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Abstract
Study objectives Sleep quality is essential to health. The current study aimed to adapt and validate the Sleep Quality Ques-
tionnaire (SQQ) into Chinese language.
Methods The Chinese version of the SQQ (SQQ-C) was created following the guidelines for cross-cultural adaptation. Com-
pliant with the COSMIN methodology, baseline data (N = 13,325) examined three validity domains and internal consistency, 
including content validity using the content validity index (CVI) and the cognitive debriefing and focus group (relevance, 
comprehensiveness and comprehensibility), construct validity using structural validity and cross-sectional measurement 
invariance, and criterion validity using concurrent/convergent validity. Follow-up data (N = 3410) gathered within a mean 
of 168 (167–207) h interval were used to additionally assess longitudinal measurement invariance and test–retest reliability 
using intraclass correlation coefficient (ICC).
Results Scale-level CVI/Average was equal to 0.922; Item-level CVIs ranged from 0.889 to 1.000 (excellent), except for 
item 2 (0.556-fair). A panel of local experts and local participants during cognitive debriefing and focus group stated that 
it had sufficient relevance and comprehensibility but a slight deficiency in comprehensiveness. Confirmatory factor analy-
sis indicated a stable two-factor structure encompassing Daytime Sleepiness Subscale and Sleep Difficulty Subscale from 
baseline to follow-up data. The SQQ-C-9 (without item 2) outperformed the SQQ-C-10 (full form). The SQQ-C-9 provided 
evidence of measurement invariance (strict) across subgroups (cohorts, gender, and age) and across time. The SQQ-C was 
negatively correlated with the Chinese Nonrestorative Sleep Scale and the Chinese Sleep Condition Indicator. Cronbach's 
alpha (α), McDonald's Omega (ω), and ICC, respectively, ranged from 0.712 to 0.838, 0.723 to 0.840, and 0.738 to 0.764 
for total scale and each subscale.
Conclusion The SQQ-C exhibits adequate psychometric properties and a stable two-factor structure, and should enable 
valuable assessments of sleep quality in clinical and research settings.

Keywords Sleep Quality Questionnaire · Instrument validation · Psychometrics · COnsensus-based Standards for the 
selection of health Measurement INstruments

Introduction

Sleep is a biological necessity and generally defined as a 
complex highly regulated, reversible neurobiological state 
characterized by behavioral quiescence and perceptual dis-
engagement from the surroundings [1, 2]. As an active pro-
cess of restoring energy, reducing fatigue, regulating emo-
tions, enhancing immunity, and consolidating memory, sleep 

is a critical component to health and it is also a modifiable 
factor for diseases at the individual- and population-level 
[3, 4]. As a result, sleep quality has been frequently invoked 
and evaluated in epidemiological studies. However, the term 
“sleep quality” lacks a clear definition consensus [5, 6]. 
Based on the Encyclopedia of Behavioral Medicine, sleep 
quality commonly refers to subjective perceptions about 
sleep concerning sleep initiation, sleep maintenance, sleep 
quantity, and sleep satisfaction upon awakening [7]. Sleep 
quality is related to medical conditions, overall wellness [6], 
and is relevant to optimal health and functioning [7]. In light 
of the high prevalence of not just clinical insomnia, but also 
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of subclinical sleep disturbances, which are unevenly dis-
tributed across the population, improving sleep health is a 
necessary step toward achieving health equity and address-
ing health disparity [1, 8].

Objective measurements of sleep, including polysom-
nography (PSG) and out of center sleep testing (OCST), 
are costly, require technical training and substantial effort 
for testing, evaluation, and data interpretation [6, 9, 10]. 
Additionally, their implementation in natural sleep settings 
is arduous [11], while in-laboratory studies are susceptible 
to environmental constraints and disruptions [4, 6]. Objec-
tive measures are more accurate and thorough for patients 
in the long run. However, there are few data using objective 
measures that quantify healthy persons [12]. Conversely, 
subjective measures are cost-effective, easily administered, 
and amenable to large scale surveys, provide the instruments 
used are reliable, valid, brief, and versatile. Subjective meas-
ures correlate highly with the variables they are designed 
to capture but they also systematically suffer from inherent 
weaknesses such as cognitive biases [13] and social desir-
ability bias and dishonest answers. Admittedly, both meth-
ods have advantages and disadvantages, complementing one 
another. Importantly, subjective sleep measures are more 
often used and cross-validated against objective indicators 
and may actually be preferable to use.

There are currently at least one hundred sleep measure-
ment instruments, each with different strengths and limita-
tions [14]. Among the more widely used tools, the Sleep 
Quality Questionnaire (SQQ) is composed of ten items, 
encompassing two domains (i.e., two-factor model): night-
time sleep difficulty and daytime sleepiness [9], both of 
which are regarded as essential features of sleep disorders, 
particularly insomnia, as stated in the Diagnostic and Sta-
tistical Manual of Mental Disorders, Fifth Edition (DSM-5) 
[15–17]. There are many questionnaires that assess sleep 
difficulty or insomnia [9], and the more widely used include 
the Pittsburgh Sleep Quality Index (PSQI) and the Insomnia 
Severity Index (ISI) [18, 19]. Excessive daytime sleepiness 
(EDS) [20], is frequently evaluated through subjective per-
ceptions using the Epworth Sleepiness Scale (ESS) [21], or 
the Stanford Sleepiness Scale (SSS) [22]. Assessment tools 
for sleep quality and for evaluating sleep treatment outcomes 
are less numerous, with most of these measures focusing on 
sleep difficulty or daytime sleepiness [9]. The development 
background, the design thought and the design process of 
these specific instruments are focused initially on patients or 
specific sleep disorders instead of healthy persons. In con-
trast, the SQQ is more concerned with healthy persons, espe-
cially the more common signs and symptoms of sleep. In 
China, these specific instruments have been initially applied 
as additional diagnostic tools, and yet some general instru-
ments like the SQQ have rarely been applied for regular 
monitoring and screening of poor sleep quality. Presumably 

