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A B S T R A C T

Background: Several observational studies have investigated the association of insomnia with psychiatric
disorders. Such studies yielded mixed results, and whether these associations are causal remains unclear.
Thus, we aimed to identify the causal relationships between insomnia and five major psychiatric disorders.
Methods: The analysis was implemented with six genome-wide association studies; one for insomnia and
five for psychiatric disorders (attention-deficit/hyperactivity disorder, autism spectrum disorder, major
depressive disorder, schizophrenia, and bipolar disorder). A heterogeneity in dependent instrument
(HEIDI) approach was used to remove the pleiotropic instruments, Mendelian randomization (MR)-Egger
regression was adopted to test the validity of the screened instruments, and bidirectional generalized
summary data-based MR was performed to estimate the causal relationships between insomnia and these
major psychiatric disorders.
Results: We observed significant causal effects of insomnia on the risk of autism spectrum disorder and
bipolar disorder, with odds ratios of 1.739 (95% confidence interval: 1.217–2.486, p = 0.002) and 1.786 (95%
confidence interval: 1.396–2.285, p = 4.02 � 10�6), respectively. There was no convincing evidence of
reverse causality for insomnia with these two disorders (p = 0.945 and 0.546, respectively). When
insomnia was considered as either the exposure or outcome variable, causal estimates for the remaining
three psychiatric disorders were not significant.
Conclusions: Our results suggest a causal role of insomnia in autism spectrum disorderand bipolar disorder.
Future disease models should include insomnia as a factor for these two disorders to develop effective
interventions. More detailed mechanism studies may also be inspired by this causal inference.

© 2019 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Psychiatric disorders are a major public health concern. The
global lifetime incidence of psychiatric disorders in adults is
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approximately 12.2–48.6%, with a 12-month incidence between
4.3% and 26.4% [1]. Previous studies have demonstrated that the
median annual prevalence of functionally-impairing mental health
conditions in children and adolescents is 25% and 12%, respectively
[2]. In addition, psychiatric disorders are strong risk factors for
suicide; approximately 70% of suicides are caused by mental
illnesses [3]. Psychiatric disorders are major contributors to the
global disease burden; thus, the need to identify potential causal
risk factors is urgent [4,5].

Insomnia is a widespread sleep disorder with an annual
incidence of approximately 35–50% in the general population [6,7].
It is particularly worrisome that the prevalence of insomnia is
significantly higher in psychiatric patients than in the general
population [8,9]. Researchers have extensively studied the
relationships of sleep-related measures with psychiatric disorders.
For example, Gregory et al. pointed out that the links between
sleep and psychopathology are complex and likely bidirectional
[10]. Charrier and collaborators highlighted that SNPs in core
circadian clock genes are associated with psychiatric disorders
[11]. Additionally, Akers and colleagues evaluated the regulation of
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sleep and epigenetic modifications on adult neurogenesis and
memory consolidation, and suggested ways of using sleep as
therapy for psychiatric disorders [12]. However, despite these
findings, the underlying cause-effect relationships are not clearly
established.

The optimal approach for determining the causal associations,
randomized clinical trials (RCTs), would not have been feasible in
our study because it is impractical to randomize the allocation of
the participants based on their sleep status. However, estimations
relying on traditional observational research are invariably subject
to confounding [13]. For example, the longstanding view that sleep
problems influence the onset of certain psychiatric disorders is
complemented by recent evidence suggesting that some psychiat-
ric conditions can induce the alteration of sleep status. Reverse
causality is one source of confounding; additionally, omitted
variables such as education, emotional reactivity to previous
events, physical activity, and alcohol dependence are another
source of confounding for observational research [14,15]. Earlier
observational studies suggested that insomnia is associated with
some major psychiatric disorders [16–20]. However, several other
studies have failed to provide convincing evidence to support such
views [21–23]. Moreover, it is uncertain whether the associations
between insomnia and psychiatric disorders are causal.

In recent years, Mendelian randomization (MR) has been widely
utilized; this technique uses genetic variants (generally single-
nucleotide polymorphisms, [SNPs]) as instruments to determine
whether an observational association between a risk factor and an
outcome is consistent with a causal effect. Since a random
assortment of genotypes occurs during conception, the use of
genetic variants yields a random distribution in a population,
which can be compared with a conventional RCT [24]. The
invariant nature of the DNA sequence and the unidirectional flow
of biological information make MR much less susceptible to
confounding factors [25]. The availability of summary statistics for
a large number of phenotypes from genome-wide association
studies (GWASs) allows for the straightforward application of
summary data-based MR, especially in a two-sample design.

