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Study Objectives: The objectives of this study were to investigate the psychometric properties of the Sleep Hygiene Index (SHI) and determine its capacity
to screen for poor sleep quality in a nonclinical sample of Nigerian university students.
Methods: A total of 348 students appropriately completed the SHI, the Morningness-Eveningness Questionnaire (MEQ), the Pittsburgh Sleep Quality Index

(PSQI), and the Epworth Sleepiness Scale (ESS).

Results: The internal consistency (Cronbach alpha) of the SHI was .64 and its construct validity was modestly satisfactory. It had a significant negative
correlation with the MEQ (r = -.170, P < .001) and positive correlations with global PSQI (r = .289, P <.001) and ESS (r = .219, P < .001) scores. Prior to

the factor analysis, our sample was randomly divided into two. In one half of the sample (sample 1), exploratory factor analysis of the SHI items yielded a
three-factor model. Confirmatory factor analysis on the other half (sample 2) corroborated this model with satisfactory indices of fitness (c? = 67.805; df = 55;
c?df = 1.233; P = .115; goodness of fit index = .943; Tucker-Lewis index = .958; incremental fit index = .972; comparative fit index = .970; root mean square
error of approximation = .037). A cutoff total score of 16 on the SHI had the best sensitivity (77.0%) and specificity (47.5%) to identify students who were
categorized as experiencing poor sleep quality, according to the PSQI (area under the curve = 0.65, 95% confidence interval = 0.59-0.71).

Conclusions: The SHI exhibited satisfactory psychometric properties as a self-rated assessment instrument in the evaluation of sleep hygiene and as a
screening instrument for poor sleep quality among Nigerian undergraduate students.
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BRIEF SUMMARY

Nigeria or Sub-Saharan Africa.

poor sleep quality in this population.

Current Knowledge/Study Rationale: Although the Sleep Hygiene Index (SHI) had been validated in some population in the developed countries,
an extensive electronic literature search revealed no validation study or application of the instrument among the undergraduate student populations in

Study Impact: This study advanced the frontiers of knowledge of sleep medicine, especially in the developing world, by demonstrating the validity of
the SHI for assessing sleep hygiene among the university undergraduate student population in Nigeria by performing exploratory and confirmatory
factor analyses on the factors extracted in the SHI, which has not been previously done. We also demonstrated the usefulness of the SHI in identifying

INTRODUCTION

Sleep plays a vital role in life and is known to significantly
contribute to the physical, emotional, cognitive, and overall
psychological growth and development of an individual.! Dis-
ruptions in the sleep-wake cycle, duration of sleep, or sleep
quality are associated with potentially severe negative conse-
quences on physical and mental health.>?

Sleep-related problems are now posing public health con-
cerns globally as insufficient sleep is on the rise, and this is
especially worse among university students.* In recent times,
there has been interest in sleep hygiene as a target of inter-
vention to stem this rise.’ Sleep hygiene has been defined as
behaviors that improve the quality and quantity of sleep.® An
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optimal sleep hygiene includes behavioral and environmental
practices such as maintaining consistent bed-on and bed-off
times, encouraging a comfortable bed and sleeping environ-
ment, regular exercise, minimizing daytime napping, avoiding
caffeinated beverages or stimulants prior to bedtime, and avoid-
ing emotionally and cognitively stimulating activities before
bedtime.%” Inadequate sleep hygiene is presumed to result from
the daily living activities that are inconsistent with the main-
tenance of good-quality sleep and normal daytime alertness.®
Although the effect of sleep hygiene has been reported to be
questionable in older adults,’ better effectiveness has been re-
ported in adolescents and young adults, probably because they
have a poorer knowledge about healthy sleep behavior."” In a
developing country such as Nigeria, where there are inadequate
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personnel to evaluate sleep problems among students, limited
socioeconomic resources restrict access to proper and effective
treatment. Improving sleep hygiene may thus provide a cheap,
safe, and easily accessible option of intervention. The concept
of sleep hygiene in terms of its construct and correlates has
not been explored in Nigeria, especially among undergradu-
ate students. Exploration of the psychometric properties of a
scale to rate sleep hygiene in this population might be the first
step in this process. Of the commonly used instruments as-
sessing sleep hygiene, the Sleep Hygiene Awareness and Prac-
tice Scale (SHAPS)," the Sleep Hygiene Self-Test (SHST),"
the Sleep Hygiene Index (SHI),” and the Adolescent Sleep
Hygiene Scale (ASHS),® only the 13-item SHI was developed
based on the diagnostic criteria for inadequate sleep hygiene
as described in the International Classification of Sleep Dis-
orders (ICSD)."? In contrast, the SHAPS and SHST appeared
not to have been developed with a clear rationale for item se-
lection, which may explain their lower internal inconsistencies
(Cronbach alpha = .47 and .54 respectively) when compared to
that for the SHI (Cronbach alpha = .89)."*!* Furthermore, the
ASHS was designed for use among adolescents and may not be
useful among older individuals. Its length (32 items) may also
make it less appealing when compared to the shorter SHI. The
SHI thus appears superior and more respondent-friendly com-
pared to the other instruments. The authors of the SHI reported
moderate internal consistency (Cronbach alpha = .66) and sat-
isfactory 2-week test-retest reliability (= =.71), and was signifi-
cantly associated with sleep quality and daytime sleepiness in
anonclinical sample."” Similar findings have been reported in a
hospital-based sample. Using a sample of 161 patients seeking
treatment for chronic pain in Seoul, South Korea, the SHI was
reported to have satisfactory reliability (Cronbach alpha = .75)
and 2-week test-retest stability (» = .83)." The SHI has also
been reported to have adequate internal reliability (Cronbach
alpha = .89) and a good test-retest internal consistency (r = .89)
in a nonclinical sample in Iran."

