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Abstract

Background: Health literacy and e-health literacy are important factors helping
people shape awareness of health behaviours in different aspects, including sleep
hygiene behaviours. Good sleep hygiene behaviours promote sleep quality and are
beneficial to overall mental wellbeing.

Objective: We aimed to examine if sleep hygiene behaviours may mediate the
association between health literacy/e-health literacy and mental wellbeing.
Methods: Adult Iranian subjects (n = 9775; mean [SD] age = 36.44 [11.97] years;
67.3% females) completed the Health Literacy Instrument for Adults, eHealth
Literacy Scale, three items on sleep hygiene behaviour that have been
used in prior research and the Short Warwick Edinburgh Mental Wellbeing
Scale. Data were then subjected to structural equation modelling (SEM)
including 500 bootstrapping resampling to examine whether sleep hygiene is
a mediator in the relationship between health literacy/e-health literacy and
mental wellbeing.

Findings: Both health literacy and e-health literacy were significantly associated
with mental wellbeing (r=.63 for health literacy and .39 for e-health literacy;
p <.001) and sleep hygiene behaviours (r=.58 for health literacy and .36 for e-
health literacy; p <.001). Sleep hygiene behaviours were significantly associated
with mental wellbeing (r=.42; p<.001). Moreover, SEM that incorporated
bootstrapping approaches indicated that sleep hygiene behaviours were signifi-
cant mediators in the association between health literacy/e-health literacy and

mental wellbeing.
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1 | INTRODUCTION

Health literacy is an important element playing a role in protecting
people from illness as it facilitates the adoption of healthy behaviours
thereby achieving effective prevention of disease conditions.'?
Specifically, when good health literacy is present, knowledge
regarding how to improve health and subsequently engage in healthy
behaviours while avoiding unhealthy behaviours is more likely to
occur.® Therefore, the World Health Organization has clearly
emphasized the importance of health literacy for human health, and
further delineated a definition for health literacy; that is, whether an
individual has the ability to obtain, interpret and use information to
promote and maintain good health.*

In addition to traditional health literacy (i.e., having health
literacy via traditional resources such as newspapers and TV), the
technological advances that have occurred more recently have
extended health literacy into an e-format, now denominated as e-
health literacy.> e-health literacy is defined as ‘the ability to
gather and appropriately process health information retrieved
online’, such as information from Google engine and Facebook
posts.® In this regard, people having good e-health literacy need
to have certain levels of skills in using the internet. Nevertheless,
having good e-health literacy is considered as having similar
effects to having good traditional health literacy, and therefore is
a major contributor to improving health-related behaviours and
promoting health. For example, e-health literacy has been
associated with people's knowledge and health behaviours (i.e.,
screening practice) in colorectal cancer and regular screening
practice behaviours.” Similarly, a longitudinal study found that
e-health literacy is protective for aging adults with heart failure in
the prevention of cardiac events via enhancement of several
mediators, including reduced insomnia, decreased psychological
distress and improved medication adherence & Moreover, ample
evidence has shown that health literacy is associated with a good
sleep because of the improved health behaviours.”'° In brief,
both e-health literacy and traditional health literacy are important
for engagement of health behaviours that lead to better health

outcomes, including sleep.

the design of the study.

Conclusions: We conclude that health literacy and e-health literacy are associated
with mental health wellbeing in the Iranian population. Additionally, the association
could be mediated via sleep hygiene behaviours.

Patient or Public Contribution: The study was co-designed with healthcare providers
from the vice-Chancellor's Office for Health Affairs of Qazvin University of Medical

Sciences as equal partners. Moreover, the women's health volunteers were involved in

e-health, health literacy, Iran, mental wellbeing, sleep behaviour

Health literacy and e-health literacy could help improve people
engaging in good sleep hygiene behaviours, and sleep hygiene
behaviour is one of the behaviours that is critically important for
mental wellbeing is sleep hygiene.!*"1* Specifically, adherence to
good sleep hygiene behaviours promotes better sleep,>~1” which in
turn is crucial and essential for health promotion in a variety of
multifaceted domains. Good sleep may facilitate optimal concentra-
tion and focus during the performance of daytime activities (e.g.,

1819 may promote human development both

20,21

working or studying),
biologically and neurologically, and has been ascribed as a major
factor enabling good mental health.?2272% Thus, when adherence to
satisfactory sleep hygiene behaviours, may enhance good sleep
which may consequently maintain or improve health, including
mental wellbeing.

Notwithstanding the aforementioned evidence and studies ex-
amining the associations between healthy literacy, sleep and mental
health,*>2° rarely have studies used inferential statistics to examine
the mediation roles of sleep hygiene in the association between
health literacy and mental wellbeing. An improved understanding of
the contribution of sleep hygiene to mental wellbeing can be helpful
for healthcare providers to design appropriate health-promoting
programs. If sleep hygiene behaviours are significant mediators of
mental wellbeing via improved health literacy, healthcare systems can
launch educational campaigns aimed at improving health literacy in
the general population. In parallel, healthcare providers may design
and implement different programs to improve sleep hygiene
behaviours via behavioural change techniques, occupational therapy
processes or health behaviour theories.?*"28 Accordingly, sleep
hygiene behaviours in the general population could be improved
and consequently elevate their mental wellbeing.

