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Purpose: Depression poses a substantial burden worldwide. Therefore, elucidating the pathophysiological mechanism of depression is
important. Sleep disturbance and sleep reactivity are symptoms of depression and are also known to exacerbate depressive symptoms.
On the other hand, it is well known that resilience ameliorates depressive symptoms. To our knowledge, there have been no reports to
date regarding the interaction effects among sleep disturbance, sleep reactivity, and resilience on depressive symptoms. We hypothe-
sized that resilience buffers the aggravating effects of sleep disturbance and sleep reactivity on depressive symptoms. To test this
hypothesis, we conducted hierarchical multiple regression analyses.
Subjects and Methods: A total of 584 Japanese adult volunteers were recruited between April 2017 and April 2018 by convenience
sampling. Their demographic characteristics, sleep disturbance, sleep reactivity, resilience, and depressive symptoms were investigated
using self-administered questionnaires. The data were analyzed using hierarchical multiple regression analyses.
Results: Sleep disturbance and sleep reactivity were significantly positively associated with depressive symptoms, whereas resilience
was significantly negatively associated with depressive symptoms. Moreover, there was a significant interaction between sleep
disturbance or sleep reactivity and resilience on depressive symptoms. Resilience significantly alleviated the aggravating effect of
sleep disturbance and sleep reactivity on depressive symptoms.
Conclusion: Our results indicate that people with lower resilience have more severe depressive symptoms that are associated with
sleep disturbance and sleep reactivity. Therefore, there is a possibility that the enhancement of resilience will buffer the aggravating
effects of sleep disturbance and sleep reactivity on depressive symptoms, and that improving sleep quality might alleviate the negative
effect of low resilience on depressive symptoms.
Keywords: depression, resilience, sleep disturbance, sleep reactivity, CD-RISC

Introduction
Depression is a common disease, with a reported lifetime prevalence of 15% to 18%, and is a great burden on economies
worldwide.1,2 Multiple factors are assumed to be involved in the etiology of depression, and a large number of studies have
investigated the etiology of depression from various points of view. However, the causal factors of depression have not yet
been clarified. Several longitudinal studies have suggested that sleep disturbance might be risk factors for depression.3,4 A
meta-analysis of 21 longitudinal studies showed that non-depressed people with insomnia have a two-fold higher risk of
developing depression compared with people without insomnia.3 These previous studies suggested that sleep disturbance is
not fully dependent on depression, but is actually a risk factor for depression, although sleep disturbance is also a symptom of
depression and a well-known prodromal symptom.5 Furthermore, there have been some studies on sleep reactivity, which is
defined as a tendency to provoke sleep disturbance in response to a variety of stressors or challenges to the sleep system,
including environmental factors, such as caffeine intake and a change in bedtime or sleep environment.6–9 It was suggested
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that sleep reactivity is associated with genetic factors, a family history of insomnia, being female, and environmental
stress.7,9,10 Furthermore, some studies indicated that sleep disturbance mediates the effect of sleep reactivity on depressive
symptoms, whereas sleep reactivity negatively affects depressive symptoms, independently of sleep disturbance.6,8

Furthermore, an interaction between sleep reactivity and sleep disturbance on depressive symptoms has been reported.8

Most previous studies to date have investigated the risk factors for developing mental illnesses. However, in recent
years, resilience (the ability to thrive in the face of adversity) has been gaining attention as a factor that acts against stress,
and hence facilitates the recovery from mental illness.11 Recent studies have suggested the possibility that an enhancement
of resilience leads to an improvement in depressive symptoms and the prevention of depression.12,13 Other studies have
analyzed the association between resilience and sleep disturbance. A prospective study on adolescents reported that daytime
dysfunction and sleep disturbance were bidirectionally associated with resilience, and that people with higher resilience had
fewer sleep disturbances and shorter sleep latencies.14 In addition, a study of community-dwelling adults suggested that
subjective stress is a risk factor for sleep disturbance, and resilience plays a protective role against sleep disturbance.15

Furthermore, this study reported an interactive effect between subjective stress and resilience, and resilience buffered the
negative impact of subjective stress on sleep disturbance.15 Another study suggested that sleep disturbance and low
resilience are associated with high sleep reactivity related to stress.16 Zhou et al analyzed first-year college students, and
found that sleep quality might mediate the association between chronotype and depressive symptoms, and resilience might
buffer the exacerbating effects of chronotype and sleep quality on depressive symptoms.17 Considering their findings, sleep
and resilience are assumed to interact with each other, and furthermore, this interaction may influence depression.