There is a dearth of research regarding studies exploring
the psychometric properties of the SHI and these studies were
all conducted in the developed countries.”*'* An extensive lit-
erature search revealed that the validity, reliability, and factor
structure of the SHI has not been examined among the under-
graduate student populations in Nigeria or Sub-Saharan Africa.
The objectives of this study were to (1) examine the internal
consistency (reliability) and validity of the SHI in relation to
other measures of sleep among the Nigerian undergraduate
student population; (2) explore the underlying latent factors in
SHI using exploratory factor analysis (EFA); (3) evaluate the
adequacy of the indices of fitness of the model obtained with
EFA applying confirmatory factor analysis (CFA); and (4) ex-
plore the characteristics of the SHI as a screening instrument
for poor sleep quality among Nigerian undergraduate students.

METHODS

Study Design and Participants
This cross-sectional descriptive study was carried out
among the undergraduate students of the Obafemi Awolowo
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University, Ile-Ife, in Southwestern Nigeria during the midse-
mester period of an academic year. We calculated the sample
size using the subject-to-item ratio of 10:1, which is considered
acceptable.”® This yielded a sample size of 130, because the
SHI consists of 13 items; however, we increased the sample
size to 370 in order to increase the reliability of the study. The
participants were recruited from the eight undergraduate halls
of residence located within the school premises using a multi-
stage stratified sampling method. Each hall consists of 6 to 8
blocks, each of which contains 30 rooms, and has 6 occupants.
The halls of residence were stratified into two according to sex
(four halls each for male and female) and the number of par-
ticipants per hall was determined by proportionate sampling
from the odd-numbered blocks in the halls. Participants were
then selected until the sample from each hall was complete.
Only students residing within the school premises, those who
had no current or lifetime diagnoses of medical or psychiatric
disorder, and those who were not regularly using psychoactive
substances (alcohol, nicotine, etc.) were included in the study.
These were ascertained after the study objectives had been
explained and informed consent obtained from potential par-
ticipants as follows: single questions were asked about current
and lifetime diagnoses of medical and psychiatric conditions
and responses were either “yes” or “no.” A list of psychoactive
substances was also provided and they were asked to indicate
how frequently they used the substances. Responses ranged
from “daily” to “occasionally” to “never.” Only potential par-
ticipants who responded “never” and “occasionally” to all the
psychoactive substances were included in the study.

The study protocol was approved by the Health Research
Ethics Committee, Institute of Public Health, Obafemi
Awolowo University, Ile-Ife.

Measurements

Sociodemographic Questionnaire

A semistructured sociodemographic data schedule was de-
signed to elicit information on variables such as age, sex, re-
lationship status, and cumulative grade point average (CGPA),
which is a measure of the participants’ academic performance.
Socioeconomic status was assessed by the participants’
need to engage in part-time employment to supplement their
allowances.