The present study aimed to examine the mediator roles of sleep
hygiene in the association between two types of health literacy (i.e.,
traditional healthy literacy [hereafter referred to ‘health literacy’] and
e-health literacy) and mental wellbeing. Moreover, we hypothesized
that (i) sleep hygiene behaviours are significant mediators in the
association between traditional health literacy and mental wellbeing
and (ii) sleep hygiene behaviours are significant mediators in the

association between e-health literacy and mental wellbeing.
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2 | METHODS

2.1 | Participants and data collection

This study is part of a broader study focused on health literacy and
mental wellbeing amongst Iranian citizens residing in the city of
Qazvin.??%° Data were collected using a stratified cluster sampling
technique from 70 strata defined by postal codes within the Qazvin
province. A team of 25 trained research associates employed a
random selection method to choose families from the existing list of
families associated with health centres within each stratum. Paper-
and-pencil questionnaires were used to gather all research-related
measures from adult subjects. All participants provided written
informed consent before starting the survey.?’ The Ethics Committee
of Qazvin University of Medical Sciences (protocol code: IR.QUMS.-
REC.1400.225) approved the study.

2.2 | Measures
2.2.1 | Health Literacy Instrument for Adults
(HELIA)

The HELIA is a 33-item questionnaire administered via self-report.
Amongst the 33 items, five domains are defined: reading (4 items),
access to information (6 items), understanding (7 items), appraisal (4
items) and decision-making/behavioural intention (12 items).®!
Sample items of HELIA included ‘Reading educational materials
about health (booklets, pamphlets, leaflets) is easy for me (reading)’, ‘I
can find health information about a specific disease when | need to
(access to information)’, ‘I can understand signage guidelines in
hospitals, clinics and health centers (understanding)’, ‘I can communi-
cate trusted health information to others (appraisal)’ and ‘| am health-
conscious in any situation (decision making/behavioural intention)’.
All items are rated on a 5-point Likert scale ranging from 1 (never) to
5 (always). The domain scores are then linearly converted into a
0-100 scale (i.e., score 1 converted into O; 2 into 25; 3 into 50; 4 into
75 and 5 into 100). A higher score in the HELIA indicates better
health literacy. Moreover, prior evidence shows that the HELIA is
psychometrically sound in its Persian language when administered to

Iranians.??

2.2.2 | eHealth Literacy Scale (eHEALS)

The eHEALS is an eight-item questionnaire administered via self-
report. Amongst the eight items, one domain of e-health literacy has
been validated.3>33 A sample item is ‘I know how to find helpful
health resources on the Internet’. All items are rated on a 5-point
Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). A
higher score in the eHEALS indicates better e-health literacy.
Moreover, the eHEALS is psychometrically robust in the Persian

language.83*

2.2.3 | Sleep hygiene behaviour measure

Three items were used to assess sleep hygiene behaviours: (i) How
many times did you make your bedroom a restful place over the past
week? (ii) How many times did you avoid going to bed feeling hungry
or thirsty? (iii) How many times did you avoid anxiety and stress-
provoking activities before going to bed? All items are rated on a 5-
point Likert scale ranging from 1 (never) to 5 (always). Then, the three
items were averaged to indicate sleep hygiene behaviours. A higher
score in the sleep hygiene behaviours measure indicates better sleep
hygiene. Moreover, these three sleep hygiene behavioural items in
the Persian language showed satisfactory properties in their internal
consistency and criterion-related validity with the Pittsburgh Sleep
Quality Index.®®

2.2.4 | Short Warwick Edinburgh Mental Wellbeing
Scale (SWEMWS)

The SWEMWS is a seven-item questionnaire administered via self-
report. Amongst the seven items, one domain of mental wellbeing

has been validated.®®

All items are rated on a 5-point Likert scale
ranging from 1 (never) to 5 (always). A higher score in the SWEMWS
indicates better mental wellbeing. The SWEMWS has been psycho-

metrically validated in the Persian language.®”

2.2.5 | Demographic measures
All participants provided information on their age, gender, educa-

tional status, residence and marital status.

2.3 | Data analysis

Demographics were initially presented using descriptive statistics
(i.e., mean with SD and frequency with percentage). Pearson
correlations and descriptive statistics were then used to examine
the associations and central tendencies of the studied variables (i.e.,
HELIA domains, eHEALS, sleep hygiene behaviours and mental
wellbeing). Finally, three models were constructed via structural
equation modelling (SEM) to examine the mediation effects of sleep
hygiene behaviours in the association between health/e-health
literacy and mental wellbeing.

In the first model, mediation effects of sleep hygiene behaviours
were tested in the association between health literacy (assessed via
HELIA with separated domains) and wellbeing (Figure 1A). In the
second model, mediation effects of sleep hygiene behaviours were
tested in the association between e-health literacy (assessed via
eHEALS) and wellbeing (Figure 1B). In the third model, the mediation
effects of sleep hygiene behaviours were tested in the associations of
health literacy and e-health literacy with wellbeing (Figure 1C).
Moreover, for the first and the second models, all the factors (i.e.,
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FIGURE 1 Conceptual model of the proposed models. (A) The mediation model of sleep hygiene behaviours being a mediator in the
associations between separated traditional health literacy domains and mental wellbeing. (B) The mediation model of sleep hygiene behaviours
being the mediator in the association between e-health literacy and mental wellbeing. (C) The mediation model of sleep hygiene behaviours
being the mediator in the association between integrated health literacy (i.e., including traditional health literacy and e-health literacy) and
mental wellbeing. Latent constructs are represented using circles; observed constructs using rectangles.

