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Abstract
Background Sleep hygiene behaviours are a suggested set of behaviours people can engage in to improve sleep. However, 
there are numerous issues relating to the measurement of sleep hygiene, primarily, the lack of consensus as to which behav-
iours impact sleep and should therefore be included in scales.
Method Cross-sectional correlational methods were used to assess the association between sleep quality, a highly inclusive 
range of sleep hygiene behaviours, and individual perceptions of those behaviours in a non-clinical sample of 300 participants.
Results Of the 35 sleep hygiene behaviours assessed, 18 were independently associated with sleep quality. Post-hoc factor 
analysis revealed that behaviours clustered together across four factors. A ‘routine’ factor included behaviours such as going 
to bed and waking up at the same time each night, and were important predictors of sleep quality, as were behaviours belong-
ing to the ‘perseverative cognition’ and ‘negative emotionality’ factor. Other behaviours related to physiological processes 
like exposure to sunlight during the day and going to bed hungry were also significantly associated with sleep. Negative 
perceptions moderated the relationship between daytime exposure to sunlight and sleep.
Conclusions Although certain behaviours were significantly related to sleep, almost half were not, supporting the need to 
examine the association between sleep and behaviours used for sleep hygiene recommendations more critically. Reframing 
sleep hygiene recommendations into a condensed set of shared underlying mechanisms may be of benefit for the develop-
ment of sleep hygiene scales and interventions in non-clinical populations.
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Introduction

Insufficient sleep is estimated to effect between 20 and 
35% of adults at any given time [1, 2]. Aside from the 
associated short-term repercussions on daytime func-
tioning like fatigue and decreased cognitive performance 
[3, 4], consistent sleep deficiency is also related to other 
adverse health outcomes such as psychological disorders, 
cardiovascular disease, and obesity [5, 6]. In addition to 
the considerable adverse consequences for the individual, 
these negative outcomes combine to place a large burden 
on the economy. For example, estimates of the impact of 

insufficient sleep on the economies of developed countries 
range from 1.35% to nearly 3% of annual Gross Domestic 
Product. In the United States, this equates to $411 billion 
per year, and includes the costs of increased mortality 
risk, but also indirect costs such as workplace and motor 
vehicle accidents due to sleep deficiency, and the loss of 
productivity in the workplace [1, 7]. Importantly, the sleep 
problems that contribute to these estimates are experienced 
by a roughly even combination of non-clinical populations 
and populations with specific sleep disorders [1], which 
highlights the need to also examine the mechanisms that 
drive poor sleep in non-clinical populations.

Given the importance of sleep for health and everyday 
functioning, considerable research effort has been devoted 
to identifying these mechanisms. One example has been a 
focus on sleep hygiene behaviours, which are modifiable 
behaviours that can be beneficial or detrimental to sleep [8]. 
The promotion of sleep hygiene behaviours is typically tar-
geted at the general population with the goal of improving 
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sleep quality. However, scales that measure sleep hygiene are 
specifically based off criteria set forth in the International 
Classification of Sleep Disorders [9, 10] and much of our 
understanding of these behaviours is derived from studies 
involving clinical samples [10, 11]. While these populations 
offer valuable insights into extreme cases of sleep disorders 
and specific sleep hygiene behaviours contributing to these 
pathologies, their applicability to the general population may 
be limited. This is due to the broader variability in sleep hab-
its found in the general population compared to those with 
clinical disorders [12]. Therefore, examination of the asso-
ciations between sleep hygiene behaviours and indicators of 
sleep quality in the general population is critical to inform 
the development of more effective public health strategies 
and interventions for promoting sleep hygiene practices. 
However, there are several further issues with the concep-
tualisation of sleep hygiene behaviour and its measurement 
which can impede the advancement of research in this field.

One major issue surrounding sleep hygiene measure-
ment is that surprisingly little consensus exists on which 
behaviours are the most important for maintaining healthy 
sleep patterns. Sleep hygiene scales differ substantially on 
the particular behaviours assessed underscoring inconsist-
ency regarding which behaviours are integral to better sleep 
outcomes [13]. For example, the most common scales, the 
Sleep Hygiene Index [14] and the Sleep Hygiene Awareness 
and Practices Scale [15] assess 13 and 19 separate sleep 
hygiene behaviours respectively, while other scales like the 
Sleep Hygiene Practices Scale [16] assess 30. While some 

overlap exists in behaviours between scales, many are unique 
to each scale. In addition, many behaviours, such as screen 
use, have emerged more recently and are not included in 
many of them (see Fig. 1 for a depiction of the commonali-
ties and differences between scales).

A separate measurement issue pertains to the representa-
tion of seemingly similar behaviours across multiple items 
within scales. For example, the Sleep Hygiene Index [14], 
lists doing important work before bed (e.g., paying bills, 
studying) separately from engaging in arousing activities 
before bed (e.g., playing video games, cleaning the house). 
The distinction between these two items is not particu-
larly clear, especially to participants who may be complet-
ing these questionnaires, since it can be argued that doing 
important work before bed could include arousing activities. 
This confusion is compounded by the lack of clarity sur-
rounding ‘arousal’, since arousing activities could be cog-
nitive and/or physiological. To elaborate, it is possible that 
these items are affecting sleep by the same mechanism (i.e., 
doing important work implies an elevated level of cogni-
tive arousal which may also be assessed by the other item). 
Nevertheless, they are treated as independent.