Sleep Hygiene Index

The SHI is a 13-item self-report index designed from the ICSD
to assess the presence of sleep hygiene behaviors.” Each of
the item is rated on a five-point Likert scale (ranging from 0
[never] to 4 [always]). The total scores ranged from 0 to 52,
with higher scores indicating poorer sleep hygiene status. The
scale’s developers reported it to have an internal consistency of
Cronbach alpha of .66, and good test-retest reliability of 0.71."
We did not adapt the SHI for two main reasons. First, our re-
spondents were university undergraduate students, which is
similar to the study population (undergraduate students from
a university in the Midwest United States) in which Mastin
et al.,”* the developers of the index, originally examined its
psychometric characteristics. Second, the SHI was originally
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developed in the English language, which is the language of
communication in Nigerian universities.

Morningness-Eveningness Questionnaire

The Morningness-Eveningness Questionnaire (MEQ), devel-
oped by Horne and Ostberg,"” was used to assess the study
participants’ preference for activity in the morning or eve-
ning (sleep chronotype). It consists of 19 items and the global
score varies from 16 to 86. Individuals with values below 42
were classified as evening type; those with values above 58, as
morning type, and those with values between 42 and 58 were
regarded as having the intermediate type. The MEQ has high
internal consistency reliability (Cronbach alpha = .86) and high
test-retest reliability (= .89).!

Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) is a self-report in-
strument that measures sleep quality, and is applicable for use
in both clinical and nonclinical populations.”” The index com-
prises 19 items, which are variously summed to form 7 com-
ponent scores. These components include sleep duration, sleep
latency, habitual sleep efficiency, subjective sleep quality, sleep
disturbances, use of sleep medication, and daytime dysfunction.
Each component was scored within a range of 0 (no difficulty)
to 3 (severe difficulty). The 7 component scores were added to
yield a global score, which ranged from 0 to 21. A global score
greater than 5 is considered to represent poor sleep quality.”
This instrument has demonstrated satisfactory validity among
the Nigerian student population.?’ In the study by Aloba et al.,”
the PSQI significantly (# = 4.88, df = 518, P < .001) identified
students with the fourth edition of the Diagnostic and Statistical
Manual for Mental Disorders (DSM-1V)-diagnosed insomnia.

Epworth Sleepiness Scale

The Epworth Sleepiness Scale (ESS) is a self-administered
eight-item questionnaire, which subjectively measures an indi-
vidual’s tendency to fall asleep during regularly encountered
situations.”! Each item was scored on a Likert scale of 0 to 3. The
total scores ranged from 0 to 24, with higher scores suggesting
a greater likelihood of sleepiness. A score of 10 or higher was
considered to suggest significant daytime sleepiness.”! The ESS
showed adequate internal consistency (Cronbach alpha = .88)
and test-retest reliability (= .82) in a nonclinical sample.

Analysis

Of the 370 students who consented to participate in the study,
responses from only 348 participants were included in analy-
sis (representing a response rate of 94.1%). Four potential par-
ticipants did not meet the inclusion criteria (two had current
medical conditions, and two drank alcohol regularly), and 18
questionnaires were not appropriately completed. The variable
that evaluated the respondents’ academic performance (CGPA)
was excluded from analysis because only 35% of the students
responded to this question. Data were analyzed using the Sta-
tistical Package for Social Sciences version 21 (IBM Corp., Ar-
monk, New York, United States). The reliability of the SHI was
determined by calculating the Cronbach alpha while its con-
struct validity was examined through correlational analyses
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with MEQ, PSQI, and ESS. Before subjecting the data to fac-
tor analysis, the total sample (n = 348) was randomly divided
into equal halves (n = 174 each).” % In order to explore the
factor structure of the SHI, we performed EFA using principal
component analysis with Oblimin rotation and Kaiser normal-
ization®® on half of the sample (sample 1). Kaiser-Meyer-Olkin
test and Bartlett test of sphericity were performed to ensure
that our sample 1 data were suitable for EFA. Items with fac-
tor loading of at least 0.40 were retained. We conducted CFA
on the second half (sample 2) using the maximum likelihood
method to examine the factor structure yielded by the EFA in
sample 1. The CFA was performed with the Analysis of Mo-
ment Structure (AMOS) software, 20th version. Satisfactory
indices of fitness of the CFA model were based on the criteria
described by Hu and Bentler” in which the goodness of fit in-
dex (GFI), comparative fit index (CFI), incremental fit index
(IFT) and Tucker-Lewis index (TLI) values will be approxi-
mate to or exceed 0.95; root mean square error of approxima-
tion (RMSEA) less than 0.06; ¢*/degree of freedom (CMIN/df)
ratio less than 2, and a nonsignificant P value (> .05).

