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Abstract

Sleep disturbance is known to be associated with various mental disorders and often

precedes the onset of mental disorders in youth. Given the increasingly acknowl-

edged bidirectional influence between sleep disturbance and mental disorders, we

aim to identify a shared neural mechanism that underlies sleep disturbance and men-

tal disorders in preadolescents. We analyzed a dataset of 9,350 9–10 year-old chil-

dren, among whom 8,845 had 1-year follow-up data, from the Adolescent Brain

Cognitive Development (ABCD) study. Linear mixed-effects models, mediation analy-

sis, and longitudinal mediation analysis were used to investigate the relationship

between sleep disturbance, mental disorders, and resting-state network connectivity.

Out of 186 unique connectivities, the effect of total sleep disturbance (TSP, from

Sleep Disturbance Scale) and mental problems (MP, from Child Behavior Checklist)

converged in the default mode network (DMN) and the dorsal attention network

(DAN). Within- and between-network connectivities (DMN-DAN, DMN-DMN,

DAN-DAN) mediated the relationship between baseline TSD and MP at 1-year

follow-up and the relationship between baseline MP and TSD at 1-year follow-up.

The pathway model in which sleep disturbance and mental problems affect each

other through two anticorrelated brain networks (DMN and DAN) suggests a com-

mon neural mechanism between them. Longitudinally, a less segregated DMN and

DAN is associated with negative outcomes on mental well-being and sleep distur-

bance a year later. These findings have important implications for the design of pre-

vention and neurofeedback intervention for mental disorders and sleep problems.
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1 | INTRODUCTION

Many mental disorders share similar risk factors and/or brain alter-

ations, and respond to the same therapies (Caspi & Moffitt, 2018).

Both theoretical and empirical work has suggested that this comorbid-

ity might be due to the nonspecificity of the functional neurocircuit

(Lees et al., 2021; McTeague et al., 2017; Menon, 2011; Sha, Wager,

Mechelli, & He, 2019). Specifically, according to the triple network
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model, a wide variety of psychopathologies are associated with aber-

rant functional connectivity within and between three large-scale

neurocognitive networks, that is, salience network, frontoparietal net-

work, and default mode network, as well as subnetworks such as ven-

tral and dorsal attention networks (Menon, 2011). This conceptual

model has been corroborated by many recent studies (Lees

et al., 2021; McTeague et al., 2017; Sha et al., 2019; Xia et al., 2018),

including those showing that common functional network disruptions

in abovementioned networks were linked to all dimensions of psycho-

pathology in preadolescents (Lees et al., 2021) and adolescents (Xia

et al., 2018).

Moreover, individuals with mental disorders often experience

varying degrees of sleep disturbance (Baglioni et al., 2016; Tesler,

Gerstenberg, & Huber, 2013). Recent studies showed that sleep dis-

turbance and mental disorders could aggravate each other in a recip-

rocal manner (Alfano, Ginsburg, & Kingery, 2007; Cox &

Olatunji, 2016; Gregory & Sadeh, 2016; Hansen, Skirbekk, Oerbeck,

Wentzel-Larsen, & Kristensen, 2014; Tesler et al., 2013). On the one

hand, longitudinal studies have shown that sleep disturbance in youth

likely precedes and exacerbates symptoms of attention deficit hyper-

activity disorder (ADHD) (Scott et al., 2013) and mood and anxiety

disorders (Goldstone et al., 2020; Gregory et al., 2005; Gregory,

Rijsdijk, Lau, Dahl, & Eley, 2009; Jansen et al., 2011). On the other

hand, greater polygenic risk factors for various mental disorders, that

is, ADHD, mood and anxiety disorders, may contribute to greater

sleep disturbance among children (Ohi et al., 2021). These findings

strongly suggest a potential shared neural mechanism between sleep

disturbance and mental disorders, which has not been demonstrated

to date.

