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University is a time of significant transitions during a young adult's life, with delayed and shortened
sleep and poor mental health a common occurrence. This systematic review and meta-analysis examined
the effect of both multi-component and single-component sleep interventions on improving university
students' sleep and mental health.

Five databases (MEDLINE, PsycINFO, Embase, CINAHL and Cochrane Library) were searched for rele-
vant literature published until April 2022. Treatment studies including university students aged 18e24
years, participating in a sleep intervention (multi-component, e.g., CBT-I, or single-component, e.g., sleep
hygiene) were eligible. Comparator groups were either active, i.e., alternative intervention, or passive, i.e.,
waitlist control or treatment-as-usual, with study outcomes to include measures of sleep and mental
health.

Of 3435 references screened, 11 studies involving 5267 participants, with and without insomnia
symptoms, were included for a narrative synthesis on intervention designs and methodology. Six studies
eligible for meta-analyses showed a moderate effect of sleep interventions in reducing sleep disturbance
(SMD ¼ �0.548 [CI: �0.837, �0.258]) at post-treatment, alongside a small effect in improving anxiety
(SMD ¼ �0.226 [CI: �0.421, �0.031]) and depression (SMD ¼ �0.295 [CI: �0.513, �0.077]). Meta-
regression examining study and intervention characteristics identified subpopulation (experiencing
insomnia or not) as a significant moderator for effects on sleep (p ¼ 0.0003) and depression (p ¼ 0.0063),
with larger effects in studies with participants experiencing insomnia. Comparison group type (active or
passive) was also a significant moderator (p ¼ 0.0474), with larger effects on sleep in studies using
passive comparison groups. Study type, delivery format, and intervention duration were not identified as
significant moderators. At follow-ups, small but significant effects were sustained for anxiety and
depression.

Protecting and promoting sleep amongst university students may help safeguard and advance mental
health.
© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
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1. Introduction

Sleep is vital for both physical and mental health [1] and sleep
difficulties are a core component of the diagnostic criteria for
several mental health disorders within the Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-5), including depressive
disorders and anxiety disorders [2]. Complaints about poor sleep
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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quality and sleep disturbances are common amongst university
students [3,4] with poor sleep quality associated with increased
symptoms of psychological distress, including anxiety and
depression [5,6].

Mental health problems are increasing amongst university
students [7], with a high proportion of students reporting experi-
encing symptoms of depression, anxiety, and stress [8e10].
Consequently, there has been an increase in students utilising
university mental health services [7]. Concerns reported by stu-
dents which are associated with mental health problems include
academic performance, pressure to be successful in their studies,
plans following graduation, financial status, relationships with
friends and family, body image, self-esteem, overall health, and
poor sleep quality [8].

In one representative study investigating the predictors of well-
being amongst university students (18e25 years of age), compared
with other factors in the model (physical activity, depression,
having received mental health services, and use of tobacco), sleep
quality was found to be the strongest predictor of students’ well-
being [11]. Research also indicates that poor sleep is associated
with an increased risk of self-harm and suicidal behaviours
amongst university students [12]. With strong evidence for the
association between poor sleep and mental health symptoms in
university students, it is important to examine the most effective
ways to reduce both poor sleep andmental health symptoms in this
population.

Cognitive behavioural therapy for insomnia (CBT-I) is a multi-
component intervention that targets dysfunctional sleep-related
cognitions and behaviours [13]. Stimulus control therapy and sleep
restriction alongside sleep hygiene education are often seen as the
primary components of CBT-I, with other components such as
relaxation techniques and cognitive therapy seen as complementary
elements of the treatment [14,15]. The efficacy of CBT-I as a treat-
ment for insomnia disorder has beenwell established [16e18], and is
often recommended as thefirst-line treatment of insomnia and sleep
difficulties [19,20]. To a lesser degree, the efficacy of such sleep
treatments in improvingmental health in the general population has
also been supported [21e23]. With focus on university students,
although evidence has shown a positive effect of interventions in
improving sleep in this population [24,25], an understanding of the
effect on mental health is needed. Understanding efficacy of such
interventions in this population can help to protect and improve
both the sleep and mental health of young people as they emerge
into adulthood, with university settings offering unique opportu-
nities for prevention and treatment for students.

1.1. Rationale, aims of the review and research questions

The aim of the present review was to examine the extent to
which sleep interventions, both multi-component e.g., CBT-I and
single-component e.g., sleep hygiene, can improve the sleep and
mental health of university students. The primary question of this
systematic review and meta-analysis was to examine how effica-
cious psychological and behavioural sleep interventions are, in
improving the sleep and mental health of university students.

