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Background: The prevalence of mental distress is common for medical students

in China due to factors such as the long duration of schooling, stressful

doctor-patient relationship, numerous patient population, and limited medical

resources. However, previous studies have failed to provide a comprehensive

prevalence of these mental disorders in this population. This meta-analysis aimed

to estimate the prevalence of common mental disorders (CMDs), including

depression, anxiety, and suicidal behaviors, among medical students in China.

Methods: We conducted a systematic search for empirical studies on the

prevalence of depression, anxiety, suicide attempt, suicide ideation, and suicide

plan in Chinese medical students published from January 2000 to December

2020. All data were collected pre-COVID-19. The prevalence and heterogeneity

estimations were computed by using a random-e�ects model and univariate

meta-regression analyses.

Results: A total of 197 studies conducted in 23 provinces in China were included

in the final meta-analysis. The prevalence data of depression, anxiety, suicide

attempt, suicide ideation, and suicide plan were extracted from 129, 80, 21, 53,

and 14 studies, respectively. The overall pooled crude prevalence for depression

was 29% [38,309/132,343; 95% confidence interval (CI): 26%−32%]; anxiety, 18%

(19,479/105,397; 95% CI: 15%−20%); suicide ideation, 13% (15,546/119,069; 95%

CI: 11%−15%); suicide attempt, 3% (1,730/69,786; 95% CI: 1%−4%); and suicide

plan, 4% (1,188/27,025; 95% CI: 3%−6%).

Conclusion: This meta-analysis demonstrated the high prevalence of CMDs

among Chinese medical students. Further research is needed to identify targeted

strategies to improve the mental health of this population.

KEYWORDS

common mental disorders (CMDs), depression, anxiety, suicidal behaviors, medical
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FIGURE 2

Forest plot of prevalence of depression in Chinese medical students.
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the overall prevalence estimates. Egger’s test (37) and Begg’s test

(38) were utilized to investigate publication bias, with p < 0.05

demonstrating statistical publication bias. All statistical analyses

were performed using the Stata software (version 14.2; StataCorp,

College Station, TX, United States) (39).

Results

Characteristics of the included studies

A total of 197 studies involving 294,408 medical students in

China were included in the final meta-analysis (Figure 1). The

median sample size was 690 (range: 100–10,344). Among the

included studies, 129 reported the prevalence of depression, with

a combined sample size of 132,343 individuals. The prevalence of

anxiety symptoms was reported in 80 studies, with a combined

sample size of 105,397 individuals. The prevalence of suicide

attempt, suicide ideation, and suicide plan was reported in 21,

53, and 14 studies, respectively, with combined samples of 69,786,

119,069, and 27,025 individuals.

Of the included studies, 172 were written in Chinese and 26

were written in English. A cross-sectional design was used in 197

studies, and only one study used a randomized controlled trial

design. The JBI quality score of the 197 included studies ranged

from 6 to 20, with a mean score of 15.

Publication years ranged from 2000 to 2020, and the study

regions covered 23 provinces on themainland and Taiwan Province

of China. The most common sampling methods used were multiple

sampling methods (n = 58), cluster sampling (n = 55), and simple

random sampling (n = 44). Other methods, such as convenience

sampling, stratified sampling, and multi-stage sampling, were also

used in some of the included studies. With regard to measurement

tools or items, 17, 13, and 19 types of tools were used to assess

depression, anxiety symptoms, and suicidal behaviors (including

suicide attempt, suicide ideation, and suicide plan), respectively.

Common measurement tools for depression were Zung’s Self-

Rating Depression Scale (SDS), the Center for Epidemiologic

Studies Depression Scale (CES-D), and the Beck Depression Rating

Scale (BDI), which were used in 66, 17, and 17 of the included

studies, respectively. Anxiety measurement tools were the Self-

Rating Anxiety Scale (SAS), the symptom checklist-90 (SCL-90),

and the Beck Anxiety Inventory (BAI), used in 52, 10, and 5

of the included studies, respectively. The assessments used for

suicidal behaviors were self-made questionnaires or standardized

scales, such as the National Comorbidity Survey (NCS) and Suicidal

Behaviors Questionnaire (SBQ). The recall period to measure

suicidal behavior included “past 1 week,” “past 6 months,” “past

1 year,” “past 2 years,” and “lifetime.” A detailed summary of the

characteristics of the included studies is provided in Tables 1–3.

Depression

Depression symptoms reported in the 129 included studies

yielded a pooled prevalence of 29% (38,309/132,343; 95%

CI: 26%−32%), with substantial evidence of between-study

heterogeneity (I2 = 99.33%; Figure 2, Table 4). Sensitivity analysis

showed that no individual study significantly affected the overall

result (Supplementary material S5, Figure 1). In subgroup analysis,

heterogeneity was reduced in studies using BDI with a score ≥ 14

(I2 = 87.97%), SCL-90 with a score≥ 2 (I2 = 81.69%), and SCL-90

with a score ≥ 3 (I2 = 47.42%; Table 4).

Subgroup analysis showed differences in prevalence based on

study regions, recall periods, sampling methods, measurement

tools, and cutoff scores. In this study, the pooled prevalence

of depression symptoms was higher in the northwest region of

China, with an estimate of 51% (95% CI: 37%−66%). Furthermore,

studies conducted between 2005 and 2010 found a higher

prevalence of depression symptoms (31%; 95% CI: 23%−40%).

All studies that used a cluster sampling method reported a higher

prevalence of depression symptoms than other sampling methods.

In terms of measurement tool and cutoff score, studies using

the Depression Status Inventory (DSI) with a severity index

≥ 0.5 and the BDI-13 with a score ≥ 5 reported a higher

estimated prevalence, with a pooled prevalence of 68% (95% CI:

40%−90%) and 54% (95% CI: 52%−57%), respectively (Figure 3,

Table 4).

In all univariate meta-regression analyses, only

the measurement tool and cutoff score could

explain the heterogeneity between studies (p <

0.001). The result of Egger’s test showed publication

bias, with p < 0.01 (Supplementary material S6,

Figure 1).

Anxiety

The anxiety symptoms reported in the 80 included studies

yielded a pooled prevalence of 18% (19,479/105,397; 95%

CI: 15%−20%), with substantial evidence of between-study

heterogeneity (I2 = 99.03%; Figure 4, Table 5). Sensitivity analysis

showed that no individual study significantly affected the overall

result (Supplementary material S5, Figure 2). In the subgroup

analysis, heterogeneity was found to be reduced in the southwest

region (I2 = 97.87%), south China (I2 = 86.94%), and

in studies using SCL-90 with a score ≥ 3 (I2 = 77.66%;

Table 5).

Subgroup analysis showed differences in prevalence based

on study regions, survey years, sampling methods, measurement

tools, and cutoff scores. Among all study regions, the estimated

prevalence of anxiety symptoms was highest in the northwest

region (27%; 95% CI: 23%−31%), followed by the southwest

region (24%; 95% CI: 18%−31%). Furthermore, studies conducted

between 2015 and 2020 showed a higher prevalence of anxiety

symptoms (22%; 95% CI: 18%−27%) than other years. Among all

sampling methods, the estimated prevalence of anxiety symptoms

was highest in studies using stratified sampling methods (29%; 95%

CI: 13%−48%), followed by cluster sampling methods (19%; 95%

CI: 13%−25%). In terms of measurement tools and cutoff scores,

the highest prevalence of anxiety symptoms was reported in the

study using the Hamilton Depression Scale (HAMA) with a score

≥ 7 (82%; 95% CI: 75%−87%; Figure 5, Table 5).

In all univariate meta-regression analyses, only the

measurement tool and cutoff score (p = 0.0010) could explain
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TABLE 4 Estimated depression prevalence among medical students in China.