The purpose of this study was to address this open question using

resting-state functional connectivity (rs-FC), a widely-used fMRI tech-

nique for studying brain networks and cognition as well as their alter-

ations in brain diseases (Gabrieli, Ghosh, & Whitfield-Gabrieli, 2015;

Woo, Chang, Lindquist, & Wager, 2017). rs-FC measure is highly

reproducible within an individual across scan sessions (Finn

et al., 2015; Noble, Scheinost, & Constable, 2019). Thus, it has been

recognized as a promising neural biomarker for assessing

neurocognitive development and identifying aspects of intrinsic brain

network organization that are related to cognition and disease status.

In particular, altered functional connectivity within and between the

default mode network and its anticorrelated networks, including dor-

sal and ventral attention networks, were found in sleep-deprived

adults (Chee & Zhou, 2019; De Havas, Parimal, Soon, & Chee, 2012;

Kaufmann et al., 2016; Sämann et al., 2010).

So far, very few studies have investigated the associations

between functional connectivity and sleep disturbance in preadoles-

cence, which is a critical period for brain development. Coincidentally,

the onset of mental disorders often starts around the same time, that

is, childhood or adolescence (Kessler et al., 2007; Tesler et al., 2013).

To fill this gap of knowledge and to understand the relationship

between sleep disturbance, mental disorders, and functional connec-

tivity in preadolescence, we analyzed the large dataset from the Ado-

lescent Brain Cognitive Development (ABCD, https://abcdstudy.org)

study, the largest observational and normative project (over 11,000

children) on brain development and child health to date. The nature of

the large ABCD dataset offers a unique opportunity to reveal rela-

tively small effects of sleep and mental health on functional brain net-

works, which cannot be reliably detected under small sample size.

The main goal of the current study is to identify a shared network

mechanism between sleep disturbance and mental disorders, if there is

any, and to test whether the identified network connectivity mediates

the association between mental disorders and sleep disturbance. Out of

186 unique connectivity measures tested, the effect of sleep distur-

bance and mental disorders converged in the between- and within-

network connectivities in the default mode network (DMN) and one of

its anticorrelated networks (i.e., dorsal attention network, DAN). The

same network connectivities mediated the association between sleep

disturbance and mental disorders. Additional longitudinal analyses dem-

onstrated that the three network connectivities mediated the effect of

sleep disturbance on mental disorders 1 year later and the effect of

mental disorders on sleep disturbance 1 year later.

2 | MATERIALS AND METHODS

2.1 | Data source

The ABCD study (data release 2.01 used in the current study) includes

baseline data from more than 11,000 9–10-year-old (Casey

et al., 2018). Data were collected from 21 research sites across the

United States, approved by institutional review boards (IRB) at the

University of California, San Diego as well as at each local site. Par-

ents' written informed consent and children's assent were obtained at

each site. Recruitment followed demographic distribution (sex, race,

ethnicity, household income, etc.) of the general population in the

United States. Children with serious neurological or psychiatric diag-

noses were excluded. Details about the protocols are available at the

ABCD study website (https://abcdstudy.org/scientists/protocols/).

In total, data from 11,878 children are provided at baseline.

Among them, 9,387 passed the rsfmri QC (imgincl_rsfmri_include) pro-

vided by the ABCD study (Hagler et al., 2019). An additional 37 chil-

dren were excluded due to missing values on network connectivity

(n = 14), mental problems (n = 5), or total sleep disturbance (n = 21)

(three of them have more than one missing values). Thus, the total

number of children included in the current study was 9,350. Among

whom 8,845 had 1-year follow-up data. Table 1 provides detailed

demographic information.

2.2 | Sleep measures

Total sleep disturbance (TSD) and its 1-year follow-up was calculated

from the ABCD Parent-reported Sleep Disturbance Scale for Children

(abcd_sdss01) as the sum of six scores corresponding to six different

sleep disorders, including disorders of initiating and maintaining sleep,

sleep breathing disorders, disorder of arousal, sleep–wake transition
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disorders, disorders of excessive somnolence, and sleep hyperhidrosis

(Bruni et al., 1996).

