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Abstract
Background The effects of sleep duration on the development of mental illness remain controversial. Therefore, it is nec-
essary to identify the effects of long or short sleep duration on psychological disorders, which could reveal new ways for 
preventing and treating mental health conditions cheaply.
Methods Identifying published papers was accomplished by using the following five English databases on March 16, 2022: 
PubMed, MEDLINE, Embase, Web of Science databases, and Scopus. Cross-sectional and cohort studies were considered 
if they evaluated the association of sleep duration with all kinds of mental illness in adults. We excluded case reports, edi-
torials, narrative reviews, and studies without detailed information on sleep duration. Summary effect-size estimates were 
expressed as risk ratios (RRs) or odds ratios (ORs) with 95% confidence intervals and were evaluated using random-effect 
models. Mantel-Haenszel’s random-effects model was used to estimate the inconsistency index (I2) and  Tau2 index (meas-
urement of heterogeneity).
Results A total of 52 studies were included in this analysis, consisting of 14 cohort studies and 38 cross-sectional studies. 
These studies involved a combined sample size of 1,407,891 participants who met the inclusion criteria. Cohort (adjusted RR 
= 1.42, 95% CI: 1.26–1.60, P < .001, I2 = 37.6%,  Tau2 = 0.014) and cross-sectional studies (adjusted OR = 1.67, 95% CI: 
1.57–1.77, P < .001, I2 = 79.7%,  Tau2 = 0.060) concluded that short sleep duration increased mental disorder risks. The same 
conclusions were acquired in the subgroup analysis, especially for depression (adjusted RR = 1.43, 95% CI: 1.24–1.65, P < 
.001, I2 = 80.4%,  Tau2 = 0.082), anxiety (adjusted RR = 1.30, 95% CI: 1.04–1.63, P = .002, I2 = 0.0%,  Tau2 = 0.000), and 
PTSD (adjusted RR = 1.35, 95% CI: 1.04–1.76, P = .022, I2 = 24.1%,  Tau2 = 0.013) in cohort studies. The results of subgroup 
analysis indicated that long sleep duration was not a risk factor for depression (adjusted RR = 1.15, 95% CI: 0.98–1.34, P = 
.088, I2 = 63.4%,  Tau2 = 0.045) and anxiety (adjusted RR = 1.37, 95% CI: 0.93–2.03, P = .114, I2 = 0.0%,  Tau2 = 0.000).
Conclusions Short sleep duration, not long sleep duration, is an independent predictor of developing mental disorders, 
particularly anxiety and depression.
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Introduction

The increasing prevalence of mental health disorders is 
a global issue. In 2019, these disorders accounted for 
125 million disability-adjusted life-years [1]. Mental 
illness affects a significant portion of the global 
population, with approximately one-eighth suffering 
from such disorders. Additionally, individuals in post-
conflict settings experience mental health problems 
at a rate of about one in five [2]. The economic effect 
of mental illness is substantial, including productivity 
loss and other indirect social expenses that often 
surpass healthcare expenditures [3]. The World Health 
Organization estimates that losses from depression and 
anxiety, the two most common mental health conditions, 
are upward of $1 trillion annually [2].

In light of growing concerns about mental health, 
it is crucial that we have a thorough understanding of 
this topic. According to the World Health Organization 
(WHO), mental health refers to an individual’s well-being 
and how they handle stress, reach their potential, learn, 
and contribute to society. Mental health is a vital aspect 
of overall well-being as it affects our ability to make deci-
sions, form relationships, and shape the world around us 
[4]. It also affects communication, functioning, coping 
mechanisms, and personal development. Recognizing 
mental health as a basic human right essential for personal 
growth, community welfare, and socio-economic progress 
has become increasingly important in recent years. This 
recognition is evident through its inclusion in sustainable 
development goals aimed at achieving global development 
objectives [2].

The prevalence of different mental disorders var-
ies according to gender and age, with anxiety disorders 
and depression being the most common in both men and 
women. Depression is a common mental illness around the 
world, affects people’s health, is linked to conditions like 
cardiovascular disease and diabetes, and causes signifi-
cant mortality in the elderly [5–8]. Therefore, identifying 
potential risk factors for mental disease and intervening to 
modify long-term exposure to risks for mental health are 
critical to preventing the development of mental diseases 
that have serious economic and social consequences.

Most investigations have focused on potential risk factors 
for mental health related to the residential environment, cul-
ture, and lifestyle, such as physical activity, unhealthy diet, 
alcohol, and drug consumption [9–11]. It has been shown that 
these factors can affect mental health in various settings. Indi-
viduals with mental illness often experience sleep disorders, 
and genetic analyses have revealed significant genetic cor-
relations between these traits. The study by O’Connell et al. 

[12] provides evidence that there is substantial polygenic 
overlap between psychiatric disorders and sleep-associated 
phenotypes that transcends genetic correlations. Li et al. 
[13] conducted a longitudinal study using data from the UK 
Biobank, focusing on participants of European ancestry aged 
38–73 years. The results of this study [13] suggest possible 
genetic mechanisms and structural changes in the brain that 
may underlie the nonlinear relationship between sleep dura-
tion and cognitive and mental health.