Subgroup No. of studies No. of depression Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Study region

Northeast 12 4,299 11,188 0.28 (0.13, 0.45) 4,159.55 99.74% <0.01 99.50 0.1682

North China 19 2,442 8,718 0.25 (0.19, 0.32) 914.95 98.03% <0.01

East China 23 6,076 26,384 0.26 (0.21, 0.30) 1,255.88 98.25% <0.01

South China 14 2,853 9,506 0.33 (0.21, 0.48) 2,553.71 99.49% <0.01

Central China 14 4,923 16,743 0.23 (0.13, 0.34) 3,313.32 99.61% <0.01

Northwest 5 1,569 3,584 0.51 (0.37, 0.66) 280.58 98.57% <0.01

Southwest 15 5,911 18,134 0.35 (0.28, 0.41) 1,064.86 98.69% <0.01

Multiple regions 8 2,979 13,015 0.28 (0.19, 0.38) 642.10 98.91% <0.01

N 19 7,254 25,071 0.28 (0.20, 0.37) 3,484.46 99.48% <0.01

Survey year

2000–2005 24 3,882 14,293 0.25 (0.18, 0.32) 2,098.33 98.90% <0.01 99.51 0.6012

2005–2010 25 7,018 23,056 0.31 (0.23, 0.40) 4,270.98 99.44% <0.01

2010–2015 39 11,773 45,139 0.30 (0.25, 0.36) 5,682.24 99.33% <0.01

2015–2020 41 15,636 49,855 0.28 (0.23, 0.34) 6,736.96 99.41% <0.01

Sample size

<200 16 678 2,456 0.25 (0.17, 0.34) 363.84 95.88% <0.01 99.54 0.6346

201–400 26 2,562 7,266 0.33 (0.25, 0.42) 1,429.42 98.25% <0.01

401–600 26 3,881 12,778 0.30 (0.23, 0.37) 2,066.31 98.79% <0.01

601–800 11 1,971 7,358 0.26 (0.18, 0.34) 669.56 98.51% <0.01

801–1,000 16 3,662 14,181 0.25 (0.17, 0.34) 1,996.52 99.25% <0.01

>1,000 34 25,555 88,304 0.29 (0.24, 0.35) 12,430.00 99.73% <0.01

Sampling methods

Simple 25 5,645 22,132 0.24 (0.18, 0.31) 2,603.18 99.08% <0.01 99.48 0.2927

Convenience 6 2,852 11,832 0.20 (0.14, 0.26) 293.03 98.29% <0.01

Stratified 4 502 2,219 0.26 (0.13, 0.41) 165.74 98.19% <0.01
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TABLE 4 (Continued)

Subgroup No. of studies No. of depression Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Cluster 34 9,086 22,692 0.34 (0.26, 0.42) 5,467.54 99.40% <0.01

Multiple sampling methods 39 12,687 42,280 0.29 (0.24, 0.34) 5,625.12 99.32% <0.01

N 21 7,537 31,188 0.29 (0.22, 0.36) 3,046.89 99.34% <0.01

Educational level

Undergraduate 122 36,181 1,27,448 0.29 (0.26, 0.32) 17,679.64 99.32% <0.01 99.51 0.7368

Postgraduate 6 2,041 4,387 0.32 (0.14, 0.52) 793.43 99.37% <0.01

Unclassified 1 87 508 0.17 (0.14, 0.21) – – –

Measurement tool and cuto� score

ADI score ≥ 8 1 204 625 0.33 (0.29, 0.36) – – – 98.76 <0.001

BDI score ≥ 5 7 2,040 4,719 0.46 (0.38, 0.54) 166.95 96.41% <0.01

BDI score ≥ 10 1 1,699 10,140 0.17 (0.16, 0.17) – – –

BDI score ≥ 14 5 2,124 11,028 0.19 (0.15, 0.22) 33.24 87.97% <0.01

BDI without cutoff score reported 1 177 945 0.19 (0.16, 0.21) – – –

BDI-13 score ≥ 5 1 767 1,414 0.54 (0.52, 0.57) – – –

BDI-II score ≥ 14 2 567 2,652 0.21 (0.20, 0.23) – – –

CES-D score ≥ 16 10 4,951 9,557 0.46 (0.34, 0.58) 1,231.06 99.27% <0.01

CES-D score ≥ 20 7 1,937 6,399 0.34 (0.22, 0.48) 612.45 99.02% <0.01

DASS-21 score ≥ 10 2 286 1,647 0.17 (0.15, 0.19) – – –

DSI severity index ≥ 0.5 3 1,407 2,148 0.68 (0.40, 0.90) – – –

GHQ-12 score ≥ 2 1 3 123 0.02 (0.01, 0.07) – – –

HAD score ≥ 9 1 31 181 0.17 (0.12, 0.23) – – –

IVR(self-made) score ≥ 10 1 21 204 0.10 (0.06, 0.15) – – –

PHQ-2 score ≥ 3 1 20 142 0.14 (0.09, 0.21) – – –

PHQ-9 score ≥ 5 1 226 348 0.65 (0.60, 0.70) – – –

PHQ-9 score ≥ 10 3 438 2,505 0.18 (0.15, 0.22) – – –

PRIME-MD answer “yes” 1 611 1,814 0.34 (0.32, 0.36) – – –

SCL-90 score ≥ 1.8 1 1,906 7,321 0.26 (0.25, 0.27) – – –

(Continued)
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TABLE 4 (Continued)

Subgroup No. of studies No. of depression Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Sample size

SCL-90 score ≥ 2 5 678 3,795 0.18 (0.15, 0.21) 21.85 81.69% <0.01

SCL-90 score > 2 1 36 1,137 0.03 (0.02, 0.04) – – –

SCL-90 score ≥ 3 4 129 2,880 0.04 (0.03, 0.05) 5.71 47.42% 0.13

SCL-90 without cutoff score

reported

1 30 1,286 0.02 (0.02, 0.03) – – –

SDS score ≥ 5 1 163 537 0.30 (0.26, 0.34) – – –

SDS score ≥ 14 1 214 1,053 0.20 (0.18, 0.23) – – –

SDS score ≥ 40 2 150 656 0.22 (0.19, 0.25) – – –

SDS score ≥ 41 3 401 1,706 0.25 (0.11, 0.42) – – –

SDS score ≥ 42 1 144 485 0.30 (0.26, 0.34) – – –

SDS score ≥ 50 24 5,060 14,975 0.29 (0.23, 0.35) 1,413.90 98.37% <0.01

SDS score > 50 1 63 622 0.10 (0.08, 0.13) – – –

SDS score ≥ 52 1 303 940 0.32 (0.29, 0.35) – – –

SDS score ≥ 53 14 4,655 15,256 0.32 (0.25, 0.39) 976.16 98.67% <0.01

SDS severity index ≥ 0.5 12 4,548 9,083 0.38 (0.29, 0.48) 879.01 98.75% <0.01

SDS score ≥ 50 and HAMD 1 56 691 0.08 (0.06, 0.10) – – –

SDS without cutoff score reported 5 2,185 12,720 0.19 (0.13, 0.26) 147.09 97.28% <0.01

Self-made questions answers “yes” 1 14 164 0.09 (0.05, 0.14) – – –

YRBSS without cutoff score

reported

1 65 445 0.15 (0.11, 0.18)

Overall 129 38,309 1,32,343 0.29 (0.26, 0.32) 19,186.54 99.33% <0.01

N, not reported; HAD, Hospital Anxiety andDepression Scale; BDI, Beck Depression Rating Scale; BDI-II, Beck Depression Inventory-II; BDI-13, Beck Depression Inventory-13; CES-D, Center for Epidemiologic Studies Depression Scale; DASS-21, Depression Anxiety

Stress Scale-21; DSI, Depression Status Inventory; GHQ, General Health Questionnaire; IDLS, the international depression literacy survey; IVR, interactive voice response; PHQ-2, The Patient Health Questionnaire-2; PHQ-9, The Patient Health Questionnaire-9;

SCL-90, the symptom checklist-90; PRIME-MD, The 2-Item Primary Care Evaluation of Mental Disorders; SDS, Self-Rating Depression Scale; HAMD, Hamilton Depression Scale; YRBSS, Youth Risk Behavior Surveillance System Questionnaire.
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FIGURE 3

Subgroup analysis of depression in Chinese medical students based

on measurements tools.

the heterogeneity between studies. Publication bias was found

in the pooled prevalence analysis (p < 0.001 using Egger’s test;

Supplementary material S6, Figure 2).

Suicidal behaviors

Suicidal ideation
The pooled prevalence of suicide ideation reported in 53 studies

was 13% (15,546/119,069, 95% CI: 11%−15%), with significant

heterogeneity of 99.19% among included studies (Figure 6, Table 6).

Sensitivity analysis showed that no individual study significantly

affected the overall result (Supplementary material S5, Figure 3). In

the subgroup analysis, heterogeneity was found to be reduced in the

northeast region (I2 = 85.58%), recall period of the past 1 week (I2

= 84.33%), and in studies using the Self-rating Idea of Suicide Scale

(SIOSS) to identify suicide ideation (I2 = 88.71%).