The lack of consensus as to which behaviours are linked 
to better/worse sleep is further confounded by the inclusion 
of behaviours that are not clearly associated with sleep dis-
turbance in non-clinical populations. For example, one of 
the most longstanding and commonly used sleep hygiene 
measures [14, 16] asks about the use of bed for activities 
other than sleep and sex. The use of the bed for non-sleep 

Fig. 1  Sleep hygiene behaviour overlap across scales
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related behaviours (e.g., eating, reading, watching television) 
is suggested to decrease the association of the bed with sleep 
and consequently decrease the ease with which individuals 
are able to fall asleep [17]. While intuitively appealing, this 
association has not been demonstrated for many common 
non-sleep related behaviours performed in bed such as read-
ing, watching TV, lounging, and talking on the phone [18]. 
It is critically important to establish which sleep hygiene 
behaviours are of intrinsic value from a public health per-
spective. Therefore, a more holistic understanding of these 
inconsistent associations is warranted.

One possible factor contributing to these inconsisten-
cies is the role of individual perceptions/beliefs about sleep 
hygiene. Research has demonstrated that both knowledge 
and beliefs about sleep hygiene behaviours, as assessed 
using sleep hygiene knowledge or belief questionnaires, vary 
substantially between populations, evidenced by different 
total scores and large standard deviations (e.g., [19, 20]), 
underscoring different beliefs about which behaviours are 
important for an individual’s sleep. Research has demon-
strated that rigid and/or negative or unhelpful beliefs about 
sleep (e.g. “I must get 8 h of sleep to feel refreshed and 
function well the next day”) are more prevalent for those 
with insomnia than those without [21]. This may be due 
to such negative beliefs exacerbating worry about sleep-
related requirements, which can include an exaggerated 
focus on potentially faulty sleep-promoting practices, lead-
ing to heightened emotional arousal and the consequent 
impairment of sleep [22]. Therefore, unhelpful, or negative 
perceptions about sleep hygiene behaviours may similarly 
influence sleep (e.g., "I believe that going to bed at differ-
ent times each night impairs my sleep"), however no study 
to date has examined this association. Given the suggested 
mechanism via which negative beliefs influence sleep, 
more negative perceptions of sleep hygiene behaviours may 
worsen the relationship between frequency of performance 
and sleep quality (i.e., by heightening arousal levels due to 
an exaggerated focus on performance).

Thus, the aim of this research was twofold. Firstly, we 
aimed to assess and compare the association of a highly 
inclusive range of sleep hygiene behaviours with sleep out-
comes as an initial attempt to address some of the issues 
raised and establish which of the currently used sleep 
hygiene behaviours are related to sleep in a non-clinical 
population. Secondly, we aimed to investigate whether 
perceptions of sleep hygiene were related to sleep after 
accounting for performance of sleep hygiene behaviours 
and could therefore be considered responsible for some of 
the inconsistencies previously discussed. To address these 
aims, a cross-sectional design was used, where participants 
were asked about their behaviours over the previous week 
and were given a self-report measure of sleep quality. They 
were also asked about their perceptions of the impact of each 

sleep hygiene behaviour on their sleep. Given the numerous 
sleep hygiene behaviours examined and the contradictory 
nature of the existing research for some, no hypotheses are 
offered for the association of each sleep hygiene behaviour 
on sleep. However, we hypothesised that perceptions of 
sleep hygiene behaviours would be related to sleep, after 
controlling for behavioural performance. Finally, we hypoth-
esised that for any association of behaviour with sleep, the 
relationship would be exaggerated for those with more nega-
tive perceptions when compared to those with more favour-
able perceptions.

Method

Participants

Participants were recruited using the online paid partici-
pant pool Prolific, as well as by advertising through social 
media from November 2020 to January of 2021. A second 
wave of participants were recruited in January 2023. In 
both waves, participants were sampled by quota to ensure 
an approximately even number of good and poor sleepers. 
A total of 343 participants were recruited, however 22 par-
ticipants did not complete at least 50% of the questionnaire, 
20 participants were not invited to complete the main ques-
tionnaire due to quota restrictions, and 1 participant was 
excluded due to failing both attention check items. This left 
an approximately even number of participants from each 
wave (Wave 1 = 160, Wave 2 = 140) to equal 300 partici-
pants in the final sample.

Participants in Australia were offered the chance to enter 
a prize draw for one of five $50 retail vouchers, while partic-
ipants in the UK were paid £2.23 (approximately minimum 
wage) for their participation. The 20 participants who were 
excluded due to quota restrictions were reimbursed £0.23 for 
completing the pre-screen.

Measures

Sleep Quality

Sleep Quality was measured using the Pittsburgh Sleep 
Quality Index (PSQI). The PSQI is a validated scale that 
contains seven components assessing different aspects of 
sleep over the previous month such as subjective sleep qual-
ity, sleep duration, and sleep efficiency. The scores from the 
components are summed to create an overall score ranging 
from 0 to 21. Higher scores indicate poorer sleep quality. For 
the purpose of quota sampling, those that scored > 5 were 
considered poor sleepers, and those that scored ≤ 5 were 
considered good sleepers, consistent with previously used 
cut-offs [23]. Items were adapted to ask about sleep over the 



 International Journal of Behavioral Medicine

1 3

previous week, to align with items from the sleep hygiene 
component of the survey.