As witnesses of the rapid evolution of human society, tech-
nological advances, global industrialization and urbanization, 
and modern lifestyles, including the adoption of unhealthy 
sleep habits, have led to an increase in the incidence of non-
communicable chronic diseases such as mental disorders 
[9, 14]. Researchers have explored the relationship between 
sleep duration and psychological illness [15–20]. Sleep main-
tains human body function and homeostasis by preserving 
consciousness and cognitive function, sustaining biological 
rhythm, repairing defense function, and relieving stress [17, 
21]. Short sleep duration (SSD) is a risk factor for mental 
disorders such as depression. A cross-sectional study [15] 
of 49,317 Chinese older adults suggests that SSD is associ-
ated with depressive symptoms in Chinese older adults. Dong 
et al.’s study [16], which includes adults who participated 
in the National Health and Nutrition Examination Survey 
(NHANES) from 2009 to 2016, shows that SSD is indepen-
dently associated with higher incidence of depression. Find-
ings [22] based on multiethnic populations found that SSD 
(< 6 h compared to 7–8 h) is independently associated with 
any psychiatric disorder. However, the effects of long sleep 
duration (LSD) on the development of mental illness remain 
controversial. Jing et al. [23] showed that LSD reduces the 
incidence of depression. In contrast, Plante et al. [24] showed 
that LSD increases odds of depression. However, several 
studies [22, 25, 26] concluded that mental disorders, such 
as depression, anxiety, bipolar disorder (BD), or obsessive-
compulsive disorder (OCD), were not associated with LSD.

Based on these contradictory findings, it is necessary to 
identify the effects of long or short sleep duration on psycho-
logical disorders, which may reveal new ways to prevent and 
treat mental health conditions. Therefore, a meta-analysis 
was conducted to quantify the relationship between sleep 
duration and psychological well-being.

Methods

Registration and reporting format

The findings were analyzed in accordance with the PRISMA 
(Preferred Reporting Items for Systematic Reviews and 
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Meta-analyses) guidelines [27] and meta-analysis of 
MOOSE (Observational Studies in Epidemiology) state-
ment [28] (eTable 1 and eTable 2). Preregistration of the 
protocol in the PROSPERO database was completed 
(CRD42022332858).

Search strategy

Searches were performed in March 2023 based on PubMed, 
MEDLINE, Embase, Web of Science, and Scopus databases. 
The PICOS tool was used to guide the search strategy: (P) 
population: participants with specific sleep duration; (I) 
intervention: short or long sleep duration; (C) comparator: 
normal sleep duration; (O) outcomes: all kinds of mental 
disorders; and (S) study type: cross-sectional and cohort 
studies. A description of the search strategy is shown in 
eTable 3. An independent third author (H. J.) verified the 
accuracy of all searches.

Selection criteria and study selection

Cross-sectional and cohort studies were considered if 
they evaluated the association of sleep duration with 
mental illness in adults. Among the exclusion criteria 
were case reports, editorials, narrative reviews, and stud-
ies that did not involve detailed sleep duration informa-
tion. We used Endnote 20 literature management soft-
ware to screen articles that ultimately met the inclusion 
criteria. The specific selection process contained three 
steps according to the title, title and abstract, and the 
final qualified literatures are gradually browsed as the 
figure.

Data extraction

Two authors (J. Z. and M. H.) independently extracted 
the following baseline data from each qualified article, 
including the first author, year of publication, country 
where the study was performed, gender, sample size, 
study type, follow-up years, the age of study subjects, 
type of mental disorder, career, ascertainment of sleep 
duration, ascertainment of mental disorders, and other 
confounding risk factors. We resolved the divergence by 
re-evaluating original articles together and by involving 
a third author (J. H.).

Risk of bias of individual studies

We used the Agency for Healthcare Research and Quality 
(AHRQ) [29] assessment tool to asses bias in the eligible 
cross-sectional studies and the Newcastle-Ottawa Scale 

(NOS) [30] to evaluate cohort studies. Whether the answer 
to the AHRQ item was “no” or “unclear” would be scored 
“0,” while “yes” would be scored “1.” A three-grade qual-
ity assessment was conducted on the articles: low quality 
(0–3), moderate quality (4–7), and high quality (8–11). In 
order to reach a final agreement, differences in the quality 
of the articles were discussed.

The NOS evaluates cohort studies through three blocks 
of eight-item methods, specifically including the selection 
of study population, comparability, exposure evaluation, 
or outcome evaluation. NOS adopts the semi-quantitative 
principle of the star system to evaluate the quality of lit-
erature, which is fully divided into 9 stars.

Statistical analyses

The data processing was performed using STATA soft-
ware version 14.1 for Windows (Stata Corp, College Sta-
tion, TX, USA). Risk ratios (RRs) or hazard ratios (HRs) 
were calculated with 95% confidence intervals (CIs) in 
cohort studies; whereas, odds ratios (ORs) were calcu-
lated with 95% CIs in cross-sectional studies to estimate 
the effect size. We use the formula RR = (1−expHR*ln 
(1−r))/r to transform the HRs into RRs and the random-
effects model to pool the effect-size estimates. In order 
to better compare the difference between the two statis-
tics, the Z-test proposed by Altman and Bland [31] was 
performed.