Subgroup analysis showed differences in prevalence based on

study regions, sampling methods, recall periods, and measurement

tools. The estimated prevalence of suicide ideation was highest

in central China (19%; 95% CI: 7%−34%), followed by south

China (17%, 95% CI: 9%−26%) and the southwest region (17%;

95% CI: 15%−18%). Furthermore, studies conducted between

2005 and 2010 had a higher prevalence of suicide ideation than

other survey years (15%; 95% CI: 11%−18%). The estimated

prevalence was higher in those studies using convenience sampling

methods (26%; 95% CI: 25%−28%) compared with other sampling

methods. Among all recall periods reported in the included

studies, those studies using the recall period “lifetime” reported

a higher estimated prevalence of suicide ideation (19%; 95% CI:

15%−24%). In terms of measurement tools, studies using the

Eysenck Personality Questionnaire (EPQ), SSI, and Purpose in Life

Test (PIL) reported higher pooled prevalence, with estimates of

27% (95%CI: 26%−28%), 24% (95%CI: 22%−27%), and 24% (95%

CI: 20%−29%), respectively (Figure 7, Table 6).

Univariate meta-regression analyses demonstrated that

measurement tools (p = 0.0282) could explain the potential

source of the heterogeneity. Publication bias was found in

the pooled prevalence analysis (p < 0.001 using Egger’s test;

Supplementary material S6, Figure 3).

Suicidal attempt
The pooled prevalence of suicide attempts reported in 21

studies was 3% (1,730/69,786, 95% CI: 1%−4%), with significant

heterogeneity of 99.01% among the included studies (Figure 8,

Table 7). Sensitivity analysis showed that no individual study

significantly affected the overall result (Supplementary material S5,

Figure 4).

Subgroup analysis showed differences in prevalence based on

study regions, survey years, sampling methods, recall periods, and

measurement tools. The estimated prevalence of suicide attempt

was higher in central China (14%; 95% CI: 13%−15%) than other

regions. Studies conducted between 2015 and 2020 (4%; 95% CI:
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https://doi.org/10.3389/fpubh.2023.1116616
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2023.1116616

FIGURE 4

Forest plot of prevalence of anxiety in Chinese medical students.
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TABLE 5 Estimated anxiety prevalence among medical students in China.

Subgroup No. of studies No. of anxiety Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Study region

Northeast 11 3,482 11,681 0.19 (0.09, 0.32) 2,385.60 99.58% <0.01 99.25 0.6626

North China 10 1,130 5,258 0.18 (0.11, 0.27) 512.18 98.27% <0.01

East China 12 3,986 25,598 0.20 (0.16, 0.23) 381.33 97.12% <0.01

South China 9 804 6,069 0.12 (0.10, 0.15) 61.24 86.94% <0.01

Central China 11 2,803 14,682 0.15 (0.08, 0.23) 1,680.35 99.40% <0.01

Northwest 4 793 2,984 0.27 (0.23, 0.31) 20.60 85.43% <0.01

Southwest 6 2,580 11,651 0.24 (0.18, 0.31) 234.93 97.87% <0.01

Multiple regions 5 1,292 9,371 0.13 (0.06, 0.21) 179.87 97.78% <0.01

N 12 2,609 18,103 0.17 (0.11, 0.25) 1,199.99 99.08% <0.01

Survey year

2000–2005 18 1,082 9,057 0.12 (0.08, 0.16) 540.21 96.85% <0.01 99.21 0.0490

2005–2010 18 4,205 26,185 0.15 (0.10, 0.20) 1,583.38 98.93% <0.01

2010–2015 19 5,424 25,219 0.20 (0.15, 0.27) 2,294.95 99.22% <0.01

2015–2020 25 8,768 44,936 0.22 (0.18, 0.27) 3,125.67 99.23% <0.01

Sample size

<200 10 420 1,618 0.23 (0.11, 0.37) 395.94 97.73% <0.01 99.29 0.3992

201–400 16 653 4,363 0.14 (0.09, 0.18) 270.87 94.46% <0.01

401–600 15 1,249 7,741 0.14 (0.09, 0.21) 780.15 98.21% <0.01

601–800 7 959 4,724 0.20 (0.13, 0.27) 244.11 97.54% <0.01

801–1,000 10 1,694 8,908 0.18 (0.12, 0.25) 548.94 98.36% <0.01

>1,000 22 14,504 78,043 0.20 (0.15, 0.25) 5,750.08 99.63% <0.01

(Continued)
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TABLE 5 (Continued)

Subgroup No. of studies No. of anxiety Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Sampling methods

Simple 21 5,007 27,087 0.16 (0.12, 0.22) 2,464.46 99.19% <0.01 99.25 0.3401

Convenience 2 1,225 7,133 0.17 (0.16, 0.18) – – –

Stratified 5 666 2,798 0.29 (0.13, 0.48) 430.75 99.07% <0.01

Cluster 20 5,299 23,598 0.19 (0.13, 0.25) 2,149.95 99.12% <0.01

Multiple sampling methods 23 4,835 29,037 0.18 (0.14, 0.23) 2,172.46 98.99% <0.01

N 9 2,447 15,744 0.12 (0.08, 0.17) 410.95 98.05% <0.01

Educational level

Undergraduate 77 17,973 1,01,934 0.17 (0.15, 0.19) 6,828.34 98.89% <0.01 99.20 0.1020

Postgraduate 3 1,506 3,463 0.31 (0.14, 0.51) – – –

Measurement tool and cuto� score

BAI score ≥ 8 1 34 143 0.24 (0.17, 0.32) – – – 98.94 0.0010

BAI score ≥ 10 2 2,882 20,480 0.14 (0.14, 0.15) – – –

BAI score ≥ 15 1 253 2,251 0.11 (0.10, 0.13) – – –

BAI score ≥ 50 1 50 372 0.13 (0.10, 0.17) – – –

DASS-21 score ≥ 8 2 480 1,647 0.29 (0.27, 0.31) – – –

GAD-7 score ≥ 10 1 65 325 0.20 (0.16, 0.25) – – –

GHQ-12 score ≥ 2 1 5 123 0.04 (0.01, 0.09) – – –

HAD score ≥ 9 1 39 181 0.22 (0.16, 0.28) – – –

HAMA score ≥ 7 1 159 195 0.82 (0.75, 0.87) – – –

HAMA score ≥ 14 2 318 1,152 0.27 (0.24, 0.29) – – –

MAS without cutoff score reported 1 54 575 0.09 (0.07, 0.12) – – –

S-AI without cutoff score reported 1 30 196 0.15 (0.11, 0.21) – – –

SAS without cutoff score reported 1 1,456 10,340 0.14 (0.13, 0.15) – – –

SAS score ≥ 40 3 197 1,790 0.11 (0.09, 0.13) – – –

SAS score ≥ 41 1 140 396 0.35 (0.31, 0.40) – – –

(Continued)
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TABLE 5 (Continued)

Subgroup No. of studies No. of anxiety Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

SAS score ≥ 47 3 151 976 0.15 (0.13, 0.18) – – –

SAS score ≥ 50 42 11,126 47,980 0.20 (0.17, 0.24) 4,378.44 99.06% <0.01

SAS score > 50 1 113 716 0.16 (0.13, 0.19) – – –

SAS score ≥ 51 1 68 197 0.35 (0.28, 0.42) – – –

SCARED score ≥ 23 1 41 389 0.11 (0.08, 0.14) – – –

SCL-90 score ≥ 1.8 1 1,390 7,321 0.19 (0.18, 0.20) – – –

SCL-90 score ≥ 2 3 264 1,698 0.16 (0.14, 0.17) – – –

SCL-90 score > 2 1 23 1,137 0.02 (0.01, 0.03) – – –

SCL-90 score ≥ 3 5 109 4,166 0.03 (0.02, 0.04) 17.91 77.66% <0.01

SIAS score ≥ 50 1 4 487 0.01 (0.00, 0.02) – – –

Self-made questions answers “yes” 1 28 164 0.17 (0.12, 0.24) – – –

Overall 80 19,479 1,05,397 0.18 (0.15, 0.20) 8,143.11 99.03% <0.01

N, not reported; BAI, Beck Anxiety Inventory; DASS-21, Depression Anxiety Stress Scale 21; GAD-7, Generalized Anxiety Disorder-7; GHQ-12, 12-item General Health Questionnaire; HAD, Hospital Anxiety and Depression Scale; HAMA, Hamilton Anxiety Scale;

MAS, Manifest Anxiety Scale; S-AI, State-Anxiety Inventory; SAS, Self-Rating Anxiety Scale; SCARED, Rating Scale Scoring Aide; SCL-90, the symptom checklist-90; STAI-6, the 6-Item State Version of the State-Trait Anxiety Inventory.
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FIGURE 5

Subgroup analysis of anxiety in Chinese medical students based on measurements tools.
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FIGURE 6

Forest plot of prevalence of suicidal ideation in Chinese medical students.
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TABLE 6 Estimated suicide ideation prevalence among medical students in China.

