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Purpose: This study aimed to assess the structural validity of the Chinese version of the Pittsburgh Sleep Quality Index (PSQI) 
among Chinese professional athletes and examine its test-retest reliability and convergent validity across different timeframes.
Methods: 581 Chinese professional athletes participated. Exploratory and confirmatory factor analyses were conducted on the 
Chinese version of the PSQI. Test-retest reliability was assessed over 2 weeks, 1 week, and 2–3 days within a 1-month timeframe. 
Additional reliability analysis over a 2-day interval was conducted within a 1-week timeframe. Convergent validity was assessed using 
Chinese versions of the Insomnia Severity Index (ISI), the Athlete Sleep Screening Questionnaire (ASSQ), and actigraphy. A 1-month 
tracking was conducted, with weekly completion of the PSQI using a one-week timeframe, supplemented by assessments in the second 
and fourth week using two-week and one-month timeframes. Relationships between weekly results and those over two weeks and one 
month examined, along with convergent validity, using sleep diary and actigraphy.
Results: The PSQI exhibited a two-factor structure (sleep quality and sleep efficiency), with good model fit (CFI = 0.960, AGFI = 
0.924, TLI = 0.925, RMSEA = 0.085). Test-retest reliability was satisfactory for intervals of one week or more (r = 0.721 ~ 0.753). 
Using a one-week timeframe, the total score and two dimensions exhibited good reliability (r = 0.769 ~ 0.881), but only the total score 
and sleep quality showed high correlations with ISI and ASSQ (r = 0.701 ~ 0.839). Throughout the tracking, monthly responses 
correlated well with the most recent weeks (r = 0.732 ~ 0.866).
Conclusion: The PSQI demonstrates a two-factor structure in Chinese athletes, with sleep quality being predominant. Test-retest 
reliability within a one-month timeframe is unstable, suggesting a one-week timeframe performs better. Distinguishing between the 
two dimensions, employing shorter timeframes, and incorporating objective measures are recommended.
Keywords: PSQI, athlete, sleep quality, sleep efficiency, timeframe

Introduction
The significance of sleep in relation to athlete health and performance has garnered increased attention. Research on 
athlete sleep has expanded quickly in recent years, influencing even daily management and training plans.1–5

Within the realm of athlete sleep research, subjective sleep rating scales, known for their simplicity, quick administration, 
and comprehensive nature compared to specific objective indicators, have found widespread application across various 
research themes.6–10 Among these scales, the Pittsburgh Sleep Quality Index (PSQI) is one of the most extensively used tools.

The PSQI was introduced in the 1980s as a subjective assessment scale tailored to clinical needs.11 In the decades 
since its inception, the PSQI has played a pivotal role in both clinical applications and scientific research, even serving as 
a benchmark for other sleep measurement tools in terms of convergent validity.12 Concerning athlete sleep, whether in 
comparing and analyzing sleep quality issues or intervening in sleep quality, the PSQI has emerged as the primary 
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subjective assessment tool.1,13 It can be argued that, concerning subjective reports of sleep quality, the current under-
standing and application of athlete sleep may be grounded in using the PSQI.

However, there currently needs to be more research on the structural validity of the PSQI factor structure among 
athletes, as well as a relative absence of systematic examination regarding its reliability and convergent validity. This 
absence of evidence presents a challenge to effectively utilizing the scale to study athletes’ sleep patterns. Indeed, 
researchers have already presented varying views on the utility of the PSQI in athletes, with studies suggesting that it 
may not accurately reflect existing sleep issues.1,14,15

The structural validity of the PSQI faces immediate challenges. Its unidimensional structure is a subject of consider-
able debate. Studies in non-athlete populations have frequently found suboptimal fit for the single-factor structure, with 
many not supporting this configuration.12,16,17 Increasingly, researchers have been analyzing PSQI items separately as 
dependent variables beyond the total score,1,8,14,18,19 uncovering group differences not evident in the overall score.14

Regarding the factor structure of the PSQI, two-factor structures and three-factor structures with more optimal model 
fitness have been successively discovered across different languages and populations.16 However, the optimal structure 
varies among different populations. For instance, a two-factor structure was found to be superior among female workers 
in New Zealand during lockdown,20 mirroring findings observed in Filipino Domestic Workers,21 and among university 
students in Southeast Asia, Africa, and South America.22 Similarly, comparable factor structures have been observed 
among university students in China.23 However, a three-factor structure was found to be more optimal among elderly 
Americans, with similar results validated among medical students in Iran.24,25 In comparison to other groups such as 
students, older people, and other occupational groups, evidence remains scarce regarding the factor structure of the PSQI 
among professional athletes, including Chinese athletes, and the structural validity based on theories such as the 
unidimensional model.

Structural validity reflects the rationality of the PSQI factor structure. Yet, when assessing athletes’ sleep quality using 
the PSQI, one must also consider the stability and consistency of measurement results. Regarding the reliability of the 
PSQI, there is currently a lack of reliable Conclusions regarding test-retest reliability, and a reliable retest interval cannot 
be determined.17 Good reliability forms the basis of good validity. Without reliable reliability characteristics, the 
Convergent Validity of using the PSQI in athletes, ie, whether it can effectively measure corresponding sleep quality, 
remains to be supplemented with evidence. Combined with the controversies surrounding structural validity, the differing 
factor structures across different populations also suggest that the reliability and validity testing of subdimensions in 
athletes are still incomplete.

It is noteworthy that when considering the test-retest reliability and convergent validity of the PSQI, special attention 
should be paid to the time frame within which the PSQI is used. When the PSQI was developed, its measurement time 
frame was set at one month based on its clinical use and symptoms for diagnosing insomnia.11 The commonly used 
course criteria for insomnia may have been the initial reason for this timeframe.17

Thus, when describing non-clinical patients, especially when sleep conditions are related to training and competition 
factors, does such a time frame limit the effectiveness of the PSQI? Some researchers have proactively modified the 
PSQI time frame, requiring participants to respond based on their recent 1–2 weeks’ condition, to demonstrate the short- 
term impact of specific external factors on sleep quality.26,27 Although this approach has not been tested, it suggests the 
need to consider the selection and application of time frames when using the PSQI. For athletes, the factors they face, 
such as training and competition, mostly manifest as changes within a shorter period. Can the longer time frame used 
according to clinical diagnostic criteria still yield reliable measurement results for such a population? Evidence in this 
regard is also lacking, but this demand for non-clinical practice must be considered in testing among athlete populations.

To the best of our knowledge, this study will be the first to systematically examine the reliability and validity of the 
Chinese version of the PSQI among professional athletes in China. Specifically, exploratory factor analysis (EFA) will 
first be used among athletes to conduct data-driven analyses of the PSQI factor structure, thereby preliminarily exploring 
the characteristics of the PSQI factor structure among athletes. Subsequently, confirmatory factor analysis (CFA) will be 
employed to test the fitness of the factor structure obtained from EFA, as well as the fitness of single-factor, two-factor, 
and three-factor structures proposed in previous studies, to examine and compare the structural validity of the PSQI 
factor structure.23,28 Next, the test-retest reliability of the PSQI at different time intervals will be analyzed. The 
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timeframe of the PSQI will then be changed to one week, and the test-retest reliability and convergent validity of the 
PSQI will be tested again. Finally, a one-month follow-up will be conducted to analyze the relationship between the 
results obtained within a one-week timeframe per week and the results obtained within a two-week and one-month 
timeframe, providing evidence for the convergent validity of the PSQI under a longer timeframe. Based on the results of 
these sections, this study will fill the gaps in the reliability and validity of the PSQI among athletes and provide 
constructive suggestions for the more effective use of the PSQI among athletes in China to optimize training effective-
ness and safeguard their well-being.