health literacy domains, e-health literacy, sleep hygiene beha-
viours and mental wellbeing) were treated as latent constructs to
achieve take care of the measurement issues in the models. However,
for the third model, two submodels were tested: the first submodel
treated all the factors as latent variables and the second submodel
treated all the factors as observed variables. The three models were
tested because they provide different information: the first model
provides information for specific domains of health literacy; the
second model provides information for e-health literacy and the third

model provides information about health literacy and e-health
literacy simultaneously and treating the health literacy as a whole.
For all the SEM models, age, gender, residence and educational
status were controlled. Moreover, the following fit indices were used
to examine if the first and the second models are supported:
comparative fit index (CFI) > 0.9, Tucker-Lewis index (TLI) > 0.9, root
mean square error of approximation (RMSEA) < 0.08 and standard-
ized root-mean-square residual (SRMR) < 0.08.%87%C The third model

was a saturated model and did not have fit indices. Nevertheless, if
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the first and the second models have satisfactory fit indices, the third
model could be considered as supported as well. When the models
were supported, the mediation effects of sleep hygiene behaviours
were further assessed using the bootstrapping methodology.*! As
such, when the 95% confidence interval (Cl) of the bootstrapping
resamples (there were 500 resamples used for each model in the
present study) does not cover 0, the mediation effects are considered

to be significant.*?

3 | RESULTS

A total of 9775 subjects completed the surveys. Their mean [SD] age
was 36.44 [11.97] years and 67.3% were females (n=6576) with
1.3% not indicating gender. Nearly half of the participants were
residing in Qazvin (n=4655; 47.6%) and 74.6% lived in a city
(n=7287). Most of the participants had completed higher education
(32.9% had high school diplomas and 39.4% had university degrees)
and 71.5% were currently married (Table 1).

Table 2 shows the correlations and descriptive statistics of the
variables included in the study. Specifically, sleep hygiene behaviours
were significantly associated with all the HELIA domains in a
moderate to strong magnitude positively (r=.47-.52; p<.001); and
significantly associated with e-health literacy in a moderate magni-
tude positively (r=.36; p<.001). Similarly, mental wellbeing was
significantly associated with all the HELIA domains in a moderate to
strong magnitude positively (r=.49-.56; p<.001) and significantly
associated with e-health literacy in a moderate magnitude positively
(r=.39; p<.001). Moreover, sleep hygiene behaviours were signifi-
cantly associated with mental wellbeing positively (r=.42; p <.001).

Two proposed mediation models using latent constructs (one for
separated HELIA domains and another for eHEALS) had satisfactory
fit statistics. For HELIA (Figure 2): x? (df) = 22593.172 (973), p < .001,
SRMR =0.04, RMSEA (90% CI)=0.05 (0.05-0.05), TLI=0.92 and
CFI=0.93; for eHEALS (Figure 3): x? (df) = 7066.205 (192), p <.001,
SRMR =0.04, RMSEA (90% CI)=0.06 (0.06-0.06), TLI=0.93 and
CFl =0.94. Furthermore, sleep hygiene behaviours were found to be
a positive and significant mediator in the following paths: (i) from
HELIA reading domain to mental wellbeing (standardized indirect
effect [B] =.01; 95% bootstrapping Cl=0.01, 0.02), (ii) from HELIA
access to information domain to mental wellbeing (B8 =.01; 95%
bootstrapping Cl=0.01, 0.02), (iii) from HELIA appraisal domain to
mental wellbeing (B=.01; 95% bootstrapping Cl=0.01, 0.02), (iv)
from HELIA decision making/behavioural intention domain to mental
wellbeing (B =.01; 95% bootstrapping Cl =0.004, 0.01) and (v) from
eHEALS to mental wellbeing (B=.11; 95% bootstrapping Cl=0.10,
0.13). Also, health literacy domains (B [p] = .09 [<.001] for reading; .30
[<.001] for understanding; .07 [.009] for appraisal and .23 [<.001] for
decision making/behavioural intention), except for access to infor-
mation (p=.15) and e-health literacy (B [p]=.24 [<.001]) had
significantly direct effects on mental wellbeing (Table 3).

Moreover, in the third model, the model with latent variables (i.e.,

treating all factors as latent) could not be identified [x?(df)=
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104,420.76 (190), p <.001, RMSEA (90% Cl) =0.237 (0.236-0.238),
TLI=0 and CFI=0] (detailed information please see Appendix A).
Therefore, we proceeded with the second submodel (i.e., using
observed variables instead of latent constructs for the factors to
satisfy the principle of parsimony in SEM). The integrating HELIA as a
whole and eHEALS simultaneously, sleep hygiene behaviours were
found to be a positive and significant mediator in the associations of
health literacy (8=.05; 95% bootstrapping Cl=0.04, 0.06) and e-
health literacy (8=.002; 95% bootstrapping Cl=0.000, 0.004) with
mental wellbeing (Table 4). In addition, health literacy (8=.57;
p <.001) but not e-health literacy (8 =.02; p=.09) had significantly
direct effects on mental wellbeing (Figure 4).

TABLE 1 Overall characteristics of the participants (n =9775).

Mean £ SD or n (%)

Age (years) 36.44+11.97
Gender
Male 3073 (31.4)
Female 6576 (67.3)
Missing 126 (1.3)
City
Qazvin 4655 (47.6)
Takestan 1216 (12.4)
Avaj 330 (3.4)
Abyek 657 (6.7)
Bueenzahra 963 (9.9)
Alborz 1867 (19.1)
Missing 87 (0.9)
Educational status
Primary school 1082 (11.1)
Secondary school 1576 (16.1)
Diploma 3220 (32.9)
University 3851 (39.4)
Missing 46 (0.5)
Residence
City 7287 (74.6)
Rural 2309 (23.6)
Missing 179 (1.8)
Marital status
Single 1779 (18.2)
Married 6987 (71.5)
Divorced/widowed 90 (0.9)
Missing 919 (9.4)
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TABLE 2 Pearson correlations and mean (SD) of the studied variables.