Sleep Hygiene Behaviours

Sleep Hygiene was measured by pooling items across three 
different sleep hygiene scales: The Sleep Hygiene Index [14], 
the Sleep Hygiene Practices Scale [16], and the practices com-
ponent from the Sleep Hygiene Awareness and Practices Scale 
[15]. Items unique to each scale were retained in their exist-
ing form, but similar items were adapted to best capture the 
fundamental meaning of both. For example, “Do you worry 
as you prepare for bed about your inability to sleep at night?” 
from the Sleep Hygiene Awareness and Practices Scale, and 
“Do you worry about not being able to fall asleep in bed” 
from the Sleep Hygiene Practices Scale, were converted to 
“Have you worried about falling asleep while in bed?”. For 
discrepancies between scales that involved time-based dif-
ferences (e.g., exercising within 1h of bed, exercising within 
2h of bed), the item was combined and then adapted to allow 
the participant to specify the time before bed that the sleep 
hygiene behaviour was performed. Several more items were 
also added from recent research highlighting potential influ-
ences on sleep for behaviours not listed in any of the three 
sleep hygiene scales (e.g., exposure to blue light before bed, 
having sleep interrupted by pets).

The resultant measure contained 35 items, each of which 
followed the same stem question: “Have you…”. Partici-
pants responded on a 4-point Likert scale by rating the fre-
quency that they had engaged in the item over the previous 
week. Responses ranged from “Not during the past week” 
to “5 or more times in the past week”.

Sleep Hygiene Perceptions

To capture participants’ perceptions of how each item 
affected their sleep, perceptions of the impact of each of the 
35 behaviours were also assessed. An anchor statement was 
provided ("Please select the option that best describes how 
much you believe each of the following behaviours affect 
your sleep") and participants responded on a 7-point Lik-
ert scale by rating the degree to which they believed that 
each item impaired or improved their sleep, with specific 
instructions to consider how it would affect them personally 
(not how it might affect everyone else generally). Responses 
ranged from “Strongly impairs my sleep” to “Strongly 
improves my sleep”, with “Doesn’t affect my sleep” as the 
middle option.

Sociodemographic and Control Variables

Participants were asked to report their age, gender, ethnic-
ity, and highest level of education. Education levels were 

aggregated across UK and Australian participants so that 
the variable could be analysed similarly across both samples. 
Two control questions were also asked; “Do you have any 
children aged 2 years or younger living in your household?”, 
and “Have you ever been diagnosed with a sleep disorder?”. 
These questions were included to control for the effect of 
known covariates [6, 24] of sleep quality that were not the 
primary focus of the study.

Statistical Analysis

Data were screened for errors and missing values. Expec-
tation maximization was used to impute missing data for 
continuous variables. Demographic and control variables 
were assessed for their relationship to the outcome vari-
able. Independent samples t-tests revealed a significant 
difference in PSQI scores between those who reported a 
previous diagnosis of sleep disorder and those who did not 
(p = .018), as well as the country participants were recruited 
from (p = .039), so both were included as control variables. 
No other demographic or control variables were found to 
be related to sleep. All analyses were conducted using IBM 
SPSS Statistics for Windows, Version 28.

Sleep Hygiene Behaviours

To examine the ability of each behaviour under considera-
tion to independently account for variance in sleep quality, 
bivariate correlations were initially used to assess the rela-
tionship with the outcome variable (Supplementary 1). The 
18 variables that significantly correlated were included for 
analyses using multiple regression so that comparisons of 
the associations between variables and sleep could be made 
using standardised regression coefficients. Multicollinear-
ity as assessed using the Variance Inflation Factor (VIF) 
was deemed not to be problematic as values were all below 
two [25]. Other assumptions for multiple regression analyses 
were assessed and only minor violations occurred1.

Sleep Hygiene Perceptions

To assess our hypotheses relating to sleep hygiene percep-
tions hierarchical multiple regression analyses were con-
ducted to predict PSQI scores. Country of origin and previ-
ous diagnosis of sleep disorder were added in the first block, 
sleep hygiene behaviours were added in the second block, 
sleep hygiene perceptions were added in the third block, and 
the interaction term in the final block. Continuous predictors 

1 For more information about data screening and how the assumption 
violations were handled please see supporting information (Supple-
mentary 2).
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were standardised in line with recommendations for assess-
ing interaction terms using regression [26]. These analyses 
were conducted individually for each of the 18 behaviours 
that were correlated with sleep and were assessed against 
Bonferroni corrected significance levels (p < .003) instead of 
a single regression including all behaviours at once. This was 
so the interaction effects could be isolated and interpreted 
properly. To interpret significant interactions, simple slopes 
analyses were conducted using practically relevant thresh-
olds for perception groups. Specifically, scores that indicated 
negative perceptions ("Strongly/Moderately/Slightly impairs 
my sleep") were compared to scores that represented neu-
tral or positive perceptions ("Does not affect my sleep" or 
"Strongly/Moderately/Slightly improves my sleep") and the 
relationship between sleep hygiene performance and sleep 
was assessed at each level.