Material and Methods
Participants
A total of 581 Chinese professional athletes participated in this study. These athletes were recruited from various 
professional sports teams managed by the Shanghai Sports Administration, spanning a diverse range of disciplines 
including badminton (n = 72), shooting (n = 65), handball (n = 58), martial arts (n = 45), fencing (n = 44), archery (n = 
42), boxing (n = 37), field hockey (n = 35), gymnastics (n = 33), modern pentathlon (n = 31), judo (n = 25), table tennis 
(n = 23), basketball (n = 22), taekwondo (n = 18), chess (n = 15; encompassing chess, international checkers, Chinese 
chess), cycling (n = 9), athletics (n = 5), baseball (n = 1), and karate (n = 1). In addition to volunteering to participate, 
these athletes obtained permission from their coaches and management personnel. It is noteworthy that, due to the athlete 
development pathway and daily management system of sports teams in Chinese competitive sports, these athletes were 
mainly in the age range equivalent to secondary school to university, unmarried for the majority, and holding positions 
equivalent to full-time government-employed professionals with a certain fixed income. Furthermore, while most 
received education from secondary to graduate levels within their training base, their daily routines were predominantly 
centered around rigorous training regimens, setting them apart significantly from student-athletes.

The athletes in this study accounted for more than half of the total number of athletes in professional sports teams 
operated and managed by the Shanghai Sports Administration throughout the city. They undergo long-term specialized 
training at training bases and are eligible to represent Shanghai in the highest-level competitions nationwide. Some 
athletes have been selected for the Chinese national team, and a few have represented China in high-level international 
competitions during their tenure with the national team. Within this study, a subset of athletes participated in various 
reliability and validity assessments, resulting in a cumulative sample size of 909 individuals distributed across eight 
samples. Participation was limited to once per sample for athletes included in multiple samples.

(1) A total of 489 athletes participated in the analysis of the factor structure and the test of the structural validity of the 
PSQI. These athletes represented various sports, including shooting (n = 61), handball (n = 55), badminton (n = 55), fencing 
(n = 38), martial arts (n = 37), field hockey (n = 35), gymnastics (n = 33), boxing (n = 31), modern pentathlon (n = 29), archery 
(n = 24), taekwondo (n = 18), table tennis (n = 16), basketball (n = 13), chess (n = 15), cycling (n = 12), judo (n = 10), athletics 
(n = 5), baseball (n = 1), as well as karate (n = 1). Based on their sports and gender, they were stratified and randomly assigned 
to two matched samples for exploratory factor analysis (EFA - Sample 1) and confirmatory factor analysis (CFA - Sample 2). 
Sample 1 comprised 244 athletes, with 123 males and 121 females, with a mean age of 20.05 years (SD = 4.81). Sample 2 
included 245 athletes, with 112 males and 133 females, with a mean age of 20.15 years (SD = 4.38).

(2) Sample 3 was used to examine the 2-week test-retest reliability of the PSQI, with 115 athletes (65 males, 50 females), 
averaging 19.23 years (SD = 3.78). Their sports included handball (n = 27), badminton (n = 26), fencing (n = 24), judo (n = 22), 
modern pentathlon (n = 10), and table tennis (n = 6). Sample 4 was employed for testing the 1-week test-retest reliability of the 
PSQI, involving 125 athletes (69 males, 56 females), averaging 19.62 years (SD = 3.99). Their sports included fencing (n = 
27), handball (n = 27), boxing (n = 24), badminton (n = 18), martial arts (n = 15), basketball (n = 5), table tennis (n = 5), and 
judo (n = 4). Sample 5 was designated for evaluating the 2–3 days test-retest reliability of the PSQI, with 37 athletes (23 males, 
14 females), averaging 23.03 years (SD = 6.67). Their sports included shooting (n = 19) and archery (n = 18).

(3) Sample 6 was used to assess the test-retest reliability of the PSQI within a 1-week timeframe, with 57 athletes (21 
males, 36 females), averaging 19.21 years (SD = 3.04). Their sports included archery (n = 19), badminton (n = 16), 
basketball (n = 15), and shooting (n = 7). Sample 7 was designated for evaluating the convergent validity of the PSQI 
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with a 1-week timeframe, involving 61 athletes (39 males, 22 females), averaging 21.15 years (SD = 3.65). Their sports 
included badminton (n = 17), fencing (n = 13), martial arts (n = 11), modern pentathlon (n = 10), handball (n = 8), and 
table tennis (n = 2).

(4) Thirty-six athletes who were confined to the training base for at least one month without leaving, while engaging 
in regular training and with no recent competition tasks, were recruited. Eleven athletes were excluded from the initial 36 
due to withdrawals or missing at least one test because of unforeseen decisions, such as participating in external 
competitions or exams within the four weeks. The remaining 25 athletes constituted Sample 8, with 7 males and 18 
females. Their sports included modern pentathlon (n = 11), basketball (n = 11), and archery (n = 3), averaging 20.44 
years (SD = 3.47).

The study protocol received approval from the Ethics Committee of the Shanghai Research Institute of Sports Science 
(Shanghai Anti-doping Agency) (Ethics Approval Number LLSC 20220005). It adhered to the ethical principles outlined 
in the latest version of the Declaration of Helsinki. All Participants provided written consent before participating in the 
study.

Measures
The Chinese version of the Pittsburgh Sleep Quality Index (PSQI)
The PSQI, comprising 18 self-assessment items, assesses seven components, including subjective sleep quality, sleep 
latency, sleep duration, sleep efficiency, sleep disturbance, sleep medication, and daytime dysfunction.11 The Chinese 
version of the PSQI has been widely used in China, and its reliability and validity have been tested in populations other 
than athletes.23,28,29

For Samples 1–5, athletes responded based on their recent one-month status. For Samples 6–7, athletes reported their 
state within the past week. In the case of Sample 8, athletes completed PSQI every Monday based on the responses from 
the preceding week. On the third Tuesday, an assessment was conducted based on responses from the prior two weeks. 
Similarly, on the fifth Tuesday, an assessment was made based on responses from the past month.

The Chinese version of the Insomnia Severity Index (ISI)
The ISI comprises seven items, each scored on a 0–4 scale, with higher scores indicating more severe insomnia 
symptoms.30 In this study, the wording of ISI instructions and items related to the timeframe was modified to reflect 
the recent one-week period, while the remaining content remained unchanged.31 In the current study, the ISI was used to 
test the convergent validity of the PSQI within a one-week timeframe. The reliability and validity of the Chinese version 
of the ISI have been tested and widely applied in various populations in China.32,33

The Chinese version of the Athlete Sleep Screening Questionnaire (ASSQ)
The ASSQ is a scale explicitly developed for screening sleep issues and guiding interventions in athletes. The Sleep 
Difficulty Score (SDS), comprising five items, reflects the severity of sleep difficulties, with higher scores indicating 
greater difficulty.15 In the current study, the ASSQ-SDS was used to test the convergent validity of the PSQI within 
a one-week timeframe. The Chinese version of ASSQ has been revised and validated among Chinese athletes and applied 
in research involving Chinese athletes.34,35

The Chinese version of the Consensus Sleep Diary-Core (CSD-C)
The Consensus Sleep Diary is a standardized tool introduced by sleep researchers for using sleep diaries in insomnia 
research.36 In this study, five indicators—Latency, Duration (calculated based on sleep onset and final wake-up time), 
Total Sleep Time (TST, sleep duration minus sleep latency and wake after sleep onset time), Wake After Sleep Onset 
(WASO), and Perceived Sleep Quality—were utilized. The means of these indicators over one week served as the 
subjective record of weekly sleep quality, and they were used to test the convergent validity in the one-month tracking. 
The items in the Chinese version of CSD-C have been used in research on Chinese athletes’ athletic performance and 
sleep quality, demonstrating good effectiveness.37
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Actigraphy
The Actigraph wGT3X-BT (ActiGraph, LLC) recorded athletes’ physical activity during sleep for three consecutive 
training days within a week (from Tuesday to Thursday, or Wednesday to Friday). A minimum of two nights of sleep per 
week was considered valid data (one week for Sample 7 and four weeks for Sample 8). Utilizing ActiLife v6.13.4, in 
conjunction with athletes’ recorded sleep onset and wake-up times, sleep metrics, including Total Sleep Time (TST), 
Wake After Sleep Onset (WASO), and Sleep Efficiency, were computed. The weekly averages functioned as objective 
records of the sleep quality for that week. In this study, they were utilized to test the convergent validity of the PSQI 
within a one-week timeframe. They were also employed to assess the convergent validity in the one-month tracking.

