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Study Objectives: The applicability of sleep-related scales to frontline medical staff for the COVID-19 pandemic has not been fully proved, so sleep survey
results lack credibility and accuracy, creating difficulties for the guidance and treatment of frontline medical staff with sleep disorders, which is not conducive to the
prevention and control of COVID-19. This study sought to analyze the reliability and validity of the Pittsburgh Sleep Quality Index (PSQI) among frontline medical
staff fighting the COVID-19 pandemic.

Methods: A network questionnaire survey was used to investigate the PSQI among frontline medical staff who fought COVID-19 in Wuhan, China from March 19
to April 15, 2020. Combined with classical test theory and item response theory, the content validity, internal consistency, construct validity, and other aspects of
the PSQI were evaluated.

Results: According to classical test theory, content validity, criterion validity, and construct validity of the PSQI were good. But the internal consistency was
better after the deletion of the “daytime dysfunction” subscale. With regard to item response theory, difficulty, the differential item function, and the Wright map per-
formed well.

Conclusions: The original PSQI showed acceptable applicability in frontline COVID-19 medical staff, and its characteristics moderately improved after the
“daytime dysfunction” subscale was removed.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: The Pittsburgh Sleep Quality Index (PSQI) is one of the most frequently used scales in sleep quality investigation.
However, the PSQI requires validation in medical staff, especially first-line medical staff against COVID-19. Here we explore the reliability and validity of
PSQI among frontline COVID-19 health care workers using classical test theory and item response theory.

Study Impact: This is the first study that validates the PSQI in COVID-19 frontline health care workers, and shows that the PSQI is acceptable for applica-
tion in this population. However, the exclusion of “daytime dysfunction” could improve the validity and reliability of the PSQI. The applicability of the PSQI
still calls for further research, which should involve multiple centers and objective indicators such as sleep electroencephalograms.

INTRODUCTION

with non-frontline or nonmedical staff, the prevalence of sleep
disorders in frontline COVID-19 medical staff is higher
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In the novel coronavirus outbreak, frontline health care is chal-
lenging, arduous, and demanding work that requires a high level
of motivation and dedication. Many frontline health care work-
ers for COVID-19 experience sleep loss as they adjust and cope
with workloads and harsh environments. A meta-analysis found
that 45.1% (95% confidence interval [CI], 37.2%-53.1%) of
Chinese medical workers had low sleep quality during the pan-
demic, and the pooled mean total score of the Pittsburgh Sleep
Quality Index (PSQI) was 9.83 (95% CI, 8.61-11.04). Health
care workers in Wuhan, China had a higher total PSQI score
than those in other regions (Cochrane Q statistic (Q)=9.21,
P=.002)." Several other Chinese studies found that compared
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(16.4%—61.6%), with the epidemic of anxiety and depression.”®
Similarly, multiple investigations in Egypt, Turkey, Iran, and
other Middle East regionsﬂ); Nigeria; Serbia; other African
regions'®''; and Brazil'? revealed that the proportion of poor
sleep in medical staff fighting COVID-19 was greater than
45.7%, and the presence of anxiety features (P <.001) as well as
depressive features (P <.001) could be used as significant inde-
pendent predictors of poor sleep quality.'® These studies suggest
a high incidence of poor sleep in frontline COVID-19 health care
workers. Unfortunately, poor sleep impairs memory and vigi-
lance and, if chronic, may lead to related psychological illness
and an increased risk of complications,'*'> which may have a
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dramatic impact on the day-to-day medical activity as well as
overall health of frontline COVID-19 health care workers.

The PSQI, the most commonly used scale of sleep quality,
was used in all the above studies. However, different factorial
structures were found in various samples, casting doubt on the
validity of the total PSQI score in detecting poor and good sleep
quality.'® Biases of the PSQI may be attributed to group differ-
ences (eg, age, disease, and culture), and further psychometric
investigations in specific populations are needed.!” Some char-
acteristics of frontline COVID-19 medical staff, such as a
strong work ethic, the large gap between knowledge of sleep
and awareness of its importance, workload, and clinical needs,
profoundly make their sleep pattern and schedule different, and
perhaps there are other potential mechanisms that lead to their
sleep disorders.'>'® Therefore, validation of the PSQI in
frontline COVID-19 health care workers is warranted and will
support it as a clinical tool for this population.