2.3 | Mental health measures

Children's dimensional psychopathology and adaptive functioning were

assessed by the Parent-reported Child Behavior Checklist Scores

(abcd_cbcls01). The total score of psychiatric problems (total problems

t score, as an index of mental problems, MP) and its 1-year follow-up

was calculated based on scores of 8 empirically-based syndromes, includ-

ing anxious/depressed, withdrawn/depressed, somatic complaints, social

problems, thought problems, attention problems, rule-breaking behavior,

and aggressive behavior (Achenbach & Rescorla, 2004).

2.4 | Cognitive measures

Total Cognitive Composite Fully-Corrected T-score (abcd_tbss01,

baseline only, no data available at 1-year follow-up) of the NIH Cogni-

tion Battery Toolbox was used as the measure for general cognitive

function (Akshoomoff et al., 2013). It is the sum of the scores from

seven cognitive components: language vocabulary knowledge, atten-

tion, cognitive control, working memory, executive function, episodic

memory, and language.

2.5 | Network connectivity

Participants completed four runs of 5-min resting-state fMRI scan

(20 min in total) while instructed to look at a fixation crosshair.

Preprocessing of the functional connectivity analysis and the network

connectivity strengths were provided by the ABCD consortium.

Detailed MRI scan parameters and preprocessing steps have been

previously reported and discussed (Hagler et al., 2019). Briefly,

preprocessing steps of rs-FC included registration, distortion correc-

tion, normalization, regression of covariates (24 motion parameters,

outliers with framewise displacement higher than 3 mm, and signals

from white matter, cerebral spinal fluid, and whole-brain). Time points

with framewise-displacement (FD) higher than 0.2 mm were excluded

from the connectivity calculation. Within- or between-network con-

nectivities were calculated as the average fisher-transferred functional

connectivity between each pair of ROIs within or between networks

(12 networks in total) based on the Gordon atlas (Gordon et al., 2016).

In addition, network connectivities between each network and each

of the nine subcortical regions, including cerebellum cortex, thalamus,

caudate, putamen, pallidum, hippocampus, amygdala, accumbens area,

ventral Diencephalon (ventraldc), were also calculated based on the

Fischl et al. (2002) atlas. Quality controls were performed by trained

ABCD staff (Hagler et al., 2019) and were used as an inclusion crite-

rion. Sites effects were harmonized by the ComBat method (Johnson,

Li, & Rabinovic, 2007; Yang et al., 2021; Yu et al., 2018), which can

successfully remove site effects on brain connectivities and increase

the power to detect effects of interest. Network connectivity mea-

sures were not available at 1-year follow-up.

2.6 | Statistical analyses

We first tested whether TSD and MP were correlated. Then, Linear

Mixed-effects Models (LME, implemented through function fitlme in

Matlab) were used to investigate the effect of MP or TSD on network

connectivity. All models included fixed-effect covariates for age, sex

at birth, race (black, white, and others), pubertal status (1–4, assessed

by ABCD Youth Pubertal Development Scale and Menstrual Cycle

Survey History), average motion during resting scan (mean FD), and

random effects for family relatives nested within data collection sites.

As the distribution of TSD was skewed, we log-transformed the data

to approximate normality (the results were the same using non-log-

transformed data). We performed additional sensitivity analyses to

ensure our results are robust even after including a wide-range of

covariates, that is, number of fMRI time points remained after

preprocessing, household income, parents' education, body mass

index (see Figures S3 and S4). Comparable results were obtained with

and without including these additional covariates. False discovery rate

TABLE 1 Demographic information of the participants from the
ABCD dataset included in the present study

Characteristic

Baseline
One-year
follow-up

N (%) or
mean (SD)

N (%) or
mean (SD)

Age (months) 119.3 (7.5) 131.4 (7.8)

Sex at birth

Female 4,674 (50.0%) 4,412 (49.9%)

Male 4,676 (50.0%) 4,433 (50.1%)

Race

White 6,101 (65.3%) 5,872 (66.4%)

Black 1,340 (14.3%) 1,198 (13.5%)

Other (mixes or Asians) 1909 (20.4%) 1775 (20.1%)

Pubertal status 1.8 (0.9)a 2.1 (1.0)b

Mental problems 45.4 (11.2) 45.0 (11.0)c

MP ≥ 67 (clinical

threshold)

2,468 (26.4%) 2,166 (24.5%)