Post‑hoc Analyses

Given the bivariate associations between some of the sleep 
hygiene behaviours, and the potential overlap in content 
(e.g., waking up at different times, going to bed at dif-
ferent times), a factor analysis was conducted post-hoc 
to explore the potential factor structure of the significant 
sleep hygiene behaviours.

Results

Categorical demographic and control variables are sum-
marised in Table 1. Previous diagnosis of sleep disorder 
and country of origin were related to sleep, whereby those 
with a previous diagnosis reported PSQI scores that were 
2.24 points higher on average than those without a previ-
ous diagnosis, 95% CI [0.39, 4.09], t(294) = 2.38, p = .018, 
and UK participants reported PSQI scores that were 0.86 
points higher on average than Australian participants, 95% 
CI [0.05, 1.67], t(298) = 2.08, p = .039.The mean age of the 
total sample was 34.7 (SD = 11.7) and was not significantly 
related to PSQI scores (p = .600) nor were the remaining 
demographic or control variables.

Associations of Sleep Hygiene Behaviours with Sleep

Hierarchical multiple regression analyses revealed that pre-
vious diagnosis of sleep disorder and country of origin sig-
nificantly predicted 3.4% of variance (adjusted  R2 = 0.03) 
in PSQI scores, F(2, 293) = 5.11, p = .007. When sleep 
hygiene behaviours were added to the model, an additional 
48.5% of variance was explained, ΔF(18, 275) = 15.39, 
p < .001. The overall model accounted for a significant 
51.9% of variance (adjusted  R2 = 0.48) in PSQI scores, 
F(20, 275) = 14.81, p < .001, a large effect (f2 = 1.08). The 

standardized regression weights for each predictor at each 
step of the regression are displayed in Table 2. Sleep hygiene 
behaviours are listed in Step 2 in order of the magnitude of 
their standardized regression weights.

Sleep Hygiene Behaviour Factor Analysis

Principal Components Analysis was conducted with Promax 
rotation applied, as factors were assumed to correlate, which 
was confirmed after extraction. The determinant value (.036) 
was much greater than the cut-off point of .00001 indicating 
that multicollinearity was not a problem. Both measures of 
sampling adequacy indicated the data was suitable for fac-
tor analysis; Kaiser–Meyer–Olkin = .81, and individual item 
Measures of Sampling Adequacy were all greater than .5 
ranging between .62 and .86. Bartlett’s test of sphericity was 
significant, χ2 (153) = 967.23, p < 0.001, further supporting 
the suitability of the data for factor analysis. Six factors with 
eigenvalues greater than one were initially extracted although 
factors five and six had eigenvalues which were only margin-
ally greater than one (1.08 and 1.01 respectively). The scree 
plot suggested that two or four factors may be more suitable 
and although parallel analysis confirmed that two factors 
fit the data best, we also considered the four-factor solution 
because of several thematically unique items (e.g., napping 
during the day, exposure to sunlight) which did not load well 
onto either of the factors in the two-factor model. The four-
factor solution was ultimately retained as the total variance 
accounted for in the data was larger (44.51% compared to 
31.12%) and item loadings were stronger across items. Final 
factor loadings are presented in Table 3.

Sleep Hygiene Perceptions and Interactions with Sleep

Of the 18 sleep hygiene perceptions that were included in 
separate multiple regression analyses, four accounted for 
significant variance in PSQI scores at the Bonferroni cor-
rected level (p < .003) after controlling for the frequency 
in which the sleep hygiene behaviour was performed (see 
Table  4). Perceptions for having different amounts of 
time spent asleep each night (B = -0.69, 95% CI = [-1.01, 
-0.37], p < .001), different waketimes (B = -0.59, 95% 
CI = [-0.94, -0.24], p < .001), checking the time during the 
night (B = -0.57, 95% CI = [-0.90, -0.24], p < .001), and 
screen use (B = -0.63, 95% CI = [-0.98, -0.29], p < .001) 
were negatively related to PSQI scores such that the more 
negative participants’ perceptions of the impact of behav-
iour were, the higher their PSQI scores.

Not getting exposure to sunlight or outdoor light during the 
day demonstrated a significant interaction (p = .003) between 
sleep hygiene perception, sleep hygiene behaviour performance 
and sleep, such that the association of getting no sunlight dur-
ing the day with sleep was only significant for participants 
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with negative perceptions (B = 1.40, 95% CI = [0.92, 1.87], 
p < .001), i.e., those that believed it impaired their sleep 
(Fig. 2). Another interaction was observed for checking the 
time during the night, whereby the association of checking 
the time with sleep was more pronounced for participants with 
negative perceptions. After Bonferroni corrections the overall 
interaction was not significant (p = .005), however the interac-
tion is still presented in Fig. 3 to demonstrate the direction.