Subgroup No. of studies No. of suicide ideation Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Study region

Northeast 4 361 3,967 0.10 (0.07, 0.12) 20.81 85.58% <0.01 99.14 0.8519

North China 2 247 3,403 0.07 (0.06, 0.08) – – –

East China 16 5,929 51,045 0.13 (0.09, 0.18) 2,844.04 99.47% <0.01

South China 6 3,015 15,052 0.17 (0.09, 0.26) 794.93 99.37% <0.01

Central China 3 1,490 6,630 0.19 (0.07, 0.34) – – –

Northwest 2 395 2,330 0.17 (0.15, 0.18) – – –

Southwest 2 133 1,380 0.10 (0.08, 0.11) – – –

Multiple regions 4 816 11,225 0.11 (0.07, 0.15) 152.41 97.38% <0.01

N 13 3,160 24,037 0.12 (0.09, 0.15) 575.80 97.92% <0.01

Survey year

2000–2005 4 648 6,457 0.09 (0.06, 0.12) 53.76 94.42% <0.01 99.08 0.6095

2005–2010 21 5,995 37,020 0.15 (0.11, 0.18) 1,642.94 98.78% <0.01

2010–2015 14 3,124 32,061 0.11 (0.08, 0.16) 1,547.63 99.16% <0.01

2015–2020 14 5,779 43,531 0.13 (0.09, 0.18) 2,352.25 99.45% <0.01

Sample size

<200 1 12 148 0.08 (0.04, 0.14) – – – 99.24 0.0686

201–400 5 400 1,642 0.24 (0.14, 0.35) 98.53 95.94% <0.01

401–600 6 374 3,030 0.12 (0.08, 0.16) 54.91 90.89% <0.01

601–800 9 1,094 6,111 0.17 (0.09, 0.27) 733.53 98.91% <0.01

(Continued)
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TABLE 6 (Continued)

Subgroup No. of studies No. of suicide ideation Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

801–1,000 4 492 3,462 0.13 (0.05, 0.25) 242.27 98.76% <0.01

>1,000 27 13,174 1,04,676 0.10 (0.08, 0.13) 4,980.92 99.46% <0.01

Sampling methods

Simple 10 4,854 33,100 0.17 (0.12, 0.22) 1,373.24 99.27% <0.01 98.96 0.2339

Convenience 1 1,289 4,882 0.26 (0.25, 0.28) – – –

Stratified 3 640 3,694 0.21 (0.12, 0.31) – – –

Cluster 10 3,090 32,989 0.08 (0.04, 0.14) 2,144.67 99.58% <0.01

Multiple 18 4,044 32,574 0.12 (0.10, 0.15) 681.49 97.51% <0.01

Multi-stage sampling 1 107 696 0.15 (0.13, 0.18) – – –

N 9 1,152 11,134 0.12 (0.07, 0.19) 669.67 98.81% <0.01

Recall period

Past 1 week 4 671 5,460 0.12 (0.10, 0.15) 19.15 84.33% <0.01 98.46 0.0583

Past 6 months 1 58 2,498 0.02 (0.02, 0.03) – – –

Past 1 year 18 2,495 36,144 0.10 (0.08, 0.12) 824.66 97.94% <0.01

Past 2 years 1 51 2,498 0.02 (0.02, 0.03) – – –

Lifetime 13 8,546 43,898 0.19 (0.15, 0.24) 1,383.14 99.13% <0.01

N 18 3,834 33,567 0.12 (0.09, 0.15) 1,068.59 98.41% <0.01

Educational level

Undergraduate 51 15,096 1,12,897 0.13 (0.11, 0.15) 6,130.56 99.18% <0.01 99.21 0.4261

Postgraduate/doctor 1 15 820 0.02 (0.01, 0.03) – – –

Unclassified 2 286 1,399 0.20 (0.18, 0.22) – – –

Measurement tool

NCS 1 136 662 0.21 (0.18, 0.24) – – – 99.26 0.0282

SBQ-R 2 1,028 6,424 0.15 (0.14, 0.16) – – –

QSA and Suicide ideation question 1 115 698 0.16 (0.14, 0.19) – – –

PHQ-9 2 386 5,941 0.06 (0.06, 0.07) – – –

(Continued)
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TABLE 6 (Continued)

Subgroup No. of studies No. of suicide ideation Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

BHS 1 48 540 0.09 (0.07, 0.12) – – –

SIOSS 6 432 4,898 0.09 (0.07, 0.12) 44.30 88.71% <0.01

BSI-CV 1 210 2,062 0.10 (0.09, 0.12) – – –

BSSI 2 384 3,460 0.11 (0.10, 0.12) – – –

PIL 1 91 376 0.24 (0.20, 0.29) – – –

EPQ 2 2,150 7,813 0.27 (0.26, 0.28) – – –

SIBQ 1 73 628 0.12 (0.09, 0.14) – – –

SSI 2 272 1,118 0.24 (0.22, 0.27) – – –

AHRBI 1 122 2,199 0.06 (0.05, 0.07) – – –

SCL-90 1 64 541 0.12 (0.09, 0.15) – – –

UPI 1 38 830 0.05 (0.03, 0.06) – – –

YRBSS 1 30 445 0.07 (0.05, 0.09) – – –

Medical Student Risk Behavior

Questionnaire

1 125 1,204 0.10 (0.09, 0.12) – – –

Single item 1 283 4,446 0.06 (0.06, 0.07)

Self-made questionnaire 25 9,559 74,784 0.13 (0.10, 0.16) 3,300.26 99.27% <0.01

Overall 53 15,546 119,069 0.13 (0.11, 0.15) 6,382.63 99.19% <0.01

N, not reported; NCS, National Comorbidity Survey; SBQ-R, The Suicide Behaviors Questionnaire-Revised; QSA, Suicide Attitude Questionnaire; PHQ-9, the Patient Health Questionnaire-9; BHS, Beck Hopelessness Scale; SIOSS, Self-Rating Idea of Suicide Scale;

BSI-CV, Beck Scale for Suicide Ideation-Chinese Version; BSSI, Beck Scale for Suicidal Ideation; PIL, Purpose in Life Test; EPQ, Eysenck Personality Questionnaire; SIBQ, Suicidal Ideation and Behavior Questionnaire; SSI, Scale for Suicide Ideation; AHRBI, the

Adolescent Health related Risky Behavior Inventory; SCL-90, the symptom checklist-90; UPI, University Personality Inventory; YRBSS, Youth Risk Behavior Surveillance System Questionnaire.
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FIGURE 7

Subgroup analysis of suicide ideation in Chinese medical students based on measurements tools.
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FIGURE 8

Forest plot of prevalence of suicidal attempt in Chinese medical students.

1%−9%) had a higher prevalence of suicide attempt than other

survey years. Furthermore, the estimated prevalence was higher in

those studies using convenience sampling methods (14%; 95% CI:

13%−15%) than other sampling methods. The studies with a recall

period of the past 1 month reported a significantly higher pooled

prevalence (13%; 95% CI: 10%−16%) than other recall periods. As

for measurement tools, the studies using SIOSS reported a higher

pooled prevalence of suicide attempt, with an estimate of 6% (95%

CI: 4%−7%; Figure 9, Table 7).

Univariate meta-regression analyses demonstrated that

study region (p = 0.0294) and sampling method (p = 0.0402)

could explain the potential source of the heterogeneity.

Publication bias was found in the pooled prevalence analysis

(p < 0.001 using Egger’s test; Supplementary material S6,

Figure 4).

Suicidal plan
The pooled prevalence of suicide plan reported in 14

studies was 4% (1,188/27,025, 95% CI: 3%−6%), with significant

heterogeneity of 97.12% among the included studies (Figure 10,

Table 8). Sensitivity analysis showed that no individual study

significantly affected the overall result (Supplementary material S5,

Figure 5). In the subgroup analysis, heterogeneity was found to be

reduced in the survey years from 2000 to 2005 (I2 = 74.16%).