r

HELIA_Re HELIA_Ac HELIA_Un HELIA_LAp HELIA_De HELIA_-TOTAL SHB eHealth MW Mean (SD)

HELIA_Re - .67 .68 .61 .50 .82 49 47 49 73.24 (23.23)
HELIA_Ac = = 74 71 .59 .88 .52 .62 .53 71.76 (22.48)
HELIA_Un - - - 76 .66 .90 .50 .52 .56 78.94 (20.54)
HELIA_Ap = = = = .66 .88 .52 .50 .55 72.45 (22.70)
HELIA_De - - - - - 79 47 43 .54 73.20 (19.59)
HELIA_TOTAL - = = = = = .58 .60 .63 73.87 (18.48)
SHB - - - - - - - .36 42 3.25 (0.96)
eHealth = = = = = = = = .39 31.44 (6.66)
MW - - - - - - - - - 21.90 (4.70)

Note: All p <.001.
Abbreviations: Ac, access to information; Ap, appraisal; De, decision making/behavioural intention; eHealth, electronic health literacy; HELIA, Health
Literacy Instrument for Adults; MW, mental wellbeing; Re, reading; SHB, sleep hygiene behaviours; TOTAL, total score; Un, understanding.

Reading (Re)
Mental wellbeing
Standardized
direct effect:
.09 (Re)*

.03 (Ac)

.30 (Un)*

.07 (Ap)*

23 (De)*

Access to
information (Ac)

Understanding
(Un)

Appraisal (Ap)
Sleep hygiene
behaviors
Standardized
indirect effect:
.01 (Re)*
01 (Ao)*
-.002 (Un)
.01 (Ap)*
.01 (De)*

Decision
making/behavioral
intention (De)

FIGURE 2 Results of the mediation model of sleep hygiene behaviours being mediator in the associations between separated traditional
health literacy domains and mental wellbeing. Model fit: x? (df) = 22,593.172 (973); p < .001; standardized root-mean-square residual = 0.04; root
mean square error of approximation (90% confidence interval) = 0.05 (0.05-0.05); Tucker-Lewis index = 0.92; comparative fit index = 0.93.

*p <.05.
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FIGURE 3 Results of the mediation model
of sleep hygiene behaviours being the
mediator in the association between e-health
literacy and mental wellbeing. Model fit: x?
(df) = 7066.205 (192); p < .001; standardized
root-mean-square residual = 0.04; root mean
square error of approximation (90%
confidence interval) = 0.06 (0.06-0.06);
Tucker-Lewis index = 0.93; comparative fit
index=0.94. *p < .05.

TABLE 3

Standardized direct

Hypothesized path effect (SE)/p value

Health Literacy Instrument for Adults

Sleep hygiene
behaviors

Standardized indirect
effect: .11*

Mental
wellbeing

eHealth literacy

Standardized indirect
effect (SE)/p value

Standardized
direct effect: .24*

Mediation effects of sleep hygiene behaviours (SHB) in the association between health literacy and mental wellbeing (MW).

Standardized
total effect (SE)

95% LLCI, ULCI of
indirect effect

Re = SHB - MW
Ac — SHB - MW
Un — SHB -> MW
Ap = SHB -> MW
De —- SHB - MW

0.09 (0.02)/<.001*
0.03 (0.02)/.15
0.30 (0.03)/<.001*
0.07 (0.03)/.009*
0.23 (0.02)/<.001*

0.01 (0.003)/<.001*
0.01 (0.003)/<.001*
-0.002 (0.002)/.32
0.01 (0.004)/.001*
0.01 (0.002)/<.001*

eHealth Literacy Scale

eHealth - SHB - MW 0.24 (0.01)/<.001*

0.11 (0.01)/<.001*

0.005, 0.016 0.10 (0.02)
0.005, 0.017 0.04 (0.02)
-0.006, 0.0004 0.30 (0.03)
0.007, 0.022 0.08 (0.03)
0.004, 0.012 0.23 (0.02)
0.10, 0.13 0.35 (0.01)

Note: The indirect effects were assessed using 500 bootstrapping resamples. Age, gender, accommodation and education were controlled in all the

hypothesized testing.

Abbreviations: Ac, access to information; Ap, appraisal; De, decision making/behavioural intention; eHealth, electronic health literacy; LLCI, lower limit
confidence interval; Re, reading; ULCI, upper limit confidence interval; Un, understanding.

*p <.05.

TABLE 4 Mediation effects of sleep hygiene behaviours (SHB) in the association between health literacy and mental wellbeing (MW).

Standardized direct
effect (SE)/p value

0.57 (0.01)/<.001*

Hypothesized path

Traditional health
literacy - SHB - MW

eHealth - SHB - MW 0.02 (0.01)/.09

Standardized indirect 95% LLCI, ULCI of Standardized
effect (SE)/p value indirect effect total effect (SE)
0.05 (0.01)/<.001* 0.04, 0.06 0.62 (0.01)
0.002 (0.001)/.045* 0.000, 0.004 0.02 (0.01)

Note: The indirect effects were assessed using 1000 bootstrapping resamples. Age, gender, accommodation and education were controlled in all the

hypothesized testing.

Abbreviations: eHealth, electronic health literacy; LLCI, lower limit confidence interval; ULCI, upper limit confidence interval.

*p <.05.