Discussion

The results from this study show the degree of association 
between a broad range of sleep hygiene behaviours and sleep 
quality. Of the 35 behaviours which were included, only 18 

were significantly associated with sleep quality. The predic-
tors which had the biggest association with sleep (ranked in 
order based on the magnitude of their standardized regres-
sion coefficients) were; worrying about falling asleep while 
in bed, spending different amounts of time each night sleep-
ing, using sleep medications, worrying about sleep during 
the day, feeling stressed out or being in other negative states 
before bed, checking the time in the middle of the night, 
going to bed hungry, getting no exposure to sunlight or 
outdoor light during the day, going to bed thirsty, going to 
bed at different times, using the bed for activities other than 
sleep, going to bed on an uncomfortable bed or pillow/s, 
waking up at different times, not having enough time to relax 
before bed, napping during the day, having an unpleasant 

Table 1  Summary of 
demographic characteristics 
overall and by sleep category

Overall Sleep Quality

Gender % (n) Poor % (n) Good % (n)

Women 55.9% (165) 58.7% (91) 52.9% (74)
Men 42.7% (126) 38.7% (61) 46.4% (65)
Non-binary 1.0% (3) 1.3 (2) 0.7% (1)
Demiguy 0.3% (1) 0.6% (1) 0% (0)
Total 100% (295) 52.5% (155) 47.5% (140)
Highest Education

Australian High School/Secondary Education 13.2% (39) 14.2% (22) 12.1% (17)
Cert I-IV/UK High School Diploma/A-levels 17.9% (53) 17.4% (27) 18.6% (26)
Diploma/Advanced Diploma/ Technical/Community College 7.4% (22) 8.4% (13) 6.4% (9)
Bachelor’s Degree/Undergraduate Degree (BA/BSc/Other) 39.9% (118) 39.4% (61) 40.7% (57)
Graduate Diploma/Graduate Certificate/ Graduate Degree 

(MA/MSc/MPhil/Other)
15.5% (46) 16.8% (26) 14.3% (20)

Postgraduate Degree/Doctorate Degree (PhD/Other) 6.1% (18) 4.5% (7) 7.9% (11)
Total 100% (296) 52.7% (156) 47.3% (140)
Ethnicity

White/Caucasian 83.8% (248) 85.9% (134) 81.4% (114)
Asian/Asian British 9.1% (27) 9.0% (14) 9.3% (13)
Mixed/Multiple Ethnic Groups 3.4% (10) 1.9% (3) 5.0% (7)
Black/African/Caribbean/Black British 3.0% (9) 2.6% (4) 3.6% (5)
Other 0.7% (2) 0.6% (1) 0.7% (1)
Total 100% (296) 51.6% (156) 48.4% (140)
Children 2 Years or Younger in Household

Yes 7.4% (22) 7.7% (12) 7.2% (10)
No 92.5% (273) 92.3% (144) 92.8% (129)
Total 100% (295) 52.9% (156) 47.1% (139)
Previous Diagnosis of Sleep Disorder

Yes 3.7% (11) 5.1% (8) 2.1% (3)
No 96.3% (285) 94.9% (148) 97.9% (137)
Total 100% (296) 52.7% (156) 47.3% (140)
Country

Australia 25.0% (75) 20.1% (32) 30.5% (43)
UK 75.0% (225) 79.9% (127) 69.5% (98)
Total 100% (300) 53.0% (159) 47.0% (141)
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conversation before bed, going to bed in an environment 
that is poorly ventilated, and pondering unresolved matters 
before bed. Conversely, falling asleep with the TV or music 
on, exercise (neither vigorous or moderate intensity), caf-
feine or other stimulating substance use, alcohol use, eating 
or drinking too much before bed, having sleep interrupted 
by a partner or pets, going to sleep in environments that 
were too noisy (or too quiet), too bright (or too dark), or too 
humid (or too dry), engaging in activities of high concentra-
tion before bed, exposure to blue light before bed, and using 
alcohol with the explicit intention of helping to fall asleep, 
were not significantly related to sleep.

Of the significant behaviours, only the first six 
explained unique variance in sleep, which indicated that 
there was considerable shared variance between the other 
variables. One potential reason for this is the overlap in 
content between some of these behaviours. For example, 

it is entirely plausible that worrying about sleep during 
the day influences sleep through the same mechanism that 
worrying about sleep during the night does. Persevera-
tive cognition, which includes repetitive negative thoughts 
such as worry or rumination has been demonstrated to 
negatively impact sleep [27, 28] and by this definition, 
it serves as a plausible underlying mechanism by which 
the aforementioned sleep hygiene behaviours affect sleep. 
Likewise, frequent checking of the time in the middle of 
the night can increase worry about meeting sleep needs 
[29]. This is reinforced by the results of the factor analysis 
which showed that these worry-type behaviours (daytime 
worry, night-time worry, and checking the time in the mid-
dle of the night) loaded onto one factor. Use of sleep medi-
cation also loaded onto this factor, but ruminative patterns 
of thinking such as perseverative cognition are strongly 
associated with depression and anxiety [30, 31], which in 

Table 2  Unstandardised (B) 
and standardised (β) regression 
coefficients, and squared 
semi-partial correlations  (sr2) 
for variables predicting PSQI 
scores (N = 296)