Notably, the recommended minimum duration for continuous recording for clinical analysis is three consecutive days, 
ideally extending to 7–14 days.38,39 However, since athletes are not primarily under clinical purview, their adherence to 
prolonged device usage for sleep monitoring may be limited. Additionally, coaches have expressed concerns about the 
potential adverse effects of prolonged watch-wearing on athletes’ training and mood. Consultations with coaches and 
referencing previous practices of employing three consecutive nights of recording among athletes, along with findings 
from studies on elderly populations indicating that a 3-day average reflects the average levels of 7 and 14 days of 
recording,40,41 led to the decision to use the average results of three consecutive nights of sleep recording on training 
days to represent the sleep quality for the entire week in this study.

Procedures
For Samples 1–2, athletes, organized by sports teams, gathered at specified locations within designated time slots to 
individually complete the PSQI once online using their smartphones.

For Samples 3–5, athletes completed the PSQI for a second time after intervals of 2 weeks, 1 week, or 2–3 days, 
respectively, within a one-month timeframe. Athletes independently completed both tests on their smartphones within the 
specified time frame.

For Sample 6, athletes completed the PSQI on Monday and Wednesday of the same week, utilizing a one-week 
timeframe. Both assessments were conducted online.

For Sample 7, athletes were initially instructed on how to wear the Actigraph wGT3X-BT on the Monday of the first 
week. Subsequently, athletes were required to wear the device during the evenings of three consecutive training days 
within that week (with Monday night for adaptation) and record their sleep and wake-up times daily. In the following 
week, on Monday or Tuesday, athletes completed paper-based PSQI, ISI, and ASSQ at a designated location, all within 
a one-week timeframe.

For Sample 8, athletes, in addition to wearing the Actigraph wGT3X-BT, were also required to complete the CSD-C. 
Over four consecutive weeks, athletes completed the PSQI online every Monday based on their status of the previous 
week. Additionally, on the Tuesday of the third week, they completed the PSQI online with a 2-week timeframe, and on 
the Tuesday of the fifth week, they completed the PSQI online with a 1-month timeframe (Figure 1).

Figure 1 Procedure for measurements over one month.
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Statistical Analysis
EFA was conducted using SPSS 26.0, and CFA was performed using Amos 20.0.

Before conducting EFA, the suitability of the data for conducting EFA was first examined using the Kaiser-Meyer- 
Olkin (KMO) measure and Bartlett’s test of sphericity. The recommended threshold for KMO values is equal to or 
greater than 0.7, but values between 0.5 and 0.7 are also considered acceptable.25 For Bartlett’s test of sphericity, the 
critical value is a p-value less than 0.05. After confirming the suitability of the data for EFA, principal component 
analysis and maximum variance rotation were performed, with factors extracted based on eigenvalues exceeding 1.

Since athletes are non-clinical participants and adhere to rigorous individual medication management under anti- 
doping regulations, this study revealed that 90.4% of the total sample reported not using any sleep aids. In line with 
previous research highlighting low loadings of sleep medication and the practice of excluding such components in factor 
analysis,17 factors with low loadings were excluded for reanalysis.

For CFA, the structures identified in the EFA were compared with the single-factor, two-factor, and three-factor models 
tested in previous studies involving non-clinical samples in China.23,28 The two-factor model comprised (a) Factor 1 - sleep 
duration, sleep efficiency, and Factor 2 - subjective sleep quality, sleep latency, sleep disturbance, and daytime dysfunction,22 

and (b) Factor 1 - sleep duration, daytime dysfunction, subjective sleep quality, and Factor 2 - sleep medication, sleep 
disturbance, sleep efficiency, sleep latency.42 The three-factor model included Factor 1 - subjective sleep quality, sleep latency, 
and sleep medication; Factor 2 - sleep duration, sleep efficiency; and Factor 3 - sleep disturbance and daytime dysfunction.24 

The model’s fit was evaluated using the Root Mean Square Error of Approximation (RMSEA), Comparative Fit Index (CFI), 
Adjusted Goodness of Fit Index (AGFI), and Tucker–Lewis Index (TLI). Intraclass correlation coefficient (ICC) was 
employed to assess test-retest reliability, and Pearson correlation coefficients were used to examine criterion-related validity.

In the 1-month tracing data analysis, repeated Measures ANOVA was employed to test weekly PSQI scores, assessing 
the stability of athletes’ sleep quality. Pearson correlation coefficients examined the relationship between average weekly 
measurements, weekly measurements, and monthly measurements. Kendall’s τ coefficient analyzed the correlation 
between accelerometer-based objective measurements. Correlation differences were tested using cocor.43 Athletes who 
did not wear Actigraph wGT3X-BT or failed to complete the scales were excluded from analyses involving these 
variables.

Results
EFA
Athletes in Sample 1 achieved an average score of 6.51 (SD = 3.07) on the total PSQI score across seven components and 
an average score of 6.37 (SD = 2.94) across six components (excluding sleep medicine).

Before conducting EFA, an evaluation of the data indicated a KMO value of 0.696, and Bartlett’s test of sphericity 
showed χ2(21) = 321.647, p < 0.001. These Results confirmed the data’s appropriateness for EFA. Two factors with 
eigenvalues greater than 1 were extracted, explaining 54.80% of the variance. Notably, component 6 (related to sleep 
medication) displayed low and multiple-loading, suggesting its possible elimination from the analysis.

After excluding the sleep medication component, EFA was conducted again. The analysis yielded a KMO value of 
0.694, and Bartlett’s test of sphericity resulted in χ2(15) = 302.835, p < 0.001. These findings affirmed the suitability of the 
data for EFA. Subsequently, EFA was re-run. Two factors had an eigenvalue greater than 1, accounting for 62.71% of the 
variance. The six retained components had the same attribution on both factors as the seven components (Table 1).

CFA
Athletes in Sample 2 obtained an average score of 6.77 (SD = 3.43) on the PSQI (7 items) and an average score of 6.58 
(SD = 3.22) on the PSQI (6 items). In the two-factor model derived from EFA, the average score for Sleep Quality was 
5.27 (SD = 2.35), and the average score for Sleep Efficiency was 1.31 (SD = 1.43).

After removing the sleep drug component, the two-factor model obtained by EFA fitted well (Figure 2). The one-factor 
and the two-factor models obtained in the previous study were poorly fitted. The three-factor model fit was fair but not as 
good as the two-factor model obtained in the present study. If the sleep medication component is retained, the two-factor 
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model obtained in this study fits reasonably and is similar to the three-factor model. The one-factor and two-factor models 
obtained in previous studies do not fit well (Table 2).

Retest Reliability (1-Month)
Table 3 presents the descriptive statistics for the scores of athletes completing the PSQI twice at different time intervals 
in Samples 3–5.

Both the 2-week and 1-week interval PSQI total scores demonstrated good retest reliability. The two-factor model’s 
sleep quality dimension also showed better retest reliability than the retest reliability of sleep efficiency. However, for the 
2–3 days interval retest reliability, only the sleep quality dimension showed fair retest reliability, while the PSQI total 
score showed low but still significant retest reliability, and the result for sleep efficiency was poor (Table 4).

