limits
generalizability to other populations. However, most studies on this topic focus on middle-
aged adults (mean ages: 44-46 [7, 32]), such that the present findings are simply focused on
a different age group. Moreover, five sociodemographic factors were included as covariates
in analyses to reduce the risk of confounding. While adjusting for medical, psychiatric, or
other comorbidities could have increased the robustness of these findings, this would have
limited our statistical power to address the primary question, and allows these findings to
remain agnostic about potential causes of sleep disturbances and/or depression.

Second, the sample displayed a high degree of clinically significant depression symptoms
(38.7% with a PHQ-9 score of 10 or more), which is much higher than the estimated 13%
prevalence of depression in communities across the globe [33]. However, the frequency of
depression symptoms in this study is comparable to the estimated 30.6% prevalence of
depression among university students [34], and, thus, may be driven by the age and gender
characteristics of the sample. Moreover, despite the elevated depression symptoms in the
whole sample, the subgroup analysis indicates that the non-depressed subjects drove the
associations between sleep and PHQ-9 responses. Ultimately, elevated scores on the PHQ-9
do not constitute a formal diagnosis of major depressive disorder, and so these results only
apply to self-reported depressive symptoms.

Third, this study was an internet-based cross-sectional survey, and thus the associations
reported cannot be assessed for directionality. However, since the interaction between
insomnia and short sleep has not been explored in depression severity or for individual
symptoms, this approach provides a reasonable first evaluation. Another limitation is the
self-report nature of the data. While the ISI and PHQ-9 have excellent validity in detecting
insomnia and depression, respectively, this study cannot state with certainty that poor sleep
is associated with depression as a disorder, but rather subjects’ perceptions of depression-
related symptoms. Similarly, sleep duration was measured using retrospective self-report,
not sleep diaries or actigraphy. Thus, the sleep duration estimates used in this study are
subjective and may involve subject error. For example, it is possible that subjects reported
their average time in bed, not total sleep time, which could complicate interpretation of these
results. Nevertheless, this question is part of a national annual survey in the United States
and has been used previously in published studies involving sleep duration [17, 18]. Given
these limitations, future research should focus on longitudinal evaluation of depression
symptoms in individuals with insomnia and short sleep duration, thus allowing causative
inferences. Moreover, use of actigraphy, sleep diaries, or other prospective measures of sleep
duration may improve measurement accuracy and reduce sleep-state misperceptions.
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Conclusion

Depression has a 12-month US prevalence of 7% and a lifetime prevalence of 17% [1, 35].
This study explored how sleep duration and insomnia symptoms related to individual
symptoms of depression. While insomnia and short sleep were independently associated
with depression severity and symptoms, the interaction between these conditions was
negative. This suggests that insomnia and short sleep duration overlap in their contribution
to depression symptomatology, and that the effect of insomnia on depression depends on
sleep duration.
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Fig. 1.
Regression models of PHQ-9 scores in the complete sample. Observed total PHQ-9 scores

are shown as a scatterplot with regression models overlaid (left). Individual symptom
frequencies are shown on the right. Each line represents the predicted PHQ-9 total score for
a given ISl score for each group (Recommended Sleep, red; Short Sleep, green; Long Sleep,
blue). Total PHQ-9 scores have the sleep item removed, thus yielding a maximum score of
24. Shaded areas represent 95% confidence intervals. Notice how short sleepers generally
start at a higher total score than recommended sleepers, but that total score increases more
slowly with increasing insomnia severity
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