However, there are few articles about the reliability and
validity of the PSQI in medical personnel, or even in shift
workers under high pressure. The reliability and validity of
PSQI in regularly scheduled populations under low pressure,
such as healthy people, community-dwelling adults, who were
completely different from frontline COVID-19 health care
workers, showed that Cronbach’s a ranged from 0.69 to 0.84,
but increased when a subscale (sleep medicine use) was
excluded.!”% After 24 weeks, test-retest correlation coeffi-
cients for the 7 components ranged from 0.30 to 0.84."° The
PSQI global score correlated with other sleep measures, such
as the Insomnia Severity Index, Ford Insomnia Response to
Stress Test, and Glasgow Sleep Effort Scale, but not with the
Epworth Sleepiness Scale (ESS) or Snore, Tired, Observed,
Pressure, Body mass index, Age, Neck, Gender (STOP-
BANG).”*?* The cutoff score was 5-8.5.'°7** The PSQI pro-
vided a good and reliable distinction between normal and
impaired sleep quality, but Becker et al*' suggested excluding
the “sleep medicine use” subscale and using it as a comple-
mentary qualitative assessment of health.

The reliability and validity research on PSQI is mainly based
on the classical test theory (CTT). In most studies, Cronbach’s
a fluctuated between 0.70 and 0.85. No studies reported Cron-
bach’s a above 0.9. With regard to the factor structure of the
PSQI, most studies reported poorer fit in single-factor models
and better fit in 2- or 3-factor models. The results were not con-
sistent. The PSQI has a good correlation with the Insomnia
Severity Index, polysomnography, and other sleep quality indi-
cators, but weak or no correlation with conditions such as vom-
iting, anger, spasticity, and bladder dysfunction. The evidence
on test-retest is limited and the appropriate length of time
between test and retest is unclear, requiring further testing and
definition. Gender differences lack consistent findings.'®*>*
The advantage of CTT is that it reduces the impact of errors
associated with each individual item by adding multiple items
together. Although valuable, the use of CTT for examination
and analysis of data is not without limits. First, all CTT-based
statistics are sample dependent. CTT is only applicable if the
participants’ capabilities are comparable.”’*® In addition, it is
difficult for CTT to distinguish the cross-item common themes
that are important to interest variables from the superficial
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common themes.?’ Finally, CTT-based scales may tend to be
more sensitive at the center (relative to the extreme) of the rat-
ing range. The scores at the tail are not estimated as accurately
as the scores at the middle region.

Different from CTT, item response theory (IRT), with Rasch
as the most commonly used model, is based on theories like
item characteristic curve and latent trait theory. IRT makes up
for the deficiencies of CTT in many aspects, such as the stabil-
ity of item parameters and the estimation of measurement
errors.”’ IRT describes the relationship between a latent trait
and the probability of choosing a particular item response that
indicates the trait being measured. IRT can enable researchers
to create a visual representation of how well items are perform-
ing and therefore allows for an in-depth analysis at both the
item level and the person level using the same metric.’® There
are 2 articles currently evaluating PSQI using IRT. Bellini
et al’! analyzed the individual items of PSQI in patients with
irritable bowel syndrome by a unitary bowel-sleep model based
on IRT. Revealing a strong positive correlation between the
severity of irritable bowel syndrome symptoms and sleep dis-
turbances. Chien et al*? used Rasch analysis to validate the
items of the revised PSQI (SC_PSQI) in Taiwan’s high-tech
workers. These results indicate that the SC_PSQI with a 0 to 2
scoring scale can be used as a one-dimensional scale to assess
sleep quality. Although helpful in many cases, IRT also has
clear limitations. Most applications of the IRT models cannot
currently be conducted with commonly used statistical pro-
grams. Moreover, IRT will improve test validity by improving
test reliability.”” Therefore, CTT and IRT have complementary
advantages. Both of these approaches can provide useful infor-
mation at all stages of the evaluation.

The objective of the present study was to determine the
validity and reliability of the PSQI in screening for sleep disor-
ders among the frontline health care workers fighting against
COVID-19. We analyzed content validity, criterion validity,
internal consistency, and construct validity using CTT, as well
as difficulty, differential item function, and Wright map using
IRT in order to conduct a PSQI evaluation. This study provides
a basis for improvement in and further research of the sleep
quality of medical staff in the COVID-19 pandemic as well as
other public health emergencies.

METHODS

Participants

Study inclusion criteria were as follows: (1) first-line qualified
doctors or nurses in Wuhan for COVID-19, and (2) working
time more than 1 week from March 19 to April 15, 2020. Exclu-
sion features were as follows: (1) nervous system disease and
psychological disorders, (2) women during their menstrual
period, (3) thyroid dysfunction, (4) sleep apnea syndrome, and
(5) dependence on sedative-hypnotics.

