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Summary 

Young adults (18-30 years) are vulnerable to sleep-wake disturbances and substance use, 

which are bi-directionally associated. The present work aims to organise the literature that deals with 

the association between sleep and substance use in young adults, also considering self-medication 

behaviours. 

We adopted a framework that accounts for the multidimensionality of sleep and the effect of 

different substances. We considered sleep disturbances (insomnia symptoms, sleep quality), sleep 

health dimensions (duration, satisfaction, efficiency, timing, daytime alertness), circadian 

characteristics (chronotype). Substances were alcohol, caffeine, nicotine, cannabis, others. We 

included 46 studies. The use of caffeine and nicotine was associated with higher odds of sleep 

disturbances. No significant effect was detected for sleep duration. In narrative findings, daytime 

dysfunction was associated with alcohol and caffeine use, and poor sleep satisfaction with nicotine 

use. Few evidence were available for the other sleep health dimensions. Evening chronotype was 

associated with alcohol, caffeine, and nicotine use. Few studies focused on cannabis or self-

medication. Longitudinal results were inconclusive. 

We found a distinct pattern of associations between different substances and different sleep 

outcomes. Further investigation considering the multidimensionality of sleep would create a better 

understanding of the complex relationship between substance use and sleep health in young adults.  

 

Keywords: meta-analysis; insomnia; sleep health; substance use; self-medication; young 

adults 

  

  

 



1. Introduction 

Insufficient sleep and insomnia symptoms are common complaints in adults worldwide, with 

high individual and societal costs [1]. Around 30% of healthy adults are frequently unsatisfied with 

their sleep, one third sleeps less than the recommended 7 hours [2], and one in ten suffers from 

insomnia disorder [3]. Young adults (18-30 years) are particularly vulnerable to sleep problems: 

throughout this developmental period, sleep duration decreases and insomnia incidence increases 

[4,5]. College students appear at risk for sleep disturbances, with up to 60% complaining of poor 

sleep quality [6]. On the other hand, there are reports of higher odds of insufficient sleep among non-

college and working young adults [7,8]. Overall, 10-30% of young adults meet the criteria for chronic 

insomnia [9,10]. Parallel to the increase in sleep difficulties, there is an increase in substance use 

throughout young adulthood [11,12]. Illicit drug use is often initiated between 18 and 25 years of age 

[13]. During this time period, there is also an increase in the use of alcohol and caffeinated products 

[13]. Neurobiological findings indicate that psychoactive substances disrupt sleep-wake regulation 

systems [14]. On the other hand, sleep-wake disturbances affect the course of substance use disorder 

[15]. Longitudinal data indicates that the pattern of substance use is predicted by sleep and circadian 

characteristics, such as late chronotype (eveningness) and sleep timing [16,17], sleep duration 

[17,18,19], daytime sleepiness [19], and insomnia symptoms [20]. On the other hand, sleep health is 

predicted by substance use, including alcohol [20], nicotine [17,21], and cannabis [17]. One proposed 

underlying mechanism for this bi-directional association is self-medication: the experience of sleep-

wake difficulties may prompt the use of sleep promoting substances [22]. Similarly, the experience 

of non-restorative sleep can encourage the use of wake-enhancing substances to overcome daytime 

sleepiness [23]. Among young adults, 10-15% use alcohol or cannabis as sleep aids [6,24] and 15-

25% report using stimulant beverages to counter insufficient sleep or to relieve fatigue [23]. Both 

sleep-inducing and wake-enhancing substances are associated with sleep impairment [25]. A further 

deterioration of sleep may then increase the need to self-medicate, creating a vicious circle [6]. This 



may further increase the risk of incurring the negative effects of sleep and substance use problems on 

mental health [26,27,28].  

It is important to understand how sleep-wake disturbances and substance use influence each 

other during young adulthood. The literature poses difficulties in disentangling sleep and circadian 

characteristics associated with substance use. Self-reported poor sleep quality and insomnia 

symptoms have been associated with a pattern of substance use [29]. Other aspects of sleep, most 

notably sleep duration and daytime alertness, are also associated with substance use [14]. The 

multidimensionality of sleep needs to be considered in order to better understand the impact of 

substance use. Buysse [30] proposed a definition of sleep health that entails a) subjective sleep 

satisfaction; b) the ability to maintain alert wakefulness during the day; c) appropriate timing of sleep 

in the 24-hour cycle; d) the ability to fall asleep or return to sleep easily (efficiency); e) age-

appropriate sleep duration. To our knowledge, no systematic review and meta-analysis has appraised 

the association between the use of different substances and sleep health dimensions, sleep-wake 

disturbances, and circadian characteristics in young adulthood. The present systematic review and 

meta-analysis aims to organise and synthesize the evidence on the relationship between sleep-wake 

dimensions and substance use in a restricted age group (18-30 years). The synthesis is guided by a 

framework that accounts for the specificity of both sleep dimensions and substances. The framework 

includes sleep difficulties, sleep health as a multidimensional construct, and circadian characteristics, 

as well as the effects of different substances (see Figure 1 for a graphic display). Furthermore, the 

contribution of self-medication in the association between substance use and sleep is also considered. 

 

Please insert “Figure 1. A multidimensional framework” here 

 

 



Following the framework adopted, we will comprehensively assess evidence regarding the 

following aspects:  

1) the association between substance use and a) sleep-wake disturbances, b) sleep health 

dimensions, c) circadian characteristics 

2) the bi-directional longitudinal association between substance use and sleep  

3) the association between substance use with the purpose of promoting sleep or 

enhancing wakefulness and sleep.  

 

2. Methods 

The study was conducted in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) [31] and pre-registered in the PROSPERO database (ID: 

CRD42022359727). The PRISMA checklist is available as Supplementary File S1. 

  

2.1.Study selection 

Study eligibility was assessed using the Population, Intervention, Comparison, Outcomes and 

Study design (PICOS) approach [32]. PICOS is a structured approach for framing questions using 

five components: the patient population or the disease being addressed (P), the interventions or 

exposure (I), the comparison group (C), the outcome or endpoint (O), and the study design chosen 

(S).  

We adopted the following inclusion criteria: 

Population: studies in which participants were between the age of 18 and 30 years (including 

baseline age in prospective studies), free from mental or medical diagnoses, drawn from the college 

or non-college population, either unselected or selected for being habitual substance consumers or 

having sleep impairments. Studies in which participants were drawn from special populations (e.g., 

army personnel or veterans, pregnant women) were excluded. 



Intervention/exposure and outcome: We included studies in which at least one of the 

following is an outcome and the other an exposure:  

a) Recent use of any of the following substances: alcohol, caffeine, nicotine, cannabis, 

illicit substances, or misuse of prescription medications. 

b) Any of the following sleep-wake dimensions subjectively reported: sleep-wake 

disturbances, sleep health dimensions (duration, satisfaction, efficiency, timing, daytime alertness), 

circadian characteristics. Objective assessments of sleep variables (e.g., polysomnography, 

actigraphy) were excluded. 

We included studies in which differences in mean, odds ratio, rate ratio, risk ratio, or incidence 

ratio were reported or were computable from available data.  

Comparator: we included studies in which comparisons were made based on substance use 

or on sleep. Based on substance use, we included the following criteria for comparison: a) various 

levels of substance consumption, including no consumption compared to any consumption; b) use to 

self-medicate sleep-wake disturbances compared to other use. Based on sleep, we included the 

following comparisons: a) above and below a cut-off for sleep impairment; b) various levels of  sleep 

duration, satisfaction, timing, efficiency, or daytime alertness; c) evening chronotype compared to 

morning and/or intermediate chronotype.  

Study design: longitudinal, cross-sectional, case-control, cohort studies  

Languages: English, Italian, German, Spanish, French. 

 

When data were not available in the study report, corresponding authors were contacted twice 

with a direct request; in the case of no response, the study was excluded. 

  

2.2.Search procedure 

A keyword-based search was performed in July 2022. The searches were run in the electronic 

databases of PubMed, PsycINFO, and Scopus. We used a combination of terms related to sleep, to 



each different substance (see Definition of variables of interest below), and their association 

(prevalence OR incidence OR frequency OR rate OR epidemiology OR correlation OR determinants 

OR risk OR association OR relationship). The full search strategy is available in the PRISMA 

checklist in Supplementary File S1. Reference lists of the retrieved original articles, relevant reviews, 

and meta-analyses were screened to identify any missing reports. The first author conducted the 

literature search. The results were uploaded to CITAVI 6 software (https://www.citavi.com). The 

review team developed test screening questions for an assessment based on inclusion and exclusion 

criteria. Together, the first and second authors (D.M., V.B.) screened the titles and abstracts yielded 

by the search against the inclusion criteria, with a weekly appointment to discuss selection process. 

Decisions were reached by consensus between reviewers. Disagreement and uncertainty were 

resolved by contacting a third author (C.B.). Final selection of the articles was discussed by the review 

team.  

 

2.3.Data extraction 

Data were extracted using a format developed by the review authors under the supervision of 

a professional statistician (S.C.). Data extraction was discussed with all authors and performed by the 

first and second reviewers (D.M., V.B.). Any uncertainty about data coding was discussed with a 

third author (C.B.) until reaching a consensus. We extracted the following: country, demographics of 

the sample (target population, mean age and standard deviation, age range, gender composition), 

information on sleep (sleep-wake dimension and relative assessment), information on substance use 

(type of substance and relative assessment), main findings. 

2.4.  Definitions of the variables of interest 

Substance use. Substances included in the keyword-based search of electronic databases were 

derived from the literature and from two international reports on substance use, the National Survey 

on Drug Use and Health (NSDUHD), 2020  [13] and the European Drug Report 2021  [33]. From the 



literature, we extracted four groups of substances based on their potential sleep-disrupting effect: 

alcohol, caffeine, nicotine, and cannabis [34,35,36,]. From international reports [13,33], we extracted 

a group labelled other substances, which included both illicit substances (e.g., cocaine, 

amphetamines) and controlled drugs (e.g., sedatives, stimulants) (see Supplementary Table S1 for a 

detailed list). We included assessments of substance use that referred to a specific time frame (from 

the past year to last week or month) or to current or regular use. We excluded measures of lifetime 

use because our main purpose was the association between current substance use and sleep. Self-

medication was defined as the motivation to use a substance (e.g., “as a sleep aid”). For our purpose, 

the use of non-prescribed sleep medications alone was not considered as self-medication. While the 

term “sleep aid” is often used to indicate self-medication [37], we did not include this definition in 

absence of a clear elicitation of motivation for use. A similar approach was used for wake-enhancing 

substances, for which we considered the motivation (e.g., “to promote wakefulness” or “to 

compensate for lack of sleep”) and not the substance itself (e.g., “stimulants”).  Indeed, sleep 

medications and stimulant substances can be used for a variety of reasons, including experimentation 

[38,39]. 

Sleep-wake dimensions. Coding of the sleep variables included is reported in Supplementary 

Table S2. We included the following assessments:  

Sleep disturbances: Insomnia symptoms and overall sleep quality assessed using validated 

multidimensional questionnaires. 