However, to the best of our knowledge, the interaction between sleep disturbance, sleep reactivity, and resilience on
depressive symptoms has not been reported to date. Therefore, we hypothesized that sleep disturbance, sleep reactivity, and
resilience interact with each other, and furthermore, that these interactions are associated with depressive symptoms. In this
study, we hence aimed to test this hypothesis using hierarchical multiple regression analyses including interaction terms.

Subjects and Methods
Subjects
This study was performed in accordance with the Declaration of Helsinki (amended in Fortaleza in 2013) and was
approved by the Institutional Review Board of Tokyo Medical University (study approval number: SH3502). Self-
administered paper-based questionnaires were distributed to 1237 nonclinical adult volunteers recruited by convenience
sampling through our acquaintances at Tokyo Medical University, between April 2017 and April 2018. All subjects
reported that they have no severe suicidal ideations, no organic brain diseases, no severe physical illnesses, and the
ability to consent to participating in our study. All subjects were informed that their participation was voluntary, no
disadvantage would be caused to people who did not participate, and their anonymity would be guaranteed. Participation
was incentivized with gift cards worth 500 Japanese yen. A total of 597 subjects gave informed consent and responded to
the questionnaire. After excluding 13 subjects with missing data, the data of a total of 584 subjects were analyzed. The
mean age of the subjects was 41.7 ± 12.1 years, and 249 (42.6%) of them were men. Details of the demographic
characteristics of the subjects are shown in Table 1.

Questionnaires
Patient Health Questionnaire-9 (PHQ-9)
PHQ-9 is a self-administered questionnaire for assessing depressive symptoms.18 The Japanese version of PHQ-9 was
developed previously, and its validity and reliability have been confirmed.19 PHQ-9 consists of 9 items (eg, “I am feeling
down, depressed, or hopeless.”), and each item is evaluated using a 4-point Likert scale (not at all [0 points], to nearly
every day [4 points]), and a higher total score is interpreted as indicating severe depressive symptoms. The Cronbach’s α
calculated for PHQ-9 in this study was 0.85. PHQ-9 scores were compared between the depressed outpatients in our
previous study20 and the subjects used in this study, using a two-sample t-test, and a significant difference between the 2
groups was confirmed (data not shown).
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Connor-Davidson Resilience Scale (CD-RISC)
CD-RISC is a self-administered questionnaire that assesses the resilience of a subject.11 The Japanese version of this
scale has been developed, and its validity and reliability have been confirmed.21 CD-RISC consists of 25 items (eg, “I am
able to adapt to change.”), and each item is evaluated using a 4-point Likert scale (not true at all [0 points], to true nearly
all of the time [4 points]). A higher total score is interpreted as indicating higher resilience. The Cronbach’s α calculated
for CD-RISC in this study was 0.95.

Pittsburgh Sleep Quality Index Japanese Version (PSQI-J)
PSQI is a self-administered questionnaire that assesses a subject’s sleep disturbance, and its validity and reliability have
been confirmed.22 PSQI consists of 7 subscales (C1: sleep quality; eg, “during the past month, how would you rate your
sleep quality overall?”, C2: sleep latency; eg, “during the past month, how long did it usually take you to fall asleep each
night?”, C3: sleep duration; eg, “during the past month, how many hours of actual sleep did you get each night?”, C4:
habitual sleep efficiency (calculated based on the numbers of hours slept and spent in bed), C5: sleep disturbance; eg,
“during the past month, how often have you had trouble sleeping because you wake up in the middle of the night or early
morning?”, C6: use of sleeping medication; eg, “during the past month, how often have you taken medicine to help you
sleep?”, and C7: daytime dysfunction; eg, “during the past month, how often have you had trouble staying awake while
driving, eating meals, or engaging in social activities?”). The range of each subscale score is from 0 to 3, and hence the
range of the global score (total score) is from 0 to 21. A higher global score represents poorer subjective sleep quality.22

PSQI was translated into a Japanese version (PSQI-J) and then validated by its back translation.23 PSQI-J was used for
the psychometric assessment of subjective sleep quality in groups with and without psychiatric illnesses.24 In the present
study, the Cronbach’s α calculated for PSQI-J was 0.64.

