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Abstract Sleep quality of medical students has generated
conflicting results in China. The aim of this study was to
evaluate the sleep quality of medical students in China by
meta-analysis. Electronic databases were searched for
studies concerning the sleep quality of medical students
using the Pittsburgh sleep quality index (PSQI) published
before March 6, 2017. Pooled weighted mean difference
(WMD) and 95% confidence interval (95% CI) were esti-
mated with fixed or random effect models depending on the
heterogeneity. Subgroup analyses, sensitivity analyses and
publication bias were also performed. Eleven studies (7154
medical students and 9073 non-medical students) were
included in this meta-analysis. The sleep quality of medical
students was significantly higher in scores of subjective
sleep quality (WMD, 0.137; 95% CI 0.049-0.224;
P = 0.002), sleep duration (WMD, 0.147; 95% CI
0.069-0.225; P < 0.001), daytime dysfunction (WMD,
0.194; 95% CI 0.077-0.311; P = 0.001) and the total
scores (WMD, 0.524; 95% CI 0.152-0.896; P = 0.006).
On the contrary, there was no significant difference in sleep
latency, habitual sleep efficiency, sleep disturbance and use
of sleeping medications. This meta-analysis indicates that
the sleep quality of medical students is worse than non-
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medical students in China. Further large and well-designed
studies are needed to confirm these findings.
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Introduction

Sleep is an essential part of daily living and is vital to
maintaining normal levels of physical activities and cog-
nitive skills [1, 2]. As recommended, adolescents
(10-17 years old) sleep for 8.5-9.5 h per night and those
persons = 18 years of age obtain 7-9 h of sleep per night
[3]. Adequate quality sleep is important for human. Lack of
sleep or inadequate sleep can lead to brain dysfunction,
immunological and metabolic collapse, and if it is suffi-
ciently prolonged, it will ultimately lead to death [4]. What
is more, poor sleep quality has been associated with
increased medical expenses, poor working performance,
and elevated risk for psychiatric disorders [5]. In a word, it
has a negative effect on general health and also on quality
of life [6].

Because of the unique setting of living condition such as
added stress with academic challenge, social interaction
within the mixed cultural pool, medical students have high
prevalence of mental distress [7]. And it is suggested that
medical students experience high rates of emotional prob-
lems and suicidal ideation such as anxiety, depression,
burnout or even symptoms resembling post-traumatic stress
disorder [8, 9]. Beginning as early as the 1960s, a lot of
articles have emphasized the need to offer support for
medical students to protect and enhance their self-care and
well-being [10, 11]. The physical and mental health of
medical students has got more and more attention. Due to
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Records identified according to the
designed search terms (n=2232)

Records excluded by title and

Records screened (n=2232)
| abstract (n=2054)

Articles excluded with reasons (n=163)
_| 1. No target outcomes

2. No comparison group

3. Ineligible comparison group

Full-text articles assessed
for eligibility (n=178)

Articles about the sleep
quality of Chinese medical
students (n=15)

Duplicated records
excluded (n=4)

Studies finally included in
this meta-analysis (n=11)

Fig. 1 Flow diagram of the study selection process examining the
sleep quality of the medical students

academics and rigorous clinical training, medical students
are very easy to developing sleep impairment and medical
students are regarded as a population that is more suscep-
tible to sleep-related problems [12, 13]. Poor sleep quality
among medical students not only affects learning, memory
and cognition, but also leads to physical and psychological
morbidities [14].