Sleep health dimensions:  

• Sleep duration: average hours of sleep at night 

• Sleep satisfaction: subjective rating of sleep quality, perception of sleep as being refreshing  

• Sleep efficiency: ratio between sleep time and time spent in bed 

• Sleep timing: bedtime and midpoint of sleep 

• Daytime alertness: sleepiness during the day 



Circadian characteristics: 

• Circadian preference as measured by a validated questionnaire 

• Social jet lag as the differences in midpoint of sleep between work/school days and free days 

 

2.5.Quality assessment (risk of bias) 

The risk of bias assessment was performed independently by the first and second reviewer, 

with a weekly appointment for discussion. Any doubt was managed through author consensus and 

disagreements were resolved by contacting a third author (C.B.). For cross-sectional studies, the 

Appraisal tool for Cross-Sectional Studies (AXIS) was used [40]. This tool is composed of 20 items, 

with higher scores indicating a lower risk of bias. We considered a score of at least 15 as an overall 

low risk of bias (high quality). For prospective and case-control studies we used the appropriate 

version of the Newcastle-Ottawa Scale (NOS) [41]. A higher score indicates a lower risk of bias, with 

a score of at least 5 indicating low risk (fair quality) [42]. Details can be found in Supplementary File 

S3. 

 

2.6.Meta-analytic calculations and synthesis  

Analyses were performed by a professional statistician (S.C.) using SAS Software 9.4 version 

with SAS/STAT version 14.1 (SAS Institute Inc., Cary, NC, USA) and MetaXL Software program 

for Meta-analysis in Microsoft Excel. We calculated the odds ratios (ORs) and 95% confidence 

intervals (CIs) to estimate the effect size of the association between sleep dimensions and the use of 

substances. After variable coding, studies were divided by substance investigated and by sleep 

dimension, following the adopted framework (Figure 1). We further coded the assessment of the two 

groups of variables (sleep dimensions and substance use). We could then extract the 7 sleep 

dimensions (sleep disturbances, the five sleep health dimensions, circadian characteristics) and the 5 

groups of substances (alcohol, caffeine, nicotine, cannabis, other substances). Data were entered in 



meta-analyses based on comparability of the variables considered and of their assessments. Effect 

sizes were entered into meta-analysis for each sleep dimension and substance. Therefore, one study 

could enter in multiple meta-analyses based on the number of substances and sleep dimensions 

reported. Firstly, meta-analyses were conducted by pooling the ORs of the substances presented in 

each study. For studies reporting data regarding more than one substance, we averaged the log odds 

ratios (logOR) for each substance (logOR of substance X + logOR of substance Y / No. of non-users) 

and averaged the standard errors (SE) for each substance (SE of substance X + SE of substance Y / 

No. of non-users); in the case of different reference numbers for ORs, a weighted average was made. 

We used these metrics to calculate the OR and 95% CI for the ‘use of at least one substance’ category 

for each study. This method reduced the likelihood of artificially narrowing the CIs. Then, separate 

meta-analyses for each substance and sleep outcome were performed for cases in which at least 3 

studies could be included in the model. We used random effect models since we expected 

heterogeneity in the distribution of ORs. An OR greater than 1 indicated that the sleep outcome was 

more likely in those reporting substance use. Heterogeneity was tested for each model, using Chi-

square tests and I2 metrics. Indications of heterogeneity were noted when the test showed a p-value 

<0.20 and an I2 ≥ 50%. Asymmetry was evaluated using a funnel plot and tested with the LFK index, 

which provides a quantitative measure to assess the degree of asymmetry [43]. LFK scores within ±1 

indicate 'no asymmetry', those exceeding ±1 but within ±2 suggest minor asymmetry, and a score of 

> ± 2 indicates major asymmetry. All report probabilities (p value) were two-sided, with a 

significance level of 0.05 except where otherwise specified.  

We did not transform among effect sizes when results were presented as means, to reduce bias 

due to imprecise estimations. We reported a narrative synthesis of the studies not included in the 

analyses, describing study characteristics, sample composition, and results of individual studies. 

  

3. Results 

3.1.Study selection 



We identified a total of 20755 titles from our database search; prior to screening, 10018 

duplicates were removed. Title and abstract screening led to 622 eligible studies. After screening full 

texts against the inclusion criteria, 44 studies were included. Screening of references yielded 33 

additional studies, of which 2 were included. The results of our selection process yielded 46 studies. 

See Figure 2 for detailed search flow. 

 

Please insert “Figure 2. Flow chart of the study selection process” here 

 

  

3.2.Risk of bias      

The judgement of risk of bias (quality scores) according to the appropriate tools for each study 

design is reported in the last column of Table 1.  For details of risk of bias assessment of the studies 

included see Supplementary File S3. Judgment of low risk of bias was carried out for 26 cross-

sectional studies (AXIS>14), 3 prospective studies (NOS>4), and 3 case-control studies (NOS>4).  

  

3.3.Study characteristics  

Table 1 reports the descriptive characteristics of the included studies divided by study design 

and sampling. The selection process yielded 36 cross-sectional [44-79], 4 case-control [80-83], and 

6 prospective studies [84-89]. In total, 7 studies recruited participants who had been selected due to 

their use of substances and 39 had samples drawn from the general population. We refer to them as 

selected and unselected samples, respectively. Prior to data analysis and synthesis, we organised the 

literature based on study design and sampling (Figure 3). For the rest of the review, we will follow 

this classification. Sample composition was heterogeneous. Most studies were carried out among 

college students (n=43) and had a sample in the age range of 18-25 years (n=26). Gender ratio was 

mostly balanced, with females representing at least half the sample. The sleep dimensions and 



substances investigated are reported in Table 1. Some studies reported more than one sleep dimension 

in association with more than one substance. In most cases, the Pittsburgh Sleep Quality Index (PSQI) 

[90] was used. In accordance with our data coding, we extracted the following PSQI components: 

subjective sleep quality (sleep satisfaction), sleep duration, sleep efficiency, daytime dysfunction. 

The most often-reported sleep assessment was sleep disturbances (n=25), followed by sleep duration 

(n=17). Circadian characteristics regarded only chronotype (n= 7), while none of the included studies 

assessed social jetlag or circadian rhythm disorders. Meta-analysis could only be performed on sleep 

disturbances assessed using the PSQI and on sleep duration, due to a high variability in the assessment 

of other sleep outcomes among a smaller number of studies.  

Please insert “Table 1. Descriptive characteristics of included studies by study design and 

sampling” here 

 

Please insert “Figure 3. Literature organisation” here 

 

 

 

3.4.Cross-sectional association between substance use and sleep 

3.4.1.Sleep disturbances 

Table 2 reports the characteristics and main findings from each of the included studies, divided 

by study design and samples. A total of 19 cross-sectional studies on unselected samples assessed 

sleep disturbances in association with alcohol (n=8), caffeine (n=10), nicotine (n=11), cannabis (n=1), 

and other substances (n=1).  

Please insert “Table 2. Characteristics and main findings of studies on sleep disturbances, 

divided by study design and sample” here 



 

Because sleep disturbances were mostly assessed using the PSQI (n=14), we performed meta-

analytic computations on 10 [46,47,51,52,55,57,62,68,71,74] studies reporting odds based on the total 

score. The forest plot of the random-effect model for use of at least one substance (alcohol, caffeine, 

and/or nicotine) is available in Supplementary File S4. Results showed that the use of any substance 

was associated with 1.38 higher odds of reporting a sleep disturbance (95% CI: 1.20-1.59). No 

asymmetry (publication bias) was detected (LFK-index: .26; See Supplementary File S4). As 

expected, there was heterogeneity (Q= 15.97, df(Q)= 9, p= 0.07; I2= 44).  

The forest plots of the random effect models for alcohol (a), caffeine (b), and nicotine (c) are 

reported in Figure 4. 

 

Please insert “Figure 4. Forest plots” here 

 

Alcohol. The pooled OR for alcohol use was 1.24 (95% CI: 1.01-1.53). Heterogeneity was 

high ( Q= 9.93; df(Q)=4; p=.04; I2= 60). Studies were homogenous in terms of population (college 

students) and PSQI cut-off (>5). Differences in the assessment of alcohol use did not contribute to 

heterogeneity. One study with a high risk of bias was removed [51]. Pooled OR of studies with low 

risk of bias yielded a non-significant association (OR= 1.16; 95% CI: 0.97-1.38) among non-

heterogenous studies (Q= 5.1; df(Q)= 3; p=0.2; I2= 41). It is worth noting that two studies found that 

the odds of suffering from a sleep disturbance were higher with higher levels of alcohol consumption, 

while the odds were non-significant for moderate consumption [51,57].  

Caffeine. The random-effect model for caffeine use was performed after removal of two 

studies that were outliers [49; 51]. Pooled OR showed an effect size of 1.69 (95% CI: 1.40-2.03) with 

no indication of heterogeneity (Q= 3.73; df(Q)=3; p=0.29; I2=19). In one study, higher consumption 

of caffeine was associated with higher odds of sleep disturbances [51]. 



Nicotine. Pooled OR for the 7 studies on current nicotine use was 1.35 (95% CI: 1.14-1.61) 

with moderate heterogeneity (Q= 13.62; df(Q)=6; p=0.03; I2=56). Sample composition did not 

contribute to heterogeneity, as removing one study on the general population [55] did not affect 

statistics. Sensitivity analysis showed that, after removing one study at a time, results were robust. 

The major contributor to heterogeneity was one study with a high risk of bias [62]. The remaining 

studies yielded a pooled OR of 1.22 (95% CI:1.23-1.63) and were not heterogenous (Q= 7.12; df(Q)= 

5; p=0.2).   

Major asymmetry (publication bias) was detected only for nicotine (LFK-index: 2.31). 

Narrative findings. Among the cross-sectional studies on unselected samples that were not 

included in the meta-analyses, three compared mean substance use between those above and below 

the PSQI cut-off for sleep disturbances [56,63,73] and four used different sleep assessments 

[58,64,67,70]. Three studies were on selected samples [77,78,79] and three were case-control studies 

[80,81,82].  

Alcohol use and heavy episodic drinking were found to be more frequent in college students 

with sleep disturbances [56,63]. One study found that students who consumed more alcohol also had 

a higher rate of sleep disturbances [64]. Studies on selected samples of alcohol consumers did not 

find a significant association between sleep disturbances and pattern of alcohol consumption, either 

measured with retrospective questionnaires [78] or via daily diaries [79]. A significant association 

was found between sleep disturbances and excessive drinking, defined as a frequency of at least 12 

drinks in a single sitting [78]. 

 The association between caffeine use and sleep disturbances was generally confirmed in 

studies that were not included in the meta-analysis. Caffeine use from any source was associated with 

a higher occurrence of sleep disturbances in 6 studies, both in college [46,58,63,64] and non-college 

samples [70,74]. The total PSQI score was found to be associated with lower coffee consumption in 

one study [73]. This result should be considered in light of the low number of college students  scoring 



above cut-off for sleep disturbances (n= 35). Individual studies considering the source of caffeine 

revealed mixed findings. In one study, the consumption of both coffee and energy drinks was 

associated with sleep disturbances [64]. One study found that sleep disturbances were associated with 

a higher consumption of coffee but not of energy drinks during the evening [63]. On the contrary, 

Mendoza et al. [58] found that higher insomnia symptoms were associated with energy drink use but 

not with coffee consumption in college students. Results from Young et al. [74] on a non-college 

sample confirmed that a greater use of energy drinks is associated with a higher PSQI score. Another 

study on young adults who were not college students found insomnia symptoms to be associated with 

the consumption of energy drinks in females but not in males [70]. 