Therefore, in the present study, we utilized two-sample
summary data-based MR to examine the causal relationships of
insomnia with five major psychiatric disorders: attention deficit
hyperactivity disorder (ADHD), autism spectrum disorder (ASD),
major depressive disorder (MDD), schizophrenia (SCZ), and bipolar
disorder (BIP).

2. Methods

2.1. Study sample

Summary statistics for insomnia were acquired from the most
recent publicly-released GWAS, which comprised >10 million
genetic variants in 109,402 cases and 277,131 controls from the UK
Biobank [26]. Insomnia cases were diagnosed using the question:
“Do you have trouble falling asleep at night or do you wake up in
the middle of the night?” with five response options: “I don’t
know”, “never/rarely”, “sometimes”, “usually”, and “prefer not to
Table 1
Five psychiatric disorders used in this study.

Phenotype Abbreviation 

Attention-deficit/hyperactivity disorder ADHD 

Autism spectrum disorder ASD 

Major depressive disorder MDD 

Schizophrenia SCZ 

Bipolar disorder BIP 
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answer”. Specifically, insomniacs were defined as participants who
answered “usually”, while participants who answered “never/
rarely” or “sometimes” were defined as controls [26].

Summary statistics for psychiatric disorders were acquired
from the Psychiatric Genomics Consortium (PGC; http://www.
med.unc.edu/pgc/), which is the largest biological experiment
consortium in the history of psychiatry [27]. We selected non-sex-
stratified summary statistics; in addition, as two-sample summary
data-based MR assumes independent samples between exposure
and outcome, the psychiatric phenotypes that shared significant
overlapping cohorts with insomnia were excluded (i.e., use of UK
Biobank as the main cohort in the analysis). Following these
standards, five most recent GWASs, one each corresponding to
ADHD, ASD, MDD, SCZ, and BIP, were selected as study cohorts
(Table 1).

Summary statistics for ADHD were obtained from a GWAS
meta-analysis of 12 cohorts aggregated by Integrative Psychiatric
Research (iPSYCH) and the PGC [28]. Patients with ADHD in iPSYCH
were diagnosed in accordance with criteria from the 10th revision
of the International Classification of Diseases (ICD-10) (F90.0).
Designs for PGC cohorts were described in the original articles [28].
Summary statistics for ASD were obtained from a meta-analysis of
GWASs involving 14 independent cohorts implemented by the
Autism Spectrum Disorders Working Group of the PGC. Patients
with ASD were diagnosed in accordance with either Autism
Diagnostic Interview-Revised or Autism Diagnostic Observation
Schedule criteria [29]. Summary statistics for MDD were obtained
from a mega-analysis of GWASs for nine samples implemented by
the Major Depressive Disorder Working Group of the PGC. Patients
were assessed with validated instruments and met Diagnostic and
Statistical Manual of Mental Disorders, 4th Edition (DSM-IV)
criteria for lifetime MDD [30]. Summary statistics for SCZ and BIP
were obtained from GWASs of large collections of genotyped
samples implemented by the Bipolar Disorder and Schizophrenia
Working Group of the PGC [31]. Patients with SCZ were diagnosed
mainly via a research-based questionnaire covering the assess-
ment protocol and associated quality control procedures [32].
Patients with BIP were diagnosed using structured diagnostic
instruments based on international consensus criteria (DSM-IV,
ICD-9, or ICD-10) for a lifetime diagnosis [33].

The vast majority of the cohorts in each of the GWASs were from
European ancestry; less than 0.1% of the participants were from
non-European ancestry. Corresponding details of the studies have
been reported in the cited articles; ethical approval and informed
consent were obtained in the original studies.

2.2. Statistical analysis

We utilized the generalized summary data-based MR (GSMR)
method developed by Zhu et al. to perform the causality
estimations [34]. Using GSMR, we calculated the ratio estimates
for each SNP instrument and integrated them via the generalized
least squares approach. This approach provides more power than
traditional summary data-based MR methodologies because it
accounts for the sampling variation in the estimated effects of the
Sample size PubMed ID

20,183 cases, 35,191 controls 30478444
7387 cases, 8567 controls 28540026
9240 cases, 9519 controls 22472876
33,426 cases, 32,541 controls 29906448
20,129 cases, 21,524 controls 29906448
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instruments both on the exposure and outcome, while other
approaches assume that the effect of the instrument on the
exposure is estimated without error [35,36]. In addition, GSMR
accounts for linkage disequilibrium (LD) between the SNPs, which
is another confounding source in MR analysis, while other methods
assume independence among the instruments [37].