Subgroup analysis showed differences in prevalence based on

study regions, survey years, sampling methods, and measurement

tools. The estimated prevalence of suicide attempt was higher

in central China (8%; 95% CI: 7%−8%). Additionally, studies

conducted between 2010 and 2015 had the lowest prevalence

of suicide attempt (1%; 95% CI: 1%−2%) among all survey

years. The estimated prevalence was higher in those studies using
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TABLE 7 Estimated suicide attempt prevalence among medical students in China.

Subgroup No. of studies No. of suicide attempt Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Study region

East China 8 425 39,282 0.01 (0.01, 0.02) 203.81 96.57% <0.01 96.45 0.0294

South China 2 46 3,657 0.01 (0.01, 0.02) – – –

Central China 1 682 4,882 0.14 (0.13, 0.15) – – –

Northwest 1 79 1,510 0.05 (0.04, 0.06) – – –

Southwest 1 24 697 0.03 (0.02, 0.05) – – –

N 8 474 19,758 0.03 (0.01, 0.05) 321.29 97.82% <0.01

Survey year

2000–2005 3 47 4,602 0.01 (0.00, 0.03) – – – 98.39 0.4842

2005–2010 9 479 18,536 0.03 (0.02, 0.06) 373.32 97.86% <0.01

2010–2015 4 232 25,354 0.01 (0.00, 0.02) 115.28 97.40% <0.01

2015–2020 5 972 21,294 0.04 (0.01, 0.09) 1,030.54 99.61% <0.01

Sample size

<600 2 75 935 0.07 (0.06, 0.09) – – – 98.52 0.2902

601–800 5 95 3,480 0.02 (0.01, 0.04) 50.15 92.02% <0.01

>1,000 14 1,560 65,371 0.02 (0.01, 0.04) 1,855.03 99.30% <0.01

Sampling methods

Simple 4 403 23,501 0.02 (0.01, 0.03) 61.58 95.13% <0.01 95.96 0.0402

Convenience 1 682 4,882 0.14 (0.13, 0.15) – – –

Stratified 1 10 2,498 0.00 (0.00, 0.01) – – –

Cluster 5 128 16,303 0.02 (0.01, 0.04) 129.61 96.91% <0.01

Multiple 8 456 18,381 0.03 (0.01, 0.06) 345.48 97.97% <0.01

N 2 51 4,221 0.01 (0.01, 0.02) – – –

Recall period

Past 1 week 2 32 2,857 0.01 (0.01, 0.01) – – – 98.41 0.1190

Past 1 month 1 63 490 0.13 (0.10, 0.16) – – –

Past 1 year 8 271 20,807 0.02 (0.01, 0.03) 309.87 97.74% <0.01

(Continued)
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TABLE 7 (Continued)

Subgroup No. of studies No. of suicide attempt Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Lifetime 6 1,133 32,699 0.03 (0.01, 0.07) 1,308.39 99.62% <0.01

N 4 231 12,933 0.02 (0.01, 0.04) 42.70 92.97% <0.01

Educational level

Undergraduate 21 1,730 69,786 0.03 (0.01, 0.04) 2,022.20 99.01% <0.01 - -

Measurement tool

NCS 1 10 662 0.02 (0.01, 0.03) – – – 98.82 0.9576

QSA and Suicide ideation question 1 14 698 0.02 (0.01, 0.03) – – –

BSSI 1 8 2,160 0.00 (0.00, 0.01) – – –

SBQ-R 1 34 3,212 0.01 (0.01, 0.01) – – –

SIOSS 1 45 800 0.06 (0.04, 0.07) – – –

Self-made questionnaire 15 1,607 61,809 0.03 (0.01, 0.05) 1,924.10 99.27% <0.01

YRBSS 1 12 445 0.03 (0.01, 0.05) – – –

Overall 21 1,730 69,786 0.03 (0.01, 0.04) 2,022.20 99.01% <0.01

N, not reported; NCS, National Comorbidity Survey; QSA, Suicide Attitude Questionnaire; SBQ-R, The Suicide Behaviors Questionnaire-Revised; SIOSS, Self-rating Idea of Suicide Scale; YRBSS, Youth Risk Behavior Surveillance System.
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FIGURE 9

Subgroup analysis of suicide attempt in Chinese medical students based on measurements tools.

convenience sampling methods (8%; 95% CI: 7%−8%) than other

sampling methods. Among all measurement tools, studies using

the Questionnaire of Suicide Attitude (QSA) and Suicide Ideation

Question reported a higher prevalence (9%; 95% CI: 7%−11%;

Figure 11, Table 8).

Significant results were not found in all univariate meta-

regression analyses to explain the heterogeneity between studies.

Publication bias was found in the pooled prevalence analysis

(p < 0.001 using Egger’s test; Supplementary material S6,

Figure 5).
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FIGURE 10

Forest plot of prevalence of suicidal plan in Chinese medical students.

Discussion

Summary of results

To the best of our knowledge, this is the most comprehensive

systematic review and meta-analysis to estimate the prevalence

of CMDs among Chinese medical students. Our study revealed

that the pooled prevalence of depression, anxiety, suicidal ideation,

suicidal attempt, and suicidal plans was 29%, 17%, 13%, 3%, and

4%, respectively. The high prevalence values emphasize the need for

CMD prevention and intervention for Chinese medical students.

Depression

Our study demonstrated a pooled prevalence of depressive

symptoms among Chinese medical students of 29%, which was

higher than that for general university students (24.4%) in

low- and middle-income countries (LMICs) (40) and previously

reported studies (28.4 and 23.8%) in China (41, 42). This may

be because medical students may experience higher academic

pressure due to the arduous training curriculum, less time for

relaxing or seeking psychological help (18, 43), and employment

stress since pursuing a master’s or even doctoral degree is

commonly required to enter a hospital in China (44). These

two factors are unique to medical students (45). Furthermore,

our results revealed that the prevalence of depression symptoms

among Chinese medical students was higher than the global

prevalence in medical students (28.0%) (46). This finding could

be the result of cultural differences among different countries.

Compared with Western countries, Asian countries with a

prominent Confucian Heritage Culture, such as China, emphasize

academic excellence starting at a young age (47). Such high

expectations often result in excessive pressure on students, which

could influence their psychological wellbeing. In this situation,

students, especially medical students, who bear more stressors

from clinical curriculums and trainings, might report higher levels

of depression.
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TABLE 8 Estimated suicide plan prevalence among medical students in China.

Subgroup No. of studies No. of suicide plan Sample size Subgroup analysis Meta-regression

Estimated rate (95% CI) Q I2 (%) p-value I2 (%) p-value

Study region

Northeast 1 92 1,855 0.05 (0.04, 0.06) – – – 93.07 0.6759

East China 4 157 6,638 0.03 (0.01, 0.06) 87.76 96.58% <0.01

South China 1 52 3,212 0.02 (0.01, 0.02) – – –

Central China 1 371 4,882 0.08 (0.07, 0.08) – – –

Northwest 1 82 1,510 0.05 (0.04, 0.07) – – –

N 6 434 8,928 0.05 (0.03, 0.07) 68.38 92.69% <0.01

Survey year

2000–2005 4 244 6,457 0.04 (0.03, 0.05) 11.61 74.16% 0.01 97.19 0.5487

2005–2010 5 309 5,551 0.05 (0.02, 0.08) 113.35 96.47% <0.01

2010–2015 1 58 4,063 0.01 (0.01, 0.02) – – –

2015–2020 4 577 10,954 0.05 (0.02, 0.09) 180.12 98.33% <0.01

Sample size

601–800 3 109 1,983 0.05 (0.01, 0.11) – – – 97.29 0.614

>1,000 11 1,079 25,042 0.04 (0.03, 0.06) 389.51 97.43% <0.01

Sampling methods

Simple 3 184 4,114 0.04 (0.02, 0.07) – – – 95.81 0.7784

Convenience 1 371 4,882 0.08 (0.07, 0.08) – – –

Stratified 1 92 2,498 0.04 (0.03, 0.04) – – –

Cluster 2 121 4,761 0.02 (0.02, 0.03) – –

Multiple 5 339 6,549 0.04 (0.02, 0.07) 84.78 95.28% <0.01

N 2 81 4,221 0.02 (0.01, 0.02) – – –

Recall period

During college 1 30 1,254 0.02 (0.02, 0.03) – – – 97.56 0.6329

Past 1 year 7 421 11,920 0.04 (0.02, 0.05) 142.20 95.78% <0.01

Lifetime 4 643 12,058 0.05 (0.02, 0.09) 221.57 98.65% <0.01

(Continued)
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The prevalence of depression in our study was similar to that

reported by resident physicians worldwide (28.8%) (15), which

suggested that depression was a problem affecting all levels of

medical training. However, the result of our study was lower than

that found in nursing students (34.0%) of similar age and education

level. The possible explanation is that nursing has been a female-

dominated profession for decades, and it has been confirmed that

women tend to be more commonly affected by mental disorders

than men (48).