Ford Insomnia Response to Stress Test Japanese Version (FIRST-J)
FIRST is a self-administered questionnaire for evaluating sleep vulnerability induced by stress.25 Its Japanese version
(FIRST-J) was developed previously, and its validity and reliability have been confirmed.26 FIRST-J consists of 9
questions (eg, “when you experience the following situations, how likely is it for you to have difficulty sleeping?”
“before an important meeting the next day”, etc.), and each item is evaluated using a 4-point Likert scale (not likely [1
point], to very likely [4 points]). The total score hence ranges from 9 to 36 points, and a higher total score is associated
with higher vulnerability to insomnia. The Cronbach’s α of FIRST-J was 0.90 in this study.

Table 1 Associations Between PHQ-9 Score and Demographic Characteristics, PSQI-J, FIRST-J, and CD-RISC Scores

Characteristic or Measure Value (Number or Mean ± SD) Association with PHQ-9 Score

Sex (male: female) 249: 335 Male: 3.5 ± 4.1 vs female: 4.6 ± 4.3, p = 0.006 (t-test)
Age 41.7 ± 12.1 r = –0.034, p = 0.406

Married (yes: no) 383: 197 Yes: 3.5 ± 3.9 vs no: 5.2 ± 4.7, p < 0.001 (t-test)
Years of education 14.6 ± 1.8 r = –0.068, p = 0.100
Subjective social status (10: highest, 1: lowest) 5.1 ± 1.7 r = –0.269, p < 0.001

Past history of psychiatric illness (yes: no) 68: 517 Yes: 6.7 ± 5.4 vs no: 3.7 ± 3.9, p < 0.001 (t-test)
Current psychiatric illness (yes: no) 23: 552 Yes: 7.8 ± 5.0 vs no: 3.9 ± 4.2, p < 0.001 (t-test)
Family history of psychiatric illness (yes: no) 58: 472 Yes: 4.5 ± 4.2 vs no: 4.0 ± 4.3, p = 0.343 (t-test)
PSQI-J global score 5.8 ± 3.5 r = 0.566, p < 0.001
FIRST-J score 19.1 ± 5.9 r = 0.419, p < 0.001

CD-RISC score 55.0 ± 17.2 r = –0.374, p < 0.001

PHQ-9 score 4.1 ± 4.2 –

Note: r = Pearson correlation coefficient.
Abbreviations: CD-RISC, Connor-Davidson Resilience Scale; FIRST-J, Ford Insomnia Response to Stress Test Japanese Version; PHQ-9, Patient Health Questionnaire-9;
PSQI-J, Pittsburgh Sleep Quality Index Japanese Version; SD, standard deviation.
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Statistical Analysis
Statistical analyses were conducted using SPSS version 27 (IBM, Armonk, NY, USA), and a p-value of less than 0.05
was judged as statistically significant.

Pearson Correlation Analysis and t-Test
The associations of PHQ-9 scores with the scores of PSQI-J, CD-RISC, FIRST-J, and demographic and clinical
characteristics (sex, age, marriage status, year of education, subjective social status score [1: lowest; 10: highest], past
history of psychiatric illness, present psychiatric illness, and family history of psychiatric illness) were analyzed using
Pearson correlation analysis or the t-test. Furthermore, the association between PHQ-9 total score and each PSQI-J
subscale score was analyzed using Pearson correlation analysis.

Hierarchical Multiple Regression Analysis
Before hierarchical multiple regression analysis, to clarify whether PSQI-J scores and FIRST-J scores are independently
associated with PHQ-9 scores, multiple regression analysis, in which PSQI-J scores and FIRST-J scores were indepen-
dent variables, and PHQ-9 scores were a dependent variable, was conducted.

