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Abstract

Objective

This paper reviews the literature evaluating psychological treatments to improve sleep qual-

ity in young adult university students.

Method

Participants (N = 6179) were young adult (aged 18–30 years) university students. Data-

bases (PubMed, PsychInfo, EMBASE and Medline) were searched for randomized con-

trolled trials evaluating psychological treatments for sleep disturbance in university

students. The search date was 20 September 2024.

Results

22 original trials met inclusion criteria. Meta-analysis showed that psychological interven-

tions outperformed control groups (n = 14) on improving sleep quality (g = 0.50, 95%

CI:0.26–0.73). There were significantly different effect sizes found between studies that

evaluated cognitive behaviour therapy for insomnia (CBT-I; n = 6, g = 0.72, CI: 0.43–1.02)

versus studies that evaluated mindfulness interventions (n = 5, g = 0.16, 95% CI: -0.18–

0.51).

Conclusions

Psychological treatments improve sleep quality for young adult university students. While

CBT-I showed larger effect sizes than interventions focused on mindfulness, further

research is needed to verify if this reflects a true difference in the efficacy of the

interventions.
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Introduction

Advances in sleep science have shown that persistent poor sleep, or insomnia, predisposes

individuals to develop mental illnesses such as depression and anxiety [1–4]. Sleep difficulties

can also worsen comorbid mental illness: increasing the likelihood of depression relapse [5];

prolonging the course of depression [6]; and blunting treatment effects [7]. As a consequence,

mental health clinicians and physicians now consider the effective treatment of sleep distur-

bance to be a priority [8]. This greater awareness of the fundamental role sleep plays in main-

taining physical and mental health, and the detrimental impact of sleep difficulties on mental

health, underscores the need for effective psychological interventions that improve sleep

quality.

The literature on treating sleep difficulties in general adult populations has shown that psy-

chological interventions are beneficial [9–11]. They are at least as effective as pharmacological

treatments for reducing sleep onset latency, improving sleep efficiency and self-reported sleep

quality [12], and therefore recommended as first line treatments [13]. There are a diverse

range of psychological treatments available for this age group, including mindfulness medita-

tion, relaxation, sleep hygiene and Cognitive Behaviour Therapy for Insomnia (CBT-I). The

research evaluating psychological treatments, however, has rarely involved young adults or

university students with participants typically being middle aged and older adults [14]. Conse-

quently, it is unclear if the existing treatments are helpful for tertiary education students, who

are typically young adults in circumstances unique from other adults. For instance, students

often have living arrangements that make regular sleep routines difficult to sustain. Many stu-

dents reside in dorms, residential halls or share houses where late night social interactions may

encourage some students to delay their bedtime [15]. Alternatively, the noise made by other

students engaged in social activities can be a disruption to students who wish to sleep. Students

living with their family of origin, face different challenges to sleep. In these cases, students may

spend large amounts of time in their bedroom for activities that do not include sleep such as

studying and socialising online, making it difficult for students to develop a conditioned asso-

ciation between being in their bed with feeling sleepy [15, 16].

Given the circumstances of students is often not conducive to healthy sleep patterns, it is

not surprising that the prevalence rate of insomnia in university students is higher than what is

reported in the general population, where the point prevalence is approximately 6% [17]. For

example, a systematic review of studies exploring insomnia in university students, found

18.5% met criteria for insomnia disorder using validated scales [18]. In addition, there are

many young people who experience suboptimal sleep duration or quality. but do not meet cri-

teria for insomnia disorder. Studies with young adult university students report between 43%

and 66% are poor sleepers [16, 19].

Not only do university students experience elevated rates of sleep problems, but they also

have high rates of mental illness with 31% reporting a mental health disorder in the past twelve

months [20]. There is also evidence that the prevalence of mental health disorders in this popu-

lation has been steadily increasing; Lipson et al. [21] found the proportion of students with a

mental health disorder rose from 21.9% in 2007 to 35.5% in 2017. Improving sleep quality in

this population is important for many reasons. For example, sleep disturbance is an indepen-

dent risk factor for subsequent mental illness [4] and suicidal behaviour [1–4]. Furthermore,

untreated sleep disturbance may serve to maintain comorbid depression [22] and increase risk

of relapse [23].

There have been two systematic reviews that examined the efficacy of different forms of

psychological treatments to improve sleep in young adults, and included only randomised

controlled trials (RCTs) [24, 25]. Both reviews found psychological interventions improved
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sleep with a moderate effect size (g = 0.53; g = 0.61, respectively), however, a significant limita-

tion is that these reviews included only studies with non-active control groups (e.g., no inter-

vention, waitlist). The use of non-active control groups can lead to an overestimation of

intervention effect sizes [26], as such study designs do not control for participant expectations

or the experience of receiving treatment including contact with health care providers. These

factors not related specifically to the intervention being tested can contribute to symptom

improvement. Studies that make use of active controls (such as psychoeducation about sleep,

sleep hygiene information) are a valuable source of information that offer a more conservative

and potentially more accurate estimate of intervention effects. Since the most recent review

[24] conducted their search in April 2020, several important studies have been published

[27–32], four of these [28, 30–32] have investigated the effect of mindfulness on sleep quality

in students. Previously, there were very few RCTs examining mindfulness for sleep [24, 25].