This study was performed in agreement with the Declaration
of Helsinki ethics requirements and was approved by the Ethics
Committee of the Faculty of Medicine, Fujian Provincial Hos-
pital (K2020-03-145). Electronic signed informed consents
were obtained from all participants.
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Instruments

The frontline health care workers who fought against COVID-
19 in Wuhan from March 19 to April 15, 2020, were invited to
participate in a sleep survey via a smartphone-based WeChat
(Tencent Corporation, Shenzhen, CN) application. Those who
agreed to participate started the survey by clicking the enclosed
website link or quick response (QR) code (2-dimensional bar
code). Moreover, patients finished the survey without any assis-
tance, while additional virtual guidance related to the adminis-
tration of the survey, if asked for, was offered via WeChat
platform or phone calls by individual members of our team.
Participants were considered as enrolled if they returned the
completed e-questionnaire. Obtained survey information
including name, age, sex, score, and so on was collected by the
Wen-Juan-Xing platform (Ranxing Information Technology
Corporation, Changsha, CN), which is a free and open platform
for survey design.

The content of the sleep survey contained general informa-
tion (demographic and sociological data, psychological status,
previous disease) and a Chinese version of sleep or health-
related scales (PSQI, ESS, Morning and Evening Questionnaire
[MEQ], and General Health Questionnaire [GHQ]).

The Chinese version of the PSQI consists of 19 self-rated
questions grouped into 7 subscales: self-reported sleep quality,
sleep latency, sleep duration, sleep efficiency, sleep distur-
bance, sleep medicine use, and daytime dysfunction. The score
of each subscale was weighted equally on a 0-3 scale, and
summed to yield a global PSQI score ranging from 0 to 21.
Higher scores indicated worse sleep quality. The validity of the
Chinese version of the PSQI has been supported in patients with
cancer,” students,** and community-dwelling older adults.*”

The ESS is a self-administered questionnaire, comprising
8 questions that survey the likelihood of daytime sleepiness.
Each question is scored from 0 (would never doze) to 1 (slight
chance of dozing), 2 (moderate chance of dozing), and 3 (high
chance of dozing). The total score ranges from 0 to 24, with a
score of 11-24 indicating excessive daytime sleepiness. The
reliability and validity of the Chinese version of ESS have been
investigated in Chinese patients with obstructive sleep apnea
syndrome.**’

The MEQ was used to classify participants into 3 different
groups. Participants with scores lower than 42 were classified
as evening types, participants with scores between 42 and 58
were classified as intermediate types, and participants with
scores above 58 were classified as morning types.

The GHQ (GHQ-12) is a simple tool made for the identifica-
tion of general psychiatric disorders. There are 12 questions
about respondents’ “depressive, anxiety symptoms, confidence,
and overall happiness,” measured on a Likert scale (0=Iless
than usual, 1 =no more than usual, 2 =rather more than usual,
3=much more than usual). The scores for the 12 questions
were summed, resulting in a value ranging from 0 (the least
severe psychiatric disorder) to 36 (the most severe psychiatric
disorder). A respondent with a GHQ-12 score > 18 was defined
as having general psychiatric disorders. The Chinese version of
the GHQ (GHQ-12 and GHQ-30) has been standardized for
rural residents, parents of primary school children, young civil
servants, and other general populations.®®
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CTT analysis
Content validity

Content validity demonstrates the coincidence degree between
the actually measured content of a scale and the content to be
measured. Six experts in the field of sleep were invited to assess
the content relevance of the PSQI items by e-mail using a
4-point scoring system, with “no correlation” as 1 point, “weak
correlation” as 2 points, “strong correlation” as 3 points, and
“very strong correlation” as 4 points. The content validity index
(CVI) was calculated on the item-level CVI (I-CVI), average
scale-level CVI (S-CVI/Ave), and adjusted kappa value (K*).
An I-CVI = 0.78 and S-CVI = 0.90 are considered good. The
evaluation of K* was as follows: 0.40-0.59 for general,
0.60—0.74 for good, and > 0.74 for excellent.*®

Criterion validity

Criterion validity is the extent to which a measure is related to
an outcome. It is usually assessed through comparison with a
well-established measurement that acts as the criterion against
which the new instrument is assessed. The Pearson correlation
analysis was performed on the total score and each subscale
score of the PSQI with the total scores of ESS, MEQ-5, and
GHQ-12, respectively. The receiver operating characteristic
curve (ROC) of the PSQI for predicting sleep quality was drawn
and the area under the ROC (AUC) was calculated based on
self-reported sleep quality assessed by participants. The follow-
ing benchmarks were used for AUC interpretation: 0.50 to
0.69=“poor,” 0.70 to 0.79=‘acceptable,” 0.80 to
0.89 =“excellent,” and = 0.90="“outstanding.”*’ The optimal
cutoff was identified as the PSQI score maximizing the You-
den’s J statistic (sensitivity + specificity — 1).