4 | DISCUSSION

The present study used a large Iranian sample to examine if sleep
hygiene behaviours mediate the association between health literacy/
e-health literacy and mental wellbeing. Our findings suggest that all
domains of health literacy, except for the understanding domain, and
e-health literacy were positively and significantly associated with

mental wellbeing via sleep hygiene behaviours. Moreover, all health

literacy domains and e-health literacy were positively and signifi-
cantly associated with sleep hygiene behaviours and with mental
wellbeing. In addition, sleep hygiene behaviours were also positively
and significantly associated with mental wellbeing and emerged as a
mediator in the relationship between mental well-being and health
literacy. Thus, it is reasonable to assume that any improvements in
health literacy may promote people's sleep hygiene behaviours, and

subsequently enhance their mental wellbeing.
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Health literacy

Sleep hygiene behaviors
Standardized indirect
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effect: .05* for health
literacy; .002* for e-health
literacy
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Mental wellbeing
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effect: .57* for health
literacy; .02 for e-health
literacy

FIGURE 4 Results of the mediation model of sleep hygiene behaviours being a mediator in the association between integrated health

literacy (i.e., including traditional health literacy and e-health literacy) and mental wellbeing.

The associations found between health literacy and sleep
hygiene behaviours in the present study concur with prior findings.
Indeed, improved health literacy may reduce the prevalence and

severity of sleep disorders,”10:12:2543

as further suggested by the fact
that people with lower levels of health literacy also exhibit poorer
sleep duration and quality and higher frequency of sleep disor-
ders.??% In another study by Bonuck et al., health literacy (especially
sleep health literacy) was positively associated with healthy sleep.**
Thus, the gained knowledge for people to engage in health
behaviours (i.e., sleep hygiene behaviours in the present study) may
account for improved outcomes (i.e., mental wellbeing in the present
study). Indeed, when people know the benefits of any specific health
behaviour (i.e., good health literacy), they may generally have
improved motivation to adhere to these beneficial behaviours.
However, to the best of our knowledge, most prior evidence only
examined the association between health literacy and sleep hygiene
behaviours, with no studies evaluating the association between
e-health literacy and sleep hygiene. Current findings thus expand on
these associations from traditional health literacy to e-health literacy,
suggesting that a disposition to explore electronic sources of
information may be equivalent to the previous concepts regarding
traditional literacy or even provide incremental value.*>*¢ In the
context of our specific focus on sleep hygiene, the presence of
increased ability and propensity to obtain knowledge online implied
the corresponding tendency to have healthy sleep hygiene
behaviours.

The associations found between sleep hygiene behaviours and
mental wellbeing in the present study may be ascribable to
improved sleep as facilitated by sleep hygiene. Specifically, prior
evidence shows that enhanced sleep hygiene behaviours are

associated with quality sleep,t>~1747

and a good night's sleep is
associated with good health, including favourable effects on
mental wellbeing.'*?2724 Moreover, a recent study of 815
participants showed that sleep problems were significantly

associated with psychological distress (subjects with sleep

problems were fourfold more likely to develop anxiety symptoms,
and >threefold more likely to have depressive symptoms.?®
Therefore, improved sleep hygiene behaviours could be associated
with better mental wellbeing, while poorer sleep hygiene beha-
viours might enhance the likelihood of poorer mental health.

In addition, as shown herein, both health literacy and e-health
literacy may improve mental wellbeing as a result of better sleep
hygiene behaviours.** The mediation effects tested in the present
study revealed that the relationship of health literacy and e-health
literacy with sleep hygiene behaviours could ameliorate or preserve
mental wellbeing. We postulate that when individuals have good
health literacy or e-health literacy, they are more likely to effectively
search for information related to sleep online or offline and to acquire
and implement better knowledge of sleep issues. Such improved
knowledge of sleep is likely to encourage individuals to engage in
good sleep hygiene behaviours, which in turn results in good sleep. A
good night's sleep may then promote health and mental
wellbeing. 22724

There are some limitations in the present study that deserve
mention. First, the present study collected data using self-reports.
Therefore, the present findings are subject to several biases
related to this type of data collection method, namely single rater
bias, recall bias and social desirability bias. Second, given that
health literacy could be different between Western and Eastern
countries and the present study only recruited lIranians, the
present findings may not be generalizable. Future studies are thus
needed to examine if the present findings can be replicated in
other countries. Third, the measure of sleep hygiene behaviours
was not strong. Specifically, we only used three items to assess
sleep hygiene behaviours; thus, they might not capture the whole
construct of sleep hygiene behaviours. Future studies are thus
suggested using other standardized and validated instruments on
sleep hygiene behaviours (e.g., Sleep Hygiene Index).*® Finally, this
was a cross-sectional study with no intervention such that causal

inferences are precluded.
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5 | CONCLUSIONS

In summary, sleep hygiene behaviours emerged as a significant
mediator in the association between health/e-health literacy and
mental wellbeing in a large sample of Iranians. These findings indicate
the importance of improving health literacy and e-health literacy in
the population, whereby improved health literacy correspondingly
ameliorates sleep hygiene behaviours leading to better preservation
of mental wellbeing. However, future experimental studies are
needed to examine if improving health literacy and e-health literacy
could increase sleep hygiene behaviours, and promote mental
wellbeing.

AUTHOR CONTRIBUTIONS

Mehran Alijanzadeh, Rafat Yahaghi and Amir H. Pakpour: Concep-
tualization. Mehran Alijanzadeh, Rafat Yahaghi and Amir H. Pakpour:
Methodology. Jalal Rahmani, Nahid Yazdi, Elahe Jafari, Najmeh
Shahmahdi and Hashem Alijani: Software. Mehran Alijanzadeh, Rafat
Yahaghi and Amir H. Pakpour: Validation. Amir H. Pakpour: Formal
analysis Narges Zamani, Rafat Yahaghi, Razie Fotuhi, Masoume
Zarenejad, Elham Taherkhani, Zeinab Buchali, Narges Mahmoudi,
Leila Poorzolfaghar, Safie Ahmadizade, Azam Shahbazkhania and
Mehran Alijanzadeh: Investigation. Amir H. Pakpour: Resources.
Chung-Ying Lin and Amir H. Pakpour: Data curation. Chung-Ying Lin
and Amir H. Pakpour: Writing—original draft preparation. Amir H.
Pakpour, David Gozal: Writing—review and editing. Chung-Ying Lin:
Visualization. Amir H. Pakpour: Supervision Rafat Yahaghi, Mehran
Alijanzadeh, Zeinab Buchali, Jalal Rahmani, Hashem Alijani and Amir
H. Pakpour: Project administration. Amir H. Pakpour: Funding
acquisition. All authors read and agreed to the published version of

the manuscript.