The addition of these new studies potentially impacts treatment recommendations regarding

the use of mindfulness and warrants the need for an updated review.

To extend on previous reviews, we sought to conduct an updated systematic review and

meta-analysis of the relevant published RCTs of psychological interventions to improve sleep

quality in university students, including studies with both active and non-active control

groups. Studies reporting measures of comorbid psychopathology (e.g. anxiety and depres-

sion) and daytime functioning (such as quality of life and sleepiness) were noted in the narra-

tive summary. These measures give an indication of the ways in which psychological

treatments to improve sleep can impact daily life, giving a more complete picture of the utility

of such interventions [33].

The primary aim of this review was to synthesise the RCT literature examining psychologi-

cal treatments to improve sleep quality in young adult university students and use meta-ana-

lytic techniques to examine their efficacy relative to control groups in improving sleep quality.

A secondary aim was to compare the effect sizes of different psychological approaches to treat-

ing sleep disturbance in university students. A diverse range of psychological interventions

exist; however, it is unknown how specific treatment approaches compare to others in this

population. In keeping with the literature on treating sleep difficulties in adults, it was hypoth-

esized that psychological interventions will be effective at improving sleep in young adult uni-

versity students, relative to a control group.

Method

Search strategy

The review was prospectively registered with PROSPERO (registration number:

CRD42020177375) where the protocol can be viewed. A comprehensive search of the data-

bases PubMed, PsychInfo, EMBASE and Medline was conducted on 20 September 2024. No

restrictions were placed on the date of publication when searching databases, all available stud-

ies were included. The search terms used were related to sleep difficulty (e.g. insomnia, sleep

disturbance, sleep disorder), psychological treatment (e.g. cognitive behaviour therapy, behav-

iour therapy, mindfulness) and young adults (e.g. youth, university students, young people).

See supplementary material for further details on the search terms used. The reference lists

from all related articles were also hand searched for relevant articles on sleep treatments for

young adults. Initially, titles and abstracts were screened by one author (MT). Selected

abstracts and full text articles were screened independently by MT, SL and AWS and a final set

of articles were selected for inclusion in the review. Each independent reviewer cross checked

their selections with other reviewers and the final list was checked by JN. Any disagreements

between the independent reviewers (MT, SL and AWS) were resolved with JN’s contribution.
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Inclusion/exclusion criteria: PICOS

Participants. Studies were eligible for inclusion if they included participants aged on aver-

age between 18–30 years. This age range was selected as the population of interest in this study

is young adult university students, and there is very little research reporting on sleep outcomes

in this age group. It was not essential that studies had sleep disturbance symptom criteria for

participants to enter the study. Studies were excluded if the majority of participants had severe

mental or physical health comorbidities (e.g. PTSD, chronic pain, cancer, chronic life-threat-

ening illness, inpatient psychiatric patients). Studies were also excluded if participants were

drawn from forensic or veteran populations because these groups would not be comparable to

a typical university student population of young adults.

Interventions. To be included, studies were required to test a psychological intervention,

such as CBT-I, mindfulness, relaxation or sleep hygiene that was focused on treating sleep dif-

ficulties. Studies that evaluated interventions such as music therapy and physical therapies

(e.g. Tai Chi and Yoga) were not considered to be primarily psychological interventions and

were not eligible for inclusion.

Controls. Only studies with control groups were included. These could be active (e.g. edu-

cational groups, sleep hygiene or sleep education, general health advice) or non-active control

groups such as waitlist or care as usual groups.

Outcomes. Studies were included that reported outcome data on at least one sleep vari-

able, such as self-reported insomnia severity, sleep onset latency, or subjective sleep quality.

Other relevant outcomes were measures of psychopathology and daytime functioning, such as

wellbeing, quality of life and daytime sleepiness.

Studies. Studies were included if they were written in English, published in a peer

reviewed journal and were randomized controlled trials. It has been demonstrated repeatedly

that the inclusion of studies with small sample sizes can distort the findings of meta-analytic

reviews by artificially inflating overall effect sizes [34]. As such, studies with group sizes lower

than 20 per group were also excluded from the review.

Data extraction

The following study characteristics were extracted by MT and independently checked by sec-

ond author (AWS or SL): 1) author, year of publication, and country of study, 2) participant

age, mean, SD and range, 3) insomnia symptom criteria for inclusion, 4) intervention type,

treatment delivery mode (face to face, online, group), number of sessions and session duration,

5) time points of data collection, 6) number of participants (total and per group), 7) control

group type, 8) sleep measures and 9) other outcome measures (such as measures of quality of

life, sleepiness, dysfunctional beliefs about sleep, sleep hygiene knowledge).