healthy people with general sleep problems instead of spe-
cific sleep disorder will seek medical attention often only 
when the condition develops into a severe sleep disorders, 
and they generally do not seek earlier interventions to pre-
vent the adverse downstream effects of suboptimal sleep. 
Hence, the SQQ is needed in Chinese compared to the other 
commonly used sleep questionnaires.

The original Japanese SQQ was developed and validated 
through a considerable rigorous and complete process. It was 
found to be reliable and valid for assessing sleep quality and 
had a stable two-factor structure [9]. It is user friendly both 
for professionals or non-professionals when compared to 
other questionnaires, because item-wording in expressed in 
plain language without requiring professional assistance. We 
aimed to conduct here an initial linguistic validation of the 
SQQ in the Chinese language followed by psychometric val-
idation. This study aimed to adapt the SQQ to Chinese cross-
culturally with the goals of achieving equivalence between 
the Japanese and the Chinese versions [23, 24], and also to 
retain its main psychometric properties [25, 26]. Given the 
known differences in sleeping habits and attitudes, as well 
as in sleep duration across various populations [27, 28], it is 
fruitful to develop measures that are valid cross-culturally, 
which then would enable assessments of sleep quality and 
problems among Chinese populations, who appear to suf-
fer from poorer sleep quality when compared to Western 
populations in previous studies [29]. This study summarizes 
the development and assessment of the SQQ-C in a large 
multicenter cohort, briefly, and in doing so addresses two 
major issues: (i) linguistic validation, and (ii) evaluation of 
the main psychometric properties—content validity, struc-
tural validity, measurement invariance, convergent validity, 
internal consistency, and test–retest reliability.

Methods

Linguistic validation process of the SQQ‑C

We adhered to the following internationally accepted guide-
lines [23, 30–32] and combined them to create an integrated 
method for cross-cultural adaptation of the Japanese SQQ 
into Chinese. The linguistic validation process of the SQQ-C 
and additional information are summarized in Fig. 1 and 
Online Appendix 1.

Participants and procedures

Sleep problems are common among university students, 
healthcare workers, and general patients who consistently 
are at higher risk of poorer sleep quality and higher inci-
dence of self-reported insomnia. Insomnia prevalence in 
these three cohorts is considerably higher than in the general 
population and they are especially vulnerable to different 
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risk factors related to sleep quality [33–36]. The target popu-
lation of the SQQ-C is a diverse/heterogenous population. 
Therefore, these participant groups were selected to test the 
SQQ.

Routinely collected data (total sample, N = 13,325) were 
available from seven different sample sites and contained an 
assessment of sleep indicators using three sleep measures. 
Data collection details are in Fig. 2 and Table S1 in Online 

Fig. 1  Linguistic validation process of the SQQ-C

Fig. 2  The distribution of 
sample sites
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Appendix 2. Seven data sources were regrouped into four 
cohorts based on group classification: university students 
of the first test (baseline, N1 = 9615), university students 
of the second test (follow-up, N2 = 3410), healthcare work-
ers (baseline, N3 = 1915), and general patients (baseline, 
N4 = 1795). Of these, 3410 students (N2) were randomly 
selected as a part of 9615 students (N1) and completed the 
same questionnaires again for test–retest within 1–2 weeks. 
The pooled sample of the first test (baseline) were referred 
to as the total sample (i.e., N1 + N3 + N4). Not coincidentally, 
the selected target population in this study is highly consist-
ent with the one reported in Japanese samples (college stu-
dents and employees) during the original development of the 
instrument. Hence, these participants are not only particu-
larly relevant to studying sleep quality but are of particular 
interest regarding the intended use of the questionnaire at a 
later stage.

Measures

Sleep Quality Questionnaire (SQQ)

The SQQ consists of ten items: six items (3, 5, 6, 7, 8, 10) 
assessing daytime sleepiness and four items (1, 2, 4, 9) 
evaluating sleep difficulty (Online Appendix 1) [9]. Two 
subscales are included, and shall hereinafter be individu-
ally referred to as Daytime Sleepiness Subscale (Factor 
1) and Sleep Difficulty Subscale (Factor 2). The SQQ is 
a self-report instrument that asks participants to rate their 
sleep quality over the past one month using a 5-point (0–4) 
Likert scale ranging from strongly agree to strongly disa-
gree. Composite scores can range from 0 to 40, with higher 
scores indicative of poorer sleep quality, scores for each 
subscale can be calculated. In the Japanese version [9], 
the correlation between the two subscales was medium 
(0.1 < 0.29 < 0.30) in college students, thus two-factor solu-
tion was a robust overall factor [37]; internal consistency of 
the Daytime Sleepiness Subscale was good (0.80 < 0.83 and 
0.84 < 0.90), and that of the Sleep Difficulty Subscale was 
acceptable (0.70 < 0.74 and 0.77 < 0.80) in college students 
and employees, respectively [38].