ACKNOWLEDGEMENTS

The authors are grateful to the study participants. This research was
funded by research funds allocated by the Qazvin University of
Medical Sciences.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are openly available
in the Harvard Dataverse at https://dataverse.harvard.edu/dataset.
xhtml?persistentld=doi:10.7910/DVN/SQJFVA,
https://doi.org/10.7910/DVN/SQJFVA.

reference number

ETHICS STATEMENT
This research was reviewed and approved by the Qazvin University
of Medical Sciences (IR QUMS.REC.1400.225).

ORCID
Chung-Ying Lin http://orcid.org/0000-0002-2129-4242

Amir H. Pakpour https://orcid.org/0000-0002-8798-5345

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bennett IM, Chen J, Soroui JS, White S. The contribution of health
literacy to disparities in self-rated health status and preventive
health behaviors in older adults. Ann Fam Med. 2009;7(3):204-211.
Osborn C. The mechanisms linking health literacy to behavior and
health status. Am J Health Behav. 2011;35(1):118-128.

Schnitzer AE, Rosenzweig M, Harris B. Health literacy: a survey of the
issues and solutions. J Consumer Health Internet. 2011;15(2):164-179.
World Health Organization. Life in the 21st Century: A Vision for All:
Report of the Director-General. World Health Organization; 1998.
Mackert M, Champlin SE, Holton A, Mufioz Il, Damasio MJ. eHealth
and health literacy: a research methodology review. J Comput-
Mediated Commun. 2014;19(3):516-528.

Werts N, Hutton-Rogers L. Barriers to achieving e-health literacy.
Am J Health Sci. 2013;4(3):115-120.

Mitsutake S, Shibata A, Ishii K, Oka K. Association of eHealth literacy
with colorectal cancer knowledge and screening practice among
Internet users in Japan. J Med Internet Res. 2012;14(6):e1927.

Lin C-Y, Ganji M, Griffiths MD, Bravell ME, Brostrom A, Pakpour AH.
Mediated effects of insomnia, psychological distress and medication
adherence in the association of eHealth literacy and cardiac events
among Iranian older patients with heart failure: a longitudinal study.
Eur J Cardiovasc Nurs. 2020;19(2):155-164.

Hackney JE, Weaver TE, Pack Al. Health literacy and sleep disorders:
a review. Sleep Med Rev. 2008;12(2):143-151.

Li JJ, Appleton SL, Wittert GA, et al. The relationship between
functional health literacy and obstructive sleep apnea and its related
risk factors and comorbidities in a population cohort of men. Sleep.
2014;37(3):571-578. doi:10.5665/sleep.3500

Riemann D. Sleep hygiene, insomnia and mental health. J Sleep Res.
2018;27(1):3.

Zhang J, Xu Z, Zhao K, et al. Sleep habits, sleep problems, sleep
hygiene, and their associations with mental health problems among
adolescents. J Am Psychiatr Nurses Assoc. 2018;24(3):223-234.
Arora T, Grey |, Ostlundh L, et al. A systematic review and meta-
analysis to assess the relationship between sleep duration/quality,
mental toughness and resilience amongst healthy individuals. Sleep
Med Rev. 2022;62:101593.

Scott AJ, Webb TL, Martyn-St James M, Rowse G, Weich S. Improving
sleep quality leads to better mental health: a meta-analysis of
randomised controlled trials. Sleep Med Rev. 2021;60:101556.

Brick CA, Seely DL, Palermo TM. Association between sleep hygiene
and sleep quality in medical students. Behav Sleep Med. 2010;8(2):
113-121.

Brown FC, Buboltz Jr. WC, Soper B. Relationship of sleep hygiene
awareness, sleep hygiene practices, and sleep quality in university
students. Behav Med. 2002;28(1):33-38.

Rezaei M, Khormali M, Akbarpour S, Sadeghniiat-Hagighi K,
Shamsipour M. Sleep quality and its association with psychological
distress and sleep hygiene: a cross-sectional study among pre-
clinical medical students. Sleep Sci. 2018;11(4):274-280.

Chang K-C, Chang Y-H, Yen C-F, et al. A longitudinal study of the
effects of problematic smartphone use on social functioning among
people with schizophrenia: mediating roles for sleep quality and self-
stigma. J Behav Addict. 2022;11(2):567-576.

Pakpour AH, Griffiths MD, Ohayon MM, Brostrém A, Lin C-Y. A
Good Sleep: The Role of Factors in Psychosocial Health. Frontiers
Media SA; 2020:520.

Hashemipour S, Lalooha F, Etemad F, Nozari F. Association of sleep
quality and duration with gestational diabetes mellitus: the Qazvin
maternal and neonatal metabolic study. Asian J Social Health Behav.
2022;5(4):180.

Lin Y-C, Tsai M-C, Lin C-Y, Pakpour AH. Sleep duration among
preschoolers in Taiwan: a longitudinal study. Sleep Epidemiol.
2021;1:100015.


https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/SQJFVA
https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/SQJFVA
https://doi.org/10.7910/DVN/SQJFVA
http://orcid.org/0000-0002-2129-4242
https://orcid.org/0000-0002-8798-5345
https://doi.org/10.5665/sleep.3500

2358
—LWI LEY

22.