2. Methods

The specific criteria of the systematic review and meta-analysis
including research questions, search strategy, and inclusion/exclu-
sion criteria were developed prior to commencement of the review
and followed the PRIMSA (2009) guidelines [27]. The protocol of
this systematic review and meta-analysis was registered on the
International Prospective Register of Systematic Reviews (PROS-
PERO) (CRD42020179207).
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2.1. Search strategy

The search strategy was developed in close collaboration with
an informational specialist (SJ). Following several scoping searches
between March and April 2020, five bibliographic databases
(MEDLINE, PsycINFO, Embase, CINAHL and Cochrane Library) were
searched for relevant literature up to May 11, 2020 (see
Supplementary Fig. 1). The reference lists of papers identified for
inclusion of full-text screening were hand-searched to identify any
further relevant literature, as were the reference lists of related
systematic reviews [21e23,26,28,29]. A cited reference search of
the included papers was also performed via Web of Science to
identify any additional relevant literature. Searches were repeated
monthly via the same process as the initial search to identify any
relevant newly published literature until April 2022. Search alerts
were also received monthly with literature screened in the same
way as the initial search.

2.2. Inclusion & exclusion criteria and screening

Studies were considered appropriate for inclusion in the review
if they were written in English language; included university/col-
lege students between the ages of 18 and 24; were randomised
controlled trials (RCTs) or non-RCT intervention studies, all with
pre- and post-intervention outcome measures; and included
measures of sleep and mental health, specifically anxiety and/or
depression. Anxiety and depression were identified as the two
mental health outcomes of interest due to the high prevalence of
both of these within the university student population, and the
associations found between poor sleep, anxiety and depression.
Studies were excluded if they focused on sleep or circadian disor-
ders other than insomnia; were pharmacological-based, epidemi-
ological, cross-sectional, single case studies, qualitative studies,
animal studies; or were systematic reviews. There were no inclu-
sion criteria in regard to insomnia status of students, so that
comparisons on the effects of interventions between these sub-
populations could be examined. Both RCT and non-RCT in-
terventions were included to gather a more comprehensive picture
of sleep interventions, and multi-component e.g., CBT-I, and single-
component e.g., sleep hygiene, sleep interventions were eligible so
the efficacy of intervention types could be compared.

In the initial screening stage, all identified papers' titles and
abstracts were reviewed. Full texts of the papers considered rele-
vant were obtained, where possible. Two reviewers (LC, CP) then
independently assessed each paper against the inclusion and
exclusion criteria according to the ‘screening and selection tool’
developed for this review (see Supplementary Fig. 2). Studies that
did not meet inclusion criteria were excluded, with reasons pro-
vided. Any discrepancies between the reviewers were resolved
with input from a third member of the team (NT).

2.3. Data extraction and quality assessment

Data was extracted from the included studies via a data
extraction table, which was developed specifically for this review.
Extracted data included study characteristics, participant charac-
teristics, and study results. The data extraction table was piloted by
three reviewers with experience in performing systematic reviews
and knowledge of the topic (LC, LL, CP) to ensure all of the necessary
data would be captured.

Quality assessment of the included studies was performed via
the ‘Checklist for Measuring Quality’ [30]. This tool was chosen as it
can be applied to both randomised and non-randomised studies,
which allows the quality assessment to remain consistent across all
studies included in this review. The checklist contains 27 'yes' or
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'no' questions across five sections, providing an overall score for
study quality out of 30. The five sections include questions about:
Study quality (10 items; the overall quality of the study), external
validity (3 items; the ability to generalise findings of the study),
study bias (7 items; to assess bias in the intervention and outcome
measure), confounding and selection bias (6 items; to determine
bias from sampling or group assignment), and power of the study
(1 item; to determine if findings are due to chance).

As has been done in previous research [31], question 27 con-
cerning power was modified to award a single point if a study had
sufficient power to detect a clinically important effect, where the
probability of Type 1 error is less than 5%. The maximum score of
the modified version was therefore 28 with the following cate-
gories: Excellent quality (24e28 points), good quality (19e23
points), fair quality (14e18 points), and poor quality (�13 points).
Quality assessment was performed independently by two re-
viewers (LC, LL) to reduce the risk of errors or the influence of bias.
Where there were discrepancies, a third reviewer (MG) performed
the quality assessment of the specific study to resolve them.

2.4. Methods of synthesis and analysis

2.4.1 Narrative synthesis
A narrative synthesis, which provides a text-based summary of

the included studies, was performed to give a comprehensive
synthesis of the nature of the included studies and interventions,
including study design and methodology.