The sleep quality of medical students has been most
extensively studied and discussed in China, it may be
caused by the special background of Chinese medical
education. The system of higher medical education is dif-
ferent all over the world [15]. Different from the single

Table 1 Characteristics of eligible studies included in the meta-analysis

medical education system for other countries, there are
several medical education systems coexistent in China
including the five system levels of 3, 5, 6, 7, 8 [16]. But the
system levels of 3 and 5 are the main types, so the total
medical education systems are pretty shorter than other
countries [16]. In addition, most of the countries strictly
limit the enrollment of medical students [17]. But in China
after the enrollment expansion policy of colleges and uni-
versities beginning in the end of 1990s, the amount of
medical students has become more numerous which cause
high employment pressure to medical students [18]. And
most of them do not want to work in grassroots commu-
nities, central and western parts of China [19]. In this
context, the employment pressure of medical students is
rising, and it is higher than other countries [19]. To control
the influence of different cultural backgrounds, races and
related factors on sleep quality, only Chinese medical
students were chosen in this meta-analysis.

As we know, the gold standard for the assessment of
sleep quality is polysomnography (PSG) and/or electroen-
cephalographic (EEG) spectral content analysis, but both
kinds of them have practical limits in large sample studies
and in field studies [20]. To overcome these limitations,
self-report retrospective and prospective questionnaires
have been developed. The most widely used standardized
questionnaire is the Pittsburgh sleep quality index (PSQI),
which is designed to measure sleep quality over the pre-
vious month [21].

The PSQI questionnaire measures subjective sleep
quality, sleep habits and sleep disturbances over a 1-month
period, and discriminate between normal and poor sleepers
[22]. It contains 19 self-rated items with 7 components
(subjective sleep quality, sleep latency, sleep duration,

First Year Sampling Sampling method Age (years) Sample size M:F Score
author area

Medical Non-medical

students students
Yao 2006 Jiaxing Randomly cluster sampling 18-24 (21.5) 819 164 - 6
Gao 2007 - Cluster sampling 20.15 + 1.26 961 913 - 5
Wei 2009 - Cluster sampling - 2368 1642 1628:2382 6
Zheng 2010 Wenzhou - 21.8 £ 2.1 204 169 166:207 7
Chen 2011 Fuzhou Mixed sampling 21.37 £1981 163 492 318:337 8
Zhang 2012 Wuhan Stratified random sampling - 298 590 449:439 8
Huang 2013 Shanghai Stratified and cluster random 20.6 + 1.4 324 727 502:549 8

sampling

Luo 2014 Guangzhou Random sampling 19 +£2 317 541 460:398 7
Zhang 2014  Anhui Convenient and cluster sampling  19.5 + 1.15 1096 3051 1289:2858 8
Ding 2015 Henan Random cluster sampling - 171 332 215:288 8
Zheng 2017 Ganzhou Cluster sampling 18.73 £ 0.97 433 452 427:458 7

— Data not given, M:F male to female ratio, Scores the qualitative score of the studies
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habitual sleep efficiency, sleep disturbances, use of sleep-
ing medications, and daytime dysfunction). Each compo-
nent is scored from 0 to 3, the seven components of the
PSQI scores were then added to produce a global PSQI
score ranging from O to 21. The PSQI has developed
together with an effort to adapt it to different cultures and

languages [23, 24]. It was revealed that PSQI had a good
internal consistency, test-retest reliability, and high valid-
ity in Chinese [25].

Though the PSQI questionnaire has been widely used in
evaluating the sleep quality of medical students in China,
but the result is inconsistent. In order to derive a more

Table 2 Combined results in this meta-analysis of sleep quality between medical students and non-medical students