Previously, we reported that affective temperaments, which are personality traits, significantly interact with insomnia on
depressive symptoms in Japanese adult community volunteers.27 Considering this interaction on depressive symptoms, in
this study, we aimed to assess the effect of the interaction of resilience with sleep disturbance or sleep reactivity on
depressive symptoms. In previous studies, the interaction of 2 variables was judged using a moderated regression
framework.27,28 The equation for the hypothetical model was as follows:29 dependent factor (PHQ-9 scores) = b0 + b1
(factor 1) + b2 (factor 2) + b3 (factor 1*factor 2), in which b0 is the intercept, b1 is the coefficient associated with the effect
of factor 1, b2 is the coefficient associated with the effect of factor 2, and b3 is the coefficient associated with the interaction
effect, which is the product of the 2 variables (factor 1 and factor 2). A 3-step hierarchical multiple regression analysis was
conducted by the forced entry method, using PHQ-9 scores as a dependent variable, and PSQI-J global scores, CD-RISC
scores, interaction term (PSQI-J × CD-RISC), and demographic and clinical characteristics (described below) as indepen-
dent variables. In step 1, PSQI-J global scores and CD-RISC scores were included as independent variables. In step 2, the
interaction term between these 2 variables was added as an independent variable. In step 3, age, sex, marriage status, years
of education, subjective social status, past history of psychiatric illness, present psychiatric illness, and family history of
psychiatric illness were added as independent variables. Furthermore, sensitivity analysis, considering the possibility that
the scores of the item regarding sleep disturbance on the PHQ-9 might be associated with the scores of PSQI-J, which might
affect the results, was also performed. In this sensitivity analysis, the scores that were obtained after excluding the score of
the item regarding sleep disturbance of the PHQ-9 (ie, the total scores of 8 items of the PHQ-9) were used as a dependent
variable. Moreover, hierarchical multiple regression analyses using the PSQI-J subscale scores as independent variables
were performed, in the same way as the PSQI-J total scores.

In another set of 3-step hierarchical multiple regression analysis, PHQ-9 scores were included as the dependent variable,
and FIRST-J scores, CD-RISC scores, interaction term (FIRST-J × CD-RISC), and demographic and clinical characteristics
(described above) were included as independent variables. Analytical procedures were conducted as above.

The adjusted coefficient of determination (R2), which represents the explanatory power of the model formula in each
step was calculated, and the statistical significance of the difference of R2 between each step was analyzed. To analyze
interaction effects, the scores of PSQI-J, CD-RISC, and FIRST-J were standardized before the analyses.

Results
Demographic and Clinical Characteristics and Scores of PSQI-J (Sleep Disturbance),
FIRST-J (Sleep Reactivity), CD-RISC (Resilience), and PHQ-9 (Depressive Symptoms)
The associations of PHQ-9 scores with demographic and clinical characteristics and PSQI-J, FIRST-J, and CD-RISC
scores of the subjects are shown in Table 1. As determined by the t-test, being female, unmarried, past history of
psychiatric illnesses, and present psychiatric illness were significantly associated with a high score on the PHQ-9. On the
other hand, family history of psychiatric illness was not significantly associated with PHQ-9 score. As determined by the
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Pearson correlation coefficient, subjective social status and CD-RISC score were significantly and negatively correlated
with PHQ-9 score, whereas PSQI-J global and FIRST-J scores were significantly and positively correlated with PHQ-9
score. However, age and years of education were not significantly correlated with PHQ-9 score. Furthermore, all subscale
scores on the PSQI-J (C1, C2, C3, C4, C5, C6, and C7) were significantly and positively associated with PHQ-9 score
(data not shown).

Hierarchical Multiple Regression Analysis
We performed multiple regression analysis before the hierarchical multiple regression analysis to confirm that PSQI-J
global and FIRST-J scores were independently associated with PHQ-9 score. The multiple regression analysis, with the
dependent variable being PHQ-9 scores, included PSQI-J and FIRST-J scores as independent variables. PSQI-J global
and FIRST-J scores were significantly and independently associated with PHQ-9 scores (adjusted R2 = 0.352, F (2545) =
155.957, p < 0.001; PSQI-J global score, standardized partial regression coefficient β = 0.473, p < 0001; FIRST-J score, β
= 0.230, p < 0.001). The variance inflation factor was 1.188, and multicollinearity was denied.

The results of hierarchical multiple regression analyses including PSQI-J global scores and FIRST-J scores as
independent variables are shown in Tables 2 and 3, respectively. In steps 1, 2, and 3, PSQI-J global and FIRST-J scores
were significantly positively associated with PHQ-9 scores, whereas CD-RISC scores were significantly negatively
associated with PHQ-9 scores. Additionally, in steps 2 and 3, the interaction terms of CD-RISC with PSQI-J global and
FIRST-J scores were significantly negatively associated with PHQ-9 scores. Furthermore, in step 2 of the model
including PSQI-J scores as an independent variable, the adjusted R2 was 0.400, which indicated that 40.0% of the
variance in PHQ-9 scores was explained by the model (Table 2). Additionally, in step 2 of the model including FIRST-J
scores as an independent variable, the adjusted R2 was 0.261, which indicated that 26.1% of the variance in PHQ-9 was
explained by the model (Table 3).