2.4.2 Meta-analysis
A quantitative synthesis via meta-analysis was performed to

investigate the efficacy of the included interventions on sleep,
anxiety and depression outcomes. A random effects model was
used to calculate the standardised mean differences (SMD) be-
tween post-intervention scores for the intervention group and
comparison group in each study included, to take into consider-
ation heterogeneity between studies. For a study to be included,
they were required to include an intervention and a comparison
group, with pre and post means and standard deviations on a sleep,
anxiety or depression outcome. Where data was unavailable, au-
thors were contacted to request required data. Four of the 11
studies were not included in the meta-analysis because the
required data was unavailable (means & SDs). One of these studies
did not have a comparison group. Interpretation of the SMDwas via
Hedges’ g. The I2 statistic was used to examine heterogeneity. A
rough guide to interpretation as outlined by Cochrane [32] is as
follows: unimportant heterogeneity (0e40%), moderate heteroge-
neity (30e60%), substantial heterogeneity (50e90%) and consid-
erable heterogeneity (75e100%). Interpretation of the I2 statistic
should be notedwith caution however, due to other factors that can
influence heterogeneity [32]. The probability of benefit statistic was
also calculated to examine the probability that a randomly selected
intervention would show a greater improvement in outcomes
compared to a randomly selected comparison group. A SMD
equalling zero indicates that the probability that an intervention
group outperforms a comparison group is 0.5 (50%). A SMD
equalling one, indicates that the probability is 0.76 (76%) [33].

Sources of heterogeneity between the studies included in each
meta-analysis was explored via subgroup analyses and meta-
regressions. Analyses were performed to investigate how much
heterogeneity could be explained by the selected exploratory var-
iables (moderators). Study and intervention characteristics exam-
ined included delivery format (digital or in-person), duration of
intervention (in weeks), type of study (RCT, non-RCT), type of
intervention (multi-component or single-component) and type of
comparison group (active [alternative intervention] or passive [e.g.,
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waitlist control or treatment as usual]). Comparisons between the
subpopulations of participants (experiencing insomnia or not)
were also examined. Separate multivariate regressions for each
outcome (sleep, anxiety & depression) were performed. Each
regression included the six studies of the respective meta-analysis.
Funnel plot asymmetry of each meta-analysis was also visually
examined, alongside Egger's Regression tests to investigate possible
publication bias. Comprehensive Meta-analysis Software V3 [34]
was used to perform the meta-analyses and meta-regressions.

3. Results

3.1. Search, screening and selection

Overall, 3435 references were identified via the bibliographic
database search. Fig. 1 provides detailed information of the
screening and selection process. A total of 11 papers were identified
as relevant for inclusion in the review.

3.2. Participant characteristics

The total number of participants in the studies included in this
review was 5267, and the sample sizes ranged between 34 and
3755 participants (Table 1). Nine of the studies (81.8%) consisted of
a majority of female participants (over 50%), with one study
including only females. The mean age of participants from the 11
studies was 20.7 (SD ¼ 2.066) years. Studies consisted of both un-
dergraduate specific, and more generalised recruitment of univer-
sity students. Three studies (27.3%) actively recruited participants
experiencing increased sleep difficulties such as having a positive
screen for insomnia or self-reporting sleep onset latency of at least
30-min for three months. One study recruited participants expe-
riencing symptoms of stress, with seven studies (63.6%) not
requiring any specific clinical criteria for inclusion. Baseline mean
scores of all studies indicated participants were, on average,
experiencing symptoms of insomnia or sleep disturbance at base-
line with the exception of Ball and Bax (2002). In this study, 47% of
participants indicated achieving 6h of sleep or less per night. In
terms of mental health symptoms at baseline, specifically anxiety
and depression, studies varied in severity of symptoms. Baseline
mean scores indicated the presence of mental health symptoms
across all studies with the exception of Ball & Bax (2002), where
minimal depression symptoms were reported.

3.3. Study designs and intervention characteristics

Six studies (54.5%) were randomised controlled trials (RCTs) and
five (45.5%) were non-RCTs (Table 1). The interventions were
divided into two categories. Nine studies investigated multi-
component interventions (81.8%). Seven of these were CBT-I-
based interventions. The other two consisted of interventions
focused on sleep health combined with mental health manage-
ment. Two studies included single-component interventions of
sleep hygiene and sleep health education (18.2%).

Four studies included interventions that were in-person (36.4%),
six studies included digital interventions (54.5%) and one study
included both methods of delivery (9.1%). The duration of in-
terventions ranged from one single 20-min (approx.) session to
covering a whole semester. Three studies delivered interventions
across six weeks (27.3%). Three studies dd not include a follow-up.
Follow-up lengths ranged between one month and a semester. The
most common follow-up length was three months/12 weeks, with
three studies reporting this (27.3%). One study did not include a
comparator group (9.1%). Six studies included a passive comparison
group e.g., waitlist control group or treatment as usual (54.5%). Four



Fig. 1. PRISMA 2009 flow diagram.
Note: the number of studies included in the review reflect the up-to-date results as of April 2022. Each quantitative synthesis (meta-analysis) included only six studies as not all
studies reported all outcomes however a combination of seven studies were included across all meta-analyses. Four studies were not eligible for inclusion in the quantitative
synthesis as the required data was unavailable.
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studies included an active comparison group i.e., an alternative
intervention (36.4%).