The first assumption of MR is that the instruments are
associated with the risk factor [38]. Thus, genome-wide statisti-
cally significant (p < 5 � 10�8) SNPs associated with insomnia were
selected for preliminary instruments. To avoid strong co-linearity
between the candidate SNPs, we excluded SNPs that were in LD
using a criterion of r2 � 0.1, and only considered the SNPs with the
strongest effect on the traits for use as instruments. The remaining
LD between the instruments could be resolved using the GSMR
method [34]. The individual-level genotypes of the 1000 Genomes
Project Phase 3 datasets were utilized as the reference sample to
estimate LD between the SNPs [39].

The second and third assumptions of MR are that the
instruments are independent of the confounders between risk
factors and diseases and that they influence the outcome only
through risk factors. These two assumptions are collectively
known as the no-pleiotropy assumption [24]. Pleiotropy refers to a
genetic variant that affects outcomes via pathways other than a
risk factor. Pleiotropic instruments often result in an inflated test
statistic in MR analysis, thus biasing the estimate [40]. For this
consideration, a heterogeneity in dependent instrument (HEIDI)
analysis was utilized to remove pleiotropic SNP instruments [41],
and MR-Egger regression was used to verify the validity of the
screened instruments with a significant deviation of the intercept
from 0 considered indicative of pleiotropy in the instruments [42].

To explore whether the five psychiatric disorders have any
causal impact on the risk of insomnia, we also implemented
reverse MR analysis (i.e., five psychiatric disorders as the exposure
and insomnia as the outcome), using SNPs that are associated with
psychiatric disorders as instruments. As GSMR requires a mini-
mum of 10 instruments to be included in the analysis, a suitable
relaxation of the significance threshold was used for the initial
selection of instruments in some traits to allow for a sufficient
number of SNPs to be included in the analysis [43]. Specifically, the
significance thresholds for selecting instruments were relaxed to p
< 5 � 10�6 for ASD and BIP, and p < 5 � 10�5 for MDD. These
thresholds were determined as a trade-off between having enough
SNPs for GSMR and the strength of each instrument [44]. The
thresholds were imposed to include the SNPs most significantly
associated with the traits as candidate instruments while
simultaneously ensuring a minimum of 10 SNPs for each of the
three models [34,45]. Additionally, we performed sensitivity
analysis to assess the robustness of our findings using three other
Table 2
Bidirectional causal estimates for insomnia and psychiatric disorders by GSMR.

Phenotypes GSMR results

Exposure Outcome N SNPs OR 95%

Insomnia ADHD 21 1.084 0.87
ASD 22 1.739 1.21
MDD 15 0.986 0.69
SCZ 23 1.138 0.93
BIP 22 1.786 1.39

ADHD Insomnia 13 0.952 0.91
ASD 14 0.999 0.97
MDD 39 1.015 0.99
SCZ 110 0.992 0.97
BIP 93 1.004 0.99

Abbreviations: ADHD: attention-deficit/hyperactivity disorder; ASD: autism spectrum di
GSMR: generalized summary data-based Mendelian randomization; N SNPs: number of 

OR: odds ratio; CI: confidence interval, p: p-value for the causal estimates; p for MR-e
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MR-based methods: inverse-variance weighting (IVW), simple
median estimator (SME), and weighted median estimator (WME).

A conservative Bonferroni-corrected significance threshold of
0.005 (0.05/10, to correct for 10 tests: five for the causality of
insomnia with psychiatric disorders and five for reverse causality)
was used for GSMR and sensitivity analyses, and the threshold of
significance for other tests was 0.05. The GCTA software package
(GCTA 1.91.7; http://cnsgenomics.com/software/gcta) was used to
extract the genotype data of the SNP instruments from the
reference sample [46]. MR analyses were performed using R
version 3.5.0 (https://www.r-project.org) and the related packages
(GSMR, MendelianRandomization) [47].

3. Results

3.1. Causal effects of insomnia on psychiatric disorders

After excluding SNPs that were not available from the GWAS
summary statistics or showed evidence of pleiotropy, 15 to 23
genome-wide SNPs significantly associated with insomnia were
included as instruments (Table 2).