The inconsistency index  (I2) and another index, τ2 
 (Tau2), by virtue of the random-effects Mantel-Haenszel 
model, were both applied to appraise the heterogeneity 
between studies. When I2 was greater than 50%, it is con-
sidered that there was a significant heterogeneity between 
studies.

A sequence of subgroup analyses was conducted to 
make clear the potential sources of between-study het-
erogeneity. These subgroup analyses constituted various 
aspects, such as type of mental disorders, study design, 
age, gender, the level of economic development of the 
countries, career, ascertainment of sleep duration, level 
of AHRQ score, and follow-up interval.

To determine the likelihood of publication bias, we also 
applied Begg’s funnel plot and Egger’s regression asym-
metry test. The aim of the scissor’s method is to identify 
and correct the funnel plot asymmetry caused by publica-
tion bias. Based on the hypothesis that publication bias 
can cause asymmetry of funnel plot, the clipping method 
uses an iterative method to estimate the number of miss-
ing studies, which does not mean estimating the specific 
number of missing studies but lies in the robustness of the 
judgment results. After adding some studies, meta-analysis 
was performed again. If the pooled effect size estimate did 
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not change significantly from that before clipping, it indi-
cated that publication bias had little effect, and the results 
were relatively robust.

Results

Eligible studies

We searched 18,091 articles after retrieving the common 
databases mentioned above using pre-negotiated keywords 
for sleep duration and mental illness, and 52 studies (14 
cohort studies and 38 cross-sectional studies), including 
1,407,891 participants satisfied the criteria for inclusion. 
Figure 1 depicts the comprehensive selection procedure.

Study characteristics

Table 1 shows the baseline characteristics of the 52 articles 
[15–20, 22–26, 32–72] included in this meta-analysis. There 
are fourteen [23, 25, 26, 35, 37, 39, 43, 49, 51, 55, 58, 65, 
69, 72] articles belong to cohort studies (three [26, 38, 72] of 
which also contained data from cross-sectional study), and 
the number of articles belonging to cross-sectional studies 
is 38 [15–20, 22, 24, 32–34, 36, 39–42, 44–48, 50, 52–54, 
56, 57, 59–64, 66–68, 70, 71] in eligible articles. Of the 
eligible articles included in this study, a total of 34 articles 
[16, 18, 20, 22, 24–26, 33–35, 37–40, 43, 45, 47, 51, 54–56, 
58–61, 63–70, 72] are attributed to developed countries, and 
the remaining 18 articles [15, 17, 19, 23, 32, 36, 41, 42, 44, 
46, 48–50, 52, 53, 57, 62, 71] are affiliated with developing 

Fig. 1  Flow chart of records 
retrieved, screened, and 
included in this meta-analysis
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countries. Among the qualified articles, anxiety was the 
consequence in 2 articles [25, 66], PTSD was the conclu-
sion in 1 article [64], suicide attempt (SA) was the outcome 
index and only 1 article [33], suicidal ideation (SI) was the 
conclusion in 2 articles [18, 60], and there were 42 articles 
[15–17, 19, 20, 22–24, 26, 32, 34–59, 61–63, 65, 67–72] 
with depression. Different types of occupations other than 
the general population were included in the included articles. 
These occupational types include military personnel [19, 25, 
64, 66], college students [35, 41, 48], health care workers 
[42, 70], and worker groups [59]. The elderly population 
was mentioned in 14 articles [15, 17, 23, 26, 35, 38, 43, 46, 
51, 55, 56, 58, 67, 72]; the middle-aged population in 2 arti-
cles [49, 52], and 3 articles [19, 41, 48] involved the young 
population. Polysomnography (PSG), the objective method, 
was used to measure sleep duration in 6 articles [37, 51, 55, 
56, 58, 65]. And sleep duration was obtained from subjec-
tive questionnaire scales (Pittsburgh Sleep Quality Index or 
Epworth Sleepiness Scale) in the remaining articles. There 
were 3 qualifying literature articles [24, 48, 58] that dealt 
only with LSD and 13 articles [19, 25, 32, 33, 35, 37, 41, 42, 
45, 50, 61, 65, 66] that dealt only with SSD. SSD was ≤ 5 h 
in 15 articles [18, 33, 42, 43, 45, 46, 51, 54–56, 60, 64, 65, 
67, 70], ≤ 6 h in 28 articles [17, 19, 20, 22, 23, 25, 26, 37, 
39, 43–45, 47, 49, 50, 52–54, 59–64, 66, 69, 70, 72], and ≤ 
7 h in 20 articles [15, 16, 23, 32, 34–36, 38, 39, 41–43, 49, 
52, 57, 64, 65, 68, 71, 72]. There were 5 articles [24, 43, 44, 
60, 69] with the LSD of ≥ 10 h, 27 articles [16, 18, 20, 22, 
24, 26, 34, 36–40, 44, 47, 49, 52–54, 57, 58, 60, 62, 64, 67, 
68, 71, 72] with sleep duration ≥ 9 h, and 19 articles [15, 
17, 23, 25, 39, 44, 46, 48, 49, 51, 52, 54–56, 59, 60, 63, 70, 
72] with sleep duration ≥ 8 h.

Results of NOS and AHRQ assessment

The quality of all eligible articles is displayed in eTable 4 
and 5 assessing by the AHRQ evaluation criteria for cross-
sectional studies and NOS for cohort studies. The average 
total score was 6.20 (range from 4 to 9) for the cross-sec-
tional studies and 7.29 (range from 7 to 8).