23.
24,

25.

26.
27.
28.

29.
30.
31

32.

33.

34.

35.

36.

37.
38.
39.

40.

ALIJANZADEH ET AL

Abiddine FZE, Aljaberi MA, Gadelrab HF, Lin C-Y, Muhammed A.
Mediated effects of insomnia in the association between problematic
social media use and subjective well-being among university students
during COVID-19 pandemic. Sleep Epidemiol. 2022;2:100030.

Pengpid S, Peltzer K. Anxiety-induced sleep disturbances among in-
school adolescents in the United Arab Emirates: prevalence and
associated factors. Asian J Soc Health Behav. 2022;5(1):18.

Saffari M, Chen H-P, Chang C-W, et al. Effects of sleep quality on the
association between problematic Internet use and quality of life in
people with substance use disorder. BJPsych Open. 2022;8(5).:e155.
Zhang S, Yang R, Li D, Wan Y, Tao F, Fang J. Association of
health literacy and sleep problems with mental health of Chinese
students in combined junior and senior high school. PLoS One.
2019;14(6):e0217685.

Alimoradi Z, Jafari E, Brostrom A, et al. Effects of cognitive behavioral
therapy for insomnia (CBT-I) on quality of life: a systematic review and
meta-analysis. Sleep Med Rev. 2022;64:101646.

Fan C-W, Drumheller K. Using occupational therapy process
addressing sleep-related problems in neurorehabilitation: a cross-
sectional modeling study. Asian J Soc Health Behav. 2021;4(4):149.
Lin TC, Keenan BT, Brake LA, et al. 0449 Effect of neck-bending on
upper airway (UA) caliber and surrounding soft-tissues in controls
and apneics. Sleep. 2018;41(11):A170.

Alijanzadeh M, Lin C-Y, Yahaghi R, et al. Measurement invariance
and differential item functioning of the health literacy instrument for
adults (HELIA): a large-scale cross-sectional study in Iran. Healthcare.
2022;10:2064.

Pakpour AH, Alijanzadeh M, Yahaghi R, et al. Large-scale dataset
on health literacy, sleep hygiene behaviors, and mental well-
being in the general population of Qazvin, Iran. Data Brief.
2023;48:109072.

Tavousi M, Haeri-Mehrizi A, Rakhshani F, et al. Development and
validation of a short and easy-to-use instrument for measuring
health literacy: the Health Literacy Instrument for Adults (HELIA).
BMC Public Health. 2020;20(1):656.

Norman CD, Skinner HA. eHEALS: the eHealth Literacy Scale. J Med
Internet Res. 2006;8(4):e507.

Paige SR, Krieger JL, Stellefson M, Alber JM. eHealth literacy in
chronic disease patients: an item response theory analysis of the
eHealth Literacy Scale (eHEALS). Patient Educ Couns. 2017;100(2):
320-326.

Lin C-Y, Brostrom A, Griffiths MD, Pakpour AH. Psychometric evaluation
of the Persian eHealth Literacy Scale (eHEALS) among elder Iranians
with heart failure. Eval Health Prof. 2020;43(4):222-229.

Strong C, Lin CY, Jalilolghadr S, Updegraff JA, Brostrom A,
Pakpour AH. Sleep hygiene behaviours in Iranian adolescents: an
application of the theory of planned behavior. J Sleep Res.
2018;27(1):23-31.

Tennant R, Hiller L, Fishwick R, et al. The Warwick-Edinburgh
Mental Well-Being Scale (WEMWABS): development and UK valida-
tion. Health Qual Life Outcomes. 2007;5(1):63.

Mavali S, Mahmoodi H, Sarbakhsh P, Shaghaghi A. Psychometric
properties of the Warwick-Edinburgh Mental Wellbeing Scale
(WEMWRBS) in the Iranian older adults. Psychol Res Behav Manag.
2020;13:693-700.

Chen I-H, Huang P-C, Lin Y-C, et al. The Yale Food Addiction Scale
2.0 and the modified Yale Food Addiction Scale 2.0 in Taiwan: factor
structure and concurrent validity. Front Psychiatry. 2022;13:
1014447.

Chen [|-H, Chang K-C, Chang C-W, et al. Temporal associations
between problematic use of the Internet and self-stigma among
people with substance use disorders: a cross-lagged model across
one year. J Psychiatr Res. 2022;156:339-348.

Nadhiroh S, Nurmala I, Pramukti |, et al. Weight stigma in Indonesian
young adults: validating the Indonesian versions of the weight self-

41.

42.

43.

44,

45.

46.

47.

48.

stigma questionnaire and perceived weight stigma scale. Asian J Soc
Health Behav. 2022;5(4):169.

Huang P-C, Lee C-H, Griffiths MD, et al. Sequentially mediated
effects of weight-related self-stigma and psychological distress in
the association between perceived weight stigma and food addiction
among Taiwanese university students: a cross-sectional study. J Eat
Disord. 2022;10(1):177.

Lin C-Y, Tsai M-C. Effects of family context on adolescents'
psychological problems: moderated by pubertal timing, and mediated
by self-esteem and interpersonal relationships. Appl Res Qual Life.
2016;11(3):907-923.

Brown C, Swedlove F, Berry R, Turlapati L. Occupational therapists'
health literacy interventions for children with disordered sleep and/
or pain. N Z J Occup Ther. 2012;59(2):9-17.