Retest Reliability and Convergent Validity (1-Week)
For the athletes in Sample 6, their average scores on the PSQI (7 items) were 5.91 (SD = 2.54) for the first completion 
and 5.84 (SD = 2.48) on the PSQI (6 items). In the two-factor model derived through EFA, the average score for Sleep 
Quality was 4.98 (SD = 2.12), and for Sleep Efficiency was 0.86 (SD = 0.97) during the first completion. For the second 
completion, the average scores were 5.47 (SD = 2.62) on the PSQI (7 items) and 5.37 (SD = 2.57) on the PSQI (6 items). 
In the EFA-derived two-factor model, Sleep Quality had an average score of 4.68 (SD = 2.21), and Sleep Efficiency 
scored 0.68 (SD = 1.00).

Table 1 Factor Loadings of PSQI Among Athletes

7 items 6 items

Factor 1 Factor 2 Factor 1 Factor 2

Subjective sleep quality 0.763 0.253 0.765 0.216

Sleep latency 0.640 0.285 0.655 0.280
Sleep duration 0.106 0.819 0.136 0.827

Sleep efficiency 0.043 0.879 0.072 0.885

Sleep disturbance 0.755 0.025 0.760 0.013
Sleep medication 0.229 0.262 – –

Daytime dysfunction 0.741 −0.012 0.745 −0.023

Figure 2 CFA parameter estimation results for the two-factor model obtained based on EFA with the sleep medication component removed.
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As for the athletes in Sample 7, the average scores on the PSQI (7 items) were 7.74 (SD = 3.13) and 7.51 (SD = 2.72) 
on the PSQI (6 items). In the two-factor model from EFA, the average score for Sleep Quality was 6.21 (SD = 1.78), and 
for Sleep Efficiency was 1.30 (SD = 1.49). The average score on the ISI was 9.34 (SD = 4.78), and for ASSQ-SDS, it was 
6.90 (SD = 2.26). The average sleep efficiency recorded through actigraphy was 0.89 (SD = 0.04), with a mean total sleep 
time of 406.24 (SD = 42.99) and wake after sleep onset of 46.80 (SD = 18.55).

Athletes demonstrated good test-retest reliability with a two-day interval for the PSQI. Specifically, for the PSQI total 
score (7 items), ICC = 0.881, p < 0.001; for the PSQI total score (6 items), ICC = 0.877, p < 0.001; for the Sleep Quality 
score, ICC = 0.864, p < 0.001; and for the Sleep Efficiency score, ICC = 0.769, p < 0.001.

Within one week, the PSQI total score and the Sleep Quality dimension score of the PSQI two-factor model exhibited 
significantly positive correlations with subjective reports, as ISI and the SDS indicated. This demonstrates good 
convergent validity. However, the Sleep Efficiency dimension scores correlated positively with ISI and SDS of ASSQ, 
although the correlation coefficients did not reach a high level of association. Significantly, neither the total PSQI score 
nor the scores of its two dimensions exhibited any significant correlation with objective sleep quality indicators, 
including Sleep Efficiency, TST, and WASO (Table 5).

Table 3 Descriptive Statistics for PSQI Scores at Different Intervals for a Time Frame of 1 Month 
(M ± SD)

PSQI (7 items) PSQI (6 items) PSQI-sleep quality PSQI-sleep efficiency

2-week 1st 6.10 ± 2.97 6.01 ± 2.87 5.08 ± 2.32 0.93 ± 1.18
2nd 5.65 ± 3.03 5.54 ± 2.93 4.67 ± 2.23 0.86 ± 1.12

1-week 1st 6.80 ± 3.38 6.69 ± 3.31 5.67 ± 2.52 1.02 ± 1.32

2nd 6.34 ± 3.27 6.24 ± 3.15 5.23 ± 2.44 1.00 ± 1.27
2–3 days 1st 6.51 ± 2.71 6.43 ± 2.67 5.18 ± 2.29 1.24 ± 1.06

2nd 6.91 ± 2.40 6.78 ± 2.35 5.54 ± 2.04 1.24 ± 1.36

Table 4 ICC of PSQI at Different Intervals for a Time Frame of 1 Month

PSQI (7 items) PSQI (6 items) PSQI-sleep quality PSQI-sleep efficiency

2-week 0.741 (p<0.001) 0.736 (p<0.001) 0.721 (p<0.001) 0.649 (p<0.001)

1-week 0.740 (p<0.001) 0.727 (p<0.001) 0.753 (p<0.001) 0.547 (p<0.001)

2–3 days 0.459 (p=0.002) 0.494 (p=0.001) 0.696 (p<0.001) 0.262 (p=0.060)

Note: PSQI (6 items) is the total PSQI score with the sleep medication component removed.

Table 2 Model Fit Indices of Different Models

Model CFI AGFI TLI RMSEA

Remove “Sleep medication” Two-factor (EFA) 0.960 0.924 0.925 0.085
One factor 0.830 0.818 0.716 0.165

Two-factor 0.828 0.796 0.678 0.176

Three-factor 0.955 0.899 0.887 0.104
Include “Sleep medication” Two-factor (EFA) 0.940 0.917 0.904 0.084

One factor 0.837 0.853 0.756 0.133

Two-factor 0.836 0.842 0.736 0.139
Three-factor 0.955 0.920 0.914 0.079

Note: The two-factor model obtained by EFA is the same as the model revealed by Gelaye et al22 and 
was not compared; the two-factor model in the table is the model revealed by Manzar et al42.
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One-Month Tracking
The results revealed significant variations in the PSQI total scores (7 items) over the four weeks, F(3, 72) = 5.928, p = 
0.001, ηp

2 = 0.198. The total score in the first week was higher than in the second and third weeks (p1-2 = 0.007, p1-3 = 
0.021), with no difference observed compared to the fourth week (p = 0.072). Similarly, a significant difference was 
observed for the PSQI total scores (6 items) over the four weeks, F(3,72) = 6.358, p = 0.001, ηp

2 = 0.209. The total score 
in the first week was higher than in the subsequent three weeks (p1-2 = 0.008, p1-3 = 0.022, p1-4 = 0.039).

Concerning sleep quality scores, a significant difference was found, F(3,72) = 5.124, p = 0.003, ηp
2 = 0.176. The 

scores in the first week were higher than in the following two weeks (p1-2 = 0.021, p1-3 = 0.046), but no difference was 
noted compared to the fourth week (p = 0.051). In contrast, sleep efficiency scores did not reveal a significant difference, 
F(3,22) = 2.632, p = 0.075, ηp

2 = 0.264.
When comparing the results of the 2-week measurement with the mean derived from the two-week data, differences 

were observed in the PSQI total scores (7 items), F(1,21) = 4.852, p = 0.039, ηp
2 = 0.188, with the measurements being 

lower than the mean. Similarly, the PSQI total scores (6 items) showed differences, F(1,21) = 5.105, p = 0.035, ηp
2 = 

0.196, with the measurements being lower than the mean. However, no differences were found in sleep quality, F(1,21) = 
3.539, p = 0.074, ηp

2 = 0.144, and sleep efficiency, F(1,21) = 2.009, p = 0.171, ηp
2 = 0.087.

In the comparison between the one-month measurement results and the mean derived from four weeks of data, no 
differences were observed in the PSQI total scores (7 items), F(1,21) =1.074, p = 0.310, ηp

2 = 0.043, and the PSQI total 
scores (6 items), F(1,21) = 2.424, p = 0.133, ηp

2 = 0.092. Additionally, no differences were detected in sleep quality, F 
(1,21) = 0.349, p = 0.560, ηp

2 = 0.014, while a difference was observed in sleep efficiency, F(1,21) = 4.478, p = 0.045, 
ηp

2 = 0.157, with the measurements being lower than the mean. Statistical Descriptions of PSQI Scores at Different Time 
Points are presented in Table 6.