Studies that were not included in the meta-analysis were non-concordant regarding the 

association between nicotine use and sleep disturbances. One study found that smokers had higher 

odds of presenting clinical insomnia symptoms [67], while in another study sleep disturbances were 

not associated with smoking status [64]. Two case-control studies comparing college students who 

were current smokers to those who were non-smokers found no significant difference in the PSQI 

total [80,81]. In a study on smokers, the odds of experiencing a sleep disturbance increased with the 

number of cigarettes smoked [77]. 

Cannabis use was not cross-sectionally associated with sleep disturbances in one study [64]. 

In a case-control study, Conroy et al. [82] found that daily use was associated with increased sleep 

disturbances compared to non-daily use and non-use. Sleep disturbance occurrence was associated 

with higher odds of consuming illicit substances both in unselected college students [56] and among 

students selected for excessive drinking [78]. 

 

3.4.2. Sleep duration. 

9 cross-sectional studies on unselected samples assessed sleep duration in association with 

alcohol (n=4), caffeine (n=5), nicotine (n=5), and other substances (n=1). Characteristics and main 



findings are reported in Table 3. Meta-analyses were performed on 7 studies [45,47,51,54,57,59,61] 

reporting the odds ratio for short sleep duration classified as <7 hours, uniformly with the National 

Sleep Foundation recommendations.  

Please insert “Table 3. Characteristics and main findings of studies on each sleep health 

dimension, divided by study design and sample” here 

 

The random effect meta-analytic models for use of alcohol, caffeine, and/or nicotine revealed 

a high level of heterogeneity (Q= 30.54; df(Q)=6; p<0.001; I2=80) and minor asymmetry (LFK-index: 

1.05). The forest plot is available in Supplementary Figure S4. The pooled estimate was 1.44 (95% 

CI: 1.08-1.91). Forest plots for models considering each substance are reported in Figure 5. High 

heterogeneity was detected for alcohol (Q= 30.08; df(Q)=3; p=0.00; I2=90), caffeine (Q= 16.57 

(df(Q)=2; p=0.00; I2=88), and nicotine use (Q= 43.28 (df(Q)=4; p=0.00; I2=91).  

Please insert “Figure 5. Forest plots” here 

 

Alcohol. The pooled effect size was 0.95 (95% CI: 0.69-1.31) for alcohol use. Sample 

composition and risk of bias did not affect heterogeneity. Two studies also reported the odds for level 

of use. High but not moderate alcohol consumption was significantly associated with shorter sleep 

duration compared to non-use in one study (OR= 1.74; 95% CI: 1.07-2.81) [51]. In Lohsoonthorn et 

al. [57], moderate but not high consumption was associated with lower odds of reporting short sleep 

compared to non-use (OR= 0.75; 95% CI: 0.62-0.90)  

Caffeine. In terms of caffeine, one study was removed at the beginning for being an outlier 

[51]; the pooled effect size was 1.55 (95% CI: 0.94-2.54). One study provided odds based on quantity 

of use: a higher daily consumption was associated with higher odds of short sleep duration [51] 

Nicotine. The model for nicotine use showed a pooled OR of 1.47 (95% CI: 0.85-2.54). One 

study was identified as a major contributor to heterogeneity [57]. After its removal, the pooled OR 



was 2.10 (95% CI: 1.92-2.28), with a Q-value of 1.75 (df(Q)=3; p=0.63). Only one study assessed 

range of consumption [51]: the number of cigarettes per day was not associated with sleep duration. 

Nonetheless, a low number of high consumers (>10 cigarettes per day; n=29) limits the interpretation 

of this result. 

Major asymmetry was observed for alcohol (LFK: -4.68), caffeine (LFK: 4.53), and nicotine 

(LFK: -4.44). 

Narrative findings. Three studies not included in the meta-analyses compared average hours 

of sleep duration in those consuming a substance and those who were not consumers [45,47,74]. One 

study was on a sample selected for using either alcohol or cannabis [75] and two were case-control 

studies [81,83]. In a case-control study, Rusnac et al. [83]. Compared college students reporting only 

sleep deprivation (<7 average sleep hours) to those reporting chronic insomnia and to a group with 

sufficient sleep. Students with sleep deprivation alone consumed significantly more drinks per week 

than those with sufficient sleep and those with insomnia. 

Regarding caffeine use, two studies on unselected samples, that were not included in the meta-

analysis, found that consumers of energy drinks slept significantly less than non-consumers [45,74]. 

Those sleeping less than 7 hours consumed significantly more coffee than those with at least 7 hours 

of sleep [74]. Among alcohol consumers, caffeine consumption or smoking status were not associated 

with sleep duration [75]. 

No observational study analysed cannabis use in association with sleep duration, while two 

studies assessed stimulant medication misuse. Short sleep duration was not associated with the use of 

either prescribed or non-prescribed stimulant medications, in a sample of college students [72]. A 

significant association was found in a sample of college students selected for consuming alcohol [75].  

 

3.4.3. Narrative findings for other sleep-wake dimensions 



Results regarding other dimensions of sleep health besides sleep duration, as defined by 

Buysse [30], are presented in Table 3. Overall, 4 studies investigated sleep satisfaction [47,65,74,75], 

5 examined sleep efficiency [47,51,57,74,75], 4 looked at sleep timing [53,61,66,76], and 8 focused 

on daytime alertness [47,48,51,57,69,70,74,82]. 

Sleep satisfaction. Sleep satisfaction was defined as the rate of overall sleep quality through 

the PSQI component (n=3) and as the number of restful nights (n= 1). Results did not indicate a robust 

association with substance use, with the exception of nicotine use. One study assessed alcohol use in 

association with frequency of restful sleep, finding no association [65]. Results regarding caffeine 

and nicotine indicate that stimulant use affects sleep satisfaction: smokers were more likely to have 

frequent nights of unrestful sleep [65] and low sleep quality rating [47). Lower PSQI-derived sleep 

satisfaction was associated with energy drink use in a sample of young adults [74]. Among alcohol 

consumers, smoking status was associated with lower sleep satisfaction [75]. In the same sample, the 

misuse of stimulant medication was not associated with sleep satisfaction [75]. 

Sleep efficiency. Five studies analysed the association between sleep efficiency as assessed 

through PSQI and the use of alcohol (n=2), caffeine (n=4), nicotine (n=4), and other substances (n=1). 

Sleep efficiency was not found to be associated with alcohol use in college students [51,57]; nor was 

with caffeine use in young adults who attended college and those who did not [51; 57,74,75]. Nicotine 

use was not associated with sleep efficiency either [47,57], although one study found that current 

smokers had double the odds of reporting low sleep efficiency [51]. In a sample of alcohol consumers, 

both the number of cigarettes per day and use of other substances were associated with low sleep 

efficiency [75].  

Sleep timing. The four studies reporting sleep timing were heterogenous in terms of sample 

composition, assessment of sleep timing and substances investigated (see Table 2). They all found 

significant associations between substance use and sleep timing, although in one study no association 

was detected for coffee use [53]. Hug et al. [53] found that diary-reported alcohol use was higher in 



young adults not attending college who had a later midpoint of sleep [53]. DeMartini & Fucito [76] 

reported that among college students selected for excessive alcohol use those with a late bedtime also 

showed a higher alcohol consumption than those with an earlier bedtime. One study assessed bedtime 

in association with the use of coffee and energy drinks [61], finding that those who had the latest 

bedtimes (>12:30 am) were more likely to be energy drink consumers (PR= 1.83; 95% CI: 1.10-2.55) 

and to consume more caffeinated beverages (p<0.05). Nicotine use in college students [66] was found 

to be associated with a later midpoint of sleep. The latter result is limited by the small number of 

smokers (1.3% of the sample). Cannabis and other substance use was not investigated in relation to 

sleep timing. 

Daytime alertness. A total of 8 observational studies investigated the effect of substance use 

on daytime dysfunction (low levels of alertness), 4 of which were performed on college students. 

Three studies assessed the outcome using the ESS and four using the PSQI (see Table 2 for details). 

Across three studies, alcohol use was associated with higher prevalence of daytime dysfunction 

[51,57,69]. Results on caffeine were robust, with the exception of one study that found no association 

with energy drink consumption in a non-college sample [74]. The use of caffeinated drinks was 

associated with daytime dysfunction, measured with the PSQI component in college students [51,57] 

and with the ESS in non-college samples [48; 69; 70]. Tran et al. (2014) found that the use of energy 

drinks, but not coffee, was associated with ESS scores. One report indicates a gender effect: the 

frequent use of energy drinks was associated with a higher level of sleepiness in females but not in 

males [70]. The four studies assessing nicotine use found no association with daytime dysfunction 

[47,51,57,69]. Lohsoonthorn et al., [57] found an effect of demographics: after adjusting for age and 

sex, current smokers had higher odds of experiencing daytime dysfunction (AOR: 1.43; 95% CI: 

1.02-1.98). 

 

3.4.4. Narrative findings for chronotype 



Table 4 reports characteristics and main findings of the 5 observational studies investigating 

chronotype in connection to alcohol (n=3), caffeine (n=3), nicotine (n=3), and cannabis (n=1). All 

studies used either the full or reduced version of the MEQ. Eveningness was found to be consistently 

associated with substance use across studies. Evening-types consumed on average more alcoholic 

drinks than morning- and intermediate-types [44], and those consuming alcohol were more likely to 

be evening-types [60,69]. Evening-types also consumed significantly more caffeine than morning-

types [44; 50] and those consuming caffeine, either as coffee or energy drinks, were more likely to 

be evening-types [69]. Nicotine use was also associated with eveningness, both in terms of cigarettes 

smoked [44] and of smoking status [60,69]. Only one study assessed cannabis use: in a case-control 

design, no differences in MEQ score were observed between daily users, non-daily users, and non-

users [82]. 

 

Please insert “Table 4. Characteristics and main findings of studies regarding chronotype, 

divided by study design” here 

 

 

3.5.Longitudinal association between substance use and sleep 

Table 5 reports characteristics and main findings of prospective studies, divided in terms of 

unselected (n=4) and selected (n=2) samples of college students. Sleep was longitudinally assessed 

in relation to alcohol (n=5) and cannabis (n=3) use. Two studies assessed the use of alcohol and/or 

cannabis as sleep aids.  