In the sensitivity analysis of total scores of 8 items on PHQ-9, which were obtained after excluding the item regarding sleep
disturbance, PSQI-J global and FIRST-J scores were significantly positively associated with PHQ-9, whereas CD-RISC scores

Table 2 Analysis of Interactions by Hierarchical Multiple Regression Analysis of PSQI-J,
CD-RISC, and PHQ-9 Scores

PHQ-9 Score

β-Value

Step 1 Step 2 Step 3

CD-RISC score –0.244*** –0.240*** –0.200***

PSQI-J global score 0.503*** 0.477*** 0.423***
Interaction term –0.132*** –0.133***

Age –0.004

Sex 0.044
Marriage –0.103**

Years of education 0.024

Subjective social status –0.109**
Past history of psychiatric illness 0.066

Present psychiatric illness 0.025

Family history of psychiatric illness –0.009
ΔR2 0.017*** 0.032**

Adjusted R2 0.385 0.400 0.423

Notes: β-value indicates the standardized partial regression coefficient (excluding ΔR2 and Adjusted R2). ΔR2

indicates the difference in the coefficient of determination compared with the previous step, which demonstrates
the importance of the variables added at the next step by confirming that the variance explanation rate statistically
significantly increases. Adjusted R2 indicates the coefficient of determination adjusted for degrees of freedom. **p <
0.01, ***p < 0.001.
Abbreviations: CD-RISC, Connor-Davidson Resilience Scale; PSQI-J, Pittsburgh Sleep Quality Index Japanese
Version; PHQ-9, Patient Health Questionnaire-9.
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were significantly negatively associated with PHQ-9 in steps 1, 2, and 3 (data not shown). Additionally, in steps 2 and 3, the
interaction terms of CD-RISC scores with PSQI-J global and FIRST-J scores were significantly negatively associated with
PHQ-9 scores, respectively (data not shown). The variance inflation factors in these models were calculated, and multi-
collinearity was denied.

In the hierarchical multiple regression analyses using the subscale scores of PSQI-J as independent variables, the
interaction terms between 5 PSQI-J subscores (C1: sleep quality, C2: sleep latency, C5: sleep disturbance, C6: use of
sleeping medication, and C7: daytime dysfunction) and CD-RISC scores were significantly negatively associated with
PHQ-9 scores, whereas the interaction terms between 2 PSQI-J subscores (C3: sleep duration, and C4: habitual sleep
efficiency) and CD-RISC scores were not significantly associated with PHQ-9 scores (data not shown). We confirmed no
multicollinearity between the subscale scores of PSQI-J and CD-RISC scores.

Discussion
In this study, we showed that sleep reactivity and sleep disturbance are significantly associated with depressive
symptoms, and that these factors explain about one-third of the variance of depressive symptoms in Japanese adult
volunteers. Furthermore, resilience was significantly negatively associated with depressive symptoms. Moreover, resi-
lience was found to interact with sleep reactivity and sleep disturbance, and buffer the exacerbating effects of sleep
reactivity and sleep disturbance on depressive symptoms. The above results were also found to be significant by
sensitivity analyses. To the best of our knowledge, this is the first study to date to report the interaction effects of
resilience with sleep reactivity and sleep disturbance on depressive symptoms.

As mentioned in the Introduction section, there have been some studies regarding the association of depressive
symptoms with sleep disturbance and sleep reactivity. Some studies reported that sleep reactivity or sleep disturbance is
associated with depressive symptoms.4,6,8,30,31 Our present findings are consistent with the results of these previous
studies, suggesting that sleep reactivity and sleep disturbance are closely associated with depressive symptoms in

Table 3 Analysis of Interactions by Hierarchical Multiple Regression Analysis of FIRST-J,
CD-RISC, and PHQ-9 Scores