Nonrestorative Sleep Scale (NRSS)

The Nonrestorative Sleep Scale (NRSS) is made up of an 
overall item and a 12-item form that includes four subscales: 
refreshment from sleep, physical/medical symptoms of Non-
restorative Sleep (NRS), daytime functioning, and affective 
symptoms of NRS [39]. All items are given a weighted score 
from 1 to 5. Global scores can range from 12 to 60. Higher 
scores on the scale indicate less severe NRS, meaning that 
individuals have better sleep quality over the past month. 

The Chinese NRSS (NRSS-C, comprising simplified and 
traditional) was recently developed and has demonstrated 
stable and excellent psychometric properties [40, 41].

Sleep Condition Indicator (SCI)

The Sleep Condition Indicator (SCI) could serve as an ini-
tial screening tool to identify insomnia symptoms based 
on DSM-5 criteria [42]. The SCI consists of eight items, 
assessing two aspects of insomnia disorder during the past 
month: sleep pattern and daytime impact. Items are each 
rated on a 5-point scale from 0 to 4. The possible total score 
ranges from 0 to 32, with lower values indicative of greater 
symptom severity and higher scores indicating better sleep 
quality. The Chinese SCI (SCI-C) was originally developed 
following strict linguistic validation processes and exam-
ined by means of its measurement properties in two previous 
studies [43].

Data analysis

Following the COnsensus-based Standards for the selection 
of health Measurement INstruments (COSMIN) taxonomy 
and guideline [44], there are different indices to evaluate 
validity and reliability estimates, and not all are applicable to 
any given instrument. In the items below, a brief descriptor 
of such approaches in provided.

Content validity

Content validity focuses on whether the domain of content 
for the construct of interest is adequately represented by 
the items [45, 46]. Content validity index (CVI) is widely 
used for quantifying content validity based on expert ratings 
of relevance, namely four ordinal points (1 = not relevant, 
2 = somewhat relevant, 3 = quite relevant, 4 = highly rel-
evant) [45, 47]. A CVI value can be evaluated separately on 
each item (item-level CVI, I-CVI) and overall scale (scale-
level CVI, S-CVI). As for S-CVI, there are two alternative 
approaches: universal agreement method (S-CVI/UA) and 
averaging method (S-CVI/Ave). Further, the study translated 
item-level CVIs (I-CVIs) into values of a modified kappa 
statistic (K*) to adjust for chance agreement. Quality cri-
teria: I-CVI ≥ 0.78 (Number of experts ≥ 6), I-CVI = 1.00 
(1 ≤ Number of experts ≤ 5) [48]; S-CVI/UA ≥ 0.80, S-CVI/
Ave ≥ 0.90 [46, 47]; K*: Excellent (≥ 0.75), Good (< 0.75 
and ≥ 0.60), Fair (≥ 0.40 and < 0.60), and Poor (< 0.40) [49, 
50]. Nine consultant experts (see Acknowledgements) were 
invited to assess content validity of the proposed variables/
dimensions via e-mail between 21 February 2020 and 8 
March 2020. In addition to these, the SQQ-C was assessed 
by a panel of local experts and local participants (university 
students and healthcare workers) during cognitive debriefing 
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and focus group (Fig. 1 and Online Appendix 1). The more 
detailed results for evaluating content validity were reported 
elsewhere [51]. They briefly evaluated three aspects of the 
SQQ-C: relevance (item relevance, appropriateness of 
response options and recall period), comprehensiveness, and 
comprehensibility of the patient-reported outcome measure 
[52].

Structural validity

The target population of interest was the general popula-
tion, a more parsimonious approach had been to analyze 
in the pooled sample the factor structure with confirma-
tory factor analysis (CFA), although the overall sample 
was over-represented by university students. The model fit 
was examined based on the Comparative Fit Index (CFI), 
Tucker–Lewis Index (TLI), Standardized Root Mean Square 
Residual (SRMR) and Root Mean Square Error of Approxi-
mation (RMSEA) [53]. Fit was judged using the following 
thresholds: CFI ≥ 0.95 or TLI ≥ 0.95 AND SRMR ≤ 0.08 OR 
RMSEA ≤ 0.06 (“good fit”) [44, 54]; CFI ≥ 0.90, TLI ≥ 0.90, 
SRMR ≤ 0.08, RMSEA ≤ 0.08 (“acceptable fit”) [55, 56]. 
Moreover, P > 0.05 for the χ2 adjustment statistics of the 
model, as well as values for the Normed Chi-square (NC) 
range of < 2— < 3 [56].

Measurement invariance

Measurement invariance (MI) refers to whether the SQQ-C 
is interpreted in the same way and its the constructs meas-
ured are meaningfully comparable, consisting of cross-sec-
tional measurement invariance and longitudinal measure-
ment invariance, and requiring the measurement structures 
and their items should be comparatively stable [57]. Con-
sidering extensive heterogeneity in multi-sample cohort, 
we tested multi-group measurement invariance (MGMI) 
through multi-group CFA (MG-CFA) across cohorts (uni-
versity students [N1], healthcare workers [N3], and general 
patients [N4]), gender (female and male), and age (adults and 
non-adults). Subsequently, longitudinal measurement invari-
ance (LMI) with longitudinal CFA (L-CFA) was examined 
in the same sample of university students between  N1 and  N2 
across two time points. Regarding the MI of factor structure 
in the SQQ-C, we tested four steps from loose to strict: con-
figural invariance, metric invariance, scalar invariance, strict 
invariance. Accordingly, these MG-CFAs or L-CFA with 
varying (nested) parameter restrictions were computed to test 
for MI. For measurement invariance analysis, we followed 
the recommendation of using changes in fit statistics (cutoff 
points: ΔCFI ≤ 0.010, ΔTLI ≤ 0.010, and ΔRMSEA ≤ 0.015) 
[58–60]. If at least two out of three change in fit indices 