Construct validity

Construct validity evaluates the degree to which an instrument/
test measures the intended construct. Exploratory factor analy-
sis*® and confirmatory factor analysis**->° were used.

Internal consistency

Internal consistency refers to the degree of consistency among
all internal items. Cronbach’s « coefficient was used to evaluate
the reliability of internal consistency, and it is generally consid-
ered that a coefficient above 0. 7 is good.*’

Split-half reliability

PSQI subscales were divided into 2 equal groups (2 halves) by
the even-odd grouping method. The correlation between the 2
halves was calculated by the Spearman Brown’s formula. A
correlation coefficient greater than 0.7 was generally consid-
ered good.”'™*

Test-retest reliability

Test-retest reliability reflects the stability and consistency of the
test across time. Using the same test method, some participants
were tested twice, in turn, and the correlation coefficient of the
scores obtained from the 2 tests was calculated. The intraclass
correlation coefficient was usually used as the evaluation index
of test-retest reliability. An intraclass correlation coefficient
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of greater than 0.70 is considered indicative of acceptable re-
liability.’ * Two weeks later, 30 participants completed the ques-
tionnaire again, and the test-retest reliability was calculated.

IRT analysis

The Rasch model was used to analyze the reliability and validity
of the PSQI. The unidimensionality of latent traits is an impor-
tant prerequisite for Rasch model analysis. The principal com-
ponent analysis of standardized residuals was used for a
dimension test of the PSQI, and the eigenvalues between 1.4
and 2.1 were indicators of the unidimensionality of the scale.>
The outfit mean square (outfit MNSQ) and infit MNSQ were
used as the model fitting index, and the value range was
0.50—1.50. The closer to 1, the better the fit.>® The difficulty
level of each subscale was determined by average logit measure
values (measure). The higher the measure value, the more diffi-
cult the subscale will be.””® The point-measure correlation
(PT-measure) indicated the correlation between individual per-
formance on a subscale and that on the whole scale, and the
range was 0.40-0.80.> Differential item function (DIF) was
used to detect the differences of the same subscale in different
participants’ traits. DIF contrast greater than 0.5 logits and the
absolute value of a T value greater than 2 indicated DIF.’® The
Wright map reflected the overall quality of the scale and demon-
strated the joint distribution of a person’s ability and item diffi-
culty on the same line.®® The reliability of Rasch was measured
by the item reliability index and the individual reliability index.
The closer the 2 reliability indexes were to 1, the better.®!

Statistical analysis

SPSS 23.0 software (IBM Corporation, Armonk, NY) AMOS
22.0 software (IBM Corporation, Armonk, NY) were used to
conduct CTT. Winsteps software (version 4.0.1 Winsteps.com,
Beaverton, OR, USA) was used to perform the Rasch analysis.

RESULTS

Basic information

A total of 528 valid questionnaires were collected in this study.
The participants included frontline COVID-19 doctors and
nurses in Wuhan. The mean + SD age was (33.63 £ 6.4) years
old, including 139 males (26.3%) and 389 females (73.7%).
The mean + SD total PSQI score was 6.91 + 3.8. Taking the
total PSQI score > 7 as the screening criterion of sleep disor-
ders, %> there were 199 patients with sleep disorders, and the
positive rate was 37.7%. Sociodemographic characteristics of
the participants are shown in Table 1.

Reliability and validity of CTT
Content validity

The S-CVI/Ave of PSQI was 0.905, which was greater than
0.90, indicating that the overall content validity of the PSQI
was good. Except for the score of “daytime dysfunction” sub-
scale, the I-CVI of each subscale was greater than 0.78 and the
K* was above 0.74 (Table 2), which showed that these
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Table 1—Sociodemographic characteristics of the study cohort.

Variables ‘ n (%) ‘ PSQI Score P Value
Age (y)
<30 139 (26.3) 712+ 35 M
=30 389 (73.7) 6.83 £ 39
Sex
Male 133 (25.2) 6.60 £ 3.8 28
Female 395 (74.8) 7.01+38
Profession
Doctor 114 (21.6) 6.32 £39 .06
Nurse 414 (78.4) 7.07 £ 3.7

PSQI = Pittsburgh Sleep Quality Index.

subscales have excellent content validity, correlation, and
representativeness.