 

Please insert “Table 5. Details and main findings of prospective studies on unselected (a) 

and selected (b) samples.” here 



 

Prospective data indicates that alcohol use plays a role in subsequent sleep health outcomes 

[85,87] and sleep timing has an effect on subsequent alcohol use [84]. In a study by Liu et al. [85], 

college students were monitored from their last semester throughout the period of their first full-time 

employment. The authors found that the stability of their drinking profile was associated with sleep 

satisfaction at 12-month follow-up. That is, those who remained in the high-risk drinking profile had 

lower sleep satisfaction compared to those who had transitioned to a moderate-risk profile. The 

authors concluded that the reduction of alcohol consumption was associated with better sleep 

outcomes [85]. Samek & Akua [86] observed 167 college students for 4 years from their first year of 

enrolment, assessing the frequency of their alcohol and cannabis use and average sleep duration 

during the previous month. Results based on unpublished data indicated that substance use did not 

predict sleep duration at follow-up. Van Reen et al. [87] monitored sleep and alcohol consumption of 

college students through their first 9 weeks of admission through the medium of daily diaries. Data 

showed that in this period, students consuming alcohol had later bedtimes across the week compared 

to non-consumers. In an accelerated longitudinal design, Hasler et al. [84] observed a significant 

effect of sleep timing and circadian characteristics on alcohol use: greater eveningness (OR= 1.30; 

96% CI: 1.08-1.54) and a later midpoint of sleep (OR= 1.32; 96% CI: 1.12-1.56) were associated with 

higher odds of showing a more severe heavy drinking pattern the following year. Sleep duration, sleep 

satisfaction, and daytime dysfunction were not significantly associated with pattern of alcohol 

consumption [84]. Goodhines et al. [88] adopted 14-day daily diaries to perform an EMA study on 

college students selected for using either alcohol or cannabis. Results showed that days of greater 

alcohol consumption were associated with a poorer sleep quality that night and a shorter sleep 

duration [88]. Across three studies, non-significant longitudinal and daily associations were found for 

cannabis use [84,86,88]. 

 



3.6.Use of alcohol and cannabis as sleep aids 

One longitudinal [89] and one EMA [88] study found significant concurrent associations 

between cannabis and/or alcohol use as a sleep aid and sleep outcomes in selected samples of college 

students. At baseline, 25% [89] to 38% [88] reported using cannabis and/or alcohol as a sleep aid. 

14% [89] to 29% [88] reported that they took over-the-counter medications as sleep aids. In both 

samples, sleep aid users had a higher occurrence of sleep disturbances (ISI) compared to non-sleep 

aid users. Regarding sleep health dimensions, one study found that sleep-aid users had lower sleep 

satisfaction and a shorter sleep duration compared to non-sleep aid users [88]. The results were not 

replicated in the study by Goodhines et al. [89] and no association with chronotype emerged.  

EMA data indicates a daily association between sleep aid use and lower sleep satisfaction, but 

no effect on sleep duration or daytime fatigue as assessed through sleep diaries [88]. In within-person 

analysis, days of cannabis use as a sleep aid, but not alcohol, were associated with a shorter sleep 

duration and daytime fatigue. The reverse effect was non-significant: sleep-wake variables were not 

associated with subsequent sleep aid use or substance use. Longitudinal data from Goodhines et al. 

[89] showed a persistence of sleep aid use at the 68-day follow-up: 63% of T1 sleep aid users and 

19% of T1 non-sleep aid users reported using alcohol and/or cannabis to aid sleep at T2. The initiation 

was not associated with any sleep variables at baseline or at follow-up. Longitudinal data did not 

show a significant predictive role of sleep aid use on sleep disturbances, sleep health dimensions or 

chronotype.  

 

Discussion 

In our synthesis, we considered the association between different substances and different 

sleep dimensions. We adopted a framework accounting for sleep disturbances, Buysse’s [30] sleep 

health dimensions (sleep duration, efficiency, satisfaction, timing, daytime alertness), and 

chronotype. Sleep dimensions were assessed in association with the most used substances among 



young adults: alcohol, caffeine, nicotine, cannabis, other substances. This multidimensional view on 

sleep revealed a distinctive pattern of associations.  

Meta-analytic results were robust and showed that young adults consuming caffeine and 

nicotine have higher odds of reporting a sleep disturbance. Evidence on sleep duration suggest an 

association with alcohol consumption, but meta-analytic findings were inconclusive. Sleep 

satisfaction appears to be associated only with nicotine use, although there were few studies 

concerning this point. Sleep efficiency was not consistently associated with substance use. The few 

studies on sleep timing suggest that this dimension is associated with substance use both cross-

sectionally and prospectively. Daytime dysfunction (low levels of alertness) was consistently 

associated with alcohol and caffeine consumption. Eveningness was associated with alcohol, caffeine, 

and nicotine use. Few studies investigated cannabis use, and only one found association between daily 

use and sleep disturbances. Both alcohol and cannabis used as a sleep aid were cross-sectionally 

associated with sleep disturbances and poorer sleep health. Prospective data were scarce and 

suggested that sleep timing and chronotype may be longitudinally associated with alcohol use, but 

further investigations are needed. 

The association found between sleep-wake dimensions and the use of alcohol, caffeine, and nicotine 

are in line with polysomnographic findings that attest to their sleep-disrupting effect [34]. Our 

narrative findings indicate that young adults who experience sleep problems also report higher alcohol 

consumption. Meta-analytic results did not robustly indicate higher odds of sleep disturbances in 

alcohol consumers. Together, these mixed results may be accounted for by a dose-dependent effect 

of alcohol on sleep [91]. Indeed, the consumption of alcohol at high doses suppresses slow-wave 

sleep and REM sleep and leads to complaints of unsatisfactory sleep [91]. It is possible that a 

dichotomous classification (alcohol use vs. non-use) is not sensitive enough to detect associations in 

a population in which alcohol use is common. In the pool of included studies, from 30 to 80% of 

samples were habitual alcohol consumers. Furthermore, sleep disturbances are prevalent in heavy-



drinking college students [78,79]. The effect of alcohol consumption on sleep health is not clear. In 

our synthesis, significant associations were found with both short and long sleep durations. This may 

be partially due to the sedating effect of alcohol at low doses, which leads to greater sleepiness and a 

longer sleep duration [14]. The timing of sleep is an important factor to consider. When a later 

bedtime is associated with an early academic or work schedule, it is difficult to obtain the 

recommended 7 hours of sleep. The studies included suggest that alcohol use is associated with sleep 

timing, daytime dysfunction, and eveningness. It is possible that a later sleep timing and/or circadian 

preference are associated with higher levels of psychophysiological activation in the evening, which 

may lead to a greater consumption of alcohol as a sedating agent [44]. A higher level of activation 

may also encourage participation in evening social events in which alcohol is mostly consumed, thus 

postponing sleep timing. 

In our synthesis, we showed that higher caffeine use was associated with sleep disturbances, 

high daytime dysfunction, and eveningness. Caffeine is a wake-promoting agent that, in high doses 

or with chronic use, may disrupt the sleep-wake regulation system and lead to subjective complaints 

of poor sleep quality, reduced sleep duration, and high daytime sleepiness [34]. Meta-analytic results 

for sleep disturbances were robust, and no heterogeneity was detected. This result was also generally 

supported by studies not included in the meta-analysis. Differences emerged in two individual studies 

that investigated the use of coffee and energy drinks separately. Investigations into sources of caffeine 

are warranted, as brands of energy drinks highly differ in terms of other possible sleep-disturbing 

additives, such as sugar [92]. Furthermore, in accordance with sleep hygiene practices, the time of 

consumption could also enhance the negative effect of caffeine on sleep [63]. Contrary to the literature 

[35], caffeine use was not consistently associated with short sleep duration (<7 hours). This may 

suggest that a cut-off of sleep duration is not sensitive enough to detect significant differences among 

young adults. In fact, sleep duration was generally short (<7 hours) in the included studies. 

Nevertheless, the few studies comparing mean hours suggest that caffeine consumers may sleep fewer 



hours than non-consumers. The association between daytime dysfunction and caffeine use was 

expected, based on the literature [35]. A higher level of sleepiness during the day is often associated 

with an attempt to overcome the drowsiness by consuming more caffeine. On the other hand, a high 

caffeine intake leads to sleep disturbances, which in turn lead to high daytime dysfunction. Across 

studies, the association between chronotype and caffeine consumption was robust. Caffeine products, 

in particular coffee, are most often consumed in the first half of the day, when levels of alertness in 

evening-types are lower than in morning-types [44]. It is plausible that a greater need for energy in 

the morning is partially responsible for the association between eveningness and caffeine. 

Our findings showed that young adults who were smokers were more likely to report sleep 

disturbances, low sleep satisfaction, and an evening preference. The stimulating effect of nicotine, 

together with the sleep-disrupting effect of cravings at night, are among the mechanisms involved in 

the association between sleep disturbances and both chronic smoking and acute nicotine 

administration [34]. Nonetheless, two case-control studies suggested that among smokers self-

reported sleep disturbances are non-concordant with physiological indices [80,81]. The absence of 

significant differences in subjective assessment may be due to the instrument employed. While the 

PSQI is a validated assessment of sleep disturbances with sound psychometric properties, the external 

validity of each component is more problematic [93]. This may be of relevance for subjectively-

reported sleep efficiency, which was not found to be associated with any substance use. 

In our systematic review and meta-analysis, the few studies included that investigated 

cannabis use found no consistent association with sleep. One case-control study showed that the 

frequency of use is an important factor to consider [82]. After an initial sleep-promoting effect of 

cannabis, frequent use rapidly leads to tolerance and, with chronic use, the negative impact on sleep 

architecture increases [36]. The long-term effect of cannabis use in young adults is not clear. 

Prospective data does not support a predictive effect of cannabis use on sleep [86,88] or of sleep 

dimension on cannabis use [84]. A longitudinal association has been found in studies performed from 



adolescence to young adulthood [11]. How the relationship between cannabis use and sleep problems 

evolves during young adulthood needs further investigation.  

A functional perspective should also be considered: the experience of sleep-wake disturbances 

may prompt self-medication with sedating and stimulating substances. Self-medication has been 

found to be bi-directionally associated with sleep disturbances [94]. Although we had planned to carry 

out a focused synthesis on self-medication, data could be derived from only two of the included 

studies [88,89]. Self-medication was found to be prevalent and persistent among college students who 

consume alcohol and/or cannabis. A concurrent association between sleep aid use and sleep 

disturbances was reported. Nonetheless, longitudinal data did not support a prospective association 

at two-month follow-up. A longer follow-up period may be needed to detect the possible long-term 

effects of sleep aid use on sleep. This is of particular concern among college students, as recent 

evidence indicates that the phenomenon is becoming embedded in the college culture [95]. No 

included study assessed the specific motivation for use of stimulants in association with sleep-wake 

outcomes. Wake-enhancement is among the most common of motivations for caffeine use [23]. This 

may also explain the higher consumption of stimulants among evening-types. It has been suggested 

that sedative use and stimulant use have different functional roles in evening-types: alcohol allows 

for relaxation in the evening when energy levels of evening-types are still high; stimulants, on the 

other hand, help counteract sleepiness early in the day [44]. Taking these initial findings together, the 

motivation for using a substance as sleep- or wake-enhancer needs to be further considered. 

Another explanation for the associations found could be that poor sleep health and 

consumption of substances are concurrently associated in the context of unhealthy lifestyles. Alcohol, 

caffeine, and nicotine consumption in the evening is a poor sleep hygiene practice that is common 

among young adults [96]. Younger adults have a worse awareness of sleep hygiene compared to older 

adults, and seldom implement good habits [97]. While the association between sleep disturbances and 

sleep hygiene has been widely investigated in young people, especially college students [98], less is 



known about the association with substance use at bedtime. No study in our synthesis considered the 

association between sleep hygiene and substance use and their effect on sleep. In an ongoing 

unpublished study (Meneo et al.), the authors found that the frequency of use of alcohol, nicotine, 

cannabis, coffee, and other substances in the hour preceding bedtime correlated with sleep hygiene 

practices and insomnia symptoms. An unhealthy lifestyle and poor attention to sleep hygiene can 

interact and have negative consequences on sleep health.  