meet the cut-off criteria (i.e., does not significantly worsen 
model fit) in iterative procedure of increasing constraints, 
we considered that measurement invariance held [61]. Given 
that indicators in the SQQ are ordinal, we selected Weighted 
Least Square Mean and Variance adjusted (WLSMV) esti-
mation method for CFA involving MG-CFA and L-CFA [62, 
63]. Nevertheless, the χ2-difference (Δχ2) test and NC are 
sensitive to the sample size, resulting in an overrejection of 
adequate models, meaning that a large sample easily lead 
to a relatively poor fit in CFAs or measurement invariance 
analysis [59, 64–66]. The likelihood ratio Chi-square test 
in current study was still used as a reference only, albeit the 
controversy of its usage as a measurement of the fit [58].

Concurrent/convergent validity

For evaluating concurrent/convergent validity (Spear-
man correlations), we hypothesized that Hypothesis (1): 
the SQQ-C would have a strong negative correlation (|r| ≥ 
0.50) with the NRSS-C or the SCI-C, given the fact that 
both instruments are supposed to measure related constructs 
designed to assess unspecified and/or specified sleep prob-
lems; Hypothesis (2): Daytime Sleepiness Subscale (Factor 
1) would have a strong negative correlation with the NRSS-
C or the SCI-C; Hypothesis (3) Sleep Difficulty Subscale 
(Factor 2) would have a strong negative correlation with the 
NRSS-C or the SCI-C, because both subscales are supposed 
to measure related items of sleep problems. Hypotheses test-
ing for construct validity was considered sufficient if at least 
75% of the correlations or correlation with an instrument 
measuring the same construct of ≥ 0.50 were as expected 
[54, 67]. The current study established concurrent validity 
instead of predictive validity in measurement procedure.

Internal consistency

Cronbach's alpha (α) is a statistical approach to evaluate 
internal consistency reliability and is still the best choice 
among all published reliability coefficients (α ≥ 0.70) [68, 
69]. As an alternative method, McDonald’s omega (ω) could 
offer better reliability estimates and alleviate the need for 
longer scales at least a little [25, 70]. Internal consistency 
was assessed by using both approaches.

Test–retest reliability

Test–retest reliability is the most frequently used statistic 
to reveal stability reliability or reproducibility among the 
same group of respondents between two time points apply-
ing intraclass correlation coefficients (ICC). For research 
scales, generally ICC ≥ 0.70 [67].
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Analysis software

Data analyses were performed in R (v.4.1.2), RStudio 
(v.2021.09.1, Build 372) and JASP (v.0.16.1). Missing data 
were replaced by the mean (i.e., age) or median (i.e., gender 
and Likert-type data) of observed values considering that 
the percentage of missing responses was much lower than 
10%, even less than 1% (Table S2 in Online Appendix 2) 
[71, 72]. The multivariate normality tests, CFA, MG-CFA 
and L-CFA were conducted with package “MVN v.5.9” [73], 
“lavaan v.0.6-9”[74], and “semTools v.0.5-5” [75], respec-
tively. We ran the Figure procedure described below with 
package “ggplot2 v.3.3.5” [76].

Results

Linguistic validation

The formal procedure for linguistic validation is essential to 
ensure that the SQQ-C is actually measuring what we wish 
to measure. The linguistic validation process of the SQQ-C 
was thorough and rigorous using integrated guidelines for 
translation and cultural adaptation. The SQQ-C is highly 

consistent with its Japanese version on four equivalence 
levels (Fig. 1 and Online Appendix 1), which includes the 
same items, scoring method and instructions, and the items 
presented in nearly the same way of understanding, etc. 
Notably, although the process was done in a high standard 
of linguistic validation, the Chinese and the Japanese ver-
sions are almost identical instead of entirely identical, with 
both having considerably language and culture equivalence.

Participants and variables

Table 1 presents the participants on descriptive statistics at 
baseline and at follow-up. The total sample analyzed was 
composed of 13,325 Chinese respondents who completed 
the SQQ at the first test (baseline), including 4111 (31.1%) 
male and 9134 (68.5%) female; age ranged from 13 to 
81 years, with 12,991 adults (97.5%). A sample of 3410 uni-
versity students participated at the second test (follow-up). 
Descriptive statistics of Likert-type items (ordinal variables) 
are listed in Table S2 from Online Appendix 2.