Criterion validity

The ESS, MEQ-5, and GHQ-12 were used as criteria to evalu-
ate the criterion validity of the PSQI. Except for sleep effi-
ciency, the total score and each subscale score of the PSQI were
positively correlated with the scores on the ESS and GHQ-12,
and negatively correlated with the MEQ-5 score (P <.05; see
Table 3). The “sleep efficiency” subscale score was positively
correlated with ESS and GHQ-12 scores, but there was no sta-
tistical difference. The sleep efficiency score had a significant
negative correlation with MEQ-5 scores (P<.05). This sug-
gested that the PSQI has good criterion validity. Taking the
self-rated sleep quality of survey participants as the standard,
the ROC of the PSQI for predicting sleep quality was drawn.
The AUC was 0.919 (95% confidence interval, 0.896-0.942).
When the total score of PSQI was 6.5, the Youden index was
the highest, indicating that participants with PSQI scores above
this critical value had poorer sleep quality (Figure 1).

Construct validity

The Kaiser-Meyer-Olkin (KMO) value of 0.757 and Bartlett’s
sphericity test results (x> =950.189, P<.001) showed that the

Table 2—Content validity of the PSQI.

PSQI Subscales I-CVI Pc K*
Self-reported sleep 0.833 0.09375 0.816
quality
Sleep latency 1 0.01563 1
Sleep duration 1 0.01563 1
Sleep efficiency 1 0.01563 1
Sleep disturbance 1 0.01563 1
Sleep medicine use 0.833 0.09375 0.816
Daytime dysfunction 0.667 0.234375 0.565

[-CVI = item-level content validity index, K* = adjusted kappa value, Pc =
the probability of chance universal agreement, PSQI = Pittsburgh Sleep
Quality Index.
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Table 3—Criterion validity of the PSQI.

Table 4—Exploratory factor analysis of the PSQI.

ESS = Epworth Sleepiness Scale, GHQ-12 = 12-item General Health
Questionnaire, MEQ-5 = 5-item Morning and Evening Questionnaire,
PSQI = Pittsburgh Sleep Quality Index. * = P < 0.05, ** = P < 0.01, *** =
P <0.001.

PSQI was suitable for exploratory factor analysis. In explor-
atory factor analysis (Table 4), 2 common factors were
extracted, and the cumulative variance contribution rate was
58.828%. The communality of each subscale was greater than
0.4, revealing that subscales were well expressed by common
factors. With regard to confirmatory factor analysis, it can be
seen from Table 5 that the 2-factor model had a good fit. Good-
ness of fit index (GFI), adjusted goodness of fit index (AGFI),
comparative fit index (CFI), normed fit index (NFI) were all
greater than 0.90, and standardized root-mean-square residual
(SRMR) was less than 0.08. However, x*/df was more than 3,
and root-mean-square error of approximation (RMSEA) was
above 0. 08, indicating that the model still needed to be

Figure 1—ROC of the PSQI to predict sleep quality.
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PSQl = Pittsburgh Sleep Quality Index, ROC = receiver operating
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Journal of Clinical Sleep Medicine, Vol. 18, No. 2

PSQI Subscales ESS MEQ-5 GHQ-12 PSQI Subscales Factor 1 | Factor 2 | Communalities
Self-reported sleep 0.256** —0.298** 0.351** Self-reported sleep 0.711 0.426 0.688
quality quality

Sleep latency 0.116** —0.278* 0.246*** Sleep latency 0.591 0.413 0.520
Sleep duration 0.157*** -0.101* 0.181*** Sleep duration 0.179 0.772 0.629
Sleep efficiency 0.061 —0.159* 0.048 Sleep efficiency 0.065 0.818 0.673
Sleep disturbance 0.395*** —0.220* 0.347*** Sleep disturbance 0.676 0.236 0.513
Sleep medicine use 0.141* —0.182** 0.199** Sleep medicine use 0.670 0.153 0.472
Daytime dysfunction 0.299*** —0.161* 0.411* Daytime dysfunction 0.756 -0.226 0.622
Total scores 0.302*** -0.309*** 0.388"**

PSQI = Pittsburgh Sleep Quality Index.

modified. The standardized estimate of the “daytime dys-
function” subscale in the 2-factor model was much smaller than
that of other subscales, so the model was revised after the dele-
tion of the “daytime dysfunction” subscale (Figure 2). All the
indicators showed that the revised 2-factor model was better.

Internal consistency

The overall Cronbach’s a coefficient of the PSQI was 0.746,
indicating good internal consistency of the scale as a whole.
The correlation coefficient between the score of each subscale
and the adjusted PSQI total score (excluding the score of the
corresponding subscale) was calculated to investigate the con-
sistency between 1 subscale and others. It was found that the
correlation coefficient of the “daytime dysfunction” subscale
was too small, and the deletion of the “daytime dysfunction”
subscale could increase the value of Cronbach’s o (Table 6),
indicating that the deletion of this subscale could improve the
internal consistency of the PSQI.