 

Limitations 

The present work is not free of limitations. High heterogeneity was detected, and sensitivity 

analyses were performed based on sampling and risk of bias. It cannot be excluded that other factors 

contributed to mixed findings. For instance, cultural factors are the main sources of heterogeneity 

when analysing substance use, for two main reasons. Firstly, availability and stances towards a 

substance are highly subject to cultural variability. Secondly, the degree of fidelity of self-reported 

substance use is tied to the cultural stance toward the specific substance; for example, alcohol use is 

more likely to be reported in countries without strong social disapproval. A second limitation 

concerns the generalizability of our results. Most studies were performed on college students, which 

are more vulnerable to sleep disorders and have sleep-wake habits that may be profoundly different 

from that of working young adults. Thirdly, our inclusion criteria may have excluded relevant work 

in the field of substance-sleep interaction. We adopted an aged-based criterion, including studies 

performed on young adults from age 18 to 30, following the definition of emerging adulthood 

proposed by Arnett and colleagues [99]. Nonetheless, young adulthood is defined in some context as 

extending throughout the 30s. As a consequence, our definition of young adulthood may have 

excluded other relevant studies, especially regarding the effect of cannabis use. While we considered 

a plethora of substances and different sleep-wake dimensions, we did not include lifetime use and 

objective assessment of sleep outcomes; nor did we take other sleep dimensions such as sleep onset 



latency and wake after sleep onset into consideration. Furthermore, the applied definition of sleep aid 

use included a clear reference to motivation for use, and other relevant work on the use of sleep aids 

may have been excluded. An extensive review on the topic is beyond the scope of the present work, 

but this area of research may benefit from future attempts to organise and synthetize the literature on 

the subject.  

Conclusions 

A multidimensional view on sleep is useful in order to understand its interaction with 

substance use in a young population. We noted a lack of literature on most sleep health dimensions, 

except for sleep duration and daytime sleepiness. Self-medication was also seldom investigated in 

association with sleep health. Our results showed that the use of alcohol, caffeine, nicotine, cannabis, 

and other substances was differentially associated with sleep disturbances, sleep health dimensions, 

and chronotype. We found some mixed results, especially on alcohol use. More investigations are 

needed to understand the effect of different substances on sleep health dimensions, and the role of 

motivation for use.  

 

Practice points 

1) The consumption of different substances shows a differential pattern of association with 

sleep disturbances, sleep health dimensions, and circadian preference in young adults aged 

18-30 years  

2) The most robust association was between caffeine use and sleep disturbances, while the 

impact of alcohol and nicotine use needs further investigations in this age group 

3) More longitudinal investigations are needed to elucidate how the use of alcohol and/or 

cannabis as sleep aids may contribute to the effect of these substances on sleep health  

 



Research agenda 

Future research should further enhance our understanding of the relationship between 

substance use and sleep difficulties in young adults, focusing on the role of self-medication attempts. 

Prospective data are particularly needed to follow the parallel increase in substance use and sleep 

disturbances during young adulthood. A multidimensional view on sleep health appears to be useful 

to capture the effect of substance use on sleep in younger people, and further investigations in this 

direction are advisable. Psychological and contextual factors may also be explored, as they may be 

crucial in the process of coping with a sleep problem.  
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Figure 1. A multidimensional framework. The association between different sleep 

dimensions and different substances is investigated. In the framework, we considered sleep 

disturbances, Buysse’s sleep health dimensions, and circadian characteristics (left side) in their 

association with the use of alcohol, caffeine, nicotine, cannabis, and other substances (right side). The 

group “other substances” includes illicit substances (such as cocaine, amphetamines, heroine) and 

controlled drugs (such as tranquillizers, stimulants, opioids) (see Supplementary Table S1 for a 

complete list). Figure created with BioRender.com. 

https://www.biorender.com/


 

 

Figure 2. Flow chart of the study selection process. PRISMA 2020 flow diagram including 

searches of databases, registers, and other sources. 

 

 

 



 

Figure 3. Literature organisation. Included studies (n=46) are organised based on study design 

and samples. 

 

 

 

 

 



 

Figure 4. Forest plots. Random effect meta-analytic models: pooled odds ratios (ORs) of sleep 

disturbances for those consuming alcohol (a), caffeine (b), and nicotine (c), compared to non-

consumers. The right arm of the forest plot favours those reporting consumption of the substance 

compared to those reporting no consumption. 



 

Figure 5. Forest plots. Random effect meta-analytic models: pooled odds ratios (ORs) of short 

sleep duration for those consuming alcohol (a), caffeine (b), and nicotine (c), compared to non-

consumers. The right arm of the forest plot favours those reporting consumption of the substance 

compared to those reporting no consumption. 

 

 

 



 
Table 1. Descriptive characteristics of included studies by study design and sampling. 
 

Cross-sectional studies (n=36) 

Unselected samples 
Study Country Populatio

n 
Age range Mean age 

(SD) 
Sample 
size 

Female 
(%) 

Substance Sleep dimension Sleep 
assessment 

Risk of 
bias 

Adan 1994 
[44] 

Spain G (31.8% 
C) 

21-30 25.3 (2.87) 537 52.1 Alcohol, caffeine 
(coffee) nicotine 
 

Chronotype rMEQ High 

Al Otaibi & 
Kamel 2017 
[45] 

Saudi 
Arabia 

C 18-26 F: 21.1 
(2.2) M: 
22.8 (6.1) 
 

414 52.9 Caffeine (energy 
drinks) 

Sleep duration Single item Low 

Al Sharif et 
al. 2018 [46] 

Saudi 
Arabia 

C 18-25 nr 476 82.8 Caffeine (coffee, 
energy drinks) 
 

Sleep disturbances PSQI High 

Arbinaga et 
al. 2019 [47] 

Spain C 19-26 22.38 (2.13) 444 56.1 Nicotine Sleep disturbances, sleep 
duration, sleep efficiency, 
sleep satisfaction, 
daytime dysfunction 
 

PSQI Low 

Barbosa et al. 
2020 [48] 

Brazil G 18-19 nr 2514 52.4 Caffeine (energy 
drinks) 
 

Daytime dysfunction ESS Low 

Bin 
Ismayatim et 
al. 2021 [49] 
 

Malaysia C 18-29 nr 256 59.8 Nicotine Sleep disturbances PSQI, ISI High 

Bodur et al. 
2021 [50] 
 

Turkey C 19-24 21.4 (1.38) 661 27.8 Caffeine (coffee, 
energy drinks) 

Chronotype MEQ Low 

Bogati et al. 
2020 [51] 

Nepal C 19-27 21.97 (1.37) 350 42.6 Alcohol, caffeine 
(coffee, energy 
drinks), nicotine 

Sleep disturbances, sleep 
duration, sleep efficiency, 
daytime dysfunction 
 

PSQI High 

Elwasify et 
al. 2016 [52] 

Egypt C 18-24 21.4 1182 67.7 Caffeine, nicotine Sleep disturbances 
 

PSQI Low 



Hug et al. 
2019 [53] 

Switzerlan
d 

G 18-25 21.7 (1.7) 146 100 Alcohol, caffeine 
(coffee, energy 
drinks) 
 
 

Sleep timing MCTQ Low 

Kianersi et al. 
2021 [54] 

USA G (30.5% 
C) 
 

18-24 nr 19701 45.3 Alcohol, nicotine Sleep duration Single item Low 

Liao et al. 
2019* [55] 
 

China G 18-29 nr 6124 nr Nicotine Sleep disturbances PSQI Low 

Liu et al. 
2021 [56] 
 

USA C 18-24 20.05 (1.75) 820 62.7 Alcohol, other 
substances 

Sleep disturbances PSQI Low 

Lohsoonthor
n et al. 2013 
[57] 

Thailand C 18-28 20.3 (1.3) 2854 67.4 Alcohol, caffeine 
(coffee, energy 
drinks), nicotine 

Sleep disturbances, sleep 
duration, sleep efficiency, 
daytime dysfunction 
 

PSQI Low 

Mendoza et 
al. 2021 [58] 

Peru C 19-22 nr 289 66.1 Caffeine (coffee, 
energy drinks) 
 

Sleep disturbances ISI High 

Naito et al. 
2021 [59] 
 

Malaysia C 18-25 20.71 (1.47) 1017 51 Alcohol, nicotine Sleep duration Single item Low 

Nakade et al. 
2009 [60] 

Japan C 18-29 19.26 (1.33) 800 100 Alcohol, nicotine Chronotype 
 

rMEQ 
 

High 

Ogilvie et al. 
2018 [61] 

USA G 20-30 nr 1854 55.6 Caffeine (coffee, 
energy drinks) 

Sleep duration, sleep 
timing 

Author-
constructed 
questionnaire 
 

Low 

Orsal et al. 
2012 [62] 

Turkey C 18-27 21.3 (1.91) 803 55.2 Alcohol, nicotine Sleep disturbances PSQI 
 
 
 

High 

Pham et al. 
2021 [63] 

Vietnam C 18-25 20.3 (2.5) 369 65.6 Alcohol, caffeine 
(coffee, energy 
drinks), nicotine 
 

Sleep disturbances PSQI High 



Riera-Sampol 
et al. 2022** 
[64] 

Spain C 18-25 20.6 (2.1) 886 68.6 Alcohol, caffeine 
(coffee, energy 
drinks), cannabis, 
nicotine 
 
 

Sleep disturbances MOS-SS Low 

Rosso et al. 
2020** [65] 
 

USA C 18-25 20.9 (1.5) 4376 59.3 Alcohol, nicotine Sleep satisfaction Single item Low 

Sato-Mito et 
al. 2011 [66] 
 

Japan C 18-20 18.1 (0.3) 3304 100 Nicotine Sleep timing MTCQ High 

Średniawa et 
al. 2019 [67] 
 

Poland C 18-26 22.22 (1.5) 264 56.8 Nicotine Sleep disturbances AIS High 

Štefan et al. 
2018 [68] 
 

Croatia C 18-24 20.87 (2.11) 2100 50.4 Alcohol, nicotine Sleep disturbances PSQI Low 

Tran et al. 
2014 [69] 

Thailand C 18-28 20.3 (1.3) 3000 66.9 Alcohol, caffeine 
(coffee, energy 
drinks), nicotine 
 
 

Chronotype, daytime 
dysfunction 

MEQ, ESS Low 

Trapp et al. 
2021 [70] 

Australia G 22 nr 1115 53.7 Caffeine (energy 
drinks) 

Sleep disturbances, 
daytime dysfunction 
 

PSSQ-I, ESS Low 

Vik et al. 
2020** [71] 
 

USA (C) 18-20 nr 144 58.7 Alcohol Sleep disturbances PSQI Low 

Vo et al. 
2015 [72] 
 

USA C 18-24 20 1976 70.4 Prescription drugs Sleep duration Single item Low 

Vollmer-
Conna et al. 
2020** [73] 
 