We also examined the screening quality of the SHI in order
to determine the total cutoff score that will optimally identify
students with poor sleep quality as measured by the PSQL
This was done by analyzing the receiver operating characteris-
tic (ROC) curve by calculating the area under the ROC curve
(AUC). The best combination of sensitivity and specificity will
be reflected by the highest Youden index.?® Other parameters
evaluated include the positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio (LR+) and
negative likelihood ratio (LR—). An AUC value nearer to 1 will
indicate a more satisfactory discriminatory ability of the SHI.?

RESULTS

Sociodemographic and Sleep-Related Characteristics
of the Respondents (n = 348)

Table 1 shows the sociodemographic characteristics of the par-
ticipants. The mean age (standard deviation [SD]) was 21.60
(2.87), with male students making up 44.8% of the total sample.
Approximately two-thirds of the students (64.9%) were single,
whereas approximately one-fourth (26.4 %) were engaged in
part-time employment. The SHI score ranged between 0-39
with the mean (SD) score being 19.0 (6.31), whereas the mean
(SD) score of MEQ was 55.5 (6.62). The mean (SD) scores of
PSQI and ESS were 5.2 (2.56) and 9.0 (4.25), respectively.

Reliability and Validity

The Cronbach alpha for the SHI was .64. The construct validity
of the SHI is reported in Table 2. The SHI had modest positive
correlations with global PSQI score (r=.29, P <.001) and ESS
score (r = .22, P < .001), whereas it had a negative correlation
with MEQ score (r=—.17, P =.001).

Exploratory (sample 1, n = 174) and Confirmatory
(sample 2, n = 174) Factor Analyses of the SHI

Table 3 shows that the Kaiser-Meyer-Olkin (KMO) measure of
the sampling adequacy was 0.66 and Bartlett test of sphericity
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Table 1—Sociodemographic and sleep-related
characteristics of the respondents.

Age, years, mean = SD 216+2.87
Sex, n (%)

Male 156 (44.8)

Female 192 (55.2)
Relationship status, n (%)

Single 226 (64.9)

In a relationship 122 (35.1)
Part-time employment, n (%)

Yes 92 (26.4)

No 256 (73.6)
PSQl score, mean = SD 52+256

Good sleep quality (score < 5), n (%) 200 (57.5)

Poor sleep quality (score > 5), n (%) 148 (42.5)
ESS score, mean + SD 9.0+4.25

Normal (score < 9), n (%) 202 (58.0)

Excessive daytime sleepiness (score = 10), n (%) 144 (42.0)

MEQ, mean = SD 55.5+£6.62
Morning (score > 58), n (%) 119 (34.2)
Intermediate (score 42-58), n (%) 215 (61.8)
Evening (score <42), n (%) 14 (4.0)

SHI, mean + SD 19.0 + 6.31

ESS = Epworth Sleepiness Scale, MEQ = Morningness-Eveningness
Questionnaire, PSQI = Pittsburgh Sleep Quality Index, SD = standard
deviation, SHI = Sleep Hygiene Index.

was statistically significant (P <.001). The KMO value greater
than 0.50% and significant value of Bartlett test of sphericity™!
were considered satisfactory indicators of the appropriateness
of the data for subjection to factor analysis. Initially, the ex-
ploratory factor analysis of the SHI using principal component
analysis extracted three factors with eigenvalues greater than
1. These three factors cumulatively accounted for 50% of the
total sample variance (Factor 1 = 21.71%, Factor 2 = 17.71%
and Factor 3 = 10.93%). Items 4, 5, 6, 7, 8, 10, and 11 loaded
on Factor 1 (subsequently labeled “bed-related behavior”);
items 1, 9, 12, and 13 loaded on Factor 2 (labeled “bed-re-
lated cognition-activity”), whereas items 2 and 3 loaded on
Factor 3 (labeled “sleep-wake timing”). The internal consis-
tencies (Cronbach alpha) of Factors 1, 2, and 3 were .71, .65,
and .81, respectively.