Table 1  The characteristics of 
samples

IQR Interquartile Range

Cohorts Characteristic Frequency (%) Median (IQR, years)

University students (N1 = 9615) Gender
 Male 2781 (28.924)
 Female 6787 (70.588)
 Missing 47 (0.489)

Age
 Missing 11 (0.114) 19 (18, 20)

University students (N2 = 3410) Gender
 Male 1113 (32.639)
 Female 2290 (67.155)
 Missing 7 (0.205)

Age
 Missing 1 (0.029) 19 (18, 20)

Healthcare workers (N3 = 1915) Gender
 Male 602 (31.436)
 Female 1292 (67.467)
 Missing 21 (1.097)

Age
 Missing 8 (0.418) 31 (28, 37)

General patients (N4 = 1795) Gender
 Male 728 (40.557)
 Female 1055 (58.774)
 Missing 12 (0.669)

Age
 Missing 4 (0.223) 36 (29, 48)
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Content validity

Table 2 lists the relevance ratings of nine experts for the 
SQQ-C, with agreements of each item. S-CVI/Ave was equal 
to 0.922; I-CVIs ranged from 0.889 to 1.000 (excellent), 
other than I-CVI of item 2 was equal to 0.556 (fair). Cogni-
tive debriefing and a focus group assessment indicated that 
the SQQ had sufficient relevance and comprehensibility but 
a slight deficiency in comprehensiveness because its con-
tent does not contain specific questions related to inadequate 
sleep opportunity such as early-morning awakenings or late 
bedtimes.

Structural validity

The pooled sample (baseline data) was used to determine 
the factor structure of the SQQ-C. Evidence from CFA sug-
gested that the SQQ-C had a two-factor hypothetical struc-
ture, whereas there are differing numbers of items per factor 
owing to item 2 (“I was still tired even after waking up in 
the morning.”). Apart from this difference, the remaining 
9 items were consistent with the Japanese SQQ design in 

terms of internal attributes. The item 2 in the original SQQ 
design was loaded on the Factor 2, but previous develop-
ment and validation study has observed that this item may be 
problematic, indicating that there is cross-loadings (0.218) 
with loading on the Factor 1 and the gap between target 
loadings (0.472) and cross-loadings (0.218) is the smallest 
of ten differences [9]. Three different models were tested 
with CFA: item 2 loading on the Factor 1, item 2 loading 
on the Factor 2, and item 2 excluded. The CFAs indicated 
that the fit of the two-factor model with the reduced form 
(CFI = 0.977, TLI = 0.969, RMSEA = 0.073 (0.070, 0.076)) 
was better than that of the two-factor model with item 2 
shifted form (CFI = 0.953, TLI = 0.938, RMSEA = 0.099 
(0.097, 0.102)), and the fit of the two-factor model with item 
2 shifted form was better than that of the original two-factor 
model (CFI = 0.903, TLI = 0.872, 0.142 (0.140, 0.145)) 
(Table 3).

Measurement invariance

The MG-CFA indicated that the SQQ-C-9 (i.e., the reduced 
form) had a stable two-factor model across cohorts (three 

Table 2  Content validity index 
of the SQQ-C (N = 9)

SQQ01–SQQ10—item 1–10, Experts in agreement—Number giving rating of 3 or 4, I-CVI—item-
level content validity index, PC (probability of a chance occurrence) was computed using the formula for 
a binomial random variable, with one specific outcome—PC = [N!/A!(N  −  A)!] × 0.5  N where N number 
of experts and A Number agreeing on good relevance, K* kappa designating agreement on relevance—
K* = (I  −  CVI  −  PC)/(1-PC); scale-level content validity index, averaging method (S-CVI/Ave) = 0.922; 
scale-level content validity index, universal agreement method (S-CVI/UA) = 0.600

Item Expert Experts in 
agreement

I-CVI PC K* Evaluation

① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨

SQQ01 4 4 4 4 4 4 4 4 4 9 1.000 0.002 1.000 Excellent
SQQ02 3 4 2 3 3 1 2 3 1 5 0.556 0.246 0.410 Fair
SQQ03 4 4 2 3 4 4 3 4 4 8 0.889 0.018 0.887 Excellent
SQQ04 4 4 3 4 4 4 2 3 3 8 0.889 0.018 0.887 Excellent
SQQ05 4 4 4 3 4 4 4 3 4 9 1.000 0.002 1.000 Excellent
SQQ06 4 4 4 4 4 4 4 4 3 9 1.000 0.002 1.000 Excellent
SQQ07 4 4 4 4 4 3 4 3 4 9 1.000 0.002 1.000 Excellent
SQQ08 4 4 4 4 4 3 2 3 4 8 0.889 0.018 0.887 Excellent
SQQ09 4 4 4 4 4 3 3 3 3 9 1.000 0.002 1.000 Excellent
SQQ10 4 3 4 4 4 3 3 3 3 9 1.000 0.002 1.000 Excellent

Table 3  Fit indices for the 
two-factor CFA models of the 
SQQ-C in baseline data

df Degree of Freedom, CFI Comparative Fit Index, TLI Tucker–Lewis Index, SRMR Standardized Root 
Mean Square Residual, RMSEA Root Mean Square Error of Approximation, CI Confidence Interval, 
SQQ02 item 2
***P < 0.001

Alternative model χ2 (df) CFI TLI SRMR RMSEA (90% CI)

SQQ02 in factor 1 4491.171 (34)*** 0.953 0.938 0.051 0.099 (0.097, 0.102)
SQQ02 in factor 2 9206.066 (34)*** 0.903 0.872 0.074 0.142 (0.140, 0.145)
Excluded SQQ02 1886.256 (26)*** 0.977 0.969 0.037 0.073 (0.070, 0.076)
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samples), gender and age in the pooled sample (Table 4), 
supporting multi-group measurement invariance (Table 4). 
The L-CFA supported longitudinal measurement invari-
ance of the two-factor model with the reduced form across 
time (two time points) among the same university students 
(Table 4). However, the baseline data hardly supported 
multi-group measurement invariance with the original two-
factor model across cohorts, gender, and age, and partially 
supported multi-group measurement invariance with the 
two-factor model with item 2 shifted across cohorts, gender, 
and age (Table S3 from Online Appendix 2). The follow-up 
data could still support longitudinal measurement invariance 
with the two-factor model with item 2 shifted and with the 
original two-factor model across time, yet the latter changes 
in model fit performs worse than when the former is used 
(Table S3 from Online Appendix 2).