Total sleep disturbance 36.3 (8.0) 36.5 (7.9)d

TSD ≥ 52 (clinical

threshold)

463 (5.0%) 474 (5.4%)

Total cognitive composite

score

48.3 (11.1)e N/Af

Number of children 9,350 8,845

Abbreviations: MP, mental problems; TSD, total sleep disturbance.
aThree hundred and five children have missing values.
bThree thousand and ninety children have missing values.
cThirty-three children have missing values.
dTwenty-eight children have missing values.
eSeven hundred and fifty-two children have missing values.
fTotal cognitive composite score did not have 1-year follow-up data.
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(FDR, alpha set to 0.05, 186 unique comparisons in total) was applied

to correct for multiple comparisons. The relationships between cogni-

tion, identified network connectivity, total sleep disturbance and men-

tal problems were investigated, results were reported in the

Supporting Information (see Figure S2).

The mediation toolbox (https://github.com/canlab/MediationToolbox)

was used to perform all the mediation analyses (Wager, Davidson,

Hughes, Lindquist, & Ochsner, 2008; Wager et al., 2009). Here, two sets

of mediation models were performed. For the first set (see Figure 2a),

the independent variable (X) was TSD, the dependent variable (Y) was

MP, and the mediator (M) was the network connectivities identified

through LME. For the second set (see Figure 2c), the independent vari-

able was MP, the dependent variable was TSD, and the mediator was

the network connectivities identified through LME. The test of mediation

involves two linear equations (see Equations 1 and 2). The path coeffi-

cient a reflects the effects of X on M. The path coefficient b effect

reflects the effect of M on Y. The coefficient c0 is the direct effect of

X on Y after controlling for M. The product a * b (mediation effect/

indirect effect) reflects how the association between X and Y changed

according to M. d1 and d2 are intercept terms (content). The total effect

c (not shown in the equation, c = a * b + c0) is the effect of X on

Y without controlling for M. All abovementioned covariates (age, sex,

race, pubertal status, family relatives, and data collection sites) were con-

trolled in the mediation analyses. The significance of the mediation ana-

lyses was estimated using bootstrap sampling with 10,000 random-

generated samples on the product of the a and b path coefficients (a * b).

M¼ aXþd1, ð1Þ

Y¼ bMþc0Xþd2: ð2Þ

2.7 | Longitudinal mediation analyses

Eight thousand eight hundred and forty-five of the 9,350 children par-

ticipated in the 1-year follow-up study (see Table 1). Mediation ana-

lyses were performed to test the longitudinal associations between

TSD, MP, and network connectivities. Specifically, we tested whether

identified network connectivities mediated the associations between

TSD at baseline and MP 1 year later (controlled for baseline MP), and

between MP at baseline and TSD 1 year later (controlled for baseline

TSD). Additional covariates including baseline age, sex, race, baseline

pubertal status, family relatives, and sites. The significance of the lon-

gitudinal mediation analyses was estimated using bootstrap sampling

with 10,000 random-generated samples.

3 | RESULTS

Out of the 11,878 children, 9,350 were included in the current analy-

sis after removing participants with missing behavioral data and imag-

ing data that failed quality control. Eight thousand eight hundred and

forty-five of the 9,350 children had 1-year follow-up data. Table 1

summarizes the demographic variables of baseline and follow-up data.

As expected, in the current study, TSD and MP were significantly cor-

related (r = .568, p < 1e�10, see Figure S1), after controlling for age,

sex, race, pubertal status, effects for family relatives, mean FD (the

relative motions between adjacent image volumes), and data collec-

tion sites. Additional analysis indicated that sex did not significantly

change the relationship between TSD and MP (see Supporting

Information).

3.1 | Total sleep disturbance and network
connectivity

The distribution of TSD was skewed, so we log-transformed the data

to approximate normality. In total, 78 within- and between-network

connectivities and 108 network-subcortical connectivities were tested

(Figure 1a). Out of the 186 unique comparisons, TSD had a significant

impact on only three network connectivities with FDR correction (see

yellow outlines in Figure 1a), DMN-DAN, DMN-DMN, and DAN-

DAN. Comparable results were found when four additional covariates

were added, see Figure S3.