Except for sleep efficiency dimension scores, the 2-week and 1-month PSQI total scores and sleep quality dimension 
scores exhibited relatively strong correlations with the results for each week. Notably, the closer the weekly measurement 
was to the week conducting the 2-week or 1-month interval test, the higher the correlation coefficients tended to be, or at 
least on par with those from the preceding week (see Table 7).

Table 5 Validity of the PSQI Within a 1-Week Timeframe (r)

ISI 
(n = 61)

ASSQ-SDS 
(n = 61)

Actigraphy (n = 38)

Efficiency TST WASO

PSQI (7 items) 0.701(p<0.001) 0.839(p<0.001) −0.225(p=0.174) −0.046(p=0.786) 0.271(p=0.100)

PSQI (6 items) 0.711(p<0.001) 0.816(p<0.001) −0.206(p=0.215) −0.040(p=0.810) 0.246(p=0.137)
PSQI-sleep quality 0.721(p<0.001) 0.715(p<0.001) −0.247(p=0.135) −0.136(p=0.416) 0.249(p=0.131)

PSQI-sleep efficiency 0.436(p<0.001) 0.635(p<0.001) −0.225(p=0.580) −0.046(p=0.603) 0.271(p=0.323)

Table 6 Descriptive Statistics for PSQI Scores at Various Time Points (M ± SD)

PSQI 
7 items

PSQI 
6 items

PSQI-Sleep  
quality

PSQI-Sleep  
efficiency

One Week Week 1 6.68 ± 2.87 6.60 ± 2.81 5.52 ± 2.24 1.08 ± 1.04
Week 2 4.84 ± 2.13 4.84 ± 2.13 4.32 ± 1.99 0.52 ± 0.82

Week 3 5.00 ± 2.36 4.92 ± 2.25 4.40 ± 2.12 0.52 ± 0.71
Week 4 5.24 ± 2.93 5.12 ± 2.85 4.48 ± 2.33 0.64 ± 0.86

Two Weeks 5.14 ± 2.23 5.09 ± 2.22 4.59 ± 2.13 0.50 ± 0.74

Four Weeks (One Month) 5.16 ± 2.54 5.00 ± 2.85 4.56 ± 2.40 0.44 ± 0.58

Averaged Score Week 1 and 2 5.76 ± 2.20 5.72 ± 2.18 4.92 ± 1.91 0.80 ± 0.76

Week 1 to 4 5.44 ± 2.12 5.37 ± 2.10 4.68 ± 1.89 0.69 ± 0.61
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Tests were conducted to examine the differences in correlation coefficients for PSQI total scores (7 items) and the 
sleep quality dimension that was most proximate to the long-term framework test week (the fourth week) compared to 
the coefficients for the preceding weeks. The results indicated that the one-month scores did not significantly differ from 
the correlations of the fourth week (Z = 0.920, p = 0.358), the third week (Z = 0.854, p = 0.393), or the first week (Z = 
0.631, p = 0.528). However, the total scores for the two weeks showed a higher correlation with the second week than the 
first week (Z = 2.869, p = 0.041).

In the case of PSQI total scores (6 items), the results revealed that the one-month scores did not significantly differ 
from the correlations of the fourth week (Z = −0.572, p = 0.567) or the third week (Z = 1.432, p = 0.152), but they were 
higher than the correlations of the first week (Z = 2.010, p = 0.044). Additionally, the total scores for two weeks 
demonstrated a stronger correlation with the second week than the first week (Z = 2.643, p = 0.008).

Concerning sleep quality dimension scores, the one-month scores did not significantly differ from the correlations of 
the fourth week (Z = 0.496, p = 0.620). However, they were higher than the correlations of the second week (Z = 2.429, 
p = 0.014) and the first week (Z = 2.455, p = 0.014). The two-week scores showed a stronger correlation with the second 
week than the first week (Z = 2.335, p = 0.020).

The PSQI total and sleep quality dimension scores show significant correlations with average subjective quality and 
latency recorded subjectively (see Figure 3). However, there are no comparably stable correlations with indicators 
calculated from specific times in sleep diary records. Neither the PSQI total score nor the sleep quality dimension 
exhibits relatively stable correlations with objectively recorded sleep metrics. Nevertheless, the sleep efficiency dimen-
sion moderately correlates with objective sleep metrics in some individual weeks’ results.

Discussion
The PSQI revealed a two-factor model among athletes, aligning with structures observed in Southeast Asia, Africa, South 
America, and Chinese university students.22,23 Since the age range of Chinese professional athletes is closely aligned 
with that of the student population, this structure might reflect the general characteristics of youth. Drawing from prior 
research, these two factors were labeled as sleep quality and sleep efficiency.22 This naming is derived from the content 
of the components. Interestingly, if the subjective nature of the responses of these components is taken into account, it 
can also be found that the former’s components leaned towards athletes’ subjective experiences and estimations of sleep, 
while the latter’s were associated with objectively calculable time.11

The structural validity of the PSQI in a single-factor model is suboptimal. This finding aligns with the results of many 
studies. It is not an exception.17,23 This phenomenon raises concerns about the practice of using total scores to evaluate 
athletes’ sleep quality. Given the clinical origins of the PSQI, some researchers have pointed out that its seven 
components lack a solid foundation, and integrating them into a single dimension is not a constructive approach.44 

Data also support this perspective. For instance, researchers using the Rasch model to analyze the PSQI found that 
a usable single-dimensional scale was achieved only after deleting and modifying many items.45 Therefore, using a two- 
factor structure to calculate PSQI scores might be more suitable for non-clinical athletes.

Table 7 Correlation Coefficients Between 2-Week and 1-Month PSQI 
Scores and Weekly PSQI Scores During the Period

Week 1 Week 2 Week 3 Week 4

PSQI(7 items) 2 Weeks 0.534* 0.872**

1 Month 0.821** 0.801** 0.794** 0.866**

PSQI(6 items) 2 Weeks 0.546** 0.874** – –
1 Month 0.572** 0.664** 0.855** 0.811**

PSQI-Sleep quality 2 Weeks 0.623** 0.879** – –

1 Month 0.632** 0.879** 0.732** 0.800**
PSQI-Sleep efficiency 2 Weeks 0.232 0.531* – –

1 Month 0.077 0.632* 0.528* 0.329

Note: *p<0.05, ** p<0.001.
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The PSQI exhibited a characteristic of diminishing test-retest reliability with shorter intervals when utilizing a one- 
month timeframe. Prior research suggested that insomniac patients demonstrated better test-retest reliability with a two- 
day interval but not over longer durations.26 This result sharply contrasted with the phenomenon identified in this study. 
However, adjusting the PSQI’s timeframe to one week enhanced the test-retest reliability of both total scores and 
individual dimension scores.

The observed phenomenon in this study may be attributed to the daily routines of non-clinical athletes. Individuals tend to 
respond to the PSQI based on their predominant life circumstances, such as workdays, or adjust their answers considering 
weighting factors.46 This tendency is likely to be evident among athletes, given the presence of “social jetlag”, akin to office 
workers, involving factors like alarms and fixed training days. Furthermore, events such as training fatigue, adjustments, and 
participation in external competitions can significantly impact athletes’ daily routines over a period.1,5,47,48 Therefore, changes 
in their short-term sleep quality are more likely and may be reflected in PSQI responses. Conducting a weekly retest within 
a one-month timeframe allowed for testing on similar training days. In contrast, a two-day retest might introduce influences 
from changes in weekly training schedules, potentially affecting reliability.