All 11 studies investigated at least one self-report sleep outcome
including sleep quality, sleep onset latency, sleep duration and/or
presence of insomnia. Seven studies investigated anxiety (63.6%),
with ten studies investigating depression (90.9%). For detailed in-
formation about the interventions included in each study see
Supplementary Table 1.

3.4. Quality assessment

The overall quality of the studies ranged from 17 to 25 (M¼ 20.5,
SD ¼ 6.273), where 28 was the highest possible score (see
Supplementary Table 2). Of the 11 studies, three were rated fair,
seven good and one excellent, indicating most studies were of good
quality overall. Most studies (72.7%) had a high quality of reporting
(M ¼ 9.2, SD ¼ 1.367). The mean external validity for all 11 studies
was moderate (M ¼ 2.0, SD ¼ 0.400), the mean study bias was low
(M ¼ 4.8, SD ¼ 0.164), and the mean confounding or selection bias
was low (M ¼ 4.2, SD ¼ 1.964). In terms of study power, studies
were rated as either one or zero, where one indicated sufficient
statistical power and zero indicated the lack of statistical power or
statistical power not being reported in the paper. Three of the 11
studies were rated as having sufficient statistical power, suggesting
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caution in interpreting the results of the remaining studies.

3.5. Synthesis of studies

Of the nine studies that included multi-component in-
terventions, five were identified as RCTs and four as non-RCTs. The
majority were identified as 'good' quality, with two rated as 'fair',
and one 'excellent'. Five were digital interventions, with three
delivered in-person, and one a combination of both delivery
methods. Twomulti-component interventions were a combination
of sleep education and mental health management elements. One
specifically focused on anxiety whilst the other included both
anxiety and depression management techniques. One intervention
was a single session with the other including a single session with
additional input over the course of one semester. Both of these
studies included an active comparison group, an alternative inter-
vention. The remaining seven multi-component studies consisted
of CBT-I-based interventions. All interventions included sleep re-
striction, stimulus control and other components regularly imple-
mented in CBT-I including sleep hygiene, psychoeducation and
relaxation techniques. The delivery of these interventions was
either via emails or through an online platform, with one delivered
in-person through a series of seminars. The length of interventions
varied in length from four weeks to over a semester. Two studies



Table 1
Participant characteristics, study design, intervention characteristics and outcomes of all studies.

Authors,
year of
publication
& study type

Participant information Intervention
duration &
follow-up

Intervention
mode of
delivery

Intervention
type

Comparison
group type�

Outcome
measures

Effect of intervention
at post-intervention

Total N &
population

Gender
(%)

Age
(mean
years)

Clinical characteristics*

Ball & Bax
(2002)
[35]

Non-RCT

54
First year
medical
students

Male
59.3%
Female
40.7%

24.02 Baseline: <6h
sleep ¼ 47%; minimal
depression

Over one
semester
Follow-up
end of
second
semester

In-person Sleep hygiene,
health & mental
health
management

Active Health
Habits
Survey (incl.
sleep
habits)
ESS
BDI-II

Positive effect: sleep
disturbance,
depression

Trockel et al.
(2011)
[36]

Non-RCT

101
First year
students

Male
51.2%
Female
48.8%

99: 18
26:
19-22

Subgroups: with/
without sleep
disturbance
Baseline: with ¼ higher
depression symptoms

8 weeks
No follow-up

Digital (via
email)

CBT-I-based
intervention

Active PSQI
CES-D

Positive effect: with
sleep disturbance only:
sleep disturbance,
depression

ATaylor
et al.
(2014)
[37]

RCT

34
University
students

Male
41.2%
Female
58.8%

19.71 Eligibility: self-reported
SOL/WASO 30þminutes
3x a week for 3 months
Baseline: moderate
insomnia, anxiety, mild
depression

6 weeks
3 month
follow-up

In-person CBT-I-based
intervention

Passive ISI
PSQI
STAI-T
QIDS

Positive effect: sleep,
anxiety, depression

AAsano
et al.
(2015)
[38]

Non-RCT

123
University
students

Male
40.1%
Female
59.9

19.00 Baseline: sleep
disturbance,
psychological distress

4 weeks
3 month
follow-up

In-person
and digital
(email)

CBT-I-based
intervention

Passive PSQI
Kessler-6

Positive effect: sleep,
depression

Levenson
et al.
(2016)
[39]

Non-RCT

108
University
students

Male
3.6%
Female
96.4%

20.93 Baseline: above average
sleep disturbance,
anxiety, depression

4 weeks
No follow-up

In-person Sleep health None PSQI
STAI-S
BDI-II

Positive effect: sleep,
depression

AMorris
et al.
(2016)
[40]

RCT

138
Undergraduate
students

Male
32.6%
Female
67.4%

20.50 Eligibility: stress
symptoms
Baseline: sleep
disturbance, high state
anxiety, minimal
depression symptoms

6 weeks
No follow-up

Digital CBT-I-based
intervention

Passive PSQI
PROMIS

Positive effect: sleep,
anxiety, depression

AFreeman
et al.
(2017)
[41]