3.2 | Mental problems and network connectivity

Similarly, the effect of MP on 186 unique network connectivities were

tested. Five associations between MP and network connectivity sur-

vived FDR correction (see yellow outlines in Figure 1b). Interestingly,

the same three network connectivities impacted by TSD were also

influenced by MP, that is, DMN-DAN, DMN-DMN, and DAN-DAN.

Comparable results were found when four additional covariates were

added, see Figure S4.

3.3 | Mediation analysis

Given that the impact of TSD and MP converged on the same three

network connectivities (DMN-DAN, DMN-DMN, DAN-DAN), we fur-

ther conducted a mediation analysis to explore the underlying mecha-

nism by which TSD and MP influence each other. In other words, we

tested whether these three network connectivities (DMN-DAN,

DMN-DMN, or DAN-DAN) mediated the relationship between total

sleep disturbance and mental problems. We found that all three net-

work connectivity measurements significantly mediated the effect of

TSD on MP (all p < .005; 95% CI did not include 0, see Figure 2b).

However, only the within-network connectivity (DMN-DMN) signifi-

cantly mediated the effect of MP on TSD (p = .015; β = .0007; 95%

CI, 0.0001–0.0014, see Figure 2d).

3.4 | Longitudinal mediation analysis

Longitudinal mediation analysis revealed that all three network con-

nectivities (DMN-DAN, DMN-DMN, and DAN-DAN) mediated the
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effect of TSD at baseline on MP 1 year later, after controlling for

baseline MP (all p < .05; 95% CI did not include 0, see Figure 3b).

Interestingly, distinct from the pattern that only DMN-DMN mediated

the effect of MP on TSD at baseline, all three network connectivities

mediated the effect of baseline MP on TSD at 1 year later, after

adjusting for baseline TSD (all p < .05; 95% CI did not include 0, see

Figure 3d).

4 | DISCUSSION

Based on data from a large cohort of preadolescents enrolled in

the ABCD study, our work identified robust relationships

between sleep disturbance, mental health, and functional connec-

tivity of many brain networks. Total sleep disturbance and mental

problems both impacted similar network connectivities and their

relationship was mediated by these identified network connectiv-

ities. The effect of sleep disturbance on mental problems was

mediated by three network connectivities, that is, DMN-DAN,

DMN-DMN, and DAN-DAN. In contrast, only DMN-DMN medi-

ated the effect of mental problems on sleep disturbance. Follow-

up analyses showed that the anticorrelation between DMN and

DAN was significantly associated with the total cognition score.

Longitudinal analysis revealed that total sleep disturbance and

mental problems at baseline can each predict the other 1 year

later through these three network connectivities (i.e., DMN-DAN,

DMN-DMN, and DAN-DAN). These results supported our

hypothesis that sleep disturbance and mental disorders have a

similar impact on rs-FC. Using a data-driven approach, we discov-

ered that their impact converged in the between- and within-

network connectivities in the DMN and one of its anticorrelated

networks, DAN. Our findings suggest a common neural mecha-

nism through which sleep disturbance and mental problems may

exacerbate each other.

DMN is generally considered an integrated system that is associ-

ated with many different aspects of self-related mental processes

such as autobiographical memory, internal thoughts, emotion regula-

tions (Menon, 2011). Given these roles, it is not surprising that abnor-

mal connectivity within DMN has been involved in almost every

major psychiatric disorder, including dementia, schizophrenia, anxiety

and depression, autism, and ADHD (Broyd et al., 2009). Consistent

with these observations, we found that mental problems were nega-

tively correlated with DMN's within-network connectivity (DMN-

DMN) in the current study. That is, higher scores in mental problems

correspond to weaker connectivities between brain regions within

DMN. Moreover, we demonstrated that mental problems had an
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F IGURE 1 The associations between network connectivity measures and total sleep disturbance/mental problems. (a) The association
between network connectivities and total sleep disturbance. Color bar represents t-stats. That is, red/blue means positive/negative association
between total sleep disturbance and network connectivity measures, respectively. Only unique network connectivity measures were shown in
the matrix (i.e., top right was intentionally left blank). Yellow outlines denote network connectivity that survived FDR correction (p < .05 FDR
corrected) for multiple comparisons out of 186 unique comparisons. (b) The association between network connectivities and mental problems.
Color bar represents t-stats. That is, red/blue means positive/negative association between mental problems and network connectivity measures,
respectively. Yellow outlines denote network connectivity that survived FDR correction (p < .05 FDR corrected) for multiple comparisons out of
186 unique comparisons. Ventraldc, ventral Diencephalon
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indirect detrimental effect on sleep disturbance through DMN-DMN