Thus, it is suggested that more attention should be paid to

medical students with signs and symptoms of depression, and

timely screening and proper interventions are highly necessary.

Anxiety

This study demonstrated that the pooled prevalence of anxiety

was 18%, which was much higher than that for Asian medical

students (7.04%) (49). Interestingly, our result was lower than

the prevalence of anxiety worldwide and even in other LMICs.

For example, previous research has shown a pooled prevalence of

anxiety among medical students of 33.8% worldwide (14), 32.9% in

Brazil (50), and 34.5% in India (51). Different medical education

systems and healthcare working environments among different

countries could explain the discrepancies found in different areas.

However, anxiety among medical students was much higher

than in the general population. Available data suggest that the

prevalence of depressive and anxiety disorders in the general

population ranges from 5 to 7% worldwide (52, 53). The long-term

heavy academic burden (1), high intensity internships (2), complex

doctor-patient relationships (54), and future uncertainty (5) could

result in a higher prevalence of anxiety among medical students

than the general population. Like depression, persistent anxiety

symptoms could also lead to many undesirable consequences,

such as poor academic performance, impaired cognitive function,

burnout, and even suicidality (18, 55, 56). Thus, the anxiety in this

population should be taken seriously and prevented effectively.

Suicidal behaviors

This study identified that the pooled prevalence of suicide

ideation, suicide attempt, and suicide plan was 13%, 3%, and 4%,

respectively. The pooled prevalence of suicide ideation in this study

was similar to the global pooled prevalence (11.1%) and the pooled

prevalence in China published in previous studies (11%) (10,

28). Furthermore, the pooled prevalence of suicide plan was also

similar to the results of a Chinese language meta-analysis, which

demonstrated that 4.4% of medical students reported suicidal

plans (57).

When compared with physicians worldwide, minor differences

were found between our findings and a previous meta-analysis. In

this study, the summarized life-time prevalence of suicidal ideation

was 17.4%, while the 1-year prevalence was 8.6% and the 6-month

prevalence was 11.9%. With respect to suicidal attempt, the lifetime

prevalence was 1.8%, while the 1-year prevalence was 0.3% (58).

Combined with the above results, Chinese medical students in our
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FIGURE 11

Subgroup analysis of suicide plan in Chinese medical students based on measurements tools.

study were less likely to report suicidal ideation (2% in recent 6

months) but more likely to report suicidal attempt (2% in recent

1 year) than physicians in recent recall periods.

These results suggested that Chinese medical students, similar

to other populations with clinical training (such as physicians),

had a higher risk for suicide-related thoughts and behaviors. The

possible reasons might be a high rate of depression, work burnout,

medical adverse events and errors, and a lower likelihood of

seeking psychological help among medical students and physicians

(10, 59, 60). Effective preventive efforts and the accessibility of

mental health services for medical students should be developed in

the future.

Limitations of this review and included
studies

Our study has some limitations. First, the data were mostly

derived from studies with a cross-sectional design, which limited a

dynamic analysis of mental distress in this meta-analysis. Second,

the data from different specialties (e.g., clinical medicine, dental

medicine, preventive medicine, and nursing) and grades could not

be extracted for final analysis, leaving substantial heterogeneity

among studies unexplained. Third, it was impossible to perform

a gender analysis since many studies did not provide separate

prevalences of mental disorders for men and women. Fourth, a
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wide variety of screening instruments with different cutoff scores

for mental distress were used in different studies, resulting in high

heterogeneity across individual studies. Fifth, current studies on

mental distress among Chinesemedical students focused on limited

mental problems. The investigation of other mental distresses such

as obsessive-compulsive disorder, irritable bowel syndrome, bipolar

disorders, and combinations of these was lacking in most studies.

Finally, publication bias existed in our study, and the results should

be interpreted with caution.

Implications for further research

Most included studies used a cross-sectional design with

small sample sizes, which limits the generalization of the results

to a wider population. Thus, future research should include

prospective, randomized, multicenter studies with larger sample

sizes. Additionally, most included studies solely focused on

major mental health problems, such as depression, anxiety,

and suicidal behaviors. Future studies should investigate other

mental health disorders, such as bipolar, obsessive-compulsive, and

eating disorders, alone and in combination. More subgroup and

stratified analyses are also suggested to identify the prevalence

of mental health problems in different subgroups of Chinese

medical students, such as different grades, to provide targeted and

personalized intervention programs. Finally, more interventional

studies are needed to find ways to address the poor mental health

of this population.

Implications for practice

Given the high prevalence of mental health disorders among

medical students, there is a pressing need for further research

utilizing standardized screening instruments with valid cutoff

scores to accurately assess those disorders. It is suggested

that medical schools implement regular monitoring of students’

psychological wellbeing and establish comprehensive psychological

interventions or programs that have demonstrated effectiveness

in reducing students’ mental health disorders. For instance,

organizing structured programs with validated approaches like

life skills training (61) and mindfulness therapy (62) could

be implemented for medical students experiencing anxiety.

Additionally, providing mental support within the college setting,

including mental health-related courses and accessible counseling

centers, is essential (26). Furthermore, continuous efforts are

necessary to destigmatize mental health issues among medical

students and promote a culture of help-seeking behavior. Medical

schools can play a vital role in this by explicitly stating that

having mental health problems will not result in demerit points

or negative consequences for students. Sharing the successful

experiences of senior doctors in managing mental health challenges

may also encourage medical students to approach their ownmental

health struggles more positively (14). By prioritizing standardized

assessments, implementing evidence-based interventions, and

fostering a supportive environment, medical schools can actively

address the mental health needs of their students. This multifaceted

approach can not only alleviate the burden of mental health

disorders but also create a positive and thriving learning

environment for future healthcare professionals.

Conclusion

Our findings showed that Chinese medical students had a

high level of depression, anxiety, and suicidal behaviors. Thus,

timely screening and targeted intervention programs in this

population to improve their mental health are needed. However,

high heterogeneity and publication bias across the included studies

were found in this review, suggesting that the results should be

interpreted with caution.

Data availability statement

The original contributions presented in the study are included

in the article/Supplementary material, further inquiries can be

directed to the corresponding author.

Author contributions

PX: conceptualization, data curation, formal analysis, funding

acquisition, investigation, methodology, project administration,

resources, software, supervision, validation, visualization,

writing—original draft, and writing—review and editing. JWa, ML,

and JB: data curation, formal analysis, investigation, methodology,

software, visualization, and writing—original draft. YC, BL,

and RW: writing—original draft. JL and JWu: data curation,

investigation, and methodology. All authors contributed to the

article and approved the submitted version.

Funding

PX was supported by the Guangdong Basic and Applied Basic

Research Foundation (No. 2022A1515110261) and the Guangzhou

Basic and Applied Basic Research Project (No. 202201010205). JX

was supported by the grant of the Science and Technology Project

of Qiandongnan Prefecture (2022, No. 05). The funding bodies

had no role in the study design, data collection, data analysis, data

interpretation, the writing of the manuscript, or the decision to

submit the paper for publication. The corresponding author had

full access to all the data in the study and took responsibility for the

decision to submit it for publication.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those of

Frontiers in PublicHealth 44 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1116616
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2023.1116616

their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.