Figure 1 shows the CFA path analysis diagram on sample 2
indicating satisfactory indices of fitness of the three factors of
the SHI extracted in sample 1: ¢*= 67.805; df = 55; ¢*/df = 1.233;
P = .115; GFI = 0.943; CFI = 0.970; IFI = 0.972; TLI = 0.958,
and RMSEA = 0.037.

Psychometric Details of the SHI at Different

Cutoff Scores

Table 4 shows that the best SHI cutoff score that best identifies
participants with poor sleep quality was 16, with sensitivity
of 77.0%, specificity of 47.5% and an accuracy of 62.3%. The
PPV, NPV, LR+, and LR— were 59.5%, 67.4%, 1.467, and 0.484,
respectively. The AUC at this cutoff score is 0.650 (Figure 2).
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Table 2—Correlation between SHI and sleep chronotype,
sleep quality, and daytime sleepiness.

SHI MEQ psaQl ESS
SHI 1 -.170* 289" 219
MEQ 1 -.166™* 019
PsaQl 1 12
ESS 1

*= P <.001, *™ = P < .05. ESS = Epworth Sleepiness Scale,
MEQ = Morningness-Eveningness Questionnaire, PSQI = Pittsburgh
Sleep Quality Index, SHI = Sleep Hygiene Index.

Table 5 also shows that there were significant differences
(P < .05) between subjects with good sleep quality and those
with poor sleep quality on all the extracted three factors
of the SHI.

DISCUSSION

The aim of this study was to examine the psychometric proper-
ties of the SHI and its ability to identify those with poor sleep
quality in a nonclinical sample of undergraduate students in a
multiethnic federal university in south- western Nigeria. The
internal consistency (reliability) of SHI in this study (Cronbach
alpha = .64) is similar to what was reported by Mastin et al.
(Cronbach alpha = .66)."* However, it is lower than the reliabil-
ity coefficients of 0.89'* and 0.75" reported in Iran and South
Korea, respectively. The reliability value of the SHI items in
our study lends credence to the suitability and reliability of the
SHI as a measure of sleep hygiene behavior among a nonclini-
cal sample of Nigerian university undergraduate students.

We examined the construct validity of the SHI using cor-
relational analysis with the PSQI, the ESS, and the MEQ. The
construct validity of the SHI was also observed to be mod-
estly satisfactory. The directions of the associations between
the SHI and the other study measures were all as expected.
Higher SHI scores, indicating poorer sleep hygiene behavior,
correlated positively with higher global PSQI scores, which
indicates poor sleep quality. This finding is consistent with
previous studies reporting that poor sleep hygiene is strongly
associated with poorer sleep quality."**? In addition, poor sleep
hygiene was found to modestly correlate with excessive day-
time sleepiness in this study, which is consistent with the find-
ings reported in previous studies.”!'* Higher scores on the SHI
were also significantly associated with lower MEQ scores,
which indicates a preference for evening activities, an observa-
tion that has been previously reported.* A plausible explana-
tion for this observation between the SHI and the MEQ could
be due to poor sleep hygiene leading to poor night sleep, which
might result in compensatory sleep during the early part of the
following day. Such individuals may thus be more alert in the
evenings and prefer to engage in activities around this time.

The factor analysis of the SHI in our study extracted a three-
factor structure, which accounted for 50% of the total sample
variance. This is similar to the finding by Chehri et al. in a
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Table 3—PCA of the SHI items, showing the factors and their item loading (sample 1, n = 174).

Item Content

Factor 1 (BRB) Factor 2 (BDC-A) Factor 3 (SWT)

8. 1 go to bed feeling stressed, angry, upset, or nervous. 0.733 -
10. | sleep on an uncomfortable bed (for example: poor mattress or pillow, too much or not 0.724 - -
enough blankets).
6. | use alcohol, tobacco, or caffeine within 4hrs of going to bed or after going to bed. 0.640 - -
7. 1 do something that may wake me up before bedtime (for example: play video games, 0.621 - -
use the internet, or clean).
11. I sleep in an uncomfortable bedroom (for example: too bright, too stuffy, too hot, too 0.518 - -
cold, or too noisy).
5. I stay in bed longer than | should two or three times a week. 0.515 - -
4. | exercise to the point of sweating within 1 hour of going to bed. 0.425 - -
13. |think, plan, or worry when | am in bed. - 0.693 -
9. Iuse my bed for things other than sleeping or sex (for example: watch television, read, - 0.675 -
eat, or study).
12. | do important work before bedtime (for example: pay bills, schedule, or study). - 0.636 -
1. | take daytime naps lasting two or more hours. - 0.479 -
2. 1 go to bed at different times from day to day. - - 0.860
3. | get out of bed at different times from day to day. - - 0.769
Eigenvalue 2.822 2.303 1.421
% Variance explained 21.708 17.713 10.932
Cronbach alpha .708 652 814
Kaiser-Meyer-Olkin test of sampling adequacy 0.66
Bartlett test of sphericity 494.268, df =78, P < .001