The HEIDI-outlier test suggested two SNP outliers in the
instruments for the causal estimation of insomnia with ADHD.
After excluding outlier SNPs, the MR-Egger intercept test provided
no evidence of pleiotropy for the retained instruments (intercept
p = 0.321). The estimation was not significant (OR: 1.084,
p = 0.455). Hence, there was no evidence to identify the causal
role of insomnia in ADHD (Table 2).

For the causal estimation of insomnia with ASD, HEIDI-outlier
analysis detected one pleiotropic SNP instrument. After filtering
the outlier SNP, we formed the final instrumental variable set with
no evidence of pleiotropy (intercept p = 0.287 for MR-Egger).
Estimates from the analyses were significant (OR: 1.739, p = 0.002),
indicating that insomnia was putatively causal for ASD (Table 2).

No evidence of pleiotropy was observed based on the results of
both the HEIDI-outlier analysis and MR-Egger tests (intercept
p = 0.915) for the causal estimation of insomnia with MDD.
However, we observed no significant effect of insomnia on MDD
(OR: 0.986, p = 0.936) (Table 2).

For the analysis of the causal effect of insomnia on SCZ,
evidence for pleiotropy was observed in five SNPs. Removal of the
outlier SNPs eliminated the pleiotropy, and MR-Egger tests yielded
a nonsignificant intercept (p = 0.929). GSMR yielded a nonsignifi-
cant effect (OR: 1.138, p = 0.201), indicating that insomnia does not
causally impact the risk of SCZ (Table 2).

Following the HEIDI-outlier analysis for the causal effect of
insomnia on BIP, we removed five SNPs that exhibited pleiotropy. MR-
Egger test indicated no pleiotropic bias for the remaining instruments
 CI p P for MR-egger intercept

7 1.341 0.455 0.321
7 2.486 0.002 0.287
4 1.401 0.936 0.915
3 1.388 0.201 0.929
6 2.285 4.02 � 10�6 0.645
6 0.989 0.011 0.425
5 1.024 0.945 0.462
7 1.033 0.099 0.950
7 1.007 0.311 0.993
0 1.018 0.546 0.152

sorder; MDD: major depressive disorder; SCZ: schizophrenia, BIP: bipolar disorder;
SNPs retained and used in the GSMR analysis after filtered by HEIDI outlier analysis;
gger intercept: p-value for intercept of MR-egger regression.
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(intercept p = 0.645). GSMR yielded a significant OR of 1.786
(p = 4.02 � 10�6), suggesting that insomnia has a causal effect on
BIP (Table 2).

3.2. Causal effects of psychiatric disorders on insomnia

Reverse MR analysis was implemented to investigate the causal
effects of five psychiatric disorders on insomnia. After the filtration
of pleiotropic instruments with HEIDI-outlier analysis, a total of 13
to 110 SNPs were retained in the final instrument sets. None of the
MR-Egger intercepts significantly deviated from zero, with p values
of 0.425 for ADHD, 0.462 for ASD, 0.950 for MDD, 0.993 for SCZ, and
0.152 for BIP. Thus, no evidence of pleiotropy was observed after
excluding the outlier SNPs (Table 2).

Reverse MR testing was only suggestive of a nominally
significant causal effect of ADHD on insomnia (OR: 0.952,
p = 0.011), albeit not significant after adjusting for multiple testing.
The respective effects estimated from reverse GSMR analyses were
0.999 for ASD (p = 0.945), 1.015 for MDD (p = 0.099), 0.992 for SCZ
(p = 0.311), and 1.004 for BIP (p = 0.546). Therefore, no evidence of
reverse causality was observed between ASD, MDD, SCZ, or BIP and
insomnia risk (Table 2).

3.3. Sensitivity analysis

For comparison, three other MR methods were used to detect
the bi-directional causality between insomnia and psychiatric
disorders. The SNP instruments used for these three methods were
the same as those used for the GSMR analysis. IVW provided a
suggestive causal relationship of insomnia with BIP (OR: 1.527,
p = 0.019), and of ADHD with insomnia (OR: 0.933, p = 0.016).
However, these suggested relationships did not survive multiple
testing corrections. Using SME and WME, null estimates were
obtained for the causal effects of insomnia on psychiatric disorders
and the reverse causality of psychiatric disorders on insomnia
(Table 3).