Split-half reliability and test-retest reliability

The split-half reliability of the PSQI was good, with a correla-
tion coefficient of 0.888. The intraclass correlation coefficient
was within the range of 0.709-0.813, indicating that the test-
retest reliability of the PSQI was also good (Table 6).>*

Reliability and validity of IRT
Unidimensional analysis

The principal component analysis of standardized residuals
showed that the variance attributable to the Rasch factor was
good, with eigenvalues of 1.6, confirming the factors’ unidi-
mensionality. The data were suitable for analysis by the Rasch
model.

Fitness and difficulty

The statistical results of the Rasch analysis are shown in
Table 7. The outfit MNSQ and infit MNSQ of the PSQI were
0.65—1.44 and 0.68-1.27, respectively, showing a good fit. The
PSQI could effectively and accurately depict the characteristics
of participants. With regard to the difficulty level, the average
logit measure value (measure) was from —1.59 to 1.55,
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Table 5—Confirmatory factor analysis of the PSQI.

Absolute Index Relative Index Parsimony
Index
Model Xdf GFI AGFI SRMR RMSEA CFI NFI AlC
1-Factor 11.269 0.930 0.860 0.060 0.137 0.846 0.835 185.772
2-Factor 7122 0.958 0.910 0.041 0.105 0.915 0.903 122.592
Revised 2-factor 2.965 0.984 0.921 0.019 0.066 0.976 0.966 103.3
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AGFI = Adjusted Goodness of Fit Index, AIC = Akaike Information Criteria, CFI = Comparative Fit Index, GFI = Goodness of Fit Index, NFI = Normed Fit Index,
PSQI = Pittsburgh Sleep Quality Index, RMSEA = Root-Mean-Square Error of Approximation, SRMR = Standardized Root-Mean-Square Residual.

showing moderate difficulty. The PT-measure ranged from
0.45 to 0.75, indicating a good correlation between individual
performance in a certain subscale and that in the whole scale.

DIF

The DIF function was determined by measuring the stability for
the completion of the PSQI between males and females, so as to
demonstrate the universality of the PSQI. As shown in Table 8,

Figure 2—Factor loadings for 2-factor model without the
subscale of daytime dysfunction.

Sleep medicine use

Sleep disturbance
Sleep latency
Subjective sleep

quality

Sleep efficiency

.68

.62

Sleep duration

T values were less than 2 for all subscales except for the “daytime
dysfunction” subscale. The “daytime dysfunction” subscale had
the largest T value (T =2.20), but it did not reach a significant
level. Therefore, there was no DIF contrast between sexes.

Adaptability between participant ability and item difficulty

The appropriateness of PSQI difficulty and participants’ ability
is shown in the Wright map (Figure 3). Participants are plotted
on the left side of the map and subscales are on the right side.
Higher-functioning participants (frontline health care workers
with high ability to complete the scale) and more-difficult-to-
perform subscales are at the top of the map. It can be seen that
the participants’ ability matched with the difficulty of sub-
scales, mainly distributed in the lower position of the Wright
map. The abilities of the subjects to complete PSQI were
mainly plotted in the middle of the map, and there were few
subjects with extremely high or extremely low abilities. Simi-
larly, there was no extremely difficult subscale.

Reliability of the whole scale

The item reliability index was 0.99 and the person reliability
index was 0.70. All subscales of the PSQI were consistent, and
the survey results for different participants were stable.

DISCUSSION

High-quality data concerning the impact of the COVID-19 pan-
demic on the mental health of the entire population, especially

Table 6—The internal consistency and test-retest reliability of the PSQI.

PSQI Subscales Cronbachs « If Subscale Corrected Subscale—Total Test-Retest Reliability
Self-reported sleep quality 0.675 0.685 0.731
Sleep latency 0.700 0.527 0.753
Sleep duration 0.723 0.431 0.802
Sleep efficiency 0.739 0.372 0.766
Sleep disturbance 0.710 0.525 0.813
Sleep medicine use 0.712 0.478 0.795
Daytime dysfunction 0.750 0.305 0.709

PSQI = Pittsburgh Sleep Quality Index.
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Table 7—Subscale statistics of Rasch analysis.