Bonuck KA, Schwartz B, Schechter C. Sleep health literacy in head start
families and staff: exploratory study of knowledge, motivation, and
competencies to promote healthy sleep. Sleep Health. 2016;2(1):19-24.
Neter E, Brainin E, Baron-Epel O. Group differences in health literacy
are ameliorated in ehealth literacy. Health Psychol Behav Med.
2021;9(1):480-497.

Del Giudice P, Bravo G, Poletto M, et al. Correlation between
ehealth literacy and health literacy using the eHealth Literacy Scale
and real-life experiences in the health sector as a proxy measure of
functional health literacy: Cross-sectional Web-Based Survey. J Med
Internet Res. 2018;20(10):e281. doi:10.2196/jmir.9401

Yazdi Z, Loukzadeh Z, Moghaddam P, Jalilolghadr S. Sleep hygiene
practices and their relation to sleep quality in medical students of
Qazvin University of Medical Sciences. J Caring Sci. 2016;5(2):
153-160. doi:10.15171/jcs.2016.016

Mastin DF, Bryson J, Corwyn R. Assessment of sleep hygiene using
the Sleep Hygiene Index. J Behav Med. 2006;29(3):223-227. doi:10.
1007/s10865-006-9047-6

How to cite this article: Alijanzadeh M, Yahaghi R, Rahmani J,
et al. Sleep hygiene behaviours mediate the association
between health/e-health literacy and mental wellbeing.
Health Expect. 2023;26:2349-2360. doi:10.1111/hex.13837

APPENDIX A: UNIDENTIFIED MODEL RESULTS

Variable counts

Number of variables in your model 39
Number of observed variables 19
Number of unobserved variables 20
Number of exogenous variables 22
Number of endogenous variables 17

Parameter summary

Weights Covariances Variances Means Intercepts Total

Fixed 20 0 0 18 2 40
Labelled 0 0 0 0 0 0
Unlabelled 22 10 22 4 15 73
Total 42 10 22 22 17 113
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Models
Default model (default model)

Notes for model (default model)

Computation of degrees of freedom (default model)

Number of distinct sample moments 209
Number of distinct parameters to be estimated 73
Degrees of freedom (209-73) 136

Result (default model)
The model is probably unidentified. To achieve identifiability, it will

probably be necessary to impose 1 additional constraint.

Default model

Estimates (default model)

Scalar estimates (default model)

The (probably) unidentified parameters are marked.

Regression weights (university—default model)

mentall <--- accommodation unidentified
mentall <--- gender unidentified
SleepS <--- accommodation unidentified
SleepS <--- gender unidentified
SleepS <--- age unidentified
mentall <--- age unidentified
mentall <--- HELIAA unidentified
SleepS <--- HELIAA unidentified
SHI1 <--- SleepS

SHI2 <--- SleepS

SH3 <--- SleepS

D1 <--- mentall

D2 <--- mentall

D3 <--- mentall

D4 <--- mentall

D5 <--- mentall

D6 <--- mentall

D7 <--- mentall

DMM <--- HELIAA

APPP <--- HELIAA

ATL <--- HELIAA

UND <--- HELIAA

Reading <--- HELIAA

mentall <--- SleepS unidentified
SleepS <--- mentall unidentified

Means (default model)
age
gender
accommodation

education

Intercepts (default model)

SHI1
SHI2
SH3
D1
D2
D3
D4
D5
Dé
D7
DMM
APPP
ATL
UND

Reading

Covariances (default model)
gender <--> age
accommodation <--> age
accommodation <--> gender
accommodation <--> HELIAA
gender <--> HELIAA
age <--> HELIAA
education <--> HELIAA
education <--> accommodation
education <--> gender

education <--> age

Variances (default model)
HELIAA
accommodation
gender
age
e45 unidentified

(Continues)
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e46
e34
e35
e36
e37
e38
e39
e40
e41
e42
e43
e47
e48
e49
e50
e51

education

unidentified

Minimization history (default model)

Nega-

tive Smallest

Condi-
tion #

Iter- eigen-

ation values value

0 e8

1 el0

Model fit summary

CMIN

Model
Saturated model 209

Independence model 19

Baseline comparisons

NFI
Model Deltal
Saturated model 1.000
Independence 0.000
model

eigen-

-4.258

-0.399

NPAR CMIN DF P

Diameter F NTries Ratio

9999.000 175,604.601 0 9999.000

1.619  94,770.919 17 0.419

CMIN/DF
0.000 0
104,420.755 190 0.000 549.583

RFI IF1 TLI

rhol Delta2 rho2 CFI
1.000 1.000

0.000 0.000 0.000  0.000

Parsimony-adjusted measures

Model
Saturated model

Independence model

NCP

Model

Saturated model

Independence model

FMIN

Model
Saturated model

Independence model

RMSEA
Model

Independence model

AIC
Model
Saturated model

Independence model

ECVI

Model
Saturated model

Independence model

HOELTER
Model

Independence model

Execution time summary

Minimization
Miscellaneous
Bootstrap

Total

PRATIO PNFI PCFI
0.000 0.000 0.000
1.000 0.000 0.000
NCP LO 90 HI 90
0.000 0.000 0.000
104,230.755 103,171.338  105296.450
FMIN FO LO90  HI90
0.000 0.000 0.000 0.000
10684 10664 10556  10.773
RMSEA LO9  HI90  PCLOSE
0237 0236 0238  0.000
AIC BCC BIC CAIC
418.000 418.857
104,458.755  104,458.833
ECVI LO90  HI90 MECVI
0.043 0.043 0.043 0.043
10.687 10.579 10.796 10.687
HOELTER .05 HOELTER .01
21 23
0.005
1.474
0.000
1.479
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