Australia C 20-27 21.8 (1.05) 151 60.3 Caffeine Sleep disturbances PSQI Low 

Young et al. 
2020 [74] 

USA G 22-23 22.9 (0.45) 462 100 Caffeine (energy 
drinks) 

Sleep disturbances, sleep 
duration, sleep efficiency, 
sleep satisfaction, 
daytime dysfunction 
 

PSQI Low 



 

Selected samples reporting substance use  
Study Country Substance 

use 
reported 

Age range Mean age 
(SD) 

Sample 
size 

Female 
(%) 

Substances Sleep dimension Sleep 
assessment 

Risk of 
bias 

Caviness et 
al. 2019 [75] 

USA Cannabis 
or alcohol 
(60.4% C) 

18-25 21.3 (2.07) 498 52.2 Alcohol, caffeine 
(coffee, energy 
drinks), cannabis, 
nicotine, 
prescription 
medications 
 
 

Sleep duration, sleep 
efficiency, sleep 
satisfaction 

PSQI Low 

DeMartini & 
Fucito 2014 
[76] 
 

USA Alcohol 
(C) 

18-25 18.90 (0.97) 312 43.3 Alcohol Sleep timing SWPS Low 

Dugas et al. 
2017 [77] 
 

USA Nicotine 22-26 24 (0.6) 405 55.1 Nicotine Sleep disturbances PSQI Low 

Miller et al. 
2022 [78] 
 

USA Alcohol 
(C) 

18-30 19.0 (1.4) 461 68.8 Alcohol, other 
substances 

Insomnia ISI Low 

Miller, Van 
Reen et al. 
2017 [79] 
 

USA Alcohol 
(C) 

18-30 18.6 (0.4) 385 51.7 Alcohol Sleep disturbances PSQI Low 

Case-Control studies (n=4)  
Study Country Case 

definition 
Age range Mean age 

(SD) 
Sample 
size 

Female 
(%) 

Substance Sleep dimension Sleep 
assessment 

Risk of 
bias 

Cohen et al. 
2019 [80] 

Israel Current 
smokers 
(C) 

19-30 Case; 23.92 
(2.94); 
Control: 
23.05 (1.82) 

77 74 Nicotine Sleep disturbances PSQI Low 



Cohen et al. 
2020 [81] 

Israel Current 
smokers 
(C) 

19-28 Case: 24.03 
(2.84); 
Control: 
22.44 (2.23) 

86 69.8 Nicotine Sleep disturbances, sleep 
duration, sleep efficiency, 
sleep satisfaction, 
daytime dysfunction 

PSQI Low 

Conroy et al. 
2016 [82] 

USA Habitual 
and 
occasional 
cannabis 
users (G) 

18-29 22.3 (3.0) 98 54.1 Cannabis Sleep disturbances, 
daytime dysfunction 
chronotype 

PSQI, ISI, 
ESS, MEQ 

Low 

Rusnac et al. 
2018 [83] 

USA Sleep 
deprivation 
and 
insomnia 
(C) 

19-25 nr 536 47 Alcohol Sleep disturbances, sleep 
duration 

ISI, single item High 

Prospective studies (n=6)  

Unselected samples  
Study Country Populatio

n 
Baseline age 
range and 
time points 

Baseline 
mean age 
(SD)  

Baseline 
sample size 

Female 
(%) 

Substance and 
time point of 
assessment 

Sleep dimension and 
time point of assessment 

Sleep 
assessment 

Risk of 
bias 

Hasler et al. 
2022*** [84] 

USA G 18-21 19.6 (1.1) 637 53.8 Alcohol, cannabis Sleep duration, sleep 
satisfaction, sleep timing, 
daytime dysfunction, 
chronotype 
 

CASQ, PSQI, 
STQ, CSM 

Low 

Liu et al. 
2022 [85] 

USA C 19-25 21.36 (0.81) 1363 61 Alcohol Sleep satisfaction Single item High 

Samek & 
Akua 2022** 
[86] 

USA C 18-20 19.1 (0.41) 209 61.7 Alcohol, cannabis Sleep duration Two items Low 

Van Reen et 
al. 2016 [87] 

USA C 18-22 nr 878 50.1 Alcohol Sleep duration, sleep 
timing, sleep variability 

Sleep diary High 

Selected samples reporting substance use  



Study Country Substance 
use 
reported 

Baseline age 
range  

Baseline 
mean age 
(SD)  

Sample 
size 

Female 
(%) 

Substance Sleep dimension Sleep 
assessment 

Risk of 
bias 

Goodhines, 
Gellis, 
Ansell, & 
Park 2019 
[88] 

USA Alcohol, 
cannabis 
(C) 

18-25 19.33 (1.11) 217 76 Alcohol, cannabis 
(sleep aid) 

Sleep disturbances, sleep 
duration, sleep 
satisfaction, daytime 
dysfunction 

PSQI, sleep 
diary (CSD) 

Low 

Goodhines, 
Gellis, Kim 
et al. 2019 
[89] 

USA Alcohol, 
cannabis 
(C) 

18-28 19 (1.32) 171 67.8 Alcohol, cannabis, 
OTC 

Sleep disturbances, sleep 
duration, chronotype 

ISI, single 
item, MEQ 

Low 

 
Notes 
Abbreviations: C: College students only; G: College and non-college students recruited (percentage in parenthesis represents number of college students in the sample, when 
reported;); nr: Not reported; F: Females; M: Males;  
Questionnaires: AIS: Athens Insomnia Scale; ESS: Epworth Sleepiness Scale; CASQ: Cleveland Adolescent Sleepiness Questionnaire; CSD: Consensus Sleep Diary; CSM: 
Composite Scale of Morningness; ISI: Insomnia Severity Index; MCTQ: Munich Chronotype Questionnaire; MEQ: Morningness-Eveningness Questionnaire; MOS-SS: Medical 
Outcome Study-Sleep Scale; PSQI: Pittsburgh Sleep Quality Index; PSSQ-I: Pittsburgh Sleep Symptoms Questionnaire– Insomnia; rMEQ: Morningness-Eveningness 
Questionnaire-reduced; STQ: Sleep Timing Questionnaire; SWPS: Sleep/Wake Behavior Problems Scale. 
All caffeine refers to caffeinated drinks; in parentheses the drinks included in this category are indicated for each study; when only caffeine is reported, it indicates that the 
specific substance was not reported.  
Cut-off for risk of bias judgment is 15 on the AXIS for cross-sectional studies and 5 on the NOS for case-control and prospective studies. 
*Age subgroup of a larger sample (n= 26035) aged 12 to 60+ years 
**Studies included after the corresponding authors had provided requested data via personal communication  
***Age subgroup of a larger accelerated longitudinal design (age range 12-27) 
 
 
 
 
 
 
 
Table 2. Characteristics and main findings of studies on sleep disturbances, divided by study design and sample. 
 

Sleep disturbances (n=24) 

Cross-sectional studies on unselected samples (n=18) 



Reference Type of  
sample (n)  
 

Sleep  
assessment 

Substance 
(Use%) 

Substance  
assessment 

Main findings on sleep disturbances 

Al Sharif et al. 
2018 [46] 
 

C 
(n = 476) 

PSQI Coffee  
(92%) 
 

Level of consumption in cups per day: 
tolerable (1-3 cups),  excessive (at least 
4 cups) 
 

Sleep disturbances: higher prevalence of excessive use 

Arbinaga et al. 
2019 [47] 

C 
(n = 444) 

PSQI Nicotine 
(41.2%) 
 

Current use 
 

Use vs non-use: higher odds of sleep disturbances; higher PSQI 
scores 

Bin Ismayatim 
et al. 2021 [49] 

C 
(n = 256) 

PSQI; ISI Nicotine 
(10.2%) 
 

Current use Use vs non-use: higher prevalence of sleep disturbances  

Bogati et al. 
2020 [51] 

C 
(n = 350) 

PSQI Alcohol 
(38%) 
 

Level of consumption in units per 
month: low (0-4 units), moderate (4-15 
units), high (>16 units) 
 

Use vs non-use: higher odds of sleep disturbances 

   Coffee  
(96%) 
 

Level of consumption in mg per day: 
low (<100 mg), moderate (100-250 mg), 
high (>250 mg) 
 

Use vs non-use: higher odds of sleep disturbances 

   Nicotine 
(14.3%) 
 

Level of consumption in cigarettes per 
week: low (<10 cigarettes), moderate-
high (≥10 cigarettes) 
 

Use vs non-use: higher odds of sleep disturbances  

Elwasify et al. 
2016 [52] 

C 
(n = 1182) 

PSQI Caffeine 
(85.5%) 
 

Daily use Use vs non-use: higher odds of sleep disturbances  

   Nicotine 
(3.4%) 
 

Current use 
 

Use vs non-use: higher odds of sleep disturbances  

Liao et al. 2019 
[55] 

G 
(n = 7590) 

PSQI Nicotine 
(21.9%) 
 

Current use Use vs non-use: higher prevalence of sleep disturbances  

Liu et al. 2021* 
[56] 

C 
(n = 746) 

PSQI Alcohol  
(nr) 

Frequency of use, frequency of heavy 
episodic drinking 
 

Sleep disturbances: higher frequency of use 

   Other 
substances 
(nr) 
 

Current use Sleep disturbances: higher number of substances used 



Lohsoonthorn 
et al. 2013 [57] 

C 
(n = 2854) 

PSQI Alcohol 
(34.2%) 
 

Level of consumption in drinks per 
week: low (<1 drink), moderate (1-19 
drinks), high (≥ 20 drinks)  

Use vs non-use: higher odds of sleep disturbances  

   Caffeine 
(58%) 
 

Use defined as at least one stimulant 
drink per week  

Use vs non-use: higher odds of sleep disturbances  

   Nicotine 
(6.8%) 
 

Current use No association 

Mendoza et al. 
2021 [58] 

C 
(n = 289) 

ISI Coffee 
(81.3%) 
 

Current use No association 

   Energy drinks 
(39.4%) 
 

Number of drinks/month; number of 
days of use/month; number of drinks per 
sitting  
 

Higher frequency and greater quantity of use: higher prevalence of 
sleep disturbances 

Orsal et al. 
2012 [62] 

C 
(n = 803) 

PSQI Alcohol 
(30.5%) 
 

Current use Use vs non-use: higher odds of sleep disturbances 

   Nicotine 
(35%) 
 

Current use No association 

Pham et al. 
2021 [63] 

C 
(n = 369) 

PSQI Alcohol 
(36%) 
 

Use after 4 pm Use vs non-use: higher PSQI scores 

   Coffee 
(15.4%) 
 

Use after 4 pm Use vs non-use: higher PSQI scores 

   Energy drinks 
(10.3%) 
 

Use after 4 pm No association 

   Nicotine 
(4.3%) 
 

Current use No association 

Riera-Sampol 
et al. 2022* 
[64] 

C 
(n = 886) 

MOS-SS Alcohol 
(78.5%) 

Frequency of use Use vs non-use: higher MOS-SS scores 

   Caffeine 
(93.2%) 

Mg/day caffeinated drinks; use of 
coffee, use of energy drinks 

Use vs non-use: higher MOS-SS scores 



   Cannabis 
(4.5%) 
 