Night-time Worry = Worry about falling asleep while in bed. Different TSTs = Different Total Sleep Times 
each night. Sleep Meds = Sleep medications. Daytime Worry = Worry about sleep during the day. Negative 
states = Going to bed feeling stressed out or in other negative states. Checking Time = Checking the time dur-
ing the night. Hungry = Going to bed while hungry. No sunlight = Having no exposure to sunlight or outdoor 
light during the day. Thirsty = Going to bed while thirsty. Different Bedtimes = Going to bed at different times. 
Different Waketimes = Waking up at different times. Other Activities = Doing activities other than sleep in bed 
(e.g., reading a book, using the computer, watching TV, etc.). Uncomfortable = Going to bed on an uncom-
fortable bed or pillow/s. No Relax Time = Not enough time to relax before bed. Napping = Napping during 
the day. Unpleasant Conversation = Having an unpleasant conversation. Poor Ventilation = Going to bed in a 
poorly ventilated environment. Pondering = Pondering unresolved matters before bed
CI confidence interval
* p < .05; **p < .01; ***p < .001

Step 1 Step 2

Predictor B [95% CI] β sr2 B [95% CI] β sr2

Previous Diagnosis of 
Sleep Disorder

2.29 [0.43, 4.15]* 0.14 .02 0.95 [-0.51, 2.40] 0.06 .00

Country of Origin 0.87 [0.06, 1.68]* 0.12 .01 0.26 [-0.40, 0.90] 0.04 .00
Night-time Worry 0.94 [0.57, 1.31]*** 0.26 .04
Different TSTs 0.70 [0.36, 1.04]*** 0.21 .03
Sleep Meds 1.00 [0.57, 1.42]*** 0.21 .04
Daytime Worry 0.64 [0.23, 1.05]** 0.17 .02
Negative States 0.61 [0.21, 1.01]** 0.17 .02
Checking Time 0.46 [0.17, 0.74]** 0.15 .02
Hungry 0.31 [-0.16, 0.79] 0.06 .00
No Sunlight 0.13 [-0.21, 0.48] 0.04 .00
Thirsty 0.12 [-0.35, 0.59] 0.03 .00
Different Bedtimes 0.06 [-0.32, 0.44] 0.02 .00
Other Activities 0.05 [-0.19, 0.28] 0.02 .00
Different Waketimes 0.04 [-0.32, 0.40] 0.01 .00
Uncomfortable 0.04 [-0.34, 0.42] 0.01 .00
No Relax Time 0.03 [-0.29, 0.35] 0.01 .00
Napping -0.07 [-0.45, 0.32] -0.02 .00
Unpleasant Conversation -0.34 [-0.91, 0.24] -0.05 .00
Poor Ventilation -0.27 [-0.75, 0.21] -0.05 .00
Pondering -0.24 [-0.59, 0.11] -0.07 .00
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turn are predictors of sleep medication [32]. Therefore, it 
was not surprising to see sleep medications load onto this 
factor, given the intercorrelation.

Similarly, some of the other variables like ponder-
ing unresolved matters before bed or feeling stressed out 
could conceivably operate under a shared mechanism too. 
Research has shown that negative emotionality is associated 
with greater pre-sleep arousal [33]. Therefore, it is possi-
ble that the sleep hygiene behaviours related to emotional 
arousal in the present study (e.g., having an unpleasant con-
versation before bed, feeling stressed out, not having enough 
time to relax) affect sleep through this common mechanism. 
This was reflected by the results of the factor analysis which 
showed that they loaded onto the same factor.

The results also indicated the importance of routine in 
sleep quality, as all three routine-based variables were asso-
ciated with sleep. Going to bed and waking up at different 
times, and therefore having a consistent length of time spent 
asleep each night, has been demonstrated to be important in 
maintaining good quality sleep. For example, research high-
lighting higher levels of sleep difficulties among shift work-
ers demonstrate the effects variable sleep schedules can have 

Table 3  Promax rotated factor structure of the sleep hygiene behav-
iours significantly related to sleep

Only highest loadings are shown for each factor
a “Routine”
b “Perseverative Cognition”
c “Physiological”
d “Negative Emotionality”

Loadings

Sleep Hygiene Behaviour Factor  1a Factor  2b Factor  3c Factor  4d

Different Waketimes .79
Different TSTs .72
Different Bedtimes .71
Other Activities .47
Night-time Worry .72
Daytime Worry .61
Checking Time .52
Sleep Meds .51
Uncomfortable .32
Hungry .69
Thirsty .57
Sunlight .48
Napping .40
Poor Ventilation .45
Negative States .61
No Relax Time .61
Unpleasant Conversation .56
Pondering .51
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on sleep compared to their non-variable counterparts [34, 
35]. Factor analysis also showed these variables grouping 
together; thus, the present findings reinforce the inclusion 
of these variables as important sleep hygiene behaviours. 
Additionally, using the bed for activities other than sleep 
loaded on this factor too, which aligns with findings that 
suggest adult bedtime activities occur consistently and with-
out much thought [36]. This might reflect the performance 
of other activities in bed like reading, checking emails, or 
using social media in bed as being habitually performed [37] 
and therefore belonging to a general routine factor alongside 
setting a consistent sleep schedule.