4. Discussion

In the present study, we utilized a GSMR model to investigate
the bidirectional causal relationships between insomnia and five
major psychiatric disorders. Specifically, insomnia exhibited a
causal impact on ASD and BIP, while nonsignificant effects of these
two disorders were observed on the risk of insomnia. No significant
bidirectional associations were observed between insomnia and
any of the remaining three psychiatric disorders. Notably, under
the MR framework, the estimated causalities are the effects of a
specific genetic component of insomnia on psychiatric disorders
Table 3
Bidirectional causal estimates for insomnia and psychiatric disorders by three other M

Phenotypes IVW SME 

exposure outcome OR 95% CI p OR 

Insomnia ADHD 1.296 0.921 1.822 0.137 1.051 

ASD 1.439 0.900 2.303 0.128 1.262 

MDD 0.891 0.601 1.322 0.568 0.849 

SCZ 1.151 0.833 1.592 0.395 1.151 

BIP 1.527 1.071 2.175 0.019 1.245 

ADHD Insomnia 0.933 0.882 0.987 0.016 0.950 

ASD 0.988 0.950 1.028 0.564 1.001 

MDD 1.011 0.994 1.028 0.206 1.011 

SCZ 0.999 0.979 1.019 0.924 0.996 

BIP 1.008 0.990 1.026 0.368 1.000 

Abbreviations: ADHD: attention-deficit/hyperactivity disorder; ASD: autism spectrum d
IVW: inverse-variance weighting; SME: simple median estimator; WME: weighted me
estimates.
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[34]. Hence, it is possible that the variation in insomnia that
determined by other residual components or operating through
other biological mechanisms could have different causal relation-
ships with psychiatric outcomes [48].

Although some studies have reported associations between
insomnia/sleep status and mental illness, they have yielded mixed
results. This is due in part to the limitations inherent to
observational studies. Understanding whether an association is
potentially causal or if it results from confounding is generally
difficult using traditional observational studies. However, the MR
methodology utilized in the present study—which uses genetic
variants to mimic randomization—is far less prone to confounding
factors and hence provides more robust estimates.

Our work builds on proof-of-principle validation for mecha-
nisms that may link sleep-related factors to psychiatric disorders.
Briefly, several neurobiological abnormalities are common in both
sleep and psychiatric disorders, including activation of the
hypothalamic–pituitary–adrenal (HPA) axis, alterations in seroto-
nin system function, and elevated production of some immune
system peptides. These shared abnormalities may explain why
sleep disorders are connected to the risk of developing a wide
range of psychiatric disorders [49]. Furthermore, the biological
clock network enables the body to adapt to environmental changes
by controlling circadian rhythms and regulating the expression of
downstream genes [50]. Sleep quality impacts cognition, emotion,
learning, and long-term memory, as well as the ability to adapt to
the environment. An inferior sleep status, including insomnia, may
cause imbalances between the internal and external environment,
eventually increasing the risk of developing psychiatric disorders
[11]. Previous studies have indicated that regulating sleep via
related intracellular pathways may achieve a balance in neural
excitability for patients with psychiatric disorders [51].

Our results indicate that insomnia causally affects ASD,
supporting the results of previous studies that have highlighted
the correlation between sleep disorders and ASD. Children with
ASD generally experience sleep problems, with a prevalence
ranging from 50 to 80% [52–54]; moreover, among the sleep
problems observed in children with ASD, insomnia is the most
common [55]. In terms of mechanisms, some studies have
indicated that polygenic variations in the circadian rhythm and
clock genes may explain the development of ASD [56]. Other
studies have highlighted the significance of alterations in HPA axis
function and cortisol secretion in insomnia mechanisms, which
may further trigger the development of ASD [57,58].

We also observed a significant causal effect of insomnia on BIP,
providing evidence to support a biopsychosocial framework
between these two traits. Previous studies have demonstrated
that patients with BIP often experience a range of sleep
R methods.