Concurrent/convergent validity

In the baseline data, the Spearman correlations between the 
SQQ-C-10, NRSS-C and SCI-C were − 0.645 and − 0.588, 

respectively, whereas between the SQQ-C-9, NRSS-C and 
SCI-C were − 0.624 and − 0.541, respectively. The Spear-
man correlations between its subscales and the NRSS-C in 
baseline data ranged from – 0.646 to – 0.504, and the corre-
lations between its subscales and the SCI-C in baseline data 
ranged from − 0.619 to − 0.341. Inter-item, item-subscale, 
and item-total correlations are shown in Fig. 3.

Internal consistency

Both in the baseline and follow-up data, internal consist-
ency indicators of the SQQ-C and its subscales, Cronbach’s 
alpha, and McDonald’s omega, were greater than the cutoff 
value of 0.70, and most indicators were greater than 0.80 
(Table 5).

Test–retest reliability

For the SQQ-C and its subscales at two time points among 
the same university students, the ICCs ranged from 0.738 to 
0.764 (all > 0.70) in 168 (167, 207) hours interval (Table 5).

Table 4  Measurement invariance of the SQQ-C-9 across subgroups in baseline data and across time in follow-up data

df Degrees of Freedom, CFI Comparative Fit Index, TLI Tucker-Lewis Index, RMSEA Root Mean Square Error of Approximation, CI Confi-
dence Interval, Δ changes in fit indices, Pr (> Chisq)
***P < 0.001
**P < 0.01
*P < 0.05

Hypothesis χ2 (df) Δχ2 (Δdf) CFI ΔCFI TLI ΔTLI RMSEA (90% CI) ΔRMSEA

Cohorts (university students vs. healthcare workers vs. general patients)
Configural 2336.802 (78) 0.974 0.963 0.081 (0.078, 0.084)
Metric 2037.637 (92) 51.890 (14)*** 0.977 0.003 0.973 0.010 0.069 (0.066, 0.072) − 0.012
Scalar 3485.980 (142) 570.820 (50)*** 0.961 − 0.016 0.970 − 0.003 0.073 (0.071, 0.075) 0.004
Strict 4121.110 (160) 304.890 (18)*** 0.954 − 0.007 0.969 − 0.001 0.075 (0.073, 0.077) 0.002
Gender (female vs. male)
Configural 1942.492 (52) 0.977 0.968 0.074 (0.071, 0.077)
Metric 1789.162 (59) 19.632 (7)** 0.979 0.002 0.974 0.006 0.066 (0.064, 0.069) − 0.008
Scalar 2280.029 (84) 267.336 (25)*** 0.973 − 0.006 0.977 0.003 0.063 (0.060, 0.065) − 0.003
Strict 2564.897 (93) 200.989 (9)*** 0.970 − 0.003 0.977 0.000 0.063 (0.061, 0.065) 0.000
Age (adults vs. non-adults)
Configural 1658.286 (52) 0.981 0.974 0.068 (0.065, 0.071)
Metric 1499.616 (59) 9.525 (7) 0.983 0.002 0.979 0.005 0.061 (0.058, 0.063) − 0.007
Scalar 1507.830 (84) 23.773 (25) 0.983 0.000 0.986 0.007 0.050 (0.048, 0.053) − 0.011
Strict 1515.724 (93) 17.151 (9)* 0.983 0.000 0.987 0.001 0.048 (0.046, 0.050) − 0.002
Time
Configural 1393.744 (120) 0.978 0.973 0.056 (0.053, 0.058)
Metric 1282.624 (127) 14.561 (7)* 0.980 0.002 0.976 0.003 0.052 (0.049, 0.054) − 0.004
Scalar 1525.303 (145) 118.882 (18)*** 0.977 − 0.003 0.975 − 0.001 0.053 (0.050, 0.055) 0.001
Strict 1687.725 (154) 194.798 (9)*** 0.974 − 0.003 0.974 − 0.001 0.054 (0.052, 0.056) 0.001
Threshold N/A  > 0.05  > 0.90  < 0.010  > 0.90  < 0.010  < 0.08  < 0.015
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Fig. 3  Inter-item, item-subscale, item-total, and concurrent correla-
tions between the SQQ-C and other sleep measures. Note SQQ01–
SQQ10—item 1–10, F1—Factor 1, F2—Factor 2, F1(+ SQQ02) 

represents including SQQ02 in Factor 1, F2(−  SQQ02) represents 
excluding SQQ02 from Factor 2

Table 5  Internal consistency and test–retest reliability for the SQQ-C among baseline and follow-up data

F1—Factor 1, F2—Factor 2, SQQ02—item 2, F1(+ SQQ02) represents including SQQ02 in Factor 1, F2(−  SQQ02) represents excluding 
SQQ02 from Factor 2
CI Confidence Interval, ICC Intraclass correlation coefficient, model = “twoway” type = “agreement”, SEM Standard Error of Measure-
ment = SD × sqrt (1-ICC), SD standard deviation
a Unstandardized