BRB = bed-related behavior, BRC-A = bed-related cognition-activity, PCA = principal component analysis, SHI = Sleep Hygiene Index, SWT = sleep-wake

timing.

nonclinical Iranian sample, although we noted that some of the
items loaded differently in both studies. The study by Chehri
et al. translated the original scale, which was developed in
English, to the Persian language. This semantic and cultural
adaptation could have accounted for the differences in the fac-
torial item loading between the Iranian study and ours. It is
also plausible that the cultural adaptation of the SHI could have
influenced the responses to the items in their study. Further-
more, the variation could be due to different study populations
in both studies. Our study was carried out in the university un-
dergraduate student population, whereas Chehri et al. used the
general population, which comprised older participants. Future
studies may compare the psychometric properties of the SHI in
different age groups within the same culture.

In the current study, we observed that Factor 3 consisted of
only two components—item 2 “I go to bed at different times
from day to day” and 3 “I get out of bed at different times from
day to day”—with a high internal consistency coefficient. A
plausible reason for this is that bed-on and bed-off times highly
correlated with sleep hygiene behavior among our undergradu-
ate student populations. The CFA of the 3-factor model also
exhibited satisfactory indices of fitness, an observation that
further strongly supports the 3-factor structure of the SHI
among the Nigerian students.

To the best of our knowledge, this is the first study to evalu-
ate the suitability of SHI as a screening instrument to identify
poor sleep quality among the Nigerian undergraduate student
population. Because there is no gold standard for sleep hygiene,
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Figure 1—Confirmatory factor analysis path diagram
indicating the item loadings and residual error covariations
of the three SHI factors among the students.

Sample 2 (n = 174). Indices of fitness: ¢? = 67.805; df = 55; c/df = 1.233;
P = 115; goodness of fit index = 0.943; comparative fit index = 0.970;
incremental fit index = 0.972; Tucker-Lewis index = 0.958; root mean
square error of approximation = 0.037 (90% confidence interval = 0.000—
0.063). SHI = Sleep Hygiene Index.
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Table 4—Psychometric details of SHI at different cutoff scores.

SHI Cutoff Sensitivity  Specificity PPV NPV
14 0.858 0.275 0.533 0.659
15 0.824 0.325 0.550 0.649
16 0.770 0.475 0.595 0.674
17 0.730 0.521 0.596 0.659
18 0.655 0.565 0.601 0.621

LR+ LR- Youden Index  Accuracy
1.183 0.516 0.133 0.567
1.221 0.542 0.149 0.575
1.467 0.484 0.245 0.623
1.475 0.518 0.220 0.621
1.506 0.611 0.220 0.610

LR = likelihood ratio, NPV = negative predictive value, PPV = positive predictive value, SHI = Sleep Hygiene Index.

Table 5—Differences of the 3-factor components of SHI between students with poor sleep quality and those with good sleep

quality.

Sleep Quality (PSQI) Statistics
Good Sleep Quality Poor Sleep Quality t test df P
Factor 1 (BRB) 6.97 +3.88 8.40+4.18 3.30 346 .001
Factor 2 (BRC-A) 7.35+3.13 8.35+3.13 2.90 346 .004
Factor 3 (SWT) 323+1.88 414 +£2.02 4.323 346 <.001

BRB = bed-related behavior, BRC-A = bed-related cognition-activity, PSQI = Pittsburgh Sleep Quality Index, SHI = Sleep Hygiene Index, SWT = sleep-

wake timing.