PSQI Studies (N) M Test of association P (%) P (publication bias test)
WMD (95% CI) P Begg’s test Egger’s test
Subjective sleep quality 11 R 0.137 (0.049,0.224) 0.002 91.6 0.213 0.011
Sleep latency 11 R 0.055 (—0.094,0.203) 0.471 96.0 0.755 0.010
Sleep duration 11 R 0.147 (0.069,0.225) <0.001 91.6 0.043 0.012
Habitual sleep efficiency 11 R —0.023 (—0.122,0.077) 0.656 97.9 0.436 0.843
Sleep disturbance 11 R 0.034 (—0.067,0.135) 0.509 97.3 0.755 <0.001
Use of sleeping medications 11 R —0.033 (—0.072,0.006) 0.100 95.4 0.640 0.394
Daytime dysfunction 11 R 0.194 (0.077,0.311) 0.001 94.1 0.087 0.004
Total scores 10 R 0.524 (0.152,0.896) 0.006 94.2 0.107 0.023
PSQI the Pittsburgh sleep quality index, M model of meta-analysis, R random effect model
Study %
ID WD (95% ClI) Weight
Yao (2006) —_—— 0.00(-0.13,0.13) 8.45
I
|
Gao (2007) | —— 0.22(0.16, 0.28) 9.87
Wei (2009) : —_— 0.28(0.24,0.32) 10.21
|
Zheng (2010) | + 0.30 (0.15, 0.45) 7.88
|
|
Chen (2011) e — 0.17 (0.03, 0.31) 8.25
Zhang (2012) —_— 0.02 (-0.08, 0.12) 9.19
|
Huang (2013) —_— -0.01(-0.11,0.09) 9.24
I
Luo (2014) T 0.08 (-0.02, 0.18) 9.25
I
Zhang (2014) : ——  0.37(0.32,0.42) 10.05
|
Ding (2015) —_— -0.06 (-0.20, 0.08) 8.32
Zheng (2017) — 0.09 (-0.00, 0.18) 9.31
Overall (-squared = 91.6%,p = 0.000) <> 0.14(0.05,022) 100.00
NOTE: Weights are from random effects analysis \

|
-454 0

T
454

Fig. 2 Forest plot of subjective sleep quality between medical students and non-medical students
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precise estimation, we carried out a meta-analysis to
summarize the eligible articles by increasing the sample
sizes. This research will inform intervention targets and
provide direction for further research into the sleep quality
of medical students.

Materials and methods
Literature search and selection of studies

A systematic literature search was performed towards the
electronic databases including PubMed, Web of Science
(SCIE), Chinese Biomedical Database (CBM), the Chinese
National Knowledge Infrastructure (CNKI), the Chinese
Wanfang Database, the Chinese VIP Database and sear-
ched for studies up to March 6, 2017, using the following
terms: (‘‘medical students’’ or ‘‘medical college students’’
or “medical undergraduates” or “college students” or
“university students” or “undergraduates”) AND (“sleep
quality” or “quality of sleep” or “sleeping quality” or

“sleep disorder” or “sleep disorders” or “sleep—wake
disorder” or “sleep disturbance”) AND (“PSQI” or “the
Pittsburgh sleep quality index”) by two researches. On the
other hand, we searched the reference to identify other
potential articles.

Inclusion and exclusion criteria

To meet the analysis requirements, included studies
should fulfill the following criteria: (a) studies of cross-
sectional observational design; (b) sleep quality was
assessed by Pittsburgh sleep quality index (PSQI); (c) two
groups of participants including medical students and
non-medical students; (d) the study reported complete
information on the mean and standard deviation of seven
dimensions of PSQI; (e) studies conducted in Chinese
population. Studies were excluded if they met the fol-
lowing criteria: (a) case reports, reviews, lectures, edito-
rials or correspondence letters; (b) only the most recent
ones with the most complete dataset were ultimately
selected if there were duplicated studies; (c) difference

Study %
D WHD (95% Cl) Weight
Yao (2006) R — 0.03(-0.13, 0.19) 8.74
Gao (2007) —— 002(0.10,008) 947
Wei (2009) —— 0.48(0.43,053) 9,61
.
Zheng (2010) . 020(039,-001) 842
Chen (2011) t— 0.10 (-0.05, 0.25) 8.82
Zhang (2012) —_— 013(025,001) 910
Huang (2013) — 004(0.15,007) 922
Luo (2014) _— 0.15 (001, 0.20) 8.92
Zhang (2014) | —— 0.19(0.13, 0.25) 9.5
.
Ding (2015) ——— 0.08 (0.06, 0.22) 8.98
Zheng (2017) _— 008(020,004) 916
Overall (-squared = 96.0%, p = 0.000) <:> 0.05 (0.09, 0.20) 100.00
|
NOTE: Weights are from random effects analysis )
| |

-529 0

529

Fig. 3 Forest plot of sleep latency between medical students and non-medical students
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studies presenting the same comparison(s) were excluded
to prevent overrepresentation.