Quality assessment

The quality of studies was determined using guidelines from Cochrane’s Risk of Bias Tool 2

[35]. When evaluating the quality of each study the following five sources of bias were consid-

ered. 1) Risk of bias arising from the randomization process—this entails considering whether

participants were randomly allocated to groups and if allocation was concealed. 2) Risk of bias

due to deviations from the intended interventions—this refers to the awareness participants or

carers have of the group they are assigned to. 3) Risk of bias due to missing outcome data—

methods of analysis to correct for missing data should be used where more than 5% of data are

missing. 4) Risk of bias in measurement of the outcome–the use of a poorly validated measure.

5) Risk of bias in selection of the reported result–the analysis should be consistent with the

researchers plans prior to the availability of data. MT and either JN or AWS completed the risk
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of bias assessments independently and any discrepancies were resolved through discussion by

the three raters.

Meta-analyses

An effect size (Hedges g) was derived from comparisons of the pre and post mean scores and

standard deviations in the intervention and control groups in each study. Psychological inter-

ventions varied across studies; with the predominant approaches being sleep hygiene, CBT-I

and mindfulness. Some studies evaluating CBT-I and mindfulness used sleep hygiene as a con-

trol group for comparison, these were excluded from the meta-analysis so that sleep hygiene

was not appearing as both a treatment and a control in the meta-analysis. One study [36] had

two control groups, a waitlist control and placebo control, only the waitlist control was

included in the meta-analysis as this data was of primary interest for the purposes of the meta-

analysis. Effect sizes of 0.2, 0.5 and 0.8 refer to small, moderate and large effect sizes respec-

tively [37]. To calculate a pooled mean effect size, we used the program Comprehensive Meta-

Analysis (version 4.0, Biostat Inc.). Given there is variability across the interventions, a consid-

erable level of heterogeneity (measured by I2) is expected, so we calculated the mean effect

sizes, and 95% confidence intervals using a random effects model. The random effects model

assumes that the true effect size varies from one study to the next, and that the studies in our

analysis represent a random sample of effect sizes that could have been observed. The sum-

mary effect is our estimate of the mean of these effects [38]. These results will be presented in

the form of forest plots. The I2 statistic was used as a measure of heterogeneity.

Subgroup analysis

Planned subgroup analyses examined intervention type, comparing the effect size of studies

that evaluated CBT-I with studies that evaluated the effect of mindfulness. A random effects

model was used to estimate effect sizes within groups and a fixed effects model was used to

compare effect sizes between subgroups.

Testing for publication bias and dealing with publication bias

To test for publication bias, we inspected the funnel plot on sleep quality, the only outcome

measure that was available in all the studies selected for the meta-analysis [39]. In addition, we

also conducted Duval and Tweedie’s Trim and Fill procedure [40, 41] within Comprehensive

Meta-Analysis, which yields an adjusted effect size that takes into account the publication bias

observed within the funnel plot. This procedure corrects for the variance of the effects and pro-

vides a best estimate of the unbiased effect size.

Results

Data extracted from included studies and used in meta-analysis is available from the corre-

sponding author.

Selection of studies

Fig 1 presents the flowchart of the search and selection of included studies. Database and refer-

ence list searches yielded 17,910 titles. After the removal of 824 duplicates, 17,086 titles and

abstracts were screened. After reviewing 110 full text articles, 22 original trials met the inclu-

sion criteria.
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Characteristics of included studies

Participants. A total of 6179 participants (intervention groups n = 3125, control groups

n = 3054) were included in the review. Studies were published from the year 2000 to 2024. All

studies included university student samples.

Study location. Most studies were conducted in the USA (k = 11), four studies from

China, three from the UK and there was one study each from Australia, Brazil, Germany and

Japan.

Criteria for entry. The majority of studies (64%) had no sleep disturbance symptom crite-

ria for study entry, while the remaining studies (36%) had different sleep symptom criteria for

Fig 1. PRISMA flow chart.

https://doi.org/10.1371/journal.pone.0317125.g001
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study entry ranging from a requirement to report some concerns with sleep to meeting full

diagnostic criteria for insomnia. A full account of study characteristics can be found in

Table 1.

Recruitment. Five studies used incentives for participation including course credit

(k = 2), cash payments (k = 1) or a prize (k = 2). Other studies recruited participants through

voluntary recruitment (k = 6) or advertised the study as offering an intervention that would

improve sleep (k = 3) or reduce stress (k = 3). Five studies did not report details on how partic-

ipants were recruited or incentivised to participate.