Concerning convergent validity, the PSQI demonstrated good validity on subjective reporting indicators in a one- 
week timeframe. However, objective measures of sleep quality did not exhibit the same consistency. The PSQI is 
considered the gold standard for subjective sleep quality assessments and serves as a criterion for numerous self-reported 
sleep measures (Fabbri et al, 2021), so good validity on subjective measures seems evident. However, a circular argument 
arises here - using scales that referenced the PSQI to assess its convergent validity or constructing scales during which 

Figure 3 Correlations between PSQI and validity variables.
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the PSQI was used for reference. Nevertheless, this limitation was addressed by supplementing daily sleep diaries in the 
tracking process. Concerning objective indicators, the research found a correlation between PSQI scores and acceler-
ometer results in clinical patients, a relationship absent in healthy populations.44 Considering the clinical origins of the 
PSQI, it might be more aligned with clinical patients in certain indicators, leading to differences in convergent validity 
between clinical and non-clinical populations.

Athletes’ PSQI results within four weeks were unstable, indicating the PSQI’s capability to capture short-term 
variations. Results within a one-month timeframe were more closely related to the recent two-week single-week results. 
Within a half-month timeframe, they were more closely associated with the recent one-week results. This phenomenon 
may confirm interference related to “social jetlag”, impacting reliability. It suggests that athletes’ responses are likely 
influenced by the most recent 1–2 weeks. However, when incorporating scores for sleep medication, the relationship 
between total scores across four weeks remains relatively stable. Stable medication usage may dampen sensitivity to 
sleep changes in total scores, possibly linked to the original clinical nature of PSQI use.

Concerning convergent validity within a one-month timeframe, the convergent validity of total scores and sleep quality 
dimension were better on subjective reporting indicators. In contrast, the convergent validity of sleep efficiency dimension 
only occasionally reached acceptable levels in single-week measurements. This outcome suggests that the PSQI total scores 
may more closely reflect individual sleep quality rather than a comprehensive outcome. The inherent limitations of subjective 
reporting in the sleep efficiency dimension may be a primary factor. Studies have found that training fatigue can significantly 
impact the measurement results of physical activity records, precisely recorded by devices.40 In contrast, the time reported in 
PSQI might mainly be based on daily schedules and subjective feelings, further diminishing responsiveness to changes and 
resulting in less stable reflections of sleep characteristics recorded objectively.

In general, the efficacy of employing the PSQI among athletes necessitates consideration of both the questionnaire 
structure and the measurement timeframe. This study identified a two-factor model comprising six components when applying 
the PSQI to athletes. Within these dimensions, the sleep quality component demonstrated robust convergent validity, likely 
exerting a dominant influence on the measurement outcomes, while the sleep efficiency dimension exhibited suboptimal 
convergent validity. Concerning the timeframe, the conventionally employed one-month interval is susceptible to the 
influence of recent states, whereas the one-week interval is less prone to such effects. Based on these findings, for non- 
clinical purposes involving the use of the PSQI with athletes, it is advisable to (1) compute scores separately for each 
dimension, emphasizing the sleep quality dimension; (2) utilize a one-week response timeframe; (3) supplement with 
Actigraphy or consensus sleep diaries when the research focus is on sleep efficiency;44 (4) exercise caution in interpreting 
results, considering they may reflect recent states rather than the overall state throughout the entire timeframe.

While this study provided a comprehensive analysis of the issues surrounding the use of the PSQI among Chinese 
athletes, offering new evidence regarding its reliability and validity in this population and suggesting usage recommen-
dations to enhance effectiveness, it is subject to several limitations. Firstly, the study was solely conducted with a sample 
of Chinese athletes, lacking cross-cultural comparisons. Previous research on the validation of sleep quality assessment 
tools not intended for clinical use has indicated potential cultural differences in the scale’s factor structure, particularly 
regarding the perception of sleep quality.35 Future studies should further consider these cultural influences. Secondly, this 
study treated Chinese athletes as a homogeneous group. It did not specifically examine high-level athletes, such as 
Olympic athletes, or athletes with multiple identities, such as student-athletes, whose sleep quality has received more 
attention from researchers. Future research could differentiate between various types of athletes and conduct more 
targeted investigations to unveil more nuanced population differences. Lastly, in terms of methodology, to enhance the 
willingness and cooperation of athletes and coaches, this study did not adopt the approach of collecting objective sleep 
quality data continuously for seven days or longer, as seen in previous studies.21,49 Although the duration of the 
Actigraphy recording in this study met technical requirements, its reliability and the information it provided are 
inevitably weaker than the continuous 7-day or longer recording method. Recording periods shorter than seven days 
lack the capacity to uncover potential phenomena such as “social jetlag” over long-term tracking, thus reducing the 
explanatory power of the results. Therefore, future research could consider supplementing with commercially available 
wearable devices proven to be effective for long-term monitoring to provide additional objective evidence for the 
effective use of the PSQI.50,51
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Conclusions
The Pittsburgh Sleep Quality Index (PSQI) revealed a two-factor structure among athletes, consisting of six components 
representing sleep quality and sleep efficiency. The sleep quality dimension demonstrated robust validity, potentially 
influencing the overall measurement outcomes of the PSQI, while the sleep efficiency dimension exhibited suboptimal 
validity. The test-retest reliability within the traditionally employed one-month timeframe was unstable and susceptible to 
recent short-term states’ influence. In contrast, a one-week timeframe showed better reliability and validity. When 
utilizing the PSQI with athletes, it is advised to focus on scores derived from the sleep quality dimension, adopt a one- 
week response timeframe, supplement with objective measurement tools, and exercise caution in interpreting the results.

Data Sharing Statement
Data are available on reasonable request from the corresponding author.

Funding
This work was supported by the Science and Technology Commission of Shanghai Municipality (grant number 
22dz1204601).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Gupta L, Morgan K, Gilchrist S. Does elite sport degrade sleep quality? a systematic review. Sports Med. 2017;47(7):1317–1333. doi:10.1007/ 

s40279-016-0650-6
2. Lastella M, Vincent GE, Duffield R, et al. Can sleep be used as an indicator of overreaching and overtraining in athletes? Front Physiol. 

2018;9:436. doi:10.3389/fphys.2018.00436
3. Miles KH, Clark B, Fowler PM, Miller J, Pumpa KL. Sleep practices implemented by team sport coaches and sports science support staff: 

a potential avenue to improve athlete sleep? J Sci Med Sport. 2019;22(7):748–752. doi:10.1016/j.jsams.2019.01.008
4. Suppiah HT, Gastin PB, Driller MW. A strategy to inform athlete sleep support from questionnaire data and its application in an elite athlete cohort. 

Int J Sports Physiol Perform. 2022;17(10):1532–1536. doi:10.1123/ijspp.2021-0561
5. Walsh NP, Halson SL, Sargent C, et al. Sleep and the athlete: narrative review and 2021 expert consensus recommendations. Br J Sports Med. 

2021;55(7):356–368. doi:10.1136/bjsports-2020-102025
6. Claudino JG, Gabbett TJ, de Sa Souza H, et al. Which parameters to use for sleep quality monitoring in team sport athletes? A systematic review 

and meta-analysis. BMJ Open Sport Exerc Med. 2019;5(1):bmjsem–2018–000475. doi:10.1136/bmjsem-2018-000475
7. Halson SL. Sleep monitoring in athletes: motivation, methods, miscalculations and why it matters. Sports Med. 2019;49(10):1487–1497. 

doi:10.1007/s40279-019-01119-4
8. Halson SL, Johnston RD, Appaneal RN, et al. Sleep quality in elite athletes: normative values, reliability and understanding contributors to poor 

sleep. Sports Med. 2022;52(2):417–426. doi:10.1007/s40279-021-01555-1
9. Ibáñez V, Silva J, Cauli O. A survey on sleep questionnaires and diaries. Sleep Med. 2018;42:90–96. doi:10.1016/j.sleep.2017.08.026

10. Kaplan KA, Hirshman J, Hernandez B, et al. When a gold standard isn’t so golden: Lack of prediction of subjective sleep quality from sleep 
polysomnography. Biol Psychol. 2017;123:37–46. doi:10.1016/j.biopsycho.2016.11.010

11. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. the Pittsburgh sleep quality index: A new instrument for psychiatric practice and 
research. Psychiatry Res. 1989;28(2):193–213. doi:10.1016/0165-1781(89)90047-4

12. Fabbri M, Beracci A, Martoni M, Meneo D, Tonetti L, Natale V. Measuring subjective sleep quality: a review. Int J Environ Res Public Health. 
2021;18(3):1082. doi:10.3390/ijerph18031082

13. Bonnar D, Bartel K, Kakoschke N, Lang C. Sleep interventions designed to improve athletic performance and recovery: a systematic review of 
current approaches. Sports Med. 2018;48(3):683–703. doi:10.1007/s40279-017-0832-x

14. Driller MW, Suppiah H, Rogerson D, Ruddock A, James L, Virgile A. Investigating the sleep habits in individual and team-sport athletes using the 
athlete sleep behavior questionnaire and the Pittsburgh Sleep Quality Index. Sleep Sci. 2022;15(1):112–117. doi:10.5935/1984-0063.20210031

15. Samuels C, James L, Lawson D, Meeuwisse W. The Athlete Sleep Screening Questionnaire: a new tool for assessing and managing sleep in elite 
athletes. Br J Sports Med. 2016;50(7):418–422. doi:10.1136/bjsports-2014-094332

16. Manzar MD, Bahammam AS, Hameed UA, et al. Dimensionality of The Pittsburgh Sleep Quality Index: A systematic review. Health Qual Life 
Out. 2018;16:89. doi:10.1186/s12955-018-0915-x

17. Mollayeva T, Thurairajah P, Burton K, Mollayeva S, Shapiro CM, Colantonio A. The Pittsburgh Sleep Quality Index as a screening tool for sleep 
dysfunction in clinical and non-clinical samples: a systematic review and meta-analysis. Sleep Med Rev. 2016;25:52–73. doi:10.1016/j. 
smrv.2015.01.009

18. Cellini N, Conte F, De Rosa O, et al. Changes in sleep timing and subjective sleep quality during the COVID-19 lockdown in Italy and Belgium: 
age, gender and working status as modulating factors. Sleep Med. 2021;77:112–119. doi:10.1016/j.sleep.2020.11.027

19. Potvin J, Ramos Socarras L, Forest G. Sleeping through a lockdown: how adolescents and young adults struggle with lifestyle and sleep habits 
upheaval during a pandemic. Behav Sleep Med. 2022;20(3):304–320. doi:10.1080/15402002.2021.2019035

Psychology Research and Behavior Management 2024:17                                                                    https://doi.org/10.2147/PRBM.S463289                                                                                                                                                                                                                       

DovePress                                                                                                                       
2615

Dovepress                                                                                                                                                              Tan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s40279-016-0650-6
https://doi.org/10.1007/s40279-016-0650-6
https://doi.org/10.3389/fphys.2018.00436
https://doi.org/10.1016/j.jsams.2019.01.008
https://doi.org/10.1123/ijspp.2021-0561
https://doi.org/10.1136/bjsports-2020-102025
https://doi.org/10.1136/bmjsem-2018-000475
https://doi.org/10.1007/s40279-019-01119-4
https://doi.org/10.1007/s40279-021-01555-1
https://doi.org/10.1016/j.sleep.2017.08.026
https://doi.org/10.1016/j.biopsycho.2016.11.010
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.3390/ijerph18031082
https://doi.org/10.1007/s40279-017-0832-x
https://doi.org/10.5935/1984-0063.20210031
https://doi.org/10.1136/bjsports-2014-094332
https://doi.org/10.1186/s12955-018-0915-x
https://doi.org/10.1016/j.smrv.2015.01.009
https://doi.org/10.1016/j.smrv.2015.01.009
https://doi.org/10.1016/j.sleep.2020.11.027
https://doi.org/10.1080/15402002.2021.2019035
https://www.dovepress.com
https://www.dovepress.com


20. Helles M, Fletcher R, Münch M, Gibson R. Examining the structure validity of the Pittsburgh Sleep Quality Index among female workers during 
New Zealand’s initial COVID-19 lockdown. Sleep Biol Rhythms. 2024;22(2):217–225. doi:10.1007/s41105-023-00509-6

21. Xiong P, Spira AP, Hall BJ. Psychometric and structural validity of the Pittsburgh Sleep Quality Index among Filipino domestic workers. 
Int J Environ Res Public Health. 2020;17(14):5219. doi:10.3390/ijerph17145219

22. Gelaye B, Lohsoonthorn V, Lertmeharit S, et al. Construct validity and factor structure of the Pittsburgh Sleep Quality Index and Epworth 
sleepiness scale in a multi-national study of African, South East Asian and South American college students. PLoS One. 2014;9(12):e116383. 
doi:10.1371/journal.pone.0116383

23. Guo C. Assessing the Chinese version of Pittsburgh Sleep Quality Index in non-clinical adolescents. Curr Psychol. 2022;42:24860–24870. 
doi:10.1007/s12144-022-03581-2

24. Cole JC, Motivala SJ, Buysse DJ, Oxman MN, Levin MJ, Irwin MR. Validation of a 3-factor scoring model for the Pittsburgh Sleep Quality Index 
in older adults. Sleep. 2006;29(1):112–116. doi:10.1093/sleep/29.1.112

25. Shadzi MR, Rahmanian M, Heydari A, Salehi A. Structural validity of the Pittsburgh Sleep Quality Index among medical students in Iran. Sci Rep. 
2024;14:1538. doi:10.1038/s41598-024-51379-y

26. Backhaus J, Junghanns K, Broocks A, Riemann D, Hohagen F. Test–retest reliability and validity of the Pittsburgh Sleep Quality Index in primary 
insomnia. J Psychosom Res. 2002;53(3):737–740. doi:10.1016/S0022-3999(02)00330-6

27. Sanlı Y, Arslan GG, Akbag NNA, Sahiner NC, Yılmaz D, Yucel SC. Effects of music on sleep quality and comfort levels of pregnant women. 
J Perinat Med. 2022;50(4):467–475. doi:10.1515/jpm-2021-0551

28. Guo S, Sun W, Liu C, Wu S. Structural validity of the Pittsburgh Sleep Quality Index in Chinese undergraduate students. Front Psychol. 
2016;7:1126. doi:10.3389/fpsyg.2016.01126

29. Zheng B, Man LI, Wang K, Jun LV. Analysis of the reliability and validity of the Chinese version of Pittsburgh Sleep Quality Index among medical 
college students. J Peking Univer. 2016;48(3):424–428. doi:10.3969/j.issn.1671-167X.2016.03.009

30. Bastien CH, Vallières A, Morin CM. Validation of the Insomnia Severity Index as an outcome measure for insomnia research. Sleep Med. 2001;2 
(4):297–307. doi:10.1016/S1389-9457(00)00065-4

31. Sheng J, Xie C, Fan D, Lei X, Yu J. High definition-transcranial direct current stimulation changes older adults’ subjective sleep and corresponding 
resting-state functional connectivity. Int J Psychophysiol. 2018;129:1–8. doi:10.1016/j.ijpsycho.2018.05.002

32. Lin R, Xie S, Yan W, Yan Y. Factor structure and psychometric properties of the insomnia severity index in mainland China. Social Behav Per. 
2018;46(2):209–218. doi:10.2224/sbp.6639

33. DS Yu. Insomnia Severity Index: psychometric properties with Chinese community-dwelling older people. J Adv Nurs. 2010;66(10):2350–2359. 
doi:10.1111/j.1365-2648.2010.05394.x

34. Tan C, An Y, Lu J, Qiu J. Revision and validation of the Chinese version of the Athlete Sleeping Screening Questionnaire. Sport Scien Res. 2021;42 
(3):68–73. doi:10.12064/ssr.20210309

35. Tan C, Wang J, Cao G, et al. Reliability and validity of the Chinese version of the Athens insomnia scale for non-clinical application in Chinese 
athletes. Front Psychol. 2023;14:1183919. doi:10.3389/fpsyg.2023.1183919