PHQ-9 Score

β-Value

Step 1 Step 2 Step 3

CD-RISC score –0.282*** –0.274*** –0.215***

FIRST-J score 0.328*** 0.319*** 0.281***
Interaction term –0.135*** –0.121***

Age –0.004

Sex 0.006
Marriage –0.146***

Educational years 0.045

Subjective social status –0.146**
Past history of psychiatric illness 0.098*

Present psychiatric illness 0.052

Family history of psychiatric illness –0.005
ΔR2 0.018** 0.064***

Adjusted R2 0.244 0.261 0.314

Notes: β-value indicates the standardized partial regression coefficient (excluding ΔR2 and Adjusted R2). ΔR2

indicates the difference in the coefficient of determination compared with the previous step, which demonstrates
the importance of the variables added at the next step by confirming that the variance explanation rate statistically
significantly increases. Adjusted R2 indicates the coefficient of determination adjusted for degrees of freedom. *p <
0.05, **p < 0.01, ***p < 0.001.
Abbreviations: CD-RISC, Connor-Davidson Resilience Scale; FIRST-J, Ford Insomnia Response to Stress Test
Japanese Version; PHQ-9, Patient Health Questionnaire-9.
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Japanese adult volunteers, and that the intervention of improving sleep disturbance and sleep reactivity is important for
the prevention and treatment of depression.

Furthermore, previous studies have shown that resilience is useful for the improvement of depressive symptoms,
which is consistent with our present findings.12,13 It has also been reported that resilience may be affected by various
factors, such as psychosocial and biological factors.11,32 In this study, resilience was significantly associated with sex,
marriage status, subjective social status, and past history of psychiatric illness (data not shown). After adjustment for
these factors in the hierarchical multiple regression analysis, the association of resilience with depressive symptoms
remained significant. In other words, the present analyses confirmed that resilience was associated with depressive
symptoms independently of other relevant factors.

In this study, we showed that sleep reactivity and sleep disturbance interact with resilience on depressive symptoms;
ie, resilience moderates the effects of sleep reactivity and sleep disturbance on depressive symptoms. These findings
suggest that interventions of improving resilience may be useful for improving depressive symptoms in people with sleep
reactivity and sleep disturbance. As mentioned in the Introduction section, Zhou et al reported that resilience might
moderate the effects of chronotype and sleep quality on depressive symptoms in the first-year college students,17 which
supported the moderator effect of resilience in the present study. In the analysis of the interactions between the 7 PSQI-J
subscores and resilience scores, resilience buffered the aggravating effects of subjective sleep quality, sleep latency, sleep
disturbance, use of sleeping medication, and daytime dysfunction on depressive symptoms. There was, however, no
significant interactions of resilience with sleep duration and habitual sleep efficiency, which suggested that the associa-
tion with resilience is different for each PSQI-J subscale. There have been no reports on the interactions between the
subscales of PSQI-J and resilience, but a report showed that daytime dysfunction and sleep disturbance were associated
bidirectionally with resilience, which partially supports our present findings.14

The results of the present study provide some clinical implications. It is important to evaluate resilience in subjects with
sleep reactivity and sleep disturbance. Our results suggest that people with lower resilience are likely to develop depression
associated with sleep reactivity and sleep disturbance. When a patient’s resilience is considered to be low, interventions to
enhance his/her resilience are expected to prevent or ameliorate the worsening effect of sleep reactivity and sleep
disturbance on depressive symptoms. For example, meta-analyses have shown that cognitive behavioral therapy (cognitive
reconstruction, behavioral activation, problem-solving, and social skills training) enhances resilience.13,33 Additionally,
some reports suggested that exercise is likely to enhance resilience.34,35 Treatment with antidepressants was suggested to
enhance resilience in patients with posttraumatic stress disorder.36 Furthermore, the amelioration of sleep reactivity and
sleep disturbance may lead to buffering of the exacerbation of depressive symptoms induced by low resilience.

Limitations
The present study is a cross-sectional study, which cannot conclude the causal associations of sleep disturbance, sleep
reactivity, and resilience with depressive symptoms. To confirm these causal associations, a long-term prospective
longitudinal study is required. Moreover, the present findings cannot be generalized to patients with depression because
the study subjects were non-clinical adult volunteers. Furthermore, sleep disturbance was evaluated subjectively in the
present study, and hence further studies are necessary to assess the interaction between resilience and sleep disturbance
based on objective data.

Conclusion
Our results suggest that resilience interacts with sleep reactivity and sleep disturbance, and resilience has a moderator
effect that buffers the exacerbating effects of sleep reactivity and sleep disturbance on depressive symptoms. Therefore,
the enhancement of resilience might lead to the amelioration of depressive symptoms associated with sleep disturbance
and sleep reactivity. Our present findings are expected to lead to the future development of treatment strategies for
depression focusing on resilience.
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