Comorbidity. The presence of comorbid mental or physical conditions was recorded in

seven of the studies. Depression rates at baseline were high in most of the seven studies that

reported comorbidity at baseline. Six of the seven studies reported that more than half the par-

ticipants had depression scores in the clinical range. In one study the presence of suicidal idea-

tion was an inclusion criteria [30]. Rates of anxiety, reported in five studies, were similarly

high, with between 41% and 64% of participants having clinical levels of anxiety. In one study,

participants had comorbid heavy drinking as the intervention aimed to address both sleep and

alcohol consumption [42]. Other studies excluded all participants with comorbid chronic

physical illnesses [30, 43, 44], diagnosed insomnia [32], sleep disorders other than insomnia

[27, 44], taking medication that could influence sleep [44, 45], taking medication for a psycho-

logical disorder or sleep difficulty [32] or students with comorbid or past psychological disor-

ders [27, 29, 30, 32, 44].

Intervention. Eight of the 22 studies used a full CBT-I intervention that included psy-

choeducation, cognitive therapy and behavioural strategies targeting sleep disturbance [1, 27,

29, 42, 45–48]. In another study, cognitive refocusing treatment for insomnia (CRT-I) was

used in isolation [49]. This cognitive technique aims to shift thinking away from negative or

emotionally arousing topics to a mental activity that is calming, prior to sleep. Two studies

[43, 44] used an intervention focused primarily on relaxation techniques. Sleep hygiene was

the primary intervention in five studies [36, 50–53]. Six studies focused on mindfulness inter-

ventions [28, 30–32, 54, 55] utilising face-to-face sessions [30, 31, 54, 55], videoconferencing

[28], or an audio file [32] to give instructions on how to practice mindfulness. All of these

mindfulness studies prescribed follow up practice sessions.

Delivery format. Just under half of the studies (k = 9) made use of a lecture, workshop, or

slide presentation delivered face-to-face [30, 32, 43, 44, 48–50, 54, 55] and one study made use

of videoconferencing sessions [28]. Of the remaining studies, ten used some form of online

delivery, via email [29, 53], text message [36, 51], or web based program [1, 42, 45–47, 52].

Three studies offered a face-to-face group program [27, 31, 45].

Control groups. A non-active control group (waitlist or care as usual) was used in 14 of

the studies [1, 27, 28, 30–32, 36, 43, 44, 46, 50, 52, 54, 55]. Of the remaining eight studies with

active control groups, four used sleep hygiene as a control group [42, 48, 49, 53], one used

sleep monitoring [29], one used a control group including only cognitive therapeutic compo-

nents [49], one made use of a puzzles task [47] and one made use of a control group offering

healthy lifestyle tips [51].

Outcome measures. Sleep outcomes were measured by self-report sleep quality question-

naires in all but one of the studies (k = 21), the remaining study only made use of sleep parame-

ters [44]. Sleep parameters (e.g. total sleep time, sleep onset latency) were reported by six studies

using self-report sleep diaries (k = 5) or actigraphy (k = 2). None of the studies used polysomno-

graphy. Mental health outcomes were included in more than half the studies (k = 12): nine stud-

ies reported on depression or anxiety [1, 28, 29, 31, 44, 46, 47, 52, 55], seven reported on stress

[28, 30–32, 46, 47, 55] and three studies reported general wellbeing [1, 28, 44].
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Table 1. Study characteristics.

First

Author,

Year

Country

Participants

Mean Age (SD,

range)

Insomnia Sx

Criteria for

Entry

Intervention

Type, Modality,

Number Sessions

X duration of

session (minutes)

Time Points

Data

Collection

N Control

Group

Insomnia

Measures

Other Measures

Barber

2017 USA

20 (4.84, range

not reported)

None Sleep Hygiene,

Power point slide

presentation, 1 x

23min

Baseline,

post

treatment

N = 78

Treatment = 43

Control = 35

Care as usual SQS; SHI,

Objective by

actigraphy:

TST, NWAK,

SE. Self

report: TST

Technology Use

Questionnaire

Classen

2022

Germany

Treatment:

25.97 (3.94,

range not

reported)

Control: 27.84

(6.56, range not

reported)

PSQI >5 CBT-I with

hypnosis, group

face to face, 6 x

100min

Baseline,

post

treatment

N = 54

Treatment = 35

Control = 19

Waitlist PSQI D2 Test of

attention,

TAP,

VLMT,

WMS

89%

(completion

means

attendance at

67% of

sessions)

Denis

2020 UK

Treatment:

19.73 (2.94,

range not

reported)

Control: 20.22

(5.69, range not

reported)

None CBT-I, online, 6

x 20min

Baseline,

mid

treatment,

post

treatment,

follow-up

N = 199

Treatment = 99

Control = 100

Puzzles SCI, PSQI STAI-S, PSS, PSAS, DBAS,

The list of life threatening

experiences, PMH, Mood

and feelings questionnaire,

Specific Psychotic

experiences Questionnaire,

Sleep disturbances related

to trauma, chronotype.