Overall analyses

After compiling the findings from all qualified cohort and 
cross-sectional studies, both short and long sleep duration 
were statistically associated with the risk of mental disorders. 
According to the findings of the cohort studies (adjusted RR 
= 1.42, 95% CI: 1.26–1.60, P < .001, I2 = 37.6%,  Tau2 = 
0.014) and cross-sectional research, SSD negatively affected 
the risk of mental disorders (adjusted OR = 1.67, 95% CI: 
1.57–1.77, P < .001, I2 = 79.7%,  Tau2 = 0.060) (Fig. 2).
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The overall analysis result also indicated that LSD had a 
negative effect on the likelihood of developing mental prob-
lems in the cohort (adjusted RR = 1.22, 95% CI: 1.06–1.41, 
P = .006, I2 = 63.2%,  Tau2 = 0.055) and cross-sectional 
studies (adjusted OR = 1.20, 95% CI: 1.12–1.29, P < .001, 
I2 = 62.1%,  Tau2 = 0.040).

Cumulative and sensitivity analyses

The results of the combined analysis of the included 
researches were remarkably similar, and the tendency tended 
to hold in both cohort and cross-sectional investigations. 
Sensitivity analyses revealed no significant effect on any 
single study on overall effect-size estimates in the cohort 
cross-sectional studies.

Publication bias

For the relationship between sleep duration and mental dis-
orders, see Fig. 3 for Begg’s funnel plot of publication bias. 
In the cohort studies, no publication bias was found using 
Egger’s test for SSD (Coef. = −0.77, 95% CI: −1.90 to 0.36, 
P = .176), yet strong evidence of publication bias for LSD 
(Coef. = 2.00, 95% CI: 1.44 to 2.57, P = .000). Additional 
filled funnel plots revealed that 12 studies may have been 
omitted to make the LSD plot symmetrical because of publi-
cation bias. Effect size estimates for the relationship between 
LSD and mental disorders remained statistically significant 
after controlling for this potentially absent research.

In the cross-sectional studies, Egger’s test found that there 
was no evidence of publication bias for SSD with mental 
health (Coef. = 0.26, 95% CI: −0.47 to 0.99, P = .485). 
However, strong evidence of publication bias for LSD with 
mental disorders (Coef. = 0.64, 95% CI: 0.088 to 1.193, P = 
.024). And additional filled funnel plots revealed that there 
were 12 potentially missing studies to make the LSD plot 
more symmetrical.

Subgroup analyses

To further analyze the heterogeneity between the included 
studies, a series of subgroup analyses were performed 
depending on the baseline data. Notably, the damaging 
effect of SSD on mental illness was consistent across sub-
group analyses in both cohort and cross-sectional studies 
(Tables 2 and 3). However, significant heterogeneity was 
found in the results of LSD in both cohort and case-control 
studies, including different kinds of mental disorders, gen-
der, age, ascertainment of sleep duration, career, and follow-
up intervals.

SSD was statistically associated with depression risk 
(adjusted RR = 1.43, 95% CI: 1.24–1.65, P < .001, I2 = 
37.6%,  Tau2 = 0.014), anxiety risk (adjusted RR = 1.30, 

95% CI: 1.04–1.63, P = .002, I2 = 0.0%,  Tau2 = 0.000), 
and PTSD risk (adjusted RR = 1.35, 95% CI: 1.04–1.76, 
P = .022, I2 = 24.1%,  Tau2 = 0.013) in the cohort studies 
(two-sample Z-test P = .241 for depression vs. anxiety, P 
= .353 for depression vs. PTSD, and P = .415 for anxiety 
vs. PTSD). LSD has not been proved to be a risk factor for 
depression and anxiety, although statistical results show 
that it was a deleterious factor for PTSD.

In the included cohort studies, there was a statistically 
significant difference between SSD and mental health in 
females (adjusted RR = 1.37, 95% CI: 1.07–1.76, P < 
.001, I2 = 0.0%,  Tau2 = 0.000). No such association is 
found for males (adjusted RR = 1.26, 95% CI: 0.81–1.96, 
P = .314, I2 = 23.3%,  Tau2 = 0.026) (two-sample Z-test P 
= .373). We found no evidence that long sleep duration is 
a risk factor for mental health.

The included cohort studies were divided into devel-
oping and developed countries. Subgroup analysis dem-
onstrated statistical significance of SSD for mental dis-
orders both in developing (adjusted RR = 1.44, 95% CI: 
1.28–1.61, P = .002, I2 = 94.7%,  Tau2 = 0.120) and devel-
oped countries (adjusted RR = 1.37, 95% CI: 1.26–1.49, 
P < .001, I2 = 0.1%,  Tau2 = 0.000) (two-sample Z-test P 
= .246). Similarly, this relationship also held true for the 
LSD group.

Based on available age data, the population was divided 
into middle-aged (46–59 years) and elderly (≥ 60) groups. 
There was a statistically significant difference between SSD 
and mental disorders, both in middle-aged (adjusted RR 
= 1.33, 95% CI: 1.11–1.59, P = .002, I2 = 34.6%,  Tau2 = 
0.006) and elderly populations (adjusted RR = 1.46, 95% CI: 
1.18–1.80, P < .001, I2 = 87.5%,  Tau2 = 0.012) (two-sample 
Z-test P = .255) in the cohort studies. However, this statisti-
cal difference did not hold true in the LSD group.