RCT

3755
University
students

Male
27.5%
Female
71.5%
Other
1.0%

24.7 Eligibility: insomnia via
SCI
Baseline: moderate
insomnia, mild anxiety,
moderate depression

10 weeks
12 week
follow-up

Digital CBT-I
intervention

Passive ISI
GAD-7
PHQ-9

Positive effect: sleep,
anxiety, depression

ABaroni
et al.
(2018)
[42]

Non-RCT

145
Undergraduate
students

Male
17.9
Female
82.1%

19.79 Baseline: sleep
disturbance, mild
anxiety, depression

A semester
2 month
follow-up

In-person CBT-I
intervention

Active PSQI
BAI
CES-D

Positive effect: sleep,
anxiety Negative
effect: depression

Hershner &
O'Brien
(2018)
[43]

RCT

549
University
students

Male
41.7%
Female
58.3%

21.90 Baseline: sleep
disturbance, mild
depression

1 session
(approx. 20-
min)
8 week
follow-up

Digital Sleep hygiene
education

Passive PSQI
PHQ-9

Positive effect: sleep,
depression

ADenis et al.
(2020)
[44]

RCT

199
Psychology
students

Female
100%

19.98 Baseline: sleep
disturbance, high
anxiety, minimal
depression

6 weeks
6 month
follow-up

Digital CBT-I
intervention

Passive PSQI
STAI
MAFQ

Positive effect: sleep
favoured comparison:
anxiety, depression

AShort &
Schmidt
(2020)
[45]

RCT

61
Undergraduate
students

Male
16%
Female
84%

19.43 Eligibility: above sample
mean on insomnia,
anxiety
Baseline: subthreshold
insomnia, moderate
anxiety

1 session
(approx. 45-
min)
1 month
follow-up

Digital (via
text)

Sleep education
and anxiety
treatment
intervention

Active ISI
BAI

Positive effect: sleep,
anxiety

Note: Studies are presented by year of publication. RCT; randomised controlled trial. N, number of participants; %, percentage; SOL, sleep onset latency; WASO, wake after
sleep onset; SCI, sleep condition indicator. *Baseline scores are based on intervention group means. Interventions were categorised as CBT-I if the included stimulus control
and/or sleep restriction with at least one additional component often found as part of CBT-I i.e., sleep hygiene, psychoeducation, relaxation strategies. Sleep hygiene, sleep
health education-based interventions consisted of components such as providing participants with sleep hygiene recommendations and information about sleep and the
effects of sleep on health. �comparison groups were identified as either active (they consisted of an alternative intervention) or passive (e.g., waitlist control or treatment as
usual). Only outcomemeasures and respective outcome data used for analysis in this review are stated.AStudy included in meta-analyses. BAI; Beck Anxiety Inventory, BDI-II;
Beck Depression Inventory-II, BAI; Beck Anxiety Inventory, CES-D; Center for Epidemiologic Studies Depression Scale, ESS; The Epworth Sleepiness Scale, GAD-7; Generalised
Anxiety Disorder Assessment-7, ISI; Insomnia Severity Index, MAFQ; Mood and Feelings Questionnaire, PHQ-9; Patient Health Questionnaire-9, PROMIS; Patient Reported
Outcomes Measurement Information System, PSQI; Pittsburgh sleep quality index, QIDS; Quick Inventory of Depressive Symptomatology, STAI; State Trait Anxiety Inventory.
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had an active comparison group with five including passive com-
parisons e.g., a waitlist control or treatment as usual.

Two studies were identified as including single-component in-
terventions. Both studies varied greatly in design andmethodology.
One study was identified as an RCT with a passive comparison
group. The intervention was a one-off digital session focused on
sleep hygiene, with some of the provided information being spe-
cific to the student population. The other study was identified as a
non-RCT with no comparison group. The intervention durationwas
four weeks and was delivered in-person. The content included
similar topics such as best sleep practices, with information specific
to students however the main focus was sleep health as a broader
topic. The synthesis highlights that although interventions of a
specific bracket e.g., CBT-I may consist of similar content, the de-
livery of these interventions and design of the studies tends to vary
greatly.

Neither of the single-component intervention studies were
appropriate for inclusion in the meta-analyses as the data required
(means& SDs) was not available. Both studies found improvements
in sleep parameters post-intervention including sleep quality, sleep
onset latency and sleep efficiency. Improvements were also seen for
symptoms of depression post-intervention. A further two muti-
component intervention studies were not appropriate for inclu-
sion in the meta-analyses as the data required (means & SDs) was
not available. Both of these studies were identified as having a 'fair'
quality rating. Both found improvements in sleep disturbance and
depression symptoms post-intervention. However, in one of the
studies which analysed subgroups of participants with and without
sleep disturbance, these findings were only found for those expe-
riencing sleep disturbance at baseline.
3.6. Meta-analysis

3.6.1. Sleep
The estimates from the random effect meta-analysis for studies

investigating multi-component sleep interventions on sleep out-
comes are summarised in Fig. 2. From the six interventions with a
total of 4310 participants, a positive effect was observed in all
(Fig. 2). Overall, there was a considerable amount of heterogeneity
between the studies (I2 ¼ 80.5%). The aggregate effect size was
moderate (SMD ¼ �0.548 [CI: �0.837, �0.258], p < 0.001). The
probability of benefit statistic indicated that individuals from an
intervention group were approximately 60% more likely to see a
reduction in sleep difficulties compared to a comparison group.