Freeman

2017 UK

24.7 (7.7, range

not reported)

SCI <17 CBT-I, Online, 6

x 20min

Baseline,

mid

treatment,

post

treatment,

follow-up

N = 3755

Treatment = 1891

Control = 1864

Care as usual SCI-8, ISI,

Disturbing

dreams and

nightmares

index

WEMWBS; WSAS; PHQ-9;

Green et al Paranoid

Thought Scale; SPEQ;

Prodromal Questionnaire;

GAD-7; Altman Mania

Scale; Mental Health

Diagnosis (%), taking

psychiatric medication (%),

using mental health services

(%)

Fucito

2017 USA

20.52 (1.31,

range not

reported)

Report concerns

about sleep, and

at least 1 heavy

drinking

occasion in the

past month

CBT-I with

alcohol

education

principles, 4 x?

Baseline,

post

treatment, 3

month

follow-up

N = 42

Treatment = 21

Control = 21

Sleep hygiene PSQI,

Objective by

actigraphy:

TST, SE

PROMIS-SRI SF, AUDIT,

BYAACQ, DDQ

Gallo 2023

Brazil

25 (6.2, range

18–41)

None Mindfulness,

group face to

face, 8 x 90min

Baseline,

weekly

measures,

post

treatment.

N = 136

Treatment = 71

Control = 65

Waitlist ISI PHQ-9, STAI-S, PSS

Gao 2014

China

20.49 (2.46

range not

reported)

PSQI > 7 Relaxation and

stimulus control,

face to face

lecture, 3 x

45min

Baseline,

post

treatment

N = 84

Treatment = 42

Control = 42

Care as usual PSQI None

Gellis

2013 USA

Not reported

but participants

were

introductory

psychology

students at

university

1) ISI> 8; 2)

insomnia sx > 1

month; 3)

WASO, SOL,

EMA > 30 mins

3 nights a week

for at least 1

month

Cognitive

therapy, face to

face lecture, 1 x

30min

Baseline,

post

treatment

N = 60

Treatment = 31

Control = 29

Sleep hygiene ISI None

(Continued)

PLOS ONE A systematic review and meta-analysis of treatments for sleep in university students

PLOS ONE | https://doi.org/10.1371/journal.pone.0317125 February 13, 2025 8 / 18

https://doi.org/10.1371/journal.pone.0317125


Table 1. (Continued)

First

Author,

Year

Country

Participants

Mean Age (SD,

range)

Insomnia Sx

Criteria for

Entry

Intervention

Type, Modality,

Number Sessions

X duration of

session (minutes)

Time Points

Data

Collection

N Control

Group

Insomnia

Measures

Other Measures

Gipson

2019 USA

20 (range 18–

26)

None Sleep hygiene,

Text message, 12

text messages, 2

per week

Baseline,

post

treatment

N = 96

Treatment = 52

Control = 44

General

health advice

PSQI None

Greeson

2014 USA

25.4 (5.7, 18–

31)

None Mindfulness, face

to face lecture, 4

x 75min

Baseline,

post

treatment

N = 90

Treatment = 45

Control = 45

Waitlist MOS SLP9 None

Hall 2018

China

22.3 (2.63, range

not reported)

None Mindfulness, face

to face lecture, 2

x?

Baseline,

mid

treatment,

post

treatment

N = 101

Treatment = 76

Control = 25

Waitlist PSQI DASS 21

Hershner

2018 USA

21.9 (4.1, range

not reported)

None Sleep hygiene,

online, 1 x 20min

Baseline,

post

treatment

N = 549

Treatment = 254

Control = 295

Care as usual PSQI ESS, PHQ, GHQ

Jones 2019

USA

range: 18–19

years of age

None Sleep hygiene,

Text message, 49

texts in 6 weeks

Baseline,

post

treatment

N = 156

Treatment = 53

Control = 103

Waitlist PSQI None

Kloss 2015

USA

21.11 (2.43,

range not

reported)

None CBT-I, face to

face lecture, 2 x

90min

Baseline,

post

treatment

N = 120

Treatment = 63

Control = 57

Sleep hygiene PSQI, ISI, self

report SOL

None

Mairs

2015

Australia

20.7 (5.8, 17–

49)

None Planning with

sleep hygiene,

email, 1 x 30min

Baseline,

post

treatment

N = 92

Treatment = 49

Control = 43

Sleep hygiene PSQI, ISI None

Means

2000 USA

21.2 (5.6, 17–

44)

ICSD Insomnia

criteria

Relaxation, face

to face lecture, 3

x 20min

Baseline,

post

treatment

N = 57

Treatment = 28

Control = 29

Unmedicated

waitlist

By self report:

SOL, WASO,

SE

DBAS, ESS, FSS, IIS,

PSWQ,

Mirabito

2022 USA

21.39 None Mindfulness,

telehealth

groups, 4 x

sessions (time

length not

reported)

Baseline,

post

treatment

N = 111

Treatment = 58

Control = 53

Waitlist PSQI FIPAQ, PWS, PSWQ,

PANAS, PSS, DASS 21

Morris

2016 UK

20.55 (1.9, range

not reported)