Data extraction and quality assessment

For studies included in this meta-analysis, a standard data
extraction form was used by two reviewers and the con-
sensus was achieved for all data. First author, year of
publication, sampling methods, sampling area, sample
size, male to female ratio (M:F), mean and standard
deviation of seven dimensions and global PSQI scores in
medical students and non-medical students were extrac-
ted. The quality of the studies included in this meta-
analysis was assessed by an 11-item checklist which was
recommended by Agency for Healthcare Research and
Quality (AHRQ) [26]. An item would be scored “1” if it
was answered “yes”; if it was answered “no” or “un-
clear”, then the item scored “0”. Article quality was
assessed as follows: low quality = 0-3; moderate qual-
ity = 4-7; high quality = 8-11.

Statistical analysis

Data management and statistical analyses were completed
with the STATA software (version 14.0; Stata Corp, Col-
lege Station, TX, USA). If a study gave sample sizes,
means and standard deviations separately for non-medical
students with different majors, this paper combined them
into a single group. Pooled weighted mean difference
(WMD) and 95% confidence interval (95% CI) were used
to assess the sleep quality between medical school students
and non-medical school students. The heterogeneity across
individual studies was evaluated with Q statistic (P < 0.10
was considered to be of statistical significance) and I*
statistic (I* > 50% was considered to be of statistical sig-
nificance) [27]. If there was no heterogeneity, the fixed
effects model was used; otherwise, the random effects
model was used [28, 29]. To identify potential sources of
heterogeneity, subgroup analysis were carried out based on
male to female ratio and study area. Publication bias was
tested by Begg’s and Egger’s test. [30, 31]. Sensitivity

Study %

ID WD (95% Cl) Weight
I

Yao (2006) —_— 2 -0.05(-0.17,0.07) 8.32

Gao (2007) —— 0.24(0.17,0.31) 9.71

Wei (2009) E — 0.27 (0.24,0.30) 10.39
I

Zheng (2010) -—'—:r— 0.10(-0.01,0.21) 8.65

Chen (2011) ——0—%— 0.08 (-0.02, 0.18) 8.91

Zhang (2012) —;—0— 0.21(0.12,0.30) 9.30
I

Huang (2013) —:—0— 0.20(0.07,0.33) 8.27

Luo (2014) —%—0— 0.19(0.10, 0.28) 9.32

Zhang (2014) z —0—) 0.37(0.32,0.42) 10.05
I

Ding (2015) — ; 0.00(-0.13,0.13) 8.15

Zheng (2017) —_— E -0.08 (-0.18, 0.02) 8.92

Overall (I-squared = 91.6%, p = 0.000) <> 0.15(0.07,0.22) 100.00
|

NOTE: Weights are from random effects analysis :

e 0 @

Fig. 4 Forest plot of sleep duration between medical students and non-medical students
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analyses were performed by omitting one study each time
to reflect the accuracy and stability of the analytic results.
Statistical significance was defined as two-sided P value
less than 0.05.

Results
Characteristics of studies

The initial search yielded 2232 articles, 2221 of them were
rejected after further screening. Finally, a total of 11 full
text articles satisfied the inclusion and exclusion criteria,
including 7154 medical students and 9073 non-medical
students [32—42]. All of them were performed in Chinese
population. Figure 1 describes the procedure for study
selection. The main characteristics of eligible studies are
shown in Table 1.