Subgroup analysis and meta-regression. To explore heterogeneity
between the studies, subgroup analyses were performed based on
delivery format (digital or in-person), type of study (RCT, non-RCT),
Fig. 2. Forest plot of meta-analysis for sleep outcomes.
Note: ISI, Insomnia Severity Index; PSQI, The Pittsburgh Sleep Quality Index; Std diff in me
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comparison group type (active or passive) and subpopulation
(participants experiencing insomnia or not). Random effects anal-
ysis showed that the total between group effect was not significant
for delivery format (p ¼ 0.181), type of study (p ¼ 0.835), com-
parison group type (p ¼ 0.351) or subpopulation (p ¼ 0.198), indi-
cating that there were no differences between the subgroups of
studies. Further exploration of heterogeneity was performed via
meta-regressions.

Delivery format and intervention duration (in weeks) were
included as moderator variables in a regression model, examining
intervention characteristics. The model, when both moderators
were included, explained 35% of the variance in effects between
studies. Study type, comparison group type and subpopulation
were included in a second regression model. The model, when the
three moderators were included, explained 100% of the variance in
effects between studies. Comparison group type (p ¼ 0.0474) and
subpopulation (p ¼ 0.0003) made significant contributions to the
model, with passive comparison groups and studies with partici-
pants experiencing insomnia showing larger effects (see
supplementary figures 3a & 3 b).

Follow-up. Three studies’ follow-up results were eligible for
meta-analysis to explore longer term effects (see supplementary
figure 3c). Follow-up lengths of the respective studies were one,
three and six months. Overall, there was a considerable amount of
heterogeneity between the studies (I2 ¼ 88.3%). The aggregate ef-
fect size was small (SMD ¼ �0.381 [CI: �0.955, 0.192], p ¼ 0.193),
and not significant.
3.6.2. Anxiety
The estimates from the random effect meta-analysis for studies

investigating multi-component sleep interventions on anxiety
outcomes are summarised in Fig. 3. From the six interventions with
a total of 4332 participants, a positive effect was observed in five
(Fig. 3). Overall, there was a moderate amount of heterogeneity
between studies (I2 ¼ 56.0%). The aggregate effect size was small
(SMD ¼ �0.226 [95% CI: �0.421, �0.031], p ¼ 0.023). The proba-
bility of benefit statistic indicated that individuals from an inter-
vention group were between 50% and 60% more likely to see a
reduction in anxiety symptoms compared to a comparison group.

Subgroup analysis and meta-regression. To explore heterogeneity,
subgroup analyses were performed based on delivery format
(digital or in-person), type of study (RCT, non-RCT), comparison
group type (active or passive) and subpopulation (participants
experiencing insomnia or not). Random effects analysis showed
that the total between group effect was not significant for delivery
format (p ¼ 0.904), type of study (p ¼ 0.714), comparison group
type (p¼ 0.666) or subpopulation (p¼ 0.400), indicating that there
ans, standardised difference in means; CI, confidence interval.



Fig. 3. Forest plot of meta-analysis for anxiety outcomes.
Note: BAI, Beck Anxiety Inventory; GAD-7, Generalised Anxiety Disorder Assessment; STAI-S, State-Trait Anxiety Inventory-State; STAI-T, State-Trait Anxiety Inventory-Trait; Std diff
in means, standardised difference in means; CI, confidence interval.
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were no differences between the subgroups of studies. Further
exploration of heterogeneity was performed via meta-regressions.

Delivery format and intervention duration (in weeks) were
included as moderator variables in a regression model, examining
intervention characteristics. Themodel, when bothmoderators were
included, did not explain any of the variance in effects between
studies. Study type, comparison group type and subpopulation were
included in a second regression model. The model, when the three
moderators were included, explained 100% of the variance in effects
between studies (see supplementary figures 4a & 4 b).