WME

95% CI p OR 95% CI p

0.776 1.423 0.747 1.046 0.778 1.406 0.765
0.767 2.079 0.359 1.204 0.728 1.992 0.469
0.498 1.446 0.547 0.785 0.470 1.311 0.355
0.850 1.557 0.363 1.145 0.852 1.536 0.370
0.871 1.779 0.229 1.351 0.935 1.952 0.109
0.894 1.010 0.101 0.948 0.893 1.006 0.080
0.966 1.039 0.936 1.002 0.966 1.039 0.923
0.986 1.036 0.393 1.011 0.987 1.037 0.354
0.975 1.017 0.683 0.990 0.969 1.011 0.363
0.978 1.022 1.000 0.999 0.977 1.021 0.916

isorder; MDD: major depressive disorder; SCZ: schizophrenia, BIP: bipolar disorder;
dian estimator; OR: odds ratio; CI: confidence interval, p: p-value for the causal
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abnormalities, and insomnia is a common feature among them
[59,60]. Moreover, insomnia may confer an increased risk for the
subsequent onset and recurrence of BIP [61,62]. One possible
mechanism underlying this causal relationship is that insomnia is
related to difficulties in some areas of emotion regulation and
consecutive emotional reactivity, and dysregulation of emotion
may greatly affect symptoms of BIP [15,63]. Another study
reported that gamma-aminobutyric acid (GABA) levels are
decreased in patients with BIP. This may explain the course of
BIP, as GABA is known to inhibit brain activity during sleep [64].

Our study highlighted the importance of treating insomnia and
related sleep disorders to improve psychiatric disorders and
overall public health. Recently, an RCT of participants with chronic
insomnia verified the efficacy and availability of web-based
cognitive behavioral therapy for insomnia intervention [65]. In
another study, the authors proposed a cross-platform, just-in-time
adaptive intervention for the treatment of insomnia symptoms
[66]. Such insomnia interventions are of great public health and
societal importance, as they may further prevent the long-term
effects of insomnia on mental health.

The current study has several strengths. First, the use of the
MR approach allows one to control for unmeasured confounders
and reverse causation, thus providing opportunities for reliable
causal inference within the framework of observational research
and allowing for the generation of hypotheses concerning the
direction of causation between heritable variables [45]. In
addition, the power of summary data-based MR analysis can be
greatly improved by exploiting large sample sizes; thus, the
effect estimates identified in our study are more powerful than
the individual data-based analyses of small studies [35]. Second,
the GSMR method offers more power than other comparative
MR methods in the sensitivity analysis, as these other methods
do not account for error in the SNP–exposure association
estimates or for correlations between SNPs—a factor that is
especially important when the number of instruments is large
[34,45]. Additionally, pleiotropic instrument filtration via
HEIDI-outlier analysis provided more robust results. Third,
although the disease data we applied in the study were acquired
from case-control studies, the estimated causative effect of
exposure on the outcome can be interpreted as that in the
general population, rather than that in the disease population
only, using GSMR [34].

However, our study should be interpreted in the context of the
following limitations. First, the lack of evidence for the causative
effects of some psychiatric disorders on insomnia may be
attributable to weak instrument bias. The numbers of genome-
wide significant variants associated with some psychiatric
disorders were not sufficient for GSMR. Thus, we relaxed the
significance threshold during instrument selection, which means
that some SNPs were not as strongly associated with the traits. The
weak instrument bias results in the direction of the null; such bias
may explain the lack of a causal relationship between these
psychiatric disorders and insomnia [44]. Therefore, these analyses
should be revisited when more genome-wide significant SNPs
become available from future GWASs. Second, two-sample MR
strategies including GSMR only allow for the examination of linear
relationships between exposure and outcome, which we assumed
in the present study due to the limited information that we could
acquire from GWAS summary data. Also, we could not investigate
gender-or age-specific effects because of the lack of data from
gender- or age-stratified analyses; further research is warranted
when future stratified GWAS summary data is available.

In conclusion, the present study provides evidence for the
causal effects of insomnia on ASD and BIP. These results offer
genetic support for previous observational associations between
insomnia and psychiatric disorders. Such findings may aid
rg/10.1016/j.eurpsy.2019.05.004 Published online by Cambridge University Press
clinicians and researchers in the development of novel interven-
tion approaches, as well as in performing in-depth explorations of
mechanisms of related psychiatric disorders underlying these
causal associations.

Psychiatric disorders lead to an impaired quality of life and
heavy social burdens; thus, exploring the associated risk factors of
psychiatric problems has clinical and public health priorities. Our
findings imply that insomnia increases the risk of certain
psychiatric diseases; this finding may guide further work toward
exploring effective therapeutic strategies. These results further
emphasize the need for thoughtful applications of behavioral and
pharmacological therapy to reform insomnia symptoms because of
its downstream consequences on mental health, and provide
evidence of including insomnia as part of the pragmatic diagnostic
criteria for related psychiatric disorders.
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