Cronbach’s αa (95% CI) McDonald’s ω (95% CI) ICC (95% CI) SEM

Baseline data Follow-up data Baseline data Follow-up data Time 1 Time 2

SQQ-10 0.828 (0.824, 0.832) 0.861 (0.854, 0.868) 0.823 (0.819, 0.828) 0.858 (0.851, 0.865) 0.764 (0.749, 0.777) 3.183 3.404
F1(+ SQQ02) 0.838 (0.834, 0.842) 0.862 (0.854, 0.869) 0.840 (0.836, 0.844) 0.863 (0.856, 0.870) 0.745 (0.729, 0.761) 2.570 2.684
F2(− SQQ02) 0.720 (0.712, 0.728) 0.764 (0.750, 0.778) 0.732 (0.724, 0.740) 0.770 (0.757, 0.783) 0.739 (0.724, 0.754) 1.369 1.398
F1 0.827 (0.823, 0.832) 0.849 (0.841, 0.856) 0.831 (0.826, 0.835) 0.852 (0.844, 0.859) 0.738 (0.722, 0.753) 2.282 2.363
F2 0.712 (0.703, 0.719) 0.764 (0.751, 0.777) 0.723 (0.715, 0.730) 0.772 (0.759, 0.784) 0.740 (0.725, 0.755) 1.654 1.713
SQQ-9 0.807 (0.802, 0.812) 0.843 (0.834, 0.850) 0.800 (0.795, 0.805) 0.838 (0.830, 0.846) 0.758 (0.743, 0.772) 2.901 3.091
F1 0.827 (0.823, 0.832) 0.849 (0.841, 0.856) 0.831 (0.826, 0.835) 0.852 (0.844, 0.859) 0.738 (0.722, 0.753) 2.282 2.363
F2(− SQQ02) 0.720 (0.712, 0.728) 0.764 (0.750, 0.778) 0.732 (0.724, 0.740) 0.770 (0.757, 0.783) 0.739 (0.724, 0.754) 1.369 1.398
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Discussion

According to the available literature, the SQQ was fully 
psychometrically validated only in Japanese [9] and Chi-
nese [51], while being simply used but not validated in 
Turkish [77], English [78] and Chinese [79]. The present 
study provides a detailed approach and report on the exten-
sive adaptation and validation of the SQQ in a Chinese 
population. In aggregate, our findings indicate that the 
SQQ-C exhibits adequate psychometric performance.

Psychometric properties

Regarding content validity, with the exception of item 
2 (fair), the consultative expert group indicated that the 
I-CVIs in nine items were excellent. The S-CVI/Ave (> 0.90) 
showed a high level of agreement of items, suggesting high 
content validity [45]. The S-CVI/UA (= 0.600) was below 
the quality criteria. One potential reason behind the S-CVI/
UA method is considered to be an overly stringent indicator 
and is inclined to shrink even more when there are many 
experts on the review panel [80]. Cognitive debriefing and 
focus group indicated the slight lack of comprehensiveness 
of items, for instance early wake-up or late bedtimes. One 
reason might be that early wake-up and late bedtime have 
become comparatively common phenomena among both 
university students and healthcare workers [33, 35, 81–83]. 
Qualitative methods assessing content validity would be 
appropriate/useful; however, we did not face any problems 
in addition to the slight lack of comprehensiveness among a 
few of the items. For construct validity, CFA in the pooled 
sample provided support for a two-factor structure for the 
SQQ-C, which is consistent with the assumption proposed 
in the original questionnaire. However, the loading of item 
2 (“I was still tired even after waking up in the morning.”) 
was quite ambiguous regarding Factor 1 or Factor 2; because 
for some people feeling tired in the morning is a sign of 
bad sleep (Factor 2), while for others it is a sign of day-
time sleepiness (Factor 1). Item 2 showed a cross-loading 
on Factor 1 and Factor 2 because this item actually asks 
about being tired while being awake. On the other hand, the 
three items on the more typical insomnia symptoms (e.g., 
difficulty falling asleep, staying asleep) exhibited higher 
correlations. A series of CFAs validated the model fitting 
in three conditions: item 2 being loaded in Factor 1, item 
2 being loaded in Factor 2, or item 2 being deleted. Item 2 
being deleted (the reduced form) among these three mod-
els was the best fit and would have the strongest empiri-
cal support at the level of CFA results. The SQQ-C and 
its subscales were negatively correlated with the NRSS-C 
and the SCI-C, and such results were anticipated. Therefore, 
the SQQ-C and its subscales showed concurrent/convergent 

validity demonstrating the hypothesized associations with 
the NRSS-C and the SCI-C. As for internal consistency reli-
ability, the reliability estimates indicated that the SQQ-C 
scores and its subscales scores were internally consistent. 
The test–retest reliability estimates demonstrated that the 
SQQ-C scores and its subscales scores were stable within 
1–2 weeks. Contrary to findings from the CFA results, the 
original form would have the best correlations at the level of 
concurrent/convergent validity, the next was item 2 shifted 
form; item 2 shifted form would have the best correlations 
at the level of internal consistency and test–retest reliability 
results, the next was the reduced form. Overall, however, 
the original form was still the least desirable on all results 
of psychometric properties.

Four samples from Japanese college students (N = 716, 
collecting follow-up data of the same 109 college students) 
and employees (N = 716) were used for validating question-
naire designs and developing psychometric performance in 
the original SQQ study [9]. Some recent studies in Japanese 
white-collar employees and university students added to the 
pool of evidence that the SQQ showed adequate psycho-
metric properties and Sleep Difficulty Subscale can be used 
alone or in combination as outcome/predictive variables 
[84–86]. In addition, there were considerably low levels 
of missing values, potentially indicating clarity and read-
ability of the simplified Chinese SQQ items, which is very 
reassuring and take it as another piece of evidence to sup-
port the acceptability of this instrument. Despite a slight 
difference on item 2, this study provides further evidence of 
the psychometric properties of the SQQ with a large-scale 
population.