None CBT-I, Anxiety

online, 6 x 20min

Baseline,

post

treatment

N = 138

Insomnia

Treatment = 48

Anxiety

Treatment = 43

Control = 47

Waitlist PSQI BDI, STAI-S

Okajima

2022

Japan

19.56 (1.86) ISI > 10 CBT-I, email, 8 x

30 minutes

Baseline,

post

treatment

N = 41

Treatment = 21

Control = 20

Sleep

monitoring

ISI, SHPS,

DBAS, FIRST,

PSAS

DASS 21

Pickett

2022 USA

21.64 Excluded

Participants with

Insomnia or

psychological

disorders

Mindfulness,

Relaxation,

online audio file,

5 x 15 minutes

for 4 weeks

Baseline,

post

treatment

N = 114

Mindfulness

Treatment = 37

Relaxation

Treatment = 37

Control = 40

Care as usual SCI, PSAS SRDI, FFMQ-SF, PSS

Wu 2023

China

Treatment—

19.7 (2.28)

Control– 19.8

(2.41)

None, only

participants with

suicidal ideation

were included.

Mindfulness, face

to face groups, 1

x 30 minute

lecture, 1 x 15

minute session

per week for 4

weeks

Baseline,

post

treatment

N = 60

Treatment = 30

Control = 30

Waitlist PSQI SSI, PSS

(Continued)
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Very few studies included measures of daytime functioning such as physical activity [28],

quality of life, work and social adjustment as outcomes [1, 44]. Two studies reported daytime

sleepiness [44, 52] and one on the frequency of alcohol consumption as outcomes [42].

Meta-analysis

Self-reported sleep quality was the only outcome measure with sufficient data for meta-analysis.

There were not enough studies reporting on mental health for these variables to be included in

the meta-analysis, with only four studies reporting data for depression [1, 28, 29, 46], three studies

reporting data on anxiety [28, 29, 47] and four studies reporting stress as an outcome measure

[28, 30, 32, 47]. Three of the 22 studies had insufficient data published to include in the meta-

analysis [31, 50, 52], four used sleep hygiene as a control group [42, 48, 49, 53] and one did not

report sleep quality as an outcome [44]. Therefore, the meta-analysis was based on the remaining

14 studies. The overall between group effect sizes for psychological interventions compared to

controls was moderate (n = 14, g = 0.50, 95%CI: 0.26–0.73, I2 = 81.75) favouring the intervention

groups (Fig 2). Heterogeneity levels were high. Sub-group analyses were used to explore possible

sources of this heterogeneity. These analyses included a comparison of the effect of psychological

interventions on sleep quality in studies with non-active control groups, such as waitlist or care as

usual, vs those with active control groups, such as sleep education, general health advice, or cogni-

tive tasks. The difference between effect sizes was not significant (active control groups: n = 4,

g = 0.70, 95%CI: 0.25–1.14; non-active control groups: n = 10, g = 0.42, 95%CI: 0.13–0.70; Q*bet =

4.00, df = 1, p = 0.05, I2 = 81.75) see S1 Fig in supplementary materials.

Subgroup analysis

A subgroup analysis was conducted to compare the effect size relative to control of studies

which focused on mindfulness with CBT-I interventions. Studies were coded into the CBT-I

Table 1. (Continued)

First

Author,

Year

Country

Participants

Mean Age (SD,

range)

Insomnia Sx

Criteria for

Entry

Intervention

Type, Modality,

Number Sessions

X duration of

session (minutes)

Time Points

Data

Collection

N Control

Group

Insomnia

Measures

Other Measures

Zhu 2024

China

18.87 (0.86,

range not

reported)

PSQI > 6 Group face-to-

face CBT-I,

digital CBT-I, 6 x

90min

Baseline,

post

treatment

N = 93

CBT-I n = 28

Digital CBT-I

n = 30

Education = 31

Education PSQI DBAS, PSAS, APS

APS–Arousal Predisposition scale, AUDIT–Alcohol Use Disorders Identification Test; BDI–Beck Depression Inventory; BYAACQ—Brief Young Adult Alcohol

Consequences Questionnaire; CBT-I–Cognitive Behaviour Therapy for Insomnia; DASS 21- Depression, Anxiety and Stress Scale 21 Items; DBAS—Dysfunctional

Beliefs About Sleep; DDQ–Daily Drinking Questionnaire; EMA-early morning awakenings; ESS—Epworth Sleepiness Scale; FIRST–Ford Insomnia Response to Stress

Test; FIPAQ–Five Item Physical Activity Questionnaire; FSS–Fatigue Severity Scale; GAD-7 –Generalized Anxiety Disorder Scale 7 item; GHQ—General Health

Questionnaire; IIS–Insomnia Impact Scale; ISI–Insomnia Severity Index; MOS SLP9 –Medical Outcome Study Sleep Scale; NWAK–Number of Awakenings; PANAS–