Figure 2—ROC curve of the SHI at a cutoff of 16 against
PSQl.
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AUC = 0.650; 95% confidence interval = 0.593-0.708; standard
error = 0.029. AUC = area under the curve, PSQI = Pittsburgh Sleep
Quality Index, ROC = receiver operating characteristic, SHI = Sleep
Hygiene Index.

we evaluated the screening characteristics of the SHI against
the students’ sleep quality measured with the PSQI. Although
it is not a diagnostic instrument, the PSQI has been reported
to correlate with clinician-diagnosed sleep disorders.** In this
study, we found the SHI to be of moderate use as a screening
tool to discriminate the students with poor sleep quality. The
AUC of 0.650 found in our study is lower than 0.800, which
is the recommended value for instruments with good screen-
ing potential.®® At a cutoff of 16, the ROC of the SHI had the
highest Youden index, which is regarded as the most optimal
tradeoff points between the sensitivity and specificity of an in-
strument.”® An AUC of 0.65 implies that 65% of the time, a
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student who is randomly selected from those categorized as
having poor sleep quality will have a total SHI score greater
than 16 compared to a student randomly selected from those
with good sleep quality. Among the respondents in this study,
this cut-off could identify 77% of students with poor sleep qual-
ity (sensitivity) and 47.5% of those without poor sleep quality
(specificity), with an accuracy of 62.3%. This sensitivity is
above the threshold of 70% that is regarded as the acceptable
minimal requirement for a screening instrument.*> However,
the specificity is lower than the minimum requirement of
80%?* whereas the accuracy is moderate. A possible explana-
tion for the low specificity of the instrument as a screening
tool for poor sleep quality among the undergraduate students
may be the erratic bed-on and bed-off schedules,* which may
be related to the demands of academic study and the desire
for excellent academic performance. In this study, strict bed-
on and bed-off times were only maintained by 11.8% and 8%
of the student population, respectively. Erratic bedtimes are a
strong contributor and a major factor in the SHI, regardless of
the cause. Another possible reason may be that this study was
carried out in a nonclinical sample. Poor sleep hygiene may be
due to a deliberate effort to increase study times rather than an
underlying sleep pathology, which would be more likely in a
clinical sample. However, considering its ease of administra-
tion and the limited resources for sleep assessment in Nige-
ria, the SHI may serve as an initial screening instrument that
would indicate the need for further evaluation by specialists for
related physical and psychological health problems.>** We also
noted that there were significant differences between the mean
score of each extracted factor in the students with good sleep
quality compared to those with poor sleep quality. This further
support the validity of the three-factor model of SHI.

The strength of this study is that it is the first study in Nige-
ria and Sub-Saharan Africa to evaluate the psychometric prop-
erties of the SHI, and its appropriateness to identify poor sleep
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quality among undergraduate students. However, in interpret-
ing our findings, the following limitations need to be consid-
ered. First, generalization of our findings might be difficult
because this study was conducted using a subset of the popu-
lation (undergraduate students). Second, although the sample
size appeared adequate for EFA, future studies should utilize a
larger and more diverse sample size. This could provide more
robust and stable results. Third, we only examined the internal
reliability of the SHI and not the test-retest reliability. Fourth,
subjective measures were used to assess sleep quality and may
be subject to recall bias. Subsequent studies can include ob-
jective measures such as actigraphy. Future research should
investigate the effect of sociodemographic characteristics on
the association between sleep hygiene practices, and sleep and
other health outcomes.

CONCLUSIONS

This study demonstrated modest reliability and validity for the
SHI. In addition, it has modest utility as a screening tool for
poor sleep quality among Nigerian undergraduate students.
The SHI can function as an inexpensive and accessible base-
line assessment in the identification and overall management
of poor sleep quality in undergraduate students. This is im-
portant considering the adverse effects of poor sleep quality on
their academic, physical, and psychological functioning; how-
ever, more studies are needed to further establish its usefulness
among other non-clinical and clinical Nigerian populations.

ABBREVIATIONS

AUC, area under the curve

CFA, confirmatory factor analysis

CFI, comparative fit index

CMIN/df, minimum discrepancy/degree of freedom
EFA, exploratory factor analysis

ESS, Epworth Sleepiness Scale

GFI, goodness-of-fit index

IFI, incremental fit index

LR+, positive likelihood ratio

LR—, negative likelihood ratio

MEQ, Morningness-Eveningness Questionnaire
NPV, negative predictive value

PPV, positive predictive value

PSQI, Pittsburgh Sleep Quality Index

RMSEA, root mean square error of approximation
ROC, receiver operating characteristic

SHI, Sleep Hygiene Index

TLI, Tucker-Lewis index
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