Quantitative data synthesis

The main results of the meta-analysis are summarized in
Table 2. The sleep quality of medical students was sig-
nificantly higher in scores of subjective sleep quality
(WMD, 0.137; 95% CI 0.049-0.224; P = 0.002), sleep
duration (WMD, 0.147; 95% CI 0.069-0.225; P < 0.001),
daytime dysfunction (WMD, 0.194; 95% CI 0.077-0.311;
P = 0.001) and the total scores (WMD, 0.524; 95% CI
0.152-0.896; P = 0.006). On the contrary, there was no
significant difference in sleep latency, habitual sleep effi-
ciency, sleep disturbance and use of sleeping medications.
The forest plots are shown in Figs. 2, 3, 4, 5, 6, 7, 8, 9.
Table 3 presents the results of subgroup analysis.
Because of the limit information provided by the original
studies, subgroup analysis based on male to female ratio
was performed in our study. It was divided into two groups
according to the characteristic of the data. The first one was

Study %
ID WMD (95% CI) Weight
Yao (2006) ; —_— 0.11(0.04,0.18) 9.08
Gao (2007) — ; -0.10 (-0.14,-0.06) 9.42
Wei (2009) — E -0.43(-0.47,-0.39) 943
I
Zheng (2010) q:-—o— 0.10(-0.05, 0.25) 7.79
Chen (2011) ; —— 0.11(-0.00, 0.22) 8.52
Zhang (2012) It -0.02 (-0.08, 0.04) 9.27
I
Huang (2013) —0-%—— -0.04 (-0.11,0.03) 9.11
Luo (2014) —:W— 0.00(-0.07,0.07) 9.14
Zhang (2014) E —_— 0.10(0.05, 0.15) 9.37
I
Ding (2015) , - 0.01(-0.01,0.03) 9.55
Zheng (2017) —0-:“ -0.05(-0.10, 0.00) 9.32
Overall (I-squared = 97.9%, p = 0.000) <:> -0.02 (-0.12, 0.08) 100.00
I
NOTE: Weights are from random effects analysis E
T T

-.469 0

469

Fig. 5 Forest plot of habitual sleep efficiency between medical students and non-medical students
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Study %
ID WHD (95% Cl) Weight
,

Yao (2006) —o——:— -0.02 (-0.11,0.07) 8.84
Gao (2007) —o— 0.04 (-0.00, 0.08) 9.42
Wei (2009) —— 0.31(0.29,0.33) 953
Zheng (2010) - -0.10(0.23,0.03) 8.34
Chen (2011) —+—— -0.01(-0.10,0.08) 8.90
Zhang (2012) —-o— 0.02 (-0.05, 0.09) 9.21
|
Huang (2013) —_— 010(-0.17,-003) 917
Luo (2014) —._— -0.05 (0.14,0.04) 8.95
Zhang (2014) — 0.22(0.18,0.26) 9.47
Ding (2015) ——.— 0.07 (0.0, 0.15) 9.04
Zheng (2017) —o——f -0.04 (0.11,0.03) 9.13
Overall (--squared = 97.3%, p = 0.000) -<::::> 0.03 (0.07,0.13) 100.00
!
NOTE: Weights are from random effects analysis z
[

-.324 0

w
w —
o

Fig. 6 Forest plot of sleep disturbance between medical students and non-medical students

the group of gender imbalance that the difference between
male to female ratio was greater than 0.15, the other one
was the group of gender balance which was considered that
the difference between male to female ratio was less than
or equal to 0.15. It showed statistical significance in sub-
jective sleep quality, sleep duration, sleep disturbance,
daytime dysfunction and the total scores in the group of
gender imbalance. And there was no significance in sleep
latency, habitual sleep efficiency and use of sleeping
medications. It also showed statistical significance in sub-
jective sleep quality, sleep duration, daytime dysfunction
and the total scores in the group of gender balance. And
there was no significance in sleep latency, habitual sleep
efficiency, sleep disturbance and use of sleeping
medications.