Other sleep hygiene behaviours which did not account 
for unique variance in sleep, but which were independently 
associated with sleep seemed to share variance in the out-
come variable and were also reflected in the factor analysis 
by loading onto a single factor which we categorised as a 
physiological factor. These five sleep hygiene behaviours 
included going to bed hungry or thirsty, napping during the 
day, not getting exposure to sunlight or outdoor light during 
the day, and going to bed in a poorly ventilated environ-
ment. Although each of these sleep hygiene behaviours are 
proposed to effect sleep in distinctly different ways [38–41], 
they share a commonality in that they are all involved in 
a physiological process. For example, poor ventilation can 

reduce oxygen supply [38], hunger and thirst are markers 
that signal a survival need [42], napping is often a response 
to a deficiency in sleep needs [41], and sunlight helps entrain 
the circadian rhythm by regulating melatonin production 
[39]. As such, the common variance in these items could 
represent a grouping of behaviours which contribute to sleep 
through biological or physiological means.

Use of sleep medication was positively associated with 
PSQI scores which indicate that more frequent use was 
related to poorer sleep. This initially seems counterintui-
tive, since sleep medications ought to improve sleep, not 
impair it. However, this association has been demonstrated 
in previous literature [43]. A potential explanation for this 
is that those that use sleep medication are often inherently 
poorer sleepers who turn to sleep medications, which may 
not always improve their subjective sleep quality. Further-
more, prolonged use can lead to altered sleep physiology, 
and built-up tolerance effects may render their ability to 
improve sleep minimal [44]. Therefore, the observed nega-
tive association may reflect poorer sleepers turning to sleep 
medications, rather than a causative effect of sleep medica-
tions decreasing sleep quality.

While there is much to be said about those behaviours 
that were significantly related to sleep, attention should also 
be given to those that were not. For some behaviours, the 

Fig. 2  Association Between No 
Sunlight Exposure and Sleep 
Moderated by Perceptions
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lack of association with sleep may be explainable by prop-
erties of the behaviour itself. That is, certain thresholds or 
conditions of performance of the behaviour may be more 
important to consider than whether there is an overall effect 
(e.g., the quantity of alcohol, or the timing of exercise before 
bed). To illustrate further, consider the impact of exposure 
to blue light on sleep as an example, a behaviour which was 
not significantly related to sleep in the present study.

Although research has demonstrated that blue light can 
interrupt sleep patterns by suppressing melatonin [45], blue 
blocking lenses have been shown to have limited efficacy 
in improving sleep quality [46]. Furthermore, other studies 
have compared blue light blocking filters on smartphones 
and tablets compared to unfiltered screens and found no dif-
ferences in sleep outcomes and melatonin suppression (e.g., 
[47]). However, these studies did not test these effects at 
exposure times greater than two hours, and since the item 
in the present study did not ask participants to quantify the 
source of blue light nor the amount of time exposed, it is 
possible that effects of blue light may only significantly 
impact sleep under certain parameters (i.e., long exposure 
times). This effect has been demonstrated by Heo et al. [48] 
who assessed exposure at 150 min to observe a significant 
effect on sleepiness, and may explain the success of blue-
light blocking lens during the evening at workplaces [49], 
where it is presumed that blue-light exposure at workplace 
is also greater than two hours. The subjective recall of the 
behaviour in the present study might also have contributed 
to the null finding if this effect is indeed true.

A critical lens applied to the remaining non-significant 
behaviours might elicit other plausible explanations for each 
behaviour, although the required level of detail to achieve 
this goes beyond the scope of the present research and might 
be best suited in a narrative review. Instead, we reiterate that 
many of the behaviours which were not related to sleep may 
be better explained by specific characteristics of the behav-
iour itself (e.g., time of performance in relation to sleep, 
intensity of the behaviour), and deserve appropriate attention 
to disentangle thresholds or conditions in which they impact 
sleep. Although not all of these specific characteristics of 
behaviour were explored in the present study, the results do 
suggest that one such characteristic (individual perceptions) 
may serve as an additional factor to consider when exploring 
the relationship between sleep hygiene behaviours and sleep.

Four perceptions (checking the time during the night, 
screen use before bed, waking up at different times each day, 
and spending different lengths of time asleep each night) 
were significantly associated with sleep over and above 
simply performing the respective behaviour. This indicates 
that in addition to performing a detrimental sleep hygiene 
behaviour, believing that this performance was impairing 
sleep was able to explain additional variance in some of the 
behaviours examined.

An obvious interpretation of these findings is that hav-
ing strong negative beliefs about the impact of a behaviour 
is simply reflective of an inherent underlying tendency to 
worry or ruminate which in turn is associated with poorer 
sleep [50]. While this might be the case for some associa-
tions observed, the interaction effects demonstrated in the 
present study suggest that the role of perceptions may go 
further than this. For two behaviours (not getting enough 
exposure to sunlight/outdoor light and checking the time 
during the night) the results show that the associations of 
performing the behaviour with sleep were moderated by 
negative perceptions about the personal impact of the behav-
iour. For checking the time, the relationship was exagger-
ated by negative perceptions, and for no sunlight exposure, 
the relationship was only present when perceptions were 
negative. These findings are novel and although they were 
not replicated for each behaviour examined in the present 
population, they do suggest that the role of perceptions about 
sleep hygiene behaviours on sleep ought to be examined fur-
ther (e.g., whether controlling negative perceptions of sleep 
hygiene behaviours leads to better sleep).