Prominent differences were found both in general popula-
tion (adjusted RR = 1.46, 95% CI: 1.26–1.70, P < .001, I2 
= 82.0%,  Tau2 = 0.084) and military personnel (adjusted 
RR = 1.37, 95% CI: 1.19–1.58, P < .001, I2 = 0.0%,  Tau2 = 
0.000) in cohort studies. There was a significant difference 
between LSD and mental disorders in military personnel 
(adjusted RR = 1.47, 95% CI: 1.22–1.78, P < .001, I2 = 
0.0%,  Tau2 = 0.000), but this difference was not significant 
in the general population.

Based on the ascertainment of sleep duration, we found 
a significant difference between the SSD and mental dis-
orders in subjective method (adjusted RR = 1.44, 95% CI: 
1.27–1.63, P < .001, I2 = 77.5%,  Tau2 = 0.073). However, 
this relationship was not observed when objective methods 
(adjusted RR = 1.29, 95% CI: 0.98–1.70, P = .070, I2 = 
4.2%,  Tau2 = 0.000). Furthermore, LSD was identified as 
a risk factor for mental disorders when subjective methods 
were employed to measure sleep duration (adjusted RR 
= 1.20, 95% CI: 1.04–1.39, P = .015, I2 = 65.0%,  Tau2 = 
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Fig. 2  Overall analysis of sleep duration and mental disorders in cohort studies and cross-section studies with risk ratio (RR), odds ratio (OR), 
and 95% confidence interval (CI)
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Fig. 3  Begg’s and filled funnel plots for sleep duration and mental disorders
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0.053), but not with objective methods (adjusted RR =1.54, 
95% CI: 0.98–2.42, P = .064, I2 = 0.0%,  Tau2 = 0.000).

The deleterious effects of SSD on mental disorders were 
consistent and significant in the cohort study, regardless of 
the length of follow-up (< 5 years: adjusted RR = 1.42, 
95% CI: 1.24–1.63, P < .001, I2 = 81.0%,  Tau2 = 0.094; 
≥ 5 years: adjusted RR = 1.43, 95% CI: 1.22–1.68, P < 
.001, I2 = 36.3%,  Tau2 = 0.020). When follow-up was < 5 
years (adjusted RR = 1.28, 95% CI: 1.06–1.54, P = .011, I2 
= 5.7%,  Tau2 = 0.004), there was a statistically significant 
difference between LSD and mental disorders, yet this sta-
tistical difference could not be established at follow-up ≥ 5 
years (adjusted RR = 1.18, 95% CI: 0.99–1.39, P = .059, I2 
= 64.5%,  Tau2 = 0.048).

We performed a more specific subgroup analysis of 
sleep duration, and the results were consistent with results 
of the overall analysis, which SSD remaining an independ-
ent risk factor for psychological disturbances, whether ≤ 
5 h (adjusted RR = 1.64, 95% CI: 1.06–2.56, P = .027, I2 
= 37.2%,  Tau2 = 0.076), ≤ 6 h (adjusted RR = 1.46, 95% 
CI: 1.27–1.69, P < .001, I2 = 69.7%,  Tau2 = 0.074), or ≤ 
7 h (adjusted RR = 1.42, 95% CI: 1.26–1.60, P < .001, I2 
= 75.8%,  Tau2 = 0.071) (two-sample Z-test P = .311 for ≤ 
5 h vs. ≤ 6 h and P = .385 for ≤ 6 h vs. ≤ 7 h). LSD as an 
independent risk factor for psychological disorders is not 
stable, and statistical results ≥ 9 h (adjusted RR = 1.20, 95% 
CI: 1.06–1.41, P = .006, I2 = 13.9%,  Tau2 = 0.012) and ≥ 
10 h (adjusted RR = 1.54, 95% CI: 0.98–2.44, P = .062, I2 = 
51.1%,  Tau2 = 0.083) (two-sample Z-test P = .448 for ≥ 8 h 
vs. ≥ 9 h and P = .044 for ≥ 9 h vs. ≥ 10 h) do not support 
the theory of overall analysis.

The overall and subgroup analysis of the cohort studies 
suggests that SSD is an independent risk factor for men-
tal disorders. However, the results of subgroup analysis do 
not support that LSD is also a risk factor for psychological 
disorders.

Given the high heterogeneity of the results presented in 
the overall analysis of the relationship between sleep dura-
tion and mental disorders in cross-sectional studies, we cor-
respondingly conducted a series of subgroup analyses to 
explore the heterogeneity. The results indicated that SSD 
remains an independent risk factor for psychological distur-
bances, both in the overall and subgroup analysis.