Publication bias and sensitivity analysis
Publication bias was not detected in Begg’s tests except for

sleep duration (Table 2). Egger regression tests did not
suggest a significant publication bias for habitual sleep

efficiency and use of sleeping medications. However,
Egger tests indicated a significant publication bias in other
components and the total scores (Table 2). Sensitivity
analysis sequentially excluding each individual study did
not significantly change the pooled WMDs except for the
use of sleeping medications and the total scores (Figs. S1—
S8). When the research of Wei [34] was excluded, the
result changed to WMD, —0.019; 95% CI —0.036 to
—0.002 for the study of use of sleeping medications and
WMD, 0.450; 95% CI —0.0004—0.900 for the total scores.

Discussion

Medicine is recognized as one of the most stressful fields of
education and medical students are regarded as a popula-
tion that is more susceptible to sleep-related problems
[13, 43]. Purim KS’s study conducted in Brazil showed the
total scores of PSQI was 5.90 £ 2.39 in medical students
[44]. However, the mean global PSQI score of Chinese
medical students was around 6.16 in most of the studies
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Study %
ID WMD (95% ClI) Weight
i
Yao (2006) —:—r— 0.00 (-0.05, 0.05) 8.63
Gao (2007) —+|_ -0.04 (-0.06,-0.02) 9.76
Wei (2009) —_— i -0.19(-0.21,-0.17) 9.84
|
Zheng (2010) : 0.00(-0.09, 0.09) 6.54
Chen (2011) i —_— 0.00(-0.03,0.03) 9.70
Zhang (2012) E —_— 0.02(-0.03,0.07) 8.91
Huang (2013) —:0— -0.03 (-0.06,-0.00) 9.57
Luo (2014) ‘:—o-— -0.01(-0.04, 0.02) 9.7
Zhang (2014) -O-E -0.05 (-0.06, -0.04) 10.02
Ding (2015) —_— 003(010,004) 782
Zheng (2017) -E—O-— -0.01(-0.04, 0.02) 9.50
Overall (l-squared = 95.4%, p = 0.000) <>> -0.03(-0.07,0.01) 100.00
:
NOTE: Weights sre from random effects analysis :
T T

-211 0

211

Fig. 7 Forest plot of use of sleeping medications between medical students and non-medical students

included in this meta-analysis. The components of PSQI
and the total scores of Purim KS’s study were better than
most Chinese medical students except for use of sleeping
medications. The study conducted in Lithuanian showed
that the global PSQI scores was 7.3 + 2.9 for medical
students, it was worse than most of the medical students in
China [45]. A study conducted by Giri P revealed that the
global PSQI scores were 5.28 £ 2.39 in Indian medical
undergraduates [46]. Most of the studies included in this
meta-analysis were worse than this study. Because of the
different cultural backgrounds, the PSQI of medical stu-
dents make a great difference all over the world.

In this circumstance, we conducted this study to learn
the sleep conditions of Chinese medical students compre-
hensively. As far as we know, this meta-analysis represents
the first effort to systematically assess the sleep quality of
medical students.

Based on 11 cross-sectional studies, this meta-analysis
revealed that the sleep quality of Chinese medical stu-
dents was significantly worse in respect of total scores,
subjective sleep quality, sleep duration and daytime dys-
function domains. Whereas, no significant difference was