Implications

The present research findings have public health implica-
tions through several avenues. Exploratory factor analyses 
importantly revealed the clustering of several behaviours 
that were drawn across three commonly used sleep hygiene 
scales. Researchers are therefore able to consider choosing 
one or more domains that tailor to their specific needs. For 
instance, schedule-type behaviours may be of particular 
importance for research with shift workers, whereas behav-
iours that fall under perseverative cognition could be applied 
to research in populations that are more likely to reflect this 
psychopathology. Furthermore, the use of distinct domains 
may also provide insight for GPs and clinicians into specific 
problematic areas and allow for a more targeted approach 
when developing treatment plans. Rather than treating poor 
sleep hygiene as an overall deficit, attempts to target a spe-
cific domain with related problematic behaviours may yield 
more efficacious results while reducing the demand on 
resources for both patient and clinician.

Strengths, Limitations, and Future Directions

The present exploratory examination of accepted sleep 
hygiene behaviours provided more support for the inclusion 
of some behaviours. However, one limitation of the present 
research was the use of subjective measures to account for 
sleep outcomes. Differences between subjective and objec-
tive measures have been demonstrated previously [51] and a 
combination of both would be useful to strengthen the cer-
tainty from which conclusions can be made. Similarly, the 
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cross-sectional design limits the extent to which confound-
ing variables could be accounted for. Experimental studies 
which manipulate the exposure to different sleep hygiene 
variables will be important to determine the causal impact 
of individual behaviours on sleep. However, the use of a 
cross-sectional design allowed for the unobtrusive examina-
tion of the much more realistic possibility where multiple 
sleep hygiene behaviours are performed each night, allow-
ing for valuable inferences for many behaviours to be drawn 
simultaneously from a naturalistic setting. Future research 
could however look to adopt repeated measures designs that 
assess day-to-day fluctuations in sleep outcomes based on 
variations in the presence/absence of specific sleep hygiene 
behaviours, particularly for those behaviours which did not 
relate significantly to sleep. Adopting such methodologies 
which draw on the present findings, could progress knowl-
edge within the field to the point where a new sleep hygiene 
scale could be developed.

There are also some potential limitations associated with 
recruitment via paid online participant pools [52], the most 
commonly cited are the potential for limited attention and 
higher risk of biased responding (e.g., by demand char-
acteristics of the researcher). However, the present study 
included three measures to combat such concerns including 
use of attention checks, recruitment of only participants with 
high (> 95%) approval ratings, and recruitment of only par-
ticipants who had completed more than 100 studies. When 
implemented, such measures have been shown to produce 
high quality data in Prolific, and thus we considered the 
sample to be a relatively valid representation of a broad 
cross-section of the general population [53]. However, given 
the recruitment method, the findings may not be generalis-
able to other more specific samples of interest (e.g., shift 
workers or disordered populations).

In combination, the results provide several directions for 
future research. Firstly, additional evidence has been gar-
nered for several sleep hygiene behaviours, which ought to 
serve as a basis for which behaviours to include for future 
sleep hygiene scale development in general populations. 
Concurrently, the findings also highlight many sleep hygiene 
behaviours which were not associated with sleep problems 
in the general population, flagging areas which ought to be 
examined more critically (e.g., by further exploring the con-
ditions in which a behaviour is related to sleep) before being 
considered for inclusion in the refinement and validation of 
a sleep hygiene scale for non-clinical populations. Alterna-
tively, techniques for improving sleep in non-clinical popu-
lations may benefit from focusing on a smaller number of 
self-selected behaviours [54], or by targeting discrete sleep 
hygiene factors, rather than focusing on numerous individual 
behaviours within existing scales. This conclusion is sup-
ported by the limited effect of non-significant behaviours 

demonstrated here and in other research, the practical dif-
ficulty associated with having to control many behaviours 
each day to enhance sleep, and the results from the factor 
analysis which suggest that many behaviours share an under-
lying mechanism anyway.

Conclusion

Overall, the research further highlights the complexity of the 
relationship between sleep hygiene behaviours and sleep and 
draws attention to the need to assess sleep hygiene behav-
iours more critically. Routine-based factors such as going 
to bed and waking up at the same time and spending the 
same amount of time sleeping each night were important 
predictors of sleep. Behaviours that reflected perseverative 
cognitions (worrying about sleep during the day or at night 
and checking the time in the middle of the night) were also 
related to sleep, as were behaviours that elicit emotional 
arousal (being in a stressed or negative emotional state, hav-
ing an unpleasant conversation, and not having enough time 
to relax before bed). Other behaviours that should be consid-
ered as negatively associated with sleep include not getting 
exposure to sunlight during the day, going to bed hungry or 
thirsty, using the bed for activities other than sleep, going 
to bed in a poorly ventilated environment, and sleeping on 
an uncomfortable mattress and/or pillows. Non-significant 
findings for approximately half of the most frequently used 
sleep hygiene behaviours warrants a closer inspection as to 
the situational and individual/dispositional characteristics 
that may influence whether these behaviours impact sleep (if 
at all). However, future research in the area should also con-
sider narrowing the focus to shared common mechanisms, as 
well as incorporating perceptions of sleep hygiene to further 
establish the role they play in sleep.
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