Discussion

This is the comprehensive meta-analysis to date that explores 
the relationship between sleep duration and psychological 
disorders in adults. The findings show that SSD among 
women increases the risk of developing psychological 

disorders. However, the association between LSD and men-
tal disorders requires further validation. In addition, different 
types of psychological disorders, gender, methods of meas-
uring sleep duration, baseline age, and follow-up intervals 
are the possible causes of heterogeneity among studies. Our 
findings further strengthen the evidence for an association 
between short sleep duration and mental health. A meta-
analysis of seven cohort studies by Zhai and colleagues 74 
found that long and short sleep durations increase the risk 
of depression in adults. This meta-analysis examined the 
relationship between sleep duration and psychological dis-
orders by analyzing 52 research articles, including 14 cohort 
studies and 38 cross-sectional studies. These studies covered 
various types of psychological disorders such as depression, 
anxiety, PTSD, phobia, and suicidal attempts. The analy-
sis combined effect size estimates from these publications, 
which involved a total of 1,406,197 adults, to determine 
the association between sleep duration and mental health. 
Despite consistently marginal significance in overall and 
subgroup analyses, the findings extended those of Zhai et al. 
revealing a negative association between short sleep duration 
(SSD) and mental health [73]. Evidence based on overall and 
subgroup analyses does not adequately demonstrate LSD as 
a risk factor for the development of psychological disorders, 
which contradicts the findings of Zhai and colleagues [73].

The inconsistencies in the above results could derive 
from several factors. First, the number of included articles. 
We included twice as many cohort studies as Zhai and his 
colleagues [73] and also different types of mental disor-
ders. LSD was found to be a risk factor for psychological 
disorders development for most articles included in this 
meta-analysis.

The second factor was the different types of study designs 
of the included studies. Cross-sectional studies show the 
correlation between variables but do not show whether one 
variable precedes another in the causal chain [74]. Although 
informative, it is not possible to infer causality from these 
studies. Longitudinal designs provide stronger evidence. 
SSD was a constant independent predictor of psychologi-
cal morbidity in both cross-sectional and cohort studies. 
Although there is a strong relationship between LSD and 
psychological disorders in cross-sectional studies, LSD 
should be included in cohort studies.

The third factor may be significant heterogeneity across 
studies. Subgroup analyses and meta-regression analyses 
identified different psychiatric disorders, gender, level of 
economic development, method of sleep monitoring, base-
line age, and follow-up interval as potential sources of het-
erogeneity among studies. This study recommends future 
large-scale, well-designed cohort studies to give reliable 
estimates. We found high heterogeneity between LSD and 
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the development of psychological disorders in adults regard-
less of study type.

In contrast, for SSD, heterogeneity was low in both cross-
sectional and cohort studies. Accordingly, this meta-analysis 
suggests that in addition to methodological heterogeneity 
(e.g., study design), clinical heterogeneity such as differ-
ent baseline characteristics (e.g., age, sex ratio, and type 
of psychological disorders) of the study population may be 
the source of this difference. Notably, residual confounders 
were potentially inadequately corrected for incompletely 
measured or unmeasured clinical covariates. Consequently, 

translating LSD as a predictor of mental disorders into clini-
cal practice should be done with caution.

Sleep is crucial for the health and well-being of a person’s 
life. Adequate sleep is necessary for physiological recov-
ery. However, lack of sleep is increasingly a public health 
problem. The relationship between the sleep state and the 
development of mental disorders remains to be elucidated. 
Nevertheless, several theories have been proposed to explain 
this phenomenon.

First, inflammation is one of the dominant factors that 
causes depression [75]. Studies suggest that elevated 

Table 2   Overall and subgroup analyses of short and long sleep duration with mental disorder of adults in the cohort studies

RR risk ratio, 95% CI 95% confidence interval, PTSD post-traumatic stress disorder
*Data are not available