Current use No association 

   Nicotine 
(18.5%) 
 

Current use No association 

Średniawa et 
al. 2019 [67] 

C 
(n = 264) 

AIS Nicotine 
(17%) 
 
 

Current use Use vs non-use: higher prevalence of sleep disturbances 

Štefan et al. 
2018 [68] 

C 
(n = 2100) 

PSQI Alcohol 
(27.1%) 
 

At least one heavy episodic drinking No association 

   Nicotine 
(24.1%) 
 

Current use 
 

Use vs non-use: higher odds of sleep disturbances 

Trapp et al. 
2021 [70] 

G 
(n= 934) 

PSSQ-I Energy drinks 
(35.3%) 
 

Use at least once/week  
 

Use vs non-use: higher odds of sleep disturbances; higher PSSQ-I 
scores (in F) 

Vik et al. 
2020* [71] 

C 
(n = 144) 

PSQI Alcohol 
(49.3%) 

Use at least once/past 3 months 
 

No association 

Vollmer-Conna 
et al. 2020* 
[73] 

C 
(n = 148) 

PSQI Coffee  
(nr) 

Cups/day 
 
 

Sleep disturbances: lower consumption  

Young et al. 
2020 [74] 

G 
(n = 462) 

PSQI Energy drinks 
(12.1%) 

Number of drinks/day  Use vs non-use: higher prevalence of sleep disturbances; higher 
PSQI scores 
 

Cross-sectional studies on selected samples (n=3) 

Dugas et al. 
2017 [77] 

Nicotine use in 
past year (G) 
(n = 405) 

PSQI Nicotine Frequency/past year, number of 
cigarettes smoked/past month 
 
 

Higher number of cigarettes smoked in past month: higher odds of 
reporting a sleep disturbance 



Miller et al. 
2022 [78] 

Heavy drinking 
in the past 30 
days (C) 
(n = 461) 

ISI Alcohol Drinking days/week, drinks/drinking 
day, days of binge drinking/week, days 
12+ drinks/sitting, maximum drinking 
quantity  

Sleep disturbances: higher frequency of 12+ drinks/sitting 

   Other 
substances 

Any use in past month Sleep disturbance: higher prevalence of consumption  

Miller, Van 
Reen et al. 
2017 [79] 

Violation of 
campus alcohol 
policy (C) 
(n = 385) 

PSQI Alcohol Number of heavy drinking days (diary) No association 

Case-control studies (n=3) 

Cohen et al. 
2019 [80] 

Current 
smokers vs. 
non-smokers 
(C) 
(n = 38 cases; n 
= 39 controls) 
 

PSQI Nicotine Case definition: at least 10 cigarettes a 
day for at least 2 years in the smokers’ 
group 

No significant difference between smokers and non-smokers 

Cohen et al. 
2020 [81] 

Current 
smokers vs. 
non-smokers 
(C) 
(n = 40 cases; n 
= 46 controls) 
 

PSQI Nicotine Case definition: at least 10 cigarettes a 
day for at least 2 years in the smokers’ 
group 

No significant difference between smokers and non-smokers 



Conroy et al. 
2016 [82] 

Habitual and 
occasional 
cannabis users 
vs. non-users 
(G) 
(n = 78 cases; n 
= 20 controls) 

PSQI, ISI Cannabis Case definition: use in past month (daily 
and non-daily) 

Higher prevalence of sleep disturbances in daily consumers 
compared to non-daily consumers and to non-consumers (both PSQI 
and ISI) 

 
Notes: 
Abbreviations: C: College students only; G: College and non-college students recruited (percentage in parenthesis represents number of college students in the sample, when 
reported;); nr: Not reported; F: Females.  
Questionnaires: AIS: Athens Insomnia Scale; ESS: Epworth Sleepiness Scale; ISI: Insomnia Severity Index; MOS-SS: Medical Outcome Study-Sleep Scale; PSQI: Pittsburgh 
Sleep Quality Index; PSSQ-I: Pittsburgh Sleep Symptoms Questionnaire– Insomnia; STQ: Sleep Timing Questionnaire. 
*Unpublished data from personal communication with authors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Characteristics and main findings of studies on each sleep health dimension, divided by study design and sample. 
 

Sleep health dimensions 

Sleep duration (n=11) 



Cross-sectional studies on unselected samples (n=9) 
Study Type of  

sample (n)   
Sleep  
assessment 

Substance 
(Use%) 

Substance assessment Main findings on sleep duration 

Al Otaibi & 
Kamel 2017 
[45] 

C (n = 414) Single item Energy 
drinks 
(39.9%) 

Use defined as at least one drink/week  Use vs non-use: higher odds of short sleep duration; 
shorter average sleep duration  

Arbinaga et 
al. 2019 [47] 

C (n = 444) PSQI Nicotine 
(41.2%) 

Current use Use vs non-use: not higher odds of short sleep duration; 
shorter average sleep duration 

Bogati et al. 
2020 [51] 

C (n = 350) PSQI Alcohol 
(38.3%) 

Level of consumption in units per 
month: low (0-4 units), moderate (4-
15 units), high (>16 units)  

Use vs non-use: higher odds of short sleep duration 

   
Caffeine 
(96%) 

Level of consumption in mg per day: 
low (<100 mg), moderate (100-250 
mg), high (>250 mg) 

Use vs non-use: higher odds of short sleep duration; 
higher level of use: higher odds of short sleep duration 

   
Nicotine 
(14.3%) 

Level of consumption in cigarettes per 
week: low (<10 cigarettes), moderate-
high (≥10 cigarettes)  

Use vs non-use: higher odds of short sleep duration 

Kianersi et al. 
2021 [54] 

G (n = 18766) Single item Alcohol 
(53.3%) 

Use in last 30 days Use vs non-use: higher prevalence of short sleep duration  

   
Nicotine 
(12.3%) 

Occasional and frequent use  Use vs non-use: higher prevalence of short sleep duration  

Lohsoonthorn 
et al. 2013 
[57] 

C (n = 284) PSQI Alcohol 
(23%) 

Level of consumption in drinks per 
week: low (<1 drink), moderate (1-19 
drinks), high (≥ 20 drinks) 

Moderate Use vs non-use: higher odds of long sleep 
duration  

   
Caffeine 
(58%) 

Use defined as at least one stimulant 
drink per week 
  

Use vs non-use: higher odds of short sleep duration 



   
Nicotine 
(6.9%) 

Current use 
  

Use vs non-use: higher odds of short sleep duration 

Naito et al. 
2021 [59] 

C (n = 1017) Single item Alcohol 
(19.5%)  

Current use 
  

Use vs non-use: higher prevalence of long sleep duration  

   
Nicotine 
(2.9%) 
  

Current use No association 

Ogilvie et al. 
2018 [61] 

G (n = 1773) Author-
constructed 
questionnaire  

Coffee  
(nr) 

Drinks per day No association 

   
Energy 
drinks 
(17.9%) 
  

Current use No association 

Vo et al. 2015 
[72] 

C (n = 1976) Single item Stimulant 
medications 
(4%)  

Current use No association 

Young et al. 
2020 [74] 

G (n = 462) PSQI Energy 
drinks 
(12.1%)  

Use at least once a day  No association 

Cross-sectional studies on selected samples (n=1) 
Caviness et 
al. 2019 [75] 

Cannabis or alcohol 
use in past month 
(60.4% C) (n = 498) 

PSQI Prescription 
stimulant 
medications 
used non-
medically 
(NPS), 
nicotine, 
caffeine, 
cocaine 

Days of use in last 90 days for NPS, 
cigarettes per day in last 30 days for 
nicotine 

Higher number of days of NPS use: higher odds of short 
sleep duration  
No other association 

Case-control studies (n=1) 
Rusnac et al. 
2018 [83] 

Sleep deprivation vs. 
sufficient sleep (C) 

author-
constructed 
questionnaire 

Alcohol Frequency of consumption, number of 
drinks per week 
  

Sleep loss sleep loss compared to sufficient sleep: higher 
quantity of alcohol consumed  



(n = 134 cases; n = 
299 controls)  

Sleep satisfaction (n=4) 

Cross-sectional studies on unselected samples (n=3) 

Study Population Sleep 
assessment 

Substance 
(Use%) Substance assessment Main findings on sleep satisfaction 

Arbinaga et 
al. 2019 [47] 

C 
(n = 444) 

PSQI Nicotine 
(41.2%) 

Current use Use vs non-use: lower sleep satisfaction  

Rosso et al. 
2020* [65] 

C 
(n = 4371) 

Single item Alcohol 
(81.7%) 

Current use No association 

   
Nicotine: 
cigarettes 
(24%) 

Current use (cigarettes) Use vs non-use: higher odds of lower sleep satisfaction 

   
Nicotine: 
tobacco 
(19.6%) 

Current use (tobacco) 
 
  

No association 

Young et al. 
2020 [74] 

G 
(n = 462) 

PSQI Energy 
drinks 
(12%) 

Use defined as at least one drink a day  Use vs non-use: lower sleep satisfaction 
  

Cross-sectional studies on selected samples (n=1) 



Caviness et 
al. 2019 [75] 

Cannabis or alcohol 
use in past month 
(60.4% C) 
(n = 498) 

PSQI Prescription 
stimulant 
medications 
used non-
medically 
(NPS), 
nicotine, 
caffeine, 
cocaine 

Days of use in past 90 days for NPS, 
cigarettes/day in past 30 days for 
nicotine 

Higher number of cigarettes/day: higher odds of low sleep 
satisfaction 
No other association 

Sleep efficiency (n=5) 

Cross-sectional studies on unselected samples (n=4) 

Study Population Sleep 
assessment 

Substance 
(Use%) Substance assessment Main findings on sleep efficiency 

Arbinaga et 
al. 2019 [47] 

C 
(n = 444) 

PSQI Nicotine 
(nd) 

Current use No association 

Bogati et al. 
2020 [51] 

C 
(n = 350) 

PSQI Alcohol 
(38.3%) 

Level of consumption in units per 
month: low (0-4 units), moderate (4-
15 units), high (>16 units)  

No association 

   
Coffee 
(96%) 

Level of consumption in mg per day: 
low (<100 mg), moderate (100-250 
mg), high (>250 mg)  

No association 

   
Nicotine 
(14.3%) 

Level of consumption in cigarettes per 
week: low (<10 cigarettes), moderate-
high (≥10 cigarettes)  

Use vs non-use: higher odds of low sleep efficiency 

Lohsoonthorn 
et al. 2013 
[57] 

C 
(n = 2854) 

PSQI Alcohol 
(23%) 

Level of consumption in drinks per 
week: low (<1 drink), moderate (1-19 
drinks), high (≥ 20 drinks)  

No association 



   
Caffeine 
(58%) 

Use defined as at least one stimulant 
drink per week 

Use vs non-use: higher odds of low sleep efficiency  

   
Nicotine 
(6.9%) 

Current use No association 

Young et al. 
2020 [74] 

G 
(n = 462) 

PSQI Energy 
drinks 
(12%) 

Use defined as at least one drink a day  No association 

Cross-sectional studies on selected samples (n=1) 
Caviness et 
al. 2019 [75] 