1116616/full#supplementary-material

References

1. Kang X, Zhang L, Zhang G, Lv H, Fang F. Research on psychological health
status of Chinese Young doctors from Hebei province. Neuropsychiatry. (2016) 6:85–
7. doi: 10.4172/Neuropsychiatry.1000125

2. Fawzy M, Hamed SA. Prevalence of psychological stress, depression and
anxiety among medical students in Egypt. Psychiatry Res. (2017) 255:186–
94. doi: 10.1016/j.psychres.2017.05.027

3. Perotta B, Arantes-Costa FM, Enns SC, Figueiro-Filho EA, Paro H, Santos IS,
et al. Sleepiness, sleep deprivation, quality of life, mental symptoms and perception
of academic environment in medical students. BMC Med Educ. (2021) 21:1–
13. doi: 10.1186/s12909-021-02544-8

4. Roh M-S, Jeon HJ, Kim H, Han SK, Hahm B-J. The prevalence and impact of
depression amongmedical students: a nationwide cross-sectional study in South Korea.
Acad Med. (2010) 85:1384–90. doi: 10.1097/ACM.0b013e3181df5e43

5. Lane A,McGrath J, Cleary E, Guerandel A,Malone KM.Worried, weary and worn
out: mixed-method study of stress and well-being in final-year medical students. BMJ
Open. (2020) 10:e040245. doi: 10.1136/bmjopen-2020-040245

6. Mosley TH, Perrin SG, Neral SM, Dubbert PM, Grothues CA, Pinto BM, et al.
Stress, coping, and well-being among third-year medical students. Acad Med. (1994)
69:765–7. doi: 10.1097/00001888-199409000-00024

7. Curcio G, Ferrara M, De Gennaro L. Sleep loss, learning capacity and academic
performance. Sleep Med Rev. (2006) 10:323–37. doi: 10.1016/j.smrv.2005.11.001

8. Aktekin M, Karaman T, Senol YY, Erdem S, Erengin H, Akaydin M, et al.
Anxiety, depression and stressful life events among medical students: a prospective
study in Antalya, Turkey.Med Educ. (2001) 35:12–7. doi: 10.1046/j.1365-2923.2001.00
726.x

9. Desalegn GT, Wondie M, Dereje S, Addisu A. Suicide ideation, attempt, and
determinants among medical students Northwest Ethiopia: an institution-based cross-
sectional study. Ann Gen Psychiatry. (2020) 19:1–8. doi: 10.1186/s12991-020-00
295-2

10. Rotenstein LS, Ramos MA, Torre M, Segal JB, Peluso MJ, Guille C, et al.
Prevalence of depression, depressive symptoms, and suicidal ideation among
medical students: a systematic review and meta-analysis. JAMA. (2016) 316:2214–
36. doi: 10.1001/jama.2016.17324

11. Rao W-W, Li W, Qi H, Hong L, Chen C, Li C-Y, et al. Sleep quality in medical
students: a comprehensive meta-analysis of observational studies. Sleep Breath. (2020)
24:1151–65. doi: 10.1007/s11325-020-02020-5

12. Erschens R, Keifenheim KE, Herrmann-Werner A, Loda T, Schwille-
Kiuntke J, Bugaj TJ, et al. Professional burnout among medical students:
systematic literature review and meta-analysis. Med Teach. (2019)
41:172–83. doi: 10.1080/0142159X.2018.1457213

13. Frajerman A, Morvan Y, Krebs M-O, Gorwood P, Chaumette B. Burnout
in medical students before residency: a systematic review and meta-analysis. Eur
Psychiatry. (2019) 55:36–42. doi: 10.1016/j.eurpsy.2018.08.006

14. Tian-Ci Quek T, Wai-San Tam W, Tran BX, Zhang M, Zhang Z, Su-Hui Ho C,
et al. The global prevalence of anxiety among medical students: a meta-analysis. Int J
Environ Res Public Health. (2019) 16:2735. doi: 10.3390/ijerph16152735

15. Mata DA, Ramos MA, Bansal N, Khan R, Guille C, Angelantonio
EDi, et al. Prevalence of depression and depressive symptoms among
resident physicians: a systematic review and meta-analysis. JAMA. (2015)
314:2373–83. doi: 10.1001/jama.2015.15845

16. Chirico F, Magnavita N. Burnout syndrome and meta-analyses: need for
evidence-based research in occupational health. Comments on prevalence of burnout
in medical and surgical residents: a meta-analysis. Int J Environ Res Public Health.
(2019) 17:741. doi: 10.3390/ijerph17030741

17. Pine DS, Cohen P, Gurley D, Brook J, Ma Y. The risk for early-adulthood anxiety
and depressive disorders in adolescents with anxiety and depressive disorders. Arch
Gen Psychiatry. (1998) 55:56–64. doi: 10.1001/archpsyc.55.1.56

18. Dyrbye LN, ThomasMR, Shanafelt TD. Systematic review of depression, anxiety,
and other indicators of psychological distress among US and Canadian medical
students. Acad Med. (2006) 81:354–73. doi: 10.1097/00001888-200604000-00009

19. Lins L, Carvalho FM, Menezes MS, Porto-Silva L, Damasceno H. Health-related
quality of life of students from a private medical school in Brazil. Int J Med Educ. (2015)
6:149. doi: 10.5116/ijme.563a.5dec

20. Dyrbye LN, Thomas MR, Shanafelt TD. Medical student distress:
causes, consequences, and proposed solutions. Mayo Clin Proc. (2005)
80:1613–22. doi: 10.4065/80.12.1613

21. Dyrbye LN, Harper W, Moutier C, Durning SJ, Power DV, Massie FS, et al. A
multi-institutional study exploring the impact of positive mental health on medical
students’ professionalism in an era of high burnout. Acad Med. (2012) 87:1024–
31. doi: 10.1097/ACM.0b013e31825cfa35

22. Khuwaja AK, Qureshi R, Azam S. Prevalence and factors associated with anxiety
and depression among family practitioners in Karachi, Pakistan. J Pak Med Assoc.
(2004) 54:45.

23. Liu X, Feng J, Liu C, Chu R, Lv M, Zhong N, et al. Medical education
systems in china: development, status, and evaluation. Acad Med. (2023) 98:43–
9. doi: 10.1097/ACM.0000000000004919

24. Wang W. Medical education in china: progress in the past 70 years and a vision
for the future. BMCMed Educ. (2021) 21:453. doi: 10.1186/s12909-021-02875-6

25. Xiong P, Hu SX, Hall BJ. Violence against nurses in China
undermines task-shifting implementation. Lancet Psychiatry. (2016)
3:501. doi: 10.1016/S2215-0366(16)30046-3

26. Mao Y, Zhang N, Liu J, Zhu B, He R, Wang X, et al. A systematic review
of depression and anxiety in medical students in China. BMC Med Educ. (2019)
19:1–13. doi: 10.1186/s12909-019-1744-2

27. O’Reilly E, McNeill KG, Mavor KI, Anderson K. Looking beyond personal
stressors: an examination of how academic stressors contribute to depression
in Australian graduate medical students. Teach Learn Med. (2014) 26:56–
63. doi: 10.1080/10401334.2013.857330

28. Zeng W, Chen R, Wang X, Zhang Q, Deng W. Prevalence of mental health
problems among medical students in China: a meta-analysis. Medicine. (2019)
98:e15337. doi: 10.1097/MD.0000000000015337

29. Jin T, Sun Y, Wang H, Qiu F, Wang X. Prevalence of depression among Chinese
medical students: a systematic review and meta-analysis. Psychol Health Med. (2021)
27:2212–28. doi: 10.1080/13548506.2021.1950785

30. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

31. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting. JAMA.
(2000) 283:2008–12. doi: 10.1001/jama.283.15.2008

32. Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological
guidance for systematic reviews of observational epidemiological studies reporting
prevalence and cumulative incidence data. Int J Evid Based Healthc. (2015) 13:147–
53. doi: 10.1097/XEB.0000000000000054

33. Santoso AMM, Jansen F, de Vries R, Leemans CR, van Straten A, Verdonck-
de Leeuw IM. Prevalence of sleep disturbances among head and neck cancer
patients: a systematic review and meta-analysis. Sleep Med. Rev. (2019) 47:62–
73. doi: 10.1016/j.smrv.2019.06.003

34. Yang W, Yang X, Cai X, Zhou Z, Yao H, Song X, et al. The prevalence of
irritable bowel syndrome among chinese university students: a systematic review and
meta-analysis. Front. Public health. (2022) 10:864721. doi: 10.3389/fpubh.2022.864721

35. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med. (2002) 21:1539–58. doi: 10.1002/sim.1186

36. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. (2003) 327:557–60. doi: 10.1136/bmj.327.7414.557

37. Egger M, Smith GD, Schneider M, Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

38. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. (1994) 50:1088–1101. doi: 10.2307/2533446