Group Number of quali-
fied observations

Short sleep duration Long sleep duration

RR (95% CI); P I2 Tau2 RR (95% CI); P I2 Tau2

Overall analyses
 Mental disorder (unadjusted) 10/7 1.44 (1.27–1.63); < .001 37.6% 0.014 1.30 (1.10–1.54); .002 0.0% 0.000
 Mental disorder (adjusted) 36/24 1.42 (1.26–1.60); < .001 75.1% 0.071 1.22 (1.06–1.41); .006 63.2% 0.055
Subgroup analyses based on adjusted mental disorder
 By mental health
  Depression 25/17 1.43 (1.24–1.65); < .001 80.4% 0.082 1.15 (0.98–1.34); .088 63.4% 0.045
  Anxiety 5/3 1.30 (1.04–1.63); .002 0.0% 0.000 1.37(0.93–2.03); .114 0.0% 0.000
  PTSD 3/4 1.35 (1.04–1.76); .022 24.1% 0.013 1.44 (1.12–1.86); .005 0.0% 0.000
 By gender
  Male 2/1 1.26 (0.81–1.96); .314 23.3% 0.026 1.71 (0.82–3.55); .150 * 0.000
  Female 2/2 1.37 (1.07–1.76); < .001 0.0% 0.000 1.19 (0.71–1.99); .499 29.9% 0.050
  Both genders 32/21 1.45 (1.28–1.64); .012 70.6% 0.076 1.21 (1.04–1.41); .012 65.1% 0.055
 By age
  46–59 2/1 1.33 (1.11–1.59); .002 34.6% 0.006 1.02 (0.68–1.53); .923 * 0.000
  > 60 14/11 1.46 (1.19–1.80); < .001 87.5% 0.112 0.96 (0.84–1.10); .574 42.4% 0.014
 By country
  Developed 30/20 1.37 (1.26–1.49); < .001 0.1% 0.000 1.37 (1.21–1.56); < .001 0.0% 0.000
  Developing 6/4 1.44 (1.28–1.61); .002 94.7% 0.120 0.83 (0.77–0.89); < .001 0.0% 0.000
 By career
  General population 23/14 1.46 (1.26–1.70); < .001 82.0% 0.084 1.08 (0.92–1.26); .353 60.0% 0.033
  Military personnel 12/10 1.37 (1.19–1.58); < .001 0.0% 0.000 1.47 (1.22–1.78); < .001 0.0% 0.000
 By ascertainment of sleep duration
  Subjective method 30/19 1.44 (1.27–1.63); < .001 77.5% 0.073 1.20 (1.04–1.39); .015 65.0% 0.053
  Objective method 6/2 1.29 (0.98–1.70); .070 4.2% 0.000 1.54 (0.98–2.42); .064 0.0% 0.000
 By follow-up (years)
  <5 14/8 1.42 (1.24–1.63); < .001 81.0% 0.094 1.28 (1.06–1.54); .011 5.7% 0.004
  ≥5 22/16 1.43 (1.22–1.68); < .001 36.3% 0.020 1.18 (0.99–1.39); .059 64.5% 0.048
Sleep duration analysis
 ≤ 5 h 4 1.64 (1.06–2.56); .027 37.2% 0.076 ─ ─ ─
 ≤ 6 h 26 1.46 (1.27–1.69); < .001 69.7% 0.074 ─ ─ ─
 ≤ 7 h 33 1.42 (1.26–1.60); < .001 75.8% 0.071 ─ ─ ─
 ≥ 8 h 24 ─ ─ ─ 1.22 (1.06–1.41); .006 63.2% 0.055
 ≥ 9 h 8 ─ ─ ─ 1.20 (0.98–1.47); .080 13.9% 0.012
 ≥ 10 h 3 ─ ─ ─ 1.54 (0.98–2.44); .062 51.1% 0.083
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inflammatory cytokines such as CRP and IL6 are strongly 
associated with lack of sleep and poor sleep quality [76–78]. 
Persistent short sleep duration leads to elevated levels of IL-
1-like and IL-2-like activity, and this increase is independent 
of the circadian rhythm of cortisol [79]. At the same time, as 
the “dose'” of short sleep duration progressively increases 

over 4 nights, there is evidence of cumulative increase of 
CRP [80].

Another factor that can cause depression is SSD which 
activates the hypothalamic-pituitary-adrenal axis. Research 
evidence suggests that over-activation of the hypothalamic-
pituitary-adrenal axis causes depression [81, 82]. Third, 

Table 3  Overall and subgroup analyses of short and long sleep duration with mental disorder of adults in the cross-sectional studies

RR risk ratio, 95% CI 95% confidence interval, BD bipolar disorder, OCD obsessive-compulsive disorder, SA suicide attempt, SI suicidal idea-
tion, PD panic disorder, PTSD post-traumatic stress disorder
*Data are not available