Cannabis or alcohol 
use in past month 
(60.4% C) 
(n = 498) 

PSQI Prescription 
stimulant 
medications 
used non-
medically 
(NPS), 
nicotine, 
caffeine, 
cocaine 

Days of use in past 90 days for NPS, 
cigarettes/day in past 30 days for 
nicotine 

Higher number of cigarettes/day: higher odds of low sleep 
efficiency  

 
No other association 

Sleep timing (n=4) 

Cross-sectional studies on unselected samples (n=3) 

Study Population Sleep 
assessment 

Substance 
(Use%) Substance assessment Main findings on sleep timing 

Hug et al. 
2019 [53] 

G 
(n = 146) 

MCTQ 
(midpoint of 
sleep) 

Alcohol 
(nr) 

Quantity in mL with diary Latest midpoint: higher frequency of consumption  

   
Coffee  
(nr) 

Quantity in cups with diary  No association 



Ogilvie et al. 
2018 [61] 

G 
(n = 1854) 

Author-
constructed 
questionnaire 
(bedtime) 

Caffeine 
(nr) 

Quantity in drinks per day Latest bedtime: higher frequency of consumption 
(adjusted means) 

Sato-Mito et 
al. 2011  [66] 

C 
(n = 3304) 

MCTQ 
(midpoint of 
sleep) 

Nicotine 
(1.3%) 

Current use Latest midpoint: higher prevalence of consumption 

Cross-sectional studies on selected samples (n=1) 
DeMartini & 
Fucito 2014 
[76] 

Excessive alcohol use 
defined by AUDIT-C 
scores (C) 
(n = 312) 

SWPS 
(bedtime) 

Alcohol Quantity in drinks in a typical week; 
frequency of heavy episodic drinking  

Those reporting sleepiness and late bedtime compared to 
sleepiness alone: higher level of alcohol consumption  

Daytime dysfunction (n=8) 

Cross-sectional studies on unselected samples (n=7) 

Study Population Sleep 
assessment 

Substance 
(Use%) Substance assessment Main findings on daytime dysfunction 

Arbinaga et 
al. 2019 [47] 

C 
(n = 444) 

PSQI Nicotine 
(41.2%) 

Current use No association 

G ESS Current use 



Barbosa et al. 
2020 [48] 

(n = 2514) Energy 
drinks 
(24%) 

Use vs non-use: higher risk of excessive daytime 
sleepiness  

Bogati et al. 
2020 [51] 

C 
(n = 350) 

PSQI Alcohol 
(38.3%) 

Level of consumption in units per 
month: low (0-4 units), moderate (4-
15 units), high (>16 units)  

Use vs non-use: higher odds of daytime dysfunction  

   
Coffee 
(96%) 

Level of consumption in mg per day: 
low (<100 mg), moderate (100-250 
mg), high (>250 mg) 

Use vs non-use: higher odds of daytime dysfunction 

   
Nicotine 
(14.3%) 

Level of consumption in cigarettes per 
week: low (<10 cigarettes), moderate-
high (≥10 cigarettes)  

No association 

Lohsoonthorn 
et al. 2013 
[57] 

C 
(n = 2854) 

PSQI Alcohol 
(23%) 

Level of consumption in drinks per 
week: low (<1 drink), moderate (1-19 
drinks), high (≥ 20 drinks) 

Use vs non-use: higher odds of daytime dysfunction 

   
Caffeine 
(58%) 

Use defined as at least one stimulant 
drink per week 

Use vs non-use: higher odds of daytime dysfunction 

   
Nicotine 
(6.9%) 

Current use Use vs non-use: higher odds of daytime dysfunction 
(adjusting for covariates) 

Tran et al. 
2014 [69] 

C 
(n = 2983) 

ESS Alcohol 
(35.2%) 

Level of consumption in drinks per 
week: low (<1 drink), moderate (1-19 
drinks), high (≥ 20 drinks) 

Use vs non-use: higher ESS scores 

 
  

Caffeine 
(57.4%) 

Use defined as at least one stimulant 
drink per week 

Use vs non-use: higher odds of excessive daytime 
sleepiness; no association with coffee 



 
  

Nicotine 
(7%) 

Current use No association 

Trapp et al. 
2021 [70] 

G 
(n = 937) 

ESS Energy 
drinks 
(35.4%) 

Use defined as at least once a week  Use vs non-use: higher odds of excessive daytime 
sleepiness; higher ESS scores (in F) 

Young et al. 
2020 [74] 

G 
(n = 462) 

PSQI Energy 
drinks 
(12%) 

Number of days of use No association 

Case-control studies (n=1) 
Conroy et al. 
2016 [82] 

Habitual and 
occasional cannabis 
users vs. non-users 
(G) 
(n = 78 cases; n = 20 
controls) 

PSQI, ISI Cannabis Use in past month: daily and non-daily No significant difference between consumers and non-
consumers 

 
Notes: 
Abbreviations: C: College students only; G: College and non-college students recruited; nr: Not reported; F: Females. 
Questionnaires: AIS: Athens Insomnia Scale; ESS: Epworth Sleepiness Scale; CASQ: Cleveland Adolescent Sleepiness Questionnaire; CSD: Consensus Sleep Diary; CSM: 
Composite Scale of Morningness; ISI: Insomnia Severity Index; MCTQ: Munich Chronotype Questionnaire; MEQ: Morningness-Eveningness Questionnaire; MOS-SS: Medical 
Outcome Study-Sleep Scale; PSQI: Pittsburgh Sleep Quality Index; PSSQ-I: Pittsburgh Sleep Symptoms Questionnaire– Insomnia; STQ: Sleep Timing Questionnaire; SWPS: 
Sleep/Wake Behavior Problems Scale. 
 
 
 
 
Table 4. Characteristics and main findings of studies regarding chronotype, divided by study design. 
 
 

Chronotype (n=5) 
Cross-sectional studies on unselected samples (n=4) 



Study Population Sleep 
assessment 

Substance (Use%) Substance assessment Main findings on chronotype 

Adan 1994 
[44] 

G 
(n = 573) 

rMEQ Alcohol (nr) Quantity in mL/day Eveningness: higher daily consumption 

   Coffee (nr) 
 

Quantity in mg/day  Eveningness: higher daily consumption 

   Nicotine (nr) 
 

Quantity in cigarettes/day Eveningness: higher daily consumption 

Bodur et al. 
2021 [50] 

C 
(n = 661) 

MEQ Caffeine (nr) Quantity in mg/day Eveningness: higher levels of consumption  

Nakade et al. 
2009 [60] 

C 
(n = 800) 

rMEQ Alcohol (21.5%) Current use Use vs non-use: lower MEQ scores* 

   Nicotine (8.3%) 
 

Current use Use vs non-use: lower MEQ scores* 

Tran et al. 
2014 [69] 

C 
(n = 2906) 

MEQ Alcohol (35.2%) Level of consumption in drinks per 
week: low (<1 drink), moderate (1-
19 drinks), high (≥ 20 drinks) 
 

Use vs non-use: lower MEQ scores* 

   Caffeine (57.4%) Use defined as at least one 
stimulant drink per week 
 

Use vs non-use: higher odds of being an evening 
chronotype  

      Nicotine (7%) Current use 
 

Use vs non-use: lower MEQ scores* 

Case-control studies (n=1) 

Conroy et al. 
2016 [82] 

Cannabis 
users vs. 
non-users 
(G) 
(n = 78 
cases; n = 
20 controls) 

MEQ Cannabis Use in past month: daily and non-
daily 

No significant difference between consumers and non-
consumers 

Notes: 
Abbreviations: C: College students only; G: College and non-college students recruited; nr: Not reported. 
Questionnaires: MEQ: Morningness-Eveningness Questionnaire; rMEQ: Morningness-Eveningness Questionnaire-reduced. 
*MEQ scores are reverse-coded: higher scores indicate a greater morning preference. 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5. Details and main findings of prospective studies on unselected (a) and selected (b) samples. 
 
 

Prospective studies 

(a) Unselected population (n=4) 
Study Population Follow-up Substance Substance 

assessment  
Sleep 
assessment  

Sleep variables  Main findings on sleep disturbance, sleep 
health, chronotype 

Hasler et 
al., 2022 
[84] 

G 
(n = 637) 

6 years Alcohol, 
cannabis 

Frequency, 
quantity, heavy 
episodic drinking  

CSM, CASQ, 
PSQI, STQ  

Sleep duration, sleep 
satisfaction, sleep timing, 
daytime dysfunction, 
chronotype 
 

Eveningness and late timing > more severe 
binge category the subsequent year; no 
association for cannabis use 



Liu et al. 
2022 [85] 

C 
(n = 1363) 

3: last semester 
of college, first 
full-time 
employment 
(M= 8.34 
months, SD: 
2.80), 12 
months after 
employment 

Alcohol Drinks in a 
typical week/past 
month  

Single item  Sleep satisfaction Staying in the high-risk drinking profile > more 
sleep problems compared to those reducing to 
moderate drinking profile 

Samek & 
Akua 2022* 
[86] 

C 
(n = 167) 

3: first year of 
college, 1 year 
later, 4 year 
later 

Alcohol, 
cannabis 

Frequency/past 
month  

Single item  Sleep duration No association 

Van Reen et 
al. 2016 
[87] 

C 
(n = 878) 

9 weeks Alcohol Daily use and 
heavy episodic 
drinking (diary) 

Sleep diary Sleep duration, sleep 
timing, sleep variability 

Use vs non-use: later bedtime and rise time; no 
association with sleep duration  

(a) Selected population (n=2) 

Goodhines, 
Gellis, 
Ansell, & 
Park 2019 
[88] 

Alcohol and/ 
or cannabis 
consumers 
(C) 
(n = 217) 

14 days Alcohol, 
cannabis 

Sleep aid use, 
frequency 

PSQI, sleep 
diary 

Sleep disturbance, sleep 
duration, sleep 
satisfaction, daytime 
dysfunction 

Sleep aid users (past month): lower sleep 
satisfaction  
 
Daily cannabis sleep aid use: longer sleep 
duration 
 
Daily alcohol sleep aid use: no association  
 
Days of greater cannabis frequency: no 
association 
 
Days of greater alcohol quantity: lower sleep 
satisfaction, shorter sleep duration 
 



Goodhines, 
Gellis, Kim 
et al. 2019 
[89] 

Alcohol and/ 
or cannabis 
consumers 
(C) 
(n = 171) 

68 days Alcohol, 
cannabis, 
OTC 

Sleep aid use, 
frequency 

ISI, MEQ, 
sleep diary 

Sleep disturbance, sleep 
duration, sleep 
satisfaction, daytime 
dysfunction, chronotype 

At baseline, sleep aid users: higher prevalence 
of sleep disturbances 
 
No longitudinal association 

Notes   
Abbreviations: C: College students only; G: College and non-college students recruited.  
Questionnaires: CASQ: Cleveland Adolescent Sleepiness Questionnaire; CSM: Composite Scale of Morningness; ISI: Insomnia Severity Index; MEQ: Morningness-Eveningness 
Questionnaire; PSQI: Pittsburgh Sleep Quality Index; STQ: Sleep Timing Questionnaire. 
*Unpublished data from personal communication with authors. 

 

 

 