36. Carney CE, Buysse DJ, Ancoli-Israel S, et al. The Consensus Sleep Diary: standardizing prospective sleep self-monitoring. Sleep. 2012;35 
(2):287–302. doi:10.5665/sleep.1642

37. Lu J, An Y, Qiu J. Relationship between sleep quality, mood state, and performance of elite air-rifle shooters. BMC Sports Scien Med Rehabil. 
2022;14(1):32. doi:10.1186/s13102-022-00424-2

38. Ancoli-Israel S, Martin JL, Blackwell T, et al. The SBSM guide to actigraphy monitoring: clinical and research applications. Behav Sleep Med. 
2015;13(sup1):S4–S38. doi:10.1080/15402002.2015.1046356

39. Berger AM, Wielgus KK, Young-Mccaughan S, Fischer P, Farr L, Lee KA. Methodological challenges when using actigraphy in research. J Pain 
Symptom Manage. 2008;36(2):191–199. doi:10.1016/j.jpainsymman.2007.10.008

40. Fullagar HHK, Sampson JA, Delaney J, Mckay B, Murray A. The relationship between objective measures of sleep and training load across 
different phases of the season in American collegiate football players. Sci Med Footb. 2019;3(4):326–332. doi:10.1080/24733938.2019.1618491

41. Rowe M, Mccrae C, Campbell J, et al. Actigraphy in older adults: comparison of means and variability of three different aggregates of 
measurement. Behav Sleep Med. 2008;6(2):127–145. doi:10.1080/15402000801952872

42. Manzar MD, Zannat W, Moiz JA, et al. Factor scoring models of the Pittsburgh Sleep Quality Index: A comparative confirmatory factor analysis. 
Biol Rhythm Res. 2016;47(6):851–864. doi:10.1080/09291016.2016.1202375

43. Diedenhofen B, Musch J. Cocor: a comprehensive solution for the statistical comparison of correlations. PLoS One. 2015;10(6):e0121945. 
doi:10.1371/journal.pone.0121945

44. Etain B, Krane Gartiser K, Hennion V, Meyrel M, Scott J. Do self-ratings of the Pittsburgh Sleep Quality Index reflect actigraphy recordings of sleep 
quality or variability? An exploratory study of bipolar disorders versus healthy controls. J Sleep Res. 2022;31(3):e13507. doi:10.1111/jsr.13507

45. Panayides P, Gavrielides M, Galatopoulos C, Gavriilidou M. Using Rasch measurement to create a quality of sleep scale for a non-clinical sample 
based on the Pittsburgh Sleep Quality Index (PSQI). Europe’s J Psychol. 2013;9(1):113–135. doi:10.5964/ejop.v9i1.552

46. Pilz LK, Keller LK, Lenssen D, Roenneberg T. Time to rethink sleep quality: PSQI scores reflect sleep quality on workdays. Sleep. 2018;41(5): 
zsy029. doi:10.1093/sleep/zsy029

47. Han T, Wang W, Kuroda Y, Mizuno M. The Relationships of Sleep Duration and Inconsistency with the Athletic Performance of Collegiate Soft 
Tennis Players. Front Psychol. 2022;13:791805. doi:10.3389/fpsyg.2022.791805

48. Simpson NS, Gibbs EL, Matheson GO. Optimizing sleep to maximize performance: implications and recommendations for elite athletes. Scand 
J Med Sci Sports. 2017;27(3):266–274. doi:10.1111/sms.12703

49. Aili K, åström-Paulsson S, Stoetzer U, Svartengren M, Hillert L. Reliability of actigraphy and subjective sleep measurements in adults: the design 
of sleep assessments. J Clin Sleep Med. 2017;13(1):39–47. doi:10.5664/jcsm.6384

50. Miller DJ, Lastella M, Scanlan AT, et al. A validation study of the WHOOP strap against polysomnography to assess sleep. J Sports Sci. 2020;38 
(22):2631–2636. doi:10.1080/02640414.2020.1797448

51. Svensson T, Madhawa K, Nt H, Chung U, Svensson AK. Validity and reliability of the Oura Ring Generation 3 (Gen3) with Oura sleep staging 
algorithm 2.0 (OSSA 2.0) when compared to multi-night ambulatory polysomnography: a validation study of 96 participants and 421,045 epochs. 
Sleep Med. 2024;115:251–263. doi:10.1016/j.sleep.2024.01.020

https://doi.org/10.2147/PRBM.S463289                                                                                                                                                                                                                                

DovePress                                                                                                                         

Psychology Research and Behavior Management 2024:17 2616

Tan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s41105-023-00509-6
https://doi.org/10.3390/ijerph17145219
https://doi.org/10.1371/journal.pone.0116383
https://doi.org/10.1007/s12144-022-03581-2
https://doi.org/10.1093/sleep/29.1.112
https://doi.org/10.1038/s41598-024-51379-y
https://doi.org/10.1016/S0022-3999(02)00330-6
https://doi.org/10.1515/jpm-2021-0551
https://doi.org/10.3389/fpsyg.2016.01126
https://doi.org/10.3969/j.issn.1671-167X.2016.03.009
https://doi.org/10.1016/S1389-9457(00)00065-4
https://doi.org/10.1016/j.ijpsycho.2018.05.002
https://doi.org/10.2224/sbp.6639
https://doi.org/10.1111/j.1365-2648.2010.05394.x
https://doi.org/10.12064/ssr.20210309
https://doi.org/10.3389/fpsyg.2023.1183919
https://doi.org/10.5665/sleep.1642
https://doi.org/10.1186/s13102-022-00424-2
https://doi.org/10.1080/15402002.2015.1046356
https://doi.org/10.1016/j.jpainsymman.2007.10.008
https://doi.org/10.1080/24733938.2019.1618491
https://doi.org/10.1080/15402000801952872
https://doi.org/10.1080/09291016.2016.1202375
https://doi.org/10.1371/journal.pone.0121945
https://doi.org/10.1111/jsr.13507
https://doi.org/10.5964/ejop.v9i1.552
https://doi.org/10.1093/sleep/zsy029
https://doi.org/10.3389/fpsyg.2022.791805
https://doi.org/10.1111/sms.12703
https://doi.org/10.5664/jcsm.6384
https://doi.org/10.1080/02640414.2020.1797448
https://doi.org/10.1016/j.sleep.2024.01.020
https://www.dovepress.com
https://www.dovepress.com


Psychology Research and Behavior Management                                                                               Dovepress 

Publish your work in this journal 
Psychology Research and Behavior Management is an international, peer-reviewed, open access journal focusing on the science of psychology and 
its application in behavior management to develop improved outcomes in the clinical, educational, sports and business arenas. Specific topics 
covered in the journal include: Neuroscience, memory and decision making; Behavior modification and management; Clinical applications; Business 
and sports performance management; Social and developmental studies; Animal studies. The manuscript management system is completely online 
and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.  

Submit your manuscript here: https://www.dovepress.com/psychology-research-and-behavior-management-journal

Psychology Research and Behavior Management 2024:17                                                                DovePress                                                                                                                       2617

Dovepress                                                                                                                                                              Tan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Material and Methods
	Participants
	Measures
	The Chinese version of the Pittsburgh Sleep Quality Index (PSQI)
	The Chinese version of the Insomnia Severity Index (ISI)
	The Chinese version of the Athlete Sleep Screening Questionnaire (ASSQ)
	The Chinese version of the Consensus Sleep Diary-Core (CSD-C)
	Actigraphy

	Procedures
	Statistical Analysis

	Results
	EFA
	CFA
	Retest Reliability (1-Month)
	Retest Reliability and Convergent Validity (1-Week)
	One-Month Tracking

	Discussion
	Conclusions
	Data Sharing Statement
	Funding
	Disclosure