Follow-up. Four studies’ follow-up results were eligible formeta-
analysis to explore longer term effects (see supplementary figure
4c). Follow-up lengths of the respective studies were one, two,
three and six months. Overall, there was no heterogeneity identi-
fied between the studies (I2 ¼ 0.0%). The aggregate effect size was
small (SMD ¼ �0.245 [CI: �0.340, �0.151], p < 0.001).
3.6.3. Depression
The estimates from the random effect meta-analysis for studies

investigating multi-component sleep interventions on depression
outcomes are summarised in Fig. 4. From the six interventions with
a total of 4394 participants, a positive effect was observed in five
(Fig. 4). Overall, there was a substantial amount of heterogeneity
between the studies (I2 ¼ 68.6%). The aggregate effect size was
small (SMD ¼ �0.295 [CI: �0.513, �0.077], p ¼ 0.008). The prob-
ability of benefit statistic indicated that individuals from an inter-
vention group were between 50% and 60% more likely to see a
reduction in depression symptoms compared to a comparison
Fig. 4. Forest plot of meta-analysis for depression outcomes.
Note: BDI-II, Beck Depression Inventory; CES-D, Centre for Epidemiologic Studies Depressio
QIDS, Quick Inventory of Depressive Symptomatology; Std diff in means, standardised diffe
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group.
Subgroup analysis and meta-regression. To explore heterogeneity,

subgroup analyses were performed based on delivery format
(digital or in-person), type of study (RCT, non-RCT), comparison
group type (active or passive) and subpopulation (participants
experiencing insomnia or not). Random effects analysis showed
that the total between group effect was not significant for delivery
format (p ¼ 0.931), type of study (p ¼ 0.643), comparison group
type (p ¼ 0.404) or subpopulation (p ¼ 0.131), indicating that there
were no differences between the subgroups of studies. Further
exploration of heterogeneity was performed via meta-regressions.

Delivery format and intervention duration (in weeks) were
included as moderator variables in a regression model, examining
intervention characteristics. The model, when both moderators
were included, explained 16% of the variance in effects between
studies. Study type, comparison group type and subpopulation
were included in a second regression model. The model, when the
three moderators were included, explained 100% of the variance in
effects between studies. Subpopulation (p ¼ 0.0063) made a sig-
nificant contribution to the model, with participants experiencing
insomnia showing larger effects (see supplementary figures 5a &
5b).

Follow-up. Three studies’ follow-up results were eligible for
meta-analysis to explore longer term effects (see supplementary
figure 5c). Follow-up lengths of the respective studies were two,
three and six months. Overall, no heterogeneity was identified
between the studies (I2 ¼ 0.0%). The aggregate effect size was small
(SMD ¼ �0.340 [CI: �0.436, �0.243], p < 0.001).
n Scale; MFQ, Mood and Feelings Questionnaire; PHQ-9, Patient Health Questionnaire;
rence in means; CI, confidence interval.
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3.7. Publication bias

Egger's regression tests were performed to assess potential
publication bias in each meta-analysis via funnel plot asymmetry.
The tests did not reveal asymmetry in effect sizes for sleep
(t ¼ 0.819 [CI: �2.577, 4.734], p ¼ 0.459), anxiety (t ¼ 0.668
[CI: �1.884, 3.077], p ¼ 0.541) or depression (t ¼ 1.037 [CI: �1.759,
3.857], p ¼ 0.358), indicating an absence of significant publication
bias (see supplementary figures 6a, 6b & 6c).

4. Discussion

4.1. Summary

The aim of this systematic review and meta-analysis was to
examine how efficacious psychological sleep interventions are, in
improving the sleep and mental health of university students. The
review identified 11 studies that, overall, provide positive evidence
for improving university student sleep and mental health. The
narrative synthesis identified many differences in the study and
intervention characteristics used by researchers. Meta-analyses
found that multi-component sleep interventions showed a mod-
erate effect in improving symptoms of sleep and a small effect in
improving symptoms of anxiety and depression against a com-
parison group at post-treatment. Heterogeneity was found to be
high between studies. Subgroup analyses and meta-regressions
explored heterogeneity via moderator variables of delivery
format, intervention duration, study type, comparison group type
and subpopulation. Meta-regressions examining delivery format
and intervention duration did not account for significant variance
in effects between studies for any outcome. When examining study
type, comparison group type and subpopulation, subpopulation
made a significant contribution for sleep and depression but not
anxiety, with comparison group also making a significant contri-
bution for sleep. Studies that included participants with insomnia,
and studies with passive comparison groups showed larger effects.
Follow-up analyses showed that small, significant effects were
sustained for both anxiety and depression, but not for sleep.

The findings of this review support findings of previous reviews
looking at the effect of sleep interventions on sleep and mental
health. Small to moderate effects on sleep in adults both with and
without sleep disorders [46,47] have been found. Additionally,
small to moderate effects for anxiety [21] and depression [22] in
adults with insomnia and mental health problems respectively, as
well as young adults [23] have also been found. The findings of this
review are also somewhat comparable to previous research
examining the effect of psychological interventions on mental
health in students with and without mental health problems. In-
terventions showed no (when compared to an active control) to
moderate (when compared to WLC) effects for anxiety and small
(active control) to large (WLC) effects for depression [48]. Sustained
small effects have also been found for both anxiety and depression
symptoms at follow-up [48,49], in line with the findings of this
review. With improvements in sleep quality found to lead to
moderate improvements in mental health [26], and insomnia im-
provements found to mediate the effects on depression following a
CBT-I intervention [50], research shows promise for the causal role
of sleep interventions in improving mental health symptoms in
university students.