in preadolescence.

Unlike DMN, DAN is considered a “task-positive” network (Fox

et al., 2005). Under externally directed cognitive tasks (e.g., visual sea-

rch), DAN activation and DMN deactivation usually co-occur. This

anticorrelation between DMN and DAN emerges in childhood and

continues to develop during adolescence (Fair et al., 2009). In the cur-

rent study, we found that both sleep disturbance and mental problems

were associated with the connectivity strength between DMN and

DAN. Moreover, we found that the degree to which DMN and DAN

are segregated as two anticorrelated networks was negatively corre-

lated with the total cognition scores, suggesting that the segregation

between DMN and DAN might be a critical factor accounting for

one's cognitive performance. These results are in line with a previous

study showing that maturation of network modules, including segre-

gation of DMN and its anticorrelated networks, during neuro-

development can be a critical driver of cognitive development (Gu

et al., 2015).

Emerging evidence suggests that symptom severity of various

mental disorders and sleep disturbance could impact each other in a

bidirectional manner (Tesler et al., 2013). For example, less sleep dis-

turbance was found in children who received treatment for anxiety

disorders compared to those who received placebo (Alfano

et al., 2007). In youth with mood disorders, sleep disturbance was

associated with more severe symptomatology, longer episodes, and

increased risk for relapse (Emslie et al., 2012; Liu et al., 2007). To the

best of our knowledge, the current study first explains the co-

occurrence and bidirectionality of mental disorders and sleep distur-

bance by identifying a shared network mechanism between sleep dis-

turbance and mental problems, that is, within- and between-network

connectivity in DMN and DAN. Mediation analysis and longitudinal

mediation analysis further confirmed that sleep disturbance and men-

tal disorders could affect each other via these three network connec-

tivities (DMN-DAN, DAN-DAN, and DMN-DMN). Finally, we note

another non-mutually exclusive possibility of the relationship between

MP and TSD. In addition to a bidirectional influence between MP and

TSD, they could also be seen as highly comorbid problems, or two

aspects of a single condition.

The specificity of the functional networks (DMN-DAN, DAN-

DAN, and DMN-DMN) as the mediator identified throughout longitu-

dinal mediation analyses may guide future neuromodulation studies

by targeting these network functional connectivities. For example,

real-time fMRI neurofeedback is an emerging noninvasive technique

for modulating aberrant neurocircuitry, with the potential to induce

long-term symptom reductions in patients with various mental disor-

ders (Linhartová et al., 2019). In our pathway model, the DMN-DAN

connectivity mediated both the bidirectional and longitudinal relation-

ship between mental disorders and sleep disturbance. Thus, regulating

Total sleep 
disturbance

Mental 
problems

Network 
connectivity

Path a 

Path c´

Path c

Path a * b 

Path b

Mental 
problems

Total sleep 
disturbance

Network 
connectivity

(a)

(c)

(b)

(d)