Total Infit Outfit PT-Measure

PSQI Subscales Score Count | Measure | Model SE

MNSQ ZSTD MNSQ ZSTD CORR. EXP.
Self-reported sleep quality 732 552 —0.95 0.08 0.68 —58 0.65 -59 0.75 0.60
Sleep latency 945 552 —1.59 0.06 0.96 -0.8 0.96 -0.7 0.73 0.71
Sleep duration 462 552 0.25 0.06 1.1 1.8 1.37 4.0 0.55 0.61
Sleep efficiency 401 552 0.33 0.06 1.22 3.1 142 3.2 0.52 0.58
Sleep disturbance 664 552 —0.31 0.08 0.87 —22 0.84 -25 0.67 0.59
Sleep medicine use 242 552 0.73 0.06 0.86 —-1.7 0.71 -1.2 0.50 0.48
Daytime dysfunction 299 552 1.55 0.06 1.27 29 1.44 24 0.45 0.52

CORR = Correlation Coefficient, Exp = Expected Value, MNSQ = mean square, PSQI = Pittsburgh Sleep Quality Index, PT-measure = Point-Measure
Correlation, SE = standard error, ZSTD = Probability of A Mean-Square Statistic Expressed as A Z-statistic.

health care professionals, are called for.®* Insufficient sleep and
poor sleep quality are direct risk factors for the mental and
physical health of medical staff, and also potential key issues
affecting medical risks.®>:°® Therefore, it is of great importance
to explore the sleep status and its influencing factors on
medical staff in public health emergencies, so as to carry out
early intervention accordingly. However, a good instrument is a
prerequisite for a successful investigation. Whether commonly
used sleep scales in a clinic can correctly reflect the sleep status
of frontline medical staff should be determined. The PSQI is
widely used to investigate the sleep quality of various popula-
tions. However, due to sample limitations, the PSQI does not
cover the sleep differences in different populations. The appli-
cability of the PSQI to some characteristic groups, such as
medical staff, has not been fully confirmed. This study analyzed
the reliability and validity of the PSQI among frontline health
care workers fighting against COVID-19, so as to provide evi-
dence for further investigation on sleep quality of medical staff
in the COVID-19 pandemic as well as other public health
emergencies.

The results above show that the total PSQI score of frontline
medical staff in COVID-19 was 6.91 + 3.8. Those with scores
>7 accounted for 37.7%, which was less than the 100%

Table 8—DIF of the PSQI.

PSQI Subscales T DIF Contrast
Self-reported sleep 1.89 0.33
quality
Sleep latency 1.98 0.29
Sleep duration 1.91 0.28
Sleep efficiency 0.58 0.08
Sleep disturbance 0.00 0.00
Sleep medicine use 1.17 0.18
Daytime dysfunction 2.20 0.30

DIF = differential item function, PSQI = Pittsburgh Sleep Quality Index, T =
the statistical probability of the DIF size relative to its measurement error
expressed as an approximate unit-normal deviate.

Journal of Clinical Sleep Medicine, Vol. 18, No. 2

reported by Wu and Wei,®” but higher than the 30% reported by
Cheng et al.®® Although the conclusions of different studies dif-
fer, the number of participants in our study is larger than those
reported in other articles concerning sleep status of frontline
clinical staff against COVID-19. The prevalence of sleep disor-
ders among frontline medical staff is higher than that among
non-frontline and nonmedical staff. However, no more than
50% of frontline COVID-19 medical personnel had a PSQI
score > 7 points, suggesting that the sleep quality of frontline
COVID-19 medical personnel might be better than expected.

According to the results of CTT, the internal consistency and
repeatability of the PSQI was good in frontline COVID-19
medical staff, but the related coefficients were lower than that
in patients with cancer and community-dwelling older
adults.®*?> After elimination of “daytime dysfunction,” the
Cronbach’s a coefficient increased, suggesting that “daytime
dysfunction” might need to be excluded or revised. This is con-
sistent with the studies on validity of the PSQI in older
adults.®"!

In terms of structural validity, the best model for the PSQI
was the 3-factor model in older adults,’* patients with chronic
fatigue syndrome,””> women with posttraumatic stress disor-
der,” and multiethnic Asian populations.”” However, in breast
cancer survivors, ® the 2-factor model is superior. In this study,
exploratory factor analysis and confirmatory factor analysis
both supported the 2-factor model for frontline COVID-19
medical staff, but a 2-factor model with the deletion of
“daytime dysfunction” was preferable. This was similar to
improvements in content validity and internal consistency after
the deletion of “daytime dysfunction.” This was probably
because the expression or scope of “daytime dysfunction” is
unclear and it is easy to be answered incorrectly. On the other
hand, daytime function is affected by complex factors not lim-
ited to sleep. Irregular shifts can affect sleep quality and indi-
viduals with high-level professional titles experience a higher
incidence of sleep disorders than those with low-level titles.
The higher the level of stress, the higher the PSQI scores on
self-reported sleep quality, sleep disorder, and daytime dys-
function.”” In addition, general negative emotions caused by
the pandemic are associated with complaints of daytime
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Figure 3—Rasch analysis person-item chart.
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functioning and affective symptoms.'®’®”? However, Rasska-
zova™ pointed out that complaints of daytime functioning diffi-
culties depended not so much on the level and content of
anxiety but on the level of dysfunction that interferes with
everyday activities during the period of COVID-19. Therefore,
while applying the PSQI to the frontline COVID-19 medical
population, the deletion or modification of the “daytime dys-
function” subscale may be considered.