Moderators examined in this review found that delivery format
and intervention duration did not explain variance in effects be-
tween studies. Whether the intervention included an active or pas-
sive comparison group was a significant moderator in explaining
variance in effects on sleep outcomes,with larger effects seen against
passive comparison groups. This is not surprising considering the
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content of active comparison groups was often related to well-being,
including components related to sleep. Whether participants were
experiencing insomnia at baseline or not was also a significant
moderator for sleep and depression but not for anxiety, with greater
effects seen for those experiencing insomnia.

Students with clinical mental health problems were not spe-
cifically recruited in the studies included in this review, with, in
general, mild to moderate symptoms observed at baseline.
Although this review shows positive effects of sleep interventions
on improving sleep and mental health symptoms, with greater
effects seen for those experiencing insomnia, further research
could establish the difference in effects between university stu-
dents with and without mental health problems.

This review further adds to the literature by examining the use
of sleep interventions on improving the sleep and mental health of
university students as a specific population. Increasing our under-
standing of effective interventions in this population may lead to
changes in the infrastructure of universities to better support sleep
and subsequently mental health.

4.2. Strengths and limitations of the review

Substantial heterogeneity was found across studies included in
this review, which is consistent with previous work [22,23].
Random-effects meta-analyses were performed to take this into
consideration as well as subgroup analyses andmeta-regressions to
explore possible causes of heterogeneity. Although only six studies
were included in each meta-analysis and meta-regression, all
studies were rated as being of good quality, with one study rated as
‘excellent’. Most studies were also identified as RCTs, which adds to
the robustness of the findings. However, caution should be noted
when interpreting meta-regressions due to the small number of
studies included. As studies did not specifically recruit individuals
experiencing mental health symptoms, it is unclear what the dif-
ferences in effect are between those who are experiencing mental
health and those who are not. That said, mental health symptoms
were reported across studies with varying severity. Future research
should distinguish between individuals who are and are not
experiencing mental health problems, to identify any differences in
intervention efficacy. Although Egger's regression tests did not
identify significant publication bias, the number of data points is
too low to draw strong conclusions about the absence of a publi-
cation bias. The papers were also limited to those in the English
language and so other relevant studies in alternative languagesmay
have beenmissed. The quality assessment of studies included in the
review was performed using the ‘Checklist for Measuring Quality’
[30]. This tool was chosen as it can be applied to both randomised
and non-randomised studies, which allowed the quality assess-
ment to remain consistent across all studies included. Although a
valid tool, an alternative tool such as the Cochrane ROB tool, may
have been a more reliable measure for the assessment of the RCT
studies. Many of the outcomes reported in the included papers
were based on self-reported data. Whereas this is unavoidable for
mental health outcomes, alternatives exist for sleep. This would be
beneficial as objective data can provide more reliable data rather
than relying on self-report.

Despite these limitations this review provides support from the
included studies for the efficacy of multi-component sleep in-
terventions in improving sleep and symptoms of anxiety and
depression in university students. The inclusion of both RCTs and
non-RCTs was able to provide a more comprehensive picture of the
literature, with overall quality remaining good as identified in the
quality assessment. Meta-regression analyses also provided pre-
liminary evidence for which covariates may have an influence on
treatment effects in the university student population.
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4.3. Implications for future research

From this review, it is evident that sleep interventions, specif-
ically multi-component sleep interventions, show positive effects
in improving university student sleep and mental health. Studies
delivering sleep interventions showed many differences in design
and methodology. Intervention characteristics including delivery
format and intervention duration did not appear to explain the
effects between studies. Further research could examine which
specific characteristics may have a role to play in intervention ef-
ficacy. This could lead to future trials improving the design of in-
terventions to improve efficacy, whilst making them as concise and
accessible as possible to reduce the burden and increase the uptake.
Additionally, there is still a need to identify the efficacy of sleep
interventions in subgroups including university students with and
without underlying mental health difficulties.

5. Conclusions

This review provides evidence from 11 studies for the efficacy of
sleep interventions in improving the sleep and mental health of
university students. With evidence for the role of improving sleep
leading to improving mental health [26,50], both assessment of
sleep and introducing sleep-focused services for students at uni-
versity may be beneficial to both their sleep and mental health.
University settings can offer unique opportunities for both pre-
vention and treatment of sleep disturbance and mental health
symptoms amongst their students. Although services are available
in university settings, mental health problems are still high in this
population, and accessibility and engagement are still an issue.
Sleep is a less stigmatised route to treatment andmay help improve
engagement with services. Possible avenues include adding to
existing well-being services and providing services through uni-
versity apps and/or campus accommodation.
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