@ Springer

observed in sleep latency, habitual sleep efficiency, sleep
disturbance and use of sleeping medications. However,
the sensitivity analysis changed the results of use of
sleeping medications and the total scores. When the study
of Wei [34] was excluded, the results of them had been
changed. It might be caused by the large sample size of
Wei’s study. There were only 7154 medical students; the
study of Wei occupied 2368. In addition, the authors
compared the sleep quality of medical students with
engineering students. But the male to female ratio was
seriously unbalanced between two groups. In the medical
students, the male to female ratio was 590:1778; never-
theless, it was 1038:604 in the engineering students. So,
the results revealed by this meta-analysis should be
interpreted with caution. Because of the high hetero-
geneity detected in this meta-analysis, we conducted
subgroup analysis to explore the source of heterogeneity.
Poor sleep quality is often attributed to a range of mod-
ifiable, and non-modifiable factors [47]. Gender is iden-
tified as a vital role among non-modifiable factors, as
many studies report a higher rate of sleep problems in
females [48]. But owing to the insufficient information,
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Study %
ID WHD (95% Cl) Weight
Yao (2006) _— E -0.19 (-0.34,-0.04) 8.67
Gao (2007) ——  042(0.35,049) 9.70
Wei (2009) —~ 0.37(0.33, 0.41) 9.92
Zheng (2010) _ -0.10(-0.29, 0.09) 8.00
Chen (2011) 4 0.1 (-0.04, 0.26) 8.64
Zhang (2012) —.— 0.15(0.03,0.27) 9.08

.
Huang (2013) —o— 0.20 (0.08, 0.32) 9.07
Luo (2014) ————  034(020,048) 8.4
Zhang (2014) —+— 052(0.46,0.58) 9.80

.
Ding (2015) —— 0.05 (-0.06, 0.16) 9.23
Zheng (2017) —-o-*— 0.16 (0.04, 0.28) 9.05
Overall (I-squared =94.1%, p = 0.000) <> 0.19(0.08,0.31) 100.00
NOTE: Weights are from random effects analysis E

| |

-58 0

58

Fig. 8 Forest plot of daytime dysfunction between medical students and non-medical students

we could only carry out subgroup analysis based on the
male to female ratio. According to the characteristic of
the data, studies were divided into two groups (the group
of gender imbalance and the group of gender balance).
The group of gender imbalance still had high hetero-
geneity and results showed that the sleep quality of
medical students was significantly worse in terms of
subjective sleep quality, sleep duration, sleep disturbance,
daytime dysfunction and the total scores domains. But we
should make conclusions with caution on account of the
unbalance male to female ratio. However, in the group of
gender balance, the heterogeneity got much smaller. On
this basis, we speculated that the unbalance of male to
female ratio might be a source of the heterogeneity. In
this group, the results had statistical significance in terms
of subjective sleep quality, sleep duration, daytime dys-
function and total scores domains. There was still no
significance in sleep latency, habitual sleep efficiency,
sleep disturbance and use of sleeping medications. And

the results in the group of gender balance were consistent
with the overall results.

Meta-analysis is known as a method to increase the
sample size and statistical power for a more reliable result
through combining comparable articles. In this meta-anal-
ysis, it was revealed that the sleep quality of medical stu-
dents was worse than non-medical students in some
domains. University students should deal with stressors,
such as long class schedules, overloaded lessons, and
academic performance concerns [49]. Medical students are
often thought to have more stressors than most of non-
medical students like less free time, longer courses, and
longer working hours [50]. When they feel difficult to
manage the stress, these stressors may lead to sleep dis-
orders in them [51]. Because of the highly demand of
professional and academic requirements, medical students
have to reduce their sleeping hours to achieve their desired
goal [52]. Due to the reduction of sleeping hours, the sleep
duration of medical students was worse than non-medical
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Study %
D WHMD (95% ClI) Weight
|
Yao (2006) ——— -0.15(-0.64, 0.34) 9.28
Gao (2007) i —_— 0.77 (0.60, 0.94) 10.79
Wei (2009) i — 1.09 (0.94, 1.24) 10.84
Zheng (2010) —_— i -0.20 (-0.69, 0.29) 9.26
|
Chen (2011) —:-0— 0.59 (0.12, 1.06) 9.40
Zhang (2012) ——*—:“ 0.27 (-0.09, 0.63) 10.02
Luo (2014) —%—0— 0.69(0.29, 1.09) 9.81
Zhang (2014) i —— 1.70(1.50, 1.90) 10.69
|
Ding (2015) -—0—%— 0.26 (-0.10, 0.62) 10.03
Zheng (2017) _— i -0.03 (-0.41,0.35) 9.89
|
Overall (I-squared = 94.2%, p = 0.000) <> 0.52(0.15,0.90) 100.00
|
NOTE: Weights are from random effects analysis :
T ! T