Group Number of quali-
fied observations

Short sleep duration Long sleep duration

OR (95% CI); P I2 Tau2 OR (95% CI); P I2 Tau2

Overall analyses
 Mental disorder (unadjusted) 50/39 1.81 (1.67–1.95); < .001 83.9% 0.052 1.39 (1.25–1.56); < .001 86.3% 0.089
 Mental disorder (adjusted) 107/81 1.67 (1.57–1.77); < .001 79.7% 0.060 1.20 (1.12–1.29); < .001 62.1% 0.040
Subgroup analyses based on adjusted mental disorder
 By mental health
  Depression 63/50 1.66 (1.55–1.77); < .001 76.0% 0.042 1.24 (1.15–1.35); < .001 66.9% 0.041
  Anxiety 11/4 1.51 (1.21–1.89); < .001 84.1% 0.089 0.80 (0.58–1.09); .150 0.0% 0.000
  BD 3/3 1.59 (0.84–3.02); .154 0.0% 0.000 0.60 (0.06–5.79); .658 73.2% 2.914
  Phobia 4/4 1.89 (1.16–3.07); .010 55.6% 0.118 1.22 (0.79–1.88); .367 34.9% 0.064
  PTSD 6/4 1.92 (1.21–3.03); .005 69.7% 0.214 1.70 (0.99–2.92); .054 65.4% 0.193
  OCD 3/3 2.13 (1.24–3.66); .006 36.3% 0.086 0.89 (0.43–1.84); .756 0.0% 0.000
  SA 3/* 6.14 (4.63–8.13); < .001 0.0% 0.000 * * *
  SI 7/7 1.32 (1.14–1.53); < .001 28.5% 0.010 1.10 (0.86–1.40); .461 30.6% 0.028
  PD 2/1 1.65 (0.72–3.80); .240 0.0% 0.000 1.04 (0.11–9.99); .973 * 0.000
 By gender
  Male 13/9 1.62 (1.37–1.91); < .001 79.1% 0.066 1.23 (1.08–1.40); .002 0.0% 0.000
  Female 15/11 1.63(1.45–1.85); < .001 77.0% 0.034 1.19 (1.04–1.37); .013 58.6% 0.028
  Both genders 79/61 1.69 (1.56–1.82); < .001 80.5% 0.072 1.20 (1.10–1.31); < .001 66.6% 0.050
 By age
  46–59 3/3 2.03 (1.19–3.47); .010 93.3% 0.207 1.42 (0.89–2.26); .138 74.3% 0.124
  > 60 11/11 1.43 (1.19–1.71); < .001 74.7% 0.059 1.41 (1.23–1.61); < .001 29.5% 0.014
 By country
  Developed 72/56 1.69 (1.53–1.85); < .001 75.1% 0.097 1.18 (1.08–1.29); < .001 54.1% 0.041
  Developing 35/25 1.67 (1.54–1.81); < .001 84.9% 0.042 1.23 (1.11–1.37); < .001 73.6% 0.047
 By career
  General population 82/69 1.64 (1.53–1.75); < .001 82.8% 0.060 1.23 (1.14–1.32); < .001 61.2% 0.040
  Health care worker 12/2 1.76 (1.45–2.12); < .001 49.9% 0.052 1.26 (0.85–1.88); .253 0.0% 0.000
  Military personnel 11/4 2.05 (1.43–2.95); < .001 59.3% 0.199 2.37 (1.33–4.23); .003 0.0% 0.000
 By AHRQ
  < 5 6/4 3.01 (1.51–6.05); .002 75.9% 0.511 1.54 (0.95–2.51); .083 0.0% 0.000
  ≥ 5 101/77 1.65 (1.55–1.76); < .001 80.1% 0.059 1.20 (1.12–1.28); < .001 63.5% 0.041
Sleep duration analysis
 ≤ 5 h 29 2.21 (1.84–2.66); < .001 78.4% 0.167 ─ ─ ─
 ≤ 6 h 82 1.75 (1.62–1.90); < .001 80.7% 0.072 ─ ─ ─
 ≤ 7 h 101 1.68 (1.57–1.79); < .001 80.4% 0.062 ─ ─ ─
 ≥ 8 h 76 ─ ─ ─ 1.21 (1.13–1.30); < .001 61.4% 0.042
 ≥ 9 h 53 ─ ─ ─ 1.29 (1.19–1.39); < .001 56.8% 0.033
 ≥ 10 h 4 ─ ─ ─ 1.63 (1.27–2.08); < .001 0.0% 0.000
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physical and psychological fatigue during the day resulting 
from poor sleep at night potentially disrupts circadian rhythms 
and causes hormonal changes, causing depression [83–85]. 
Melatonin is a pleiotropic molecule that can alleviate depres-
sion. A good night’s sleep, including the appropriate sleep 
duration, increases melatonin levels in the body [86, 87].

Fourth, perceived stress has been reported as a risk factor 
for depression. Individuals with short sleep duration may be 
less rested and have higher stress severity [88]. Perceived 
stress has been reported to be a risk factor for depressive 
symptoms [89]. Poor sleep quality caused by persistent short 
sleep duration can lead to diminished cognition, mood, and 
physical activity, which can exacerbate depressive symptoms 
[17, 48, 86].

Although the literature we have included has limited 
coverage of gender differences, our preliminary findings 
suggested that depressive symptoms are more prevalent in 
females with SSD compared to males, although this associa-
tion was not statistically significant in males. Reasons for 
females to be more prone to depression include the direct 
effect of follicular hormones [90, 91]. The hypothalamic-
pituitary-adrenal (HPA) axis, which regulates stress, tends to 
be more dysfunctional in women [92] affecting the interac-
tion between follicular hormones and HPA regulation [93].

It has been suggested that dysregulation of the 31-hydrox-
ytryptaminergic system may be a potential mechanism 
underlying the observed sex-specific relationship between 
sleep symptoms and depression [94]. Furthermore, most 
women experience premenstrual symptoms throughout their 
lives and about one in five report severe symptoms including 
depression [95]. Females also respond and adapt differently 
to stress. dolescent girls tend to be more concerned with 
stressful emotions and mental distress [96].

It is therefore important to include sleep duration when 
opting for appropriate interventions and monitoring treat-
ments for psychological disorders. Both good sleep and posi-
tive mental health indicate a healthy lifestyle [48]. However, 
further research is necessary to clarify the effect of sleep dura-
tion on mental well-being to determine if there is a cause-
and-effect relationship between sleep duration and mental 
health. There were several limitations in this study. First, in 
most studies, sleep duration was evaluated using subjective 
questionnaires. Therefore, future studies should objectively 
measure sleep duration. Second, our analyses did not find 
sufficient evidence to support LSD as an independent predic-
tor of mental disorders due to the limited available data. To 
gain a better understanding of whether or not LSD is indeed 
an independent risk factor for mental disorders, more high-
quality studies are required. Only six articles explicitly con-
sidered obstructive sleep apnea (OSA) as an adjustment fac-
tor. Future research should focus on exploring the effects of 
the interaction between sleep disorders, including OSA, and 
sleep duration on mental health. Several subgroup analyses 

were conducted to examine the heterogeneity among studies 
in the overall analysis. However, significant heterogeneity was 
observed within various subgroups, which make it challeng-
ing to interpret the combined effect size estimates accurately.

Conclusion

Our findings suggest that SSD is an independent predic-
tor of developing mental disorders, particularly anxiety and 
depression. Despite our results, tThe effect of LSD on psy-
chological disorders requires further validation. 
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