Frontiers in PublicHealth 45 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1116616
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1116616/full#supplementary-material
https://doi.org/10.4172/Neuropsychiatry.1000125
https://doi.org/10.1016/j.psychres.2017.05.027
https://doi.org/10.1186/s12909-021-02544-8
https://doi.org/10.1097/ACM.0b013e3181df5e43
https://doi.org/10.1136/bmjopen-2020-040245
https://doi.org/10.1097/00001888-199409000-00024
https://doi.org/10.1016/j.smrv.2005.11.001
https://doi.org/10.1046/j.1365-2923.2001.00726.x
https://doi.org/10.1186/s12991-020-00295-2
https://doi.org/10.1001/jama.2016.17324
https://doi.org/10.1007/s11325-020-02020-5
https://doi.org/10.1080/0142159X.2018.1457213
https://doi.org/10.1016/j.eurpsy.2018.08.006
https://doi.org/10.3390/ijerph16152735
https://doi.org/10.1001/jama.2015.15845
https://doi.org/10.3390/ijerph17030741
https://doi.org/10.1001/archpsyc.55.1.56
https://doi.org/10.1097/00001888-200604000-00009
https://doi.org/10.5116/ijme.563a.5dec
https://doi.org/10.4065/80.12.1613
https://doi.org/10.1097/ACM.0b013e31825cfa35
https://doi.org/10.1097/ACM.0000000000004919
https://doi.org/10.1186/s12909-021-02875-6
https://doi.org/10.1016/S2215-0366(16)30046-3
https://doi.org/10.1186/s12909-019-1744-2
https://doi.org/10.1080/10401334.2013.857330
https://doi.org/10.1097/MD.0000000000015337
https://doi.org/10.1080/13548506.2021.1950785
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1097/XEB.0000000000000054
https://doi.org/10.1016/j.smrv.2019.06.003
https://doi.org/10.3389/fpubh.2022.864721
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.2307/2533446
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2023.1116616

39. StataCorp LP. Stata Statistical Software: Release 14. College Station, TX:
StataCorp LP (2015).

40. Akhtar P, Ma L, Waqas A, Naveed S, Li Y, Rahman A, et al. Prevalence
of depression among university students in low and middle income countries
(LMICs): a systematic review and meta-analysis. J Affect Disord. (2020) 274:911–
9. doi: 10.1016/j.jad.2020.03.183

41. Lei X-Y, Xiao L-M, Liu Y-N, Li Y-M. Prevalence, of depression
among Chinese University students: a meta-analysis. PLoS ONE. (2016)
11:e0153454. doi: 10.1371/journal.pone.0153454

42. Gao L, Xie Y, Jia C, Wang W. Prevalence of depression among Chinese
university students: a systematic review and meta-analysis. Sci Rep. (2020) 10:1–
11. doi: 10.1038/s41598-020-72998-1

43. Ngasa SN, Sama C-B, Dzekem BS, Nforchu KN, Tindong M, Aroke
D, et al. Prevalence and factors associated with depression among medical
students in Cameroon: a cross-sectional study. BMC Psychiatry. (2017) 17:1–
7. doi: 10.1186/s12888-017-1382-3

44. Xu L, Qiao X. Comparison and analysis about anxiety and depression of medical
students during entrance and graduation stage. Chin Med Rec. (2011) 12:56–7.

45. Lin L, Yuqin W, Jing X. Investigation on psychological sources of stress among
clinical medical students and its countermeasure. Occup Health. (2010) 26:486–9.

46. Puthran R, Zhang MW, Tam WW, Ho RC. Prevalence of depression
amongst medical students: a meta-analysis. Med Educ. (2016) 50:456–
68. doi: 10.1111/medu.12962

47. Tan JB, Yates S. Academic expectations as sources of stress in Asian students. Soc
Psychol Educ. (2011) 14:389–407. doi: 10.1007/s11218-010-9146-7

48. World Health Organization. Depression. Geneva: WHO (2015).

49. Cuttilan AN, Sayampanathan AA, Ho RC-M. Mental health issues amongst
medical students in Asia: a systematic review [2000–2015]. Ann Transl Med. (2016)
4:72. doi: 10.3978/j.issn.2305-5839.2016.02.07

50. Pacheco JP, Giacomin HT, Tam WW, Ribeiro TB, Arab C, Bezerra IM, et al.
Mental health problems among medical students in Brazil: a systematic review and
meta-analysis. Braz J Psychiatry. (2017) 39:369–78. doi: 10.1590/1516-4446-2017-2223

51. Sarkar S, Gupta R, Menon V. A systematic review of depression, anxiety,
and stress among medical students in India. J Ment Health Hum Behav. (2017)
22:88. doi: 10.4103/jmhhb.jmhhb_20_17

52. Baxter AJ, Scott KM, Vos T, Whiteford HA. Global prevalence of anxiety
disorders: a systematic review and meta-regression. Psychol Med. (2013) 43:897–
910. doi: 10.1017/S003329171200147X

53. Ferrari A, Somerville A, Baxter A, Norman R, Patten S, Vos T, et al.
Global variation in the prevalence and incidence of major depressive disorder: a
systematic review of the epidemiological literature. Psychol Med. (2013) 43:471–
81. doi: 10.1017/S0033291712001511

54. Sparr LF, Gordon GH, Hickam DH, Girard DE. The doctor-patient relationship
during medical internship: the evolution of dissatisfaction. Soc Sci Med. (1988)
26:1095–101. doi: 10.1016/0277-9536(88)90184-0

55. Sareen J, Cox BJ, Afifi TO, de Graaf R, Asmundson GJ, ten Have M,
et al. Anxiety disorders and risk for suicidal ideation and suicide attempts: a
population-based longitudinal study of adults. Arch Gen Psychiatry. (2005) 62:1249–
57. doi: 10.1001/archpsyc.62.11.1249

56. van Venrooij LT, Barnhoorn PC, Giltay EJ, van Noorden MS. Burnout,
depression and anxiety in preclinical medical students: a cross-sectional survey. Int J
Adolesc Med Health. (2017) 29:1–9. doi: 10.1515/ijamh-2015-0077

57. Fuxia R, Xiuping H, Wenjun Z, Yulian R, Xiaolong C, Wang H, et al. Prevalence
of suicidal plans among college students in mainland China: a meta-analysis. Chin J Sch
Health. (2019) 40:42–5. doi: 10.16835/j.cnki.1000-9817.2019.01.011

58. Dong M, Zhou FC, Xu SW, Zhang Q, Ng CH, Ungvari GS, et al. Prevalence
of suicide-related behaviors among physicians: a systematic review and meta-analysis.
Suicide Life Threat Behav. (2020) 50:1264–75. doi: 10.1111/sltb.12690

59. Dyrbye LN, Harper W, Durning SJ, Moutier C, Thomas MR, Massie Jr FS,
et al. Patterns of distress in US medical students. Med Teach. (2011) 33:834–
9. doi: 10.3109/0142159X.2010.531158

60. Gold KJ, Sen A, Schwenk TL. Details on suicide among US physicians: data
from the national violent death reporting system. Gen Hosp Psychiatry. (2013) 35:45–
9. doi: 10.1016/j.genhosppsych.2012.08.005

61. Li C, Chu F, Wang H, Wang X-p. Efficacy of Williams LifeSkills training for
improving psychological health: a pilot comparison study of Chinese medical students.
Asia Pac Psychiatry. (2014) 6:161–9. doi: 10.1111/appy.12084

62. Warnecke E, Quinn S, Ogden K, Towle N, Nelson MR. A randomised
controlled trial of the effects of mindfulness practice on medical student
stress levels. Med Educ. (2011) 45:381–8. doi: 10.1111/j.1365-2923.2010.
03877.x

Frontiers in PublicHealth 46 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1116616
https://doi.org/10.1016/j.jad.2020.03.183
https://doi.org/10.1371/journal.pone.0153454
https://doi.org/10.1038/s41598-020-72998-1
https://doi.org/10.1186/s12888-017-1382-3
https://doi.org/10.1111/medu.12962
https://doi.org/10.1007/s11218-010-9146-7
https://doi.org/10.3978/j.issn.2305-5839.2016.02.07
https://doi.org/10.1590/1516-4446-2017-2223
https://doi.org/10.4103/jmhhb.jmhhb_20_17
https://doi.org/10.1017/S003329171200147X
https://doi.org/10.1017/S0033291712001511
https://doi.org/10.1016/0277-9536(88)90184-0
https://doi.org/10.1001/archpsyc.62.11.1249
https://doi.org/10.1515/ijamh-2015-0077
https://doi.org/10.16835/j.cnki.1000-9817.2019.01.011
https://doi.org/10.1111/sltb.12690
https://doi.org/10.3109/0142159X.2010.531158
https://doi.org/10.1016/j.genhosppsych.2012.08.005
https://doi.org/10.1111/appy.12084
https://doi.org/10.1111/j.1365-2923.2010.03877.x
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