-1.9 0

Fig. 9 Forest plot of the total scores of PSQI between medical students

students. Due to the lack of sleep, they feel tired and
sleepy; so the daytime dysfunction and subjective sleep
quality are worse. Though their sleeping time is short, but
the time they spend to fall asleep have no significance
compared with non-medical students and there is no other
special thing to influence their sleeping. In a word, the
results are mainly caused by the insufficient sleep hours.
Though, medical students want to achieve their goal
through the reduction of sleeping hours. It is also reported
that poor sleep quality has been correlated with worse
academic achievement before exams [53]. And poor sleep
quality frequently co-occurs with mental disorders. So,
effective measures are needed to improve the situation in
this population. The stress should be reduced in this pop-
ulation. Teachers and parents should tell them the right
way to face the pressure. And medical students should
correct their attitudes towards various stressful things.
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and non-medical students

This study provided the evidence of sleep quality of
medical students was worse than non-medical students in
China. But, results in the present meta-analysis should be
interpreted with caution due to the following limitations.
Firstly, publication bias was detected in our meta-analysis.
Secondly, only eleven Chinese published studies were
ultimately included in this meta-analysis. We undoubtedly
missed some potential studies in other languages, which
may be one reason for the publication bias. Thirdly, this
study was based on individual unadjusted estimates without
adjusted for potentially confounding factors such as gen-
der, grade, body mass index (BMI), family background and
other factors. Fourthly, only cross-sectional studies were
adopted which was not sufficiently powerful to demon-
strate a causal relationship.

In conclusion, this meta-analysis suggests that the sleep
quality of medical students is worse than non-medical
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Table 3 Subgroup analysis of the sleep quality between medical students and non-medical students
PSQI Male to female ratio Studies (V) M Test of association
WMD (95% CI) P P (%)
Subjective sleep quality Gender imbalance 4 R 0.234 (0.108,0.361) <0.001 91.2
Gender balance 5 F 0.061 (0.007,0.116) 0.027 27.9
Sleep latency Gender imbalance 4 R 0.150 (—0.092,0.391) 0.225 97.0
Gender balance 5 R —0.007 (—0.106,0.092) 0.893 66.9
Sleep duration Gender imbalance 4 R 0.201 (0.086,0.316) 0.001 92.5
Gender balance 5 F 0.120 (0.013,0.228) 0.028 83.1
Habitual sleep efficiency Gender imbalance 4 R —0.058 (—0.305,0.188) 0.642 99.3
Gender balance 5 F —0.014 (—0.055,0.026) 0.487 42.2
Sleep disturbance Gender imbalance 4 R 0.140 (0.023,0.258) 0.02 96.0
Gender balance 5 R —0.036 (—0.079,0.007) 0.103 39.1
Use of sleeping medications Gender imbalance 4 R —0.072 (—0.167,0.023) 0.138 97.7
Gender balance 5 F —0.009 (—0.022,0.004) 0.192 0.0
Daytime dysfunction Gender imbalance 4 R 0.227 (0.026,0.427) 0.027 96.3
Gender balance 5 R 0.192 (0.119,0.265) <0.001 37.6
Total scores Gender imbalance 4 R 0.744 (0.080,1.408) 0.028 96.3
Gender balance 4 F 0.368 (0.046,0.690) 0.025 61.7

PSQI the Pittsburgh sleep quality index, M model of meta-analysis, R random effect model, F fixed effect model

students in China. Given the limitations of the studies
included in the meta-analysis, further studies with more
well-designed investigations are required to validate our
results.
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