With the ESS, MEQ-5, and GHQ-12 as criteria, the score on
the “sleep efficiency” subscale had no statistical significance

Journal of Clinical Sleep Medicine, Vol. 18, No. 2
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with ESS or GHQ-12 scores. Therefore, among the frontline
COVID-19 medical personnel, sleep efficiency has poor corre-
lation with drowsiness and mental health. The absence of a sig-
nificant correlation between sleep efficiency and total ESS
score has been reported in other literature, but no specific rea-
sons or influencing factors were found.®'*** For the lack of asso-
ciation between sleep efficiency and total GHQ-12 score, this
may be due to several reasons. First, the GHQ-12 reflects physi-
cal health status in recent weeks and involves various issues
such as sleep, stress, coping, mood, and self-evaluation. Sec-
ond, a widely available, GHQ-12—based, single-item sleep mea-
sure was not an adequate substitute for a multi-item measure of
overall sleep disturbance. Although the measures produced
largely similar associations for key determinants of poor sleep,
the discrepancies between responses must be considered when
analyzing data from a measure that uses a single sleep item.*
Last, only 2 underlying factors of mental health status in the
GHQ-12 were associated with differences in sleep status.®*

The ROC results showed that the PSQI with a critical value
of 6.5 could well screen those with good or bad sleep quality
among the frontline medical staff fighting the novel coronavi-
rus. Since the PSQI score was an integer, the critical value was
rounded to 7. Those with scores less than 7 have normal sleep,
and those with scores of more than 7 experience sleep disorders.
The higher the score is, the worse sleep quality is, which is con-
sistent with previous reports.®%

Similar to the conclusions of CTT, the results of Rasch anal-
ysis showed that the PSQI had good adaptability and reliability
for frontline COVID-19 health care workers. However, our
study and similar studies mainly adopted the self-reported indi-
cators for sleep quality evaluation instead of objective indica-
tors, such as sleep electroencephalogram. Thus, sleep scales
with objective indexes remain to be developed.

One limitation of this study was that the data were collected
during the pandemic and the participants’ views may easily
change due to various factors, such as remission or exacerbation
of COVID-19. Another major limitation was that we were not
able to have access in detail to objective measures such as poly-
somnography and the Multiple Sleep Latency Test for everyone
in this population. Sleep disorder is, after all, a broad concept,
and different individuals may have a different understanding of
and answers to the self-report questions in the PSQI. The lack
of details regarding diagnosis might induce homogeneity prob-
lems. In addition, we were not able to investigate whether the
indicators and parameters related to the reliability and validity
of PSQI were changeless within the group across sociodemo-
graphic factors, such as work place (intensive care unit, Fang-
cang shelter hospital,®> emergency room, clinic, or others), or
the adequacy of material supplies.

CONCLUSIONS

As a whole, the PSQI had good reliability and validity among
frontline COVID-19 health care workers on the basis of CTT
and IRT. The exclusion of “daytime dysfunction” could
improve the content validity, construct validity, and internal
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consistency of the PSQI. This study provides reference for the
investigation of sleep among frontline COVID-19 medical staff
and even in other health emergencies. Future studies may focus
on the evaluation of the appropriateness of the PSQI excluding
“daytime dysfunction” in order to provide a proper content
validity assessment of the improved PSQI. In addition, future
work should include multiregional studies with expanded sam-
ple sizes to further confirm the practical effect of the PSQI in
more health care providers, such as dialysis centers, community
health centers, nursing homes, substance abuse treatment pro-
viders, and rehabilitation providers.

ABBREVIATIONS

CTT, classical test theory

CVI, content validity index

DIF, Differential Item Function

ESS, Epworth Sleepiness Scale

GHQ-12, General Health Questionnaire
IRT, item response theory

MEQ, Morning and Evening Questionnaire
MNSQ, mean square

PSQI, Pittsburgh Sleep Quality Index
ROC, receiver operating characteristic
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