Measurement invariance

The current study translating Japanese measures into Chi-
nese has found similar factor structures, which would allow 
for reliable cross-cultural comparisons [87, 88]. Following 
at least two out of three fit indices principle, specifically, 
the baseline data supported from configural invariance to 
strict invariance of the two-factor model with the reduced 
form (i.e., the SQQ-C-9) across cohorts (three samples), 
gender, and age. The longitudinal data also supported from 
configural invariance to strict invariance of the two-factor 
model across time (two time points) in the same university 
students among three cases including the reduced form, item 
2 shifted form, and the original form. Scalar measurement 
invariance requires, in addition to the restriction concerning 
the latent state variables, that the intercepts and the loadings 
do not change across groups or occasions. If scalar invari-
ance holds, the latent variables are measured on the same 
scale, and scores on the latent variables can be meaningfully 
compared across groups or measurement occasions [89]. The 
fact is that most tests of measurement invariance include 



Quality of Life Research 

1 3

configural, metric, and scalar steps; a residual invariance 
step is reported for fewer tests [90]. As a consequence of 
strict measurement invariance in the cases above mentioned, 
the expected values of the state variables do not change over 
time, and for different cohorts, gender or age. From the MG-
CFA and L-CFA results, we can conclude that the reduced 
form shows the optimum solution for multi-group meas-
urement invariance (strict) and longitudinal measurement 
invariance (strict), respectively. Although satisfied with the 
results, these findings warrant replication in other demo-
graphic groups.

Recommendations

Judging from content validity, structural validity, and meas-
urement invariance results (i.e., CVI and CFA criteria are 
used), the reduced form, rather than the original form or item 
2 shifted form, would be a more robust scale, whereas the 
original form was the best if concurrent/convergent valid-
ity criteria are included, and item 2 shifted form was the 
best if internal consistency and test–retest reliability crite-
ria are included. However, it is worth noting that the cor-
relations (reliability and concurrent/convergent validity) of 
each form are easy to obtain cut-off points and only change 
slightly with the decreasing item 2. Thus, we recommend the 
reduced form as a preferred solution and decided to accept 
one slight limitation on the correlations. In futures studies, 
the problematic item 2 would be revised (e.g., “I was tired 
when early-morning awakening.”) or be substituted (e.g., 
adding a more typical insomnia symptom) to accommodate 
a diverse/heterogenous population.

Strengths and limitations

The current study is the largest among those used to validate 
the SQQ, and does offer substantial empirical support for 
the validity of the SQQ-C. Another great strength of the 
study is the breadth of the measurement properties examined 
(content validity, structural validity, criterion validity, inter-
nal consistency, reliability, measurement invariance across 
cohorts, gender, age, and time) referring to the COSMIN 
[44] and the many different sample types used. Among these 
psychometric indicators, the longitudinal nature of a sub-
sample is a particular strength. The questionnaire is based on 
the concept of sleep quality and comprises practices aiming 
to assess aspects of sleep difficulty and daytime sleepiness 
[7, 17, 20]. In this sense, we considered the present study 
a first step toward making instruments available for sleep 
quality research in the Chinese general population, and we 
strongly recommend that the SQQ-C be validated in addi-
tional clinical samples and a broadly representative sample 
of the target population.

However, some shortcomings need to be acknowledged. 
First, our study was conducted in three types of cohorts from 
four provinces in China, but did not examine a nationally 
representative Chinese population-based cohort. Notwith-
standing the large-sample and multi-site study, it is unclear 
whether our findings could be extrapolated to other popula-
tions such as community residents and rural residents. In a 
validation study, diversity and broad coverage are essential. 
As such, the representativeness of the sample may have been 
hampered by a narrow population variety and restricted geo-
graphic distribution due to constrained resources and costs, 
and therefore, one should be cautious in generalizing the 
measurement invariance to the general population. In addi-
tion to these, the pilot study and cognitive debriefing were 
conducted with university students and healthcare workers, 
but not in general patients that could slightly reduce the 
interpretability test. Second, in the current study, there is 
the lack of predictive validity trait/symptom measures for 
the SQQ-C. Additionally, the concurrent validity for the 
SQQ-C should be combined together with biological indica-
tors using PSG and OCST and/or behavioral indicators using 
actigraphy, because all indicators in the current study were 
subjective reports [9]. Third, future studies should collect 
prospective longitudinal data to pursue developmental trends 
and find long-term patterns for measuring sleep quality, and 
to investigate whether the reproducibility of two adapted 
forms (the reduced and item 2 shifted) can be supported.

Conclusion

In summary, the SQQ emerges as a psychometrically sound, 
valid, and reliable instrument for assessing sleep quality in 
the Chinese population that is related to, but distinct from, 
other established sleep measures. A stable two-factor struc-
ture of the SQQ has been well validated in Chinese. These 
expected findings provide cogent evidence for the equiva-
lence of the SQQ across cohorts, across gender, across age 
and across time, and support the foundation to substantively 
measure similar constructs between Chinese and Japanese 
populations. The SQQ-C is recommended as a preferred 
measure of sleep quality in clinical and research settings.
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