Positive and Negative Affect Schedule; PHQ—Patient health questionnaire; PMH–Positive Mental Health Scale, PROMIS-SRI SF—Patient Reported Outcomes

Measurement Information System—Sleep Related Impairment Short Form; PSS–Perceived Stress Scale; PSWQ—Penn State Worry Questionnaire; PSQI–Pittsburgh

Sleep Quality Index; PWS–Psychological Wellbeing Scale; SE–Sleep Efficiency; SCI- Sleep Condition Indicator; SHI–Sleep Hygiene Index; SHPS–Sleep Hygiene Practice

Scale;; SOL—Sleep Onset Latency; SPEQ—Specific Psychotic Experiences questionnaire; SQS–Sleep Quality Scale; SRDI–Smith Relaxation Disposition Inventory; SSI-

Scale for Suicidal Ideation; STAI-S—State Trait Anxiety Inventory-state; TAP–Test of Attentional Performance; TST–Total Sleep Time; VLMT- Verbal Learning and

Memory Test; WASO–Wake After Sleep Onset; WEMWBS—Warwick–Edinburgh Mental Wellbeing Scale; WMS–Wechslser Memory Scale; WSAS—Work and Social

Adjustment Scale.

https://doi.org/10.1371/journal.pone.0317125.t001
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category if they used standard multicomponent CBT-I [1, 27, 29, 45–47]. The mindfulness

subgroup included studies that were focused on mindfulness interventions [28, 30, 54, 55].

One study [32] had both mindfulness and relaxation groups compared against a control

group, so only the mindfulness group was included under this subgroup. There were signifi-

cant differences in the effect sizes relative to control between studies that used CBT-I and

mindfulness as the intervention (CBT-I: n = 6, g = 0.72, 95% CI: 0.43–1.02; mindfulness: n = 5,

g = 0.16, 95% CI: -0.18–0.51; Q*bet = 26.63, df = 1, p = 0.00, I2 = 81.62), see Fig 3.

Publication bias

There was no evidence of publication bias observed within the funnel plot, or when conduct-

ing Duval and Tweedie’s trim and fill procedure. See S2 Fig in supplementary materials.

Quality assessments

The overall methodological quality of studies varied. All reviewers of study quality (MT,

AW-S, JN) were consistent in their evaluations of the studies. Overall, 4 (18%) of the studies

had a high risk of bias [27, 28, 31, 43]; 12 (55%) of the studies had some concerns over risk of

bias [29, 30, 32, 36, 44, 45, 48–51, 53, 55] and 6 (27%) had a low risk of bias [1, 42, 45, 46, 52,

54]. For further details see Fig 4.

Discussion

This study is a comprehensive review of published randomised controlled trials evaluating psy-

chological treatments for sleep disturbance in university students. Our aim was to examine the

impact of psychological interventions on subjective sleep quality and objective sleep indices.

We identified 22 RCTs with 6179 participants. Overall, the results of this review indicate that

Fig 2. The overall effect of psychological treatment on sleep quality.

https://doi.org/10.1371/journal.pone.0317125.g002
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there is emerging evidence that supports the use of psychological interventions as a treatment

for sleep disturbance in young adult university students.

This review found three main interventions evaluated in tertiary student populations:

CBT-I (36%), sleep hygiene (23%) and mindfulness (27%). Comparators were mostly inactive

(64%), however 8 studies (36%) used active control groups, of which, 4 used sleep hygiene. The

Fig 3. Subgroup analysis: The effect of CBT-I and mindfulness on sleep quality.

https://doi.org/10.1371/journal.pone.0317125.g003

Fig 4. Risk of bias.

https://doi.org/10.1371/journal.pone.0317125.g004
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majority of treatment programs were brief in nature and 18 (82%) were delivered online or as

a face-to-face lecture or slide presentation. Only four studies (18%) had face to face sessions of

group therapy. Programs were evaluated mainly from self reported sleep quality with few stud-

ies (9%) reporting objective sleep parameters. This review was unique in excluding studies

with very small sample sizes, including RCTs with both active and non-active control groups

and in conducting a comparative subgroup analysis of different types of psychological

intervention.

In general, psychological treatments for sleep difficulties were found to improve subjective

sleep quality with a moderate effect size (g = 0.50), relative to control groups. The effect size

found in this review is somewhat smaller than the effect size reported in Saruhanjan et al. [25]:

g = 0.61. The effect size reported in this previous review [25] may have been inflated due to the

inclusion of research studies with small sample sizes. Small trials are associated with larger

effect sizes and there is greater heterogeneity between small studies when compared to larger

trials [56]. Therefore, the findings of meta-analyses that focus on small trials are more likely to

yield imprecise effect size estimates.