Path a 

Path c´

Path c 

Path a * b  

Path b

***
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B
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F IGURE 2 Network connectivities mediated the relationship between total sleep disturbance and mental problems (a and b) and the
relationship between mental problems and total sleep disturbance (c and d). (a) Diagram of the first set of mediation models. These models test
whether identified network connectivities (DMN-DAN, DMN-DMN, and DAN-DAN) mediated the effect of TSD on MP (see Section 2 for
details). (b) Bar graph of mediation effects of the three network connectivities in the first set of mediation models. All beta of path a * b was
significant (all p < .005). (c) Diagram of the second set of mediation models, these models test whether identified network connectivities (DMN-
DAN, DMN-DMN, and DAN-DAN) mediated the effect of MP on TSD (see Section 2 for details). (d) Bar graph of mediation effects of the three
network connectivities in the second set of mediation models. Only DMN-DMN mediated the effect of MP on TSD (p < .05). *p < .05; **p < .01;
***p < .001. DAN, dorsal attention network; DMN, default mode network; MP, mental problems; TSD, total sleep disturbance
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DMN-DAN connectivity strength can potentially lead to reduced

mental problems and sleep disturbance, and potentially yielded a posi-

tive and long-term effect in individuals at-risk for mental disorders

and sleep disturbance.

Several limitations in the current study should be noted. First,

the effect sizes found in the current study with a large sample size

are relatively small compared to those reported in the literature

based on much smaller sample sizes. Despite a small r-value of the

correlation between DMN-DAN and total cognition (�.036),

according to ABCD analysis guidelines (Dick et al., 2021), a �.036

r value in about 10,000 participants has statistical power higher

than .9, which is considered well-powered. In addition, a previous

large sample-size study found even the most significant results can

only explain around 1% of the total variances (Miller et al., 2016).

Second, we focused on the high-level commonality between sleep

disturbance and various mental disorders (rather than each type of

mental disorder). Thus, we did not investigate the relationship

between sleep disturbance and each specific type of mental disor-

der. Caveat is needed when interpreting the current findings with

regard to specific mental disorders, for example, depression, anxi-

ety disorders, and so forth. Third, the associations between mental

problems and network connectivity established in the current

study were found in a comparable fashion in a previous study (Lees

et al., 2021). Specifically, Lees et al. (2021) reported that all dimen-

sions of general psychopathology were associated with higher

within-network connectivity within both DAN and retrosplenial-

temporal network. In contrast, lower between-network connectivi-

ties between the ventral attention and frontoparietal regions, and

between DAN and the amygdala were also reported. Potential

sources for this discrepancy could be a combination of (a) two sets

of mental problem index used (i.e., all dimensions of general psy-

chopathology generated from Affective Disorders and Schizophre-

nia for School-Age Children for DSM-5 was used in Lees

et al. (2021), whereas mental problems from Child Behavior Check-

list Scores was used in the current study, and (b) a different num-

ber of covariates included (i.e., more covariates are used in the

current study, such as age, mean FD, pubertal status.

5 | CONCLUSION

Taken together, our results shed light on a shared and stable neural

mechanism between sleep disturbance and mental disorders. The net-

work connectivity between DMN and DAN that mediated the bidirec-

tional and long-term relationship between sleep disturbance and

mental disorders could be a promising key target for neurofeedback
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Path c
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Path b
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Path a * b 

Path b

B
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F IGURE 3 Network connectivities mediated both the relationship between total sleep disturbance (at baseline) and mental problems
(at 1-year follow-up, FL1) (a and b) and the relationship between mental problems (at baseline) and total sleep disturbance (at FL1) (c and d).
(a) Diagram of the first set of mediation models. These models test whether identified network connectivities (DMN-DAN, DMN-DMN, and
DAN-DAN) mediated the effect of TSD on MP at FL1. (b) Bar graph of mediation effects of the three network connectivities in the first set of
mediation models. All beta of path a * b was significant (all p < .05). (c) Diagram of the second set of mediation models, these models test whether
identified network connectivities (DMN-DAN, DMN-DMN, and DAN-DAN) mediated the effect of MP on TSD at FL1. (d) Bar graph of mediation
effects of the three network connectivities in the second set of mediation models. All beta of path a * b was significant (all p < .05). Each
longitudinal mediation analysis controlled for the corresponding baseline data of the dependent variable, for example, for diagram A, baseline
mental problems was added as a covariate. *p < .05; **p < .01. DAN, dorsal attention network; DMN, default mode network; MP, mental
problems; TSD, total sleep disturbance
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training or behavioral therapy. Future work may examine the effec-

tiveness of regulating connectivity strength between DMN and DAN

in inducing positive behavioral change related to mental health and

sleep problems.
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