The subgroup analysis revealed that effect sizes were significantly different between the

intervention types. CBT-I interventions improved sleep quality relative to control with a

medium effect size (g = 0.72), while mindfulness meditation interventions had a relatively

smaller effect size relative to control (g = 0.16). The difference could be the result of factors

such as the intensity of the intervention, as the CBT-I interventions tended to be longer in

duration and are generally multicomponent packages that offer participants a wide range of

strategies. In contrast, interventions making use of meditation tended to be much briefer in

duration or typically only offered one treatment component, whereas CBT entails multiple

treatment components. It is important to note that the subgroup analysis was based on a rela-

tively small number of studies. Further research that specifically compares intervention types

are needed to establish the relative efficacy of different interventions.

The capacity of psychological interventions to improve subjective reports of sleep quality in

tertiary student populations is supported by this review. However, the existing literature is

comprised of a significant number of studies with low participant numbers. Specifically, many

studies did not use an intention to treat analytic approach. This may have inflated treatment

effects through the automatic exclusion of participants who dropped out of the intervention

due to adverse effects or a poor response to treatment. In addition, there was often a lack of

clarity in the reporting of randomisation processes. This undermines the validity of the find-

ings reported as in many studies it was unclear if allocation was truly random. Further, suffi-

ciently powered high quality RCTs would strengthen the evidence supporting psychological

treatments for sleep quality in this population. In addition, the available research does not

often report sleep parameters (such as total sleep time, sleep onset latency, number of awaken-

ings after sleep onset) from either subjective (diaries) or objective (polysomnography, actigra-

phy) measures. In comparison with subjective self-report measures, objective measures of

sleep quality are unbiased by demand characteristics and error that can result from inaccuracy

in participant self-reporting. Research that includes both objective and subjective measures of

sleep parameters would address this gap in the literature and give a more complete picture of

the efficacy of psychological treatments for insomnia.

Future research could also further investigate how key areas of daytime functioning (such

as sleepiness, quality of life, academic or work performance, social relationships and health

behaviours) are affected by interventions for sleep disturbance. There are few studies currently

available that investigate how these variables are affected by treatment. The inclusion of these

outcome variables would provide a greater understanding of the broader potential benefits of

addressing untreated sleep disturbance [33]. It is also unclear what precise mechanisms are
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involved in the improvement of sleep following psychological treatment. Given that many

treatment approaches, such as CBT-I, are multicomponent treatment packages, the mecha-

nism by which sleep improves and what components of treatment are the most active is not

yet clear [57, 58]. A systematic review of potential mediators of CBT-I found some evidence

indicating reductions in dysfunctional beliefs about sleep, and to a lesser extent, reductions in

pre-sleep hyperarousal are potential mediators of improvements in sleep quality however, as

the authors note, further research is needed to verify their findings [59].

Limitations

There were high levels of heterogeneity found in this review, which suggest the overall effect

size should be interpreted with caution. It is likely that the cause of this heterogeneity was the

use of studies that were investigating different types of treatments (CBT-I, mindfulness, relaxa-

tion, sleep hygiene) being delivered in different modalities (face to face, digital, group) and

with differing treatment durations and levels of intensity. Therefore, the conclusions drawn

from these studies should be interpreted cautiously. Furthermore, this review was limited in

scope by focusing exclusively on psychological interventions for sleep disturbance. This

excluded a range of non-pharmacological interventions for insomnia that could be beneficial,

such as physical activity, the use of music, and light therapy to manage circadian rhythms.

Another limitation is that study samples were primarily non treatment seeking, general stu-

dent samples. About half the studies (55%) had no sleep disturbance symptom criteria for

entry and only 10% of studies required a full insomnia diagnosis for study entry. Conse-

quently, it is likely that the overall sample from the combined studies had low baseline sleep

disturbance symptom severity. The findings of this review may not be generalisable to univer-

sity students with greater sleep difficulties, or those that meet full insomnia criteria. That said,

to see effect sizes of this magnitude in a sample with low symptom levels to begin with suggests

that these interventions, if delivered at scale to this same population, could have significant

public health benefits. Nonetheless, further research with university students experiencing

clinical levels of insomnia would determine whether psychological interventions are suitable

for both subclinical and clinical populations.

Summary

In summary, this systematic review of psychological treatments designed to improve sleep

quality in university students provides an updated synthesis of RCTs. There is evidence from

this review that psychological treatments improve sleep quality in young adult university stu-

dents. These findings are consistent with the sleep disturbance literature with adults in general

and highlight the value of psychological treatments to improve sleep. Furthermore, such inter-

ventions may offer a way to indirectly improve the mental health of university students which

is not associated with the same level of stigma as other mental health problems [60]. Further

research is needed to explore how psychological treatments affect objective measures of sleep

quality and daytime functioning. The optimal type of psychological intervention to improve

sleep quality in university students would also be a useful focus of future research. Although

the largest effect sizes were observed with CBT-I interventions in this review, further research

is needed to determine the utility of this approach with young adult university students.
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