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Abstract

Background: Yunnan province borders Myanmar, Laos, and Vietnam, giving it one of the longest borders in China. We aimed
to determine the trends in prevalence and impact of COVID-19 on depressive symptoms among adolescents (12-18 years) from
2018 to 2022 in Yunnan, southwest China.

Objective: We evaluated the impact of the COVID-19 epidemic on adolescents’ mental health, with the aim of reducing the
effect of psychological emergency syndrome and promoting healthy, happy adolescent growth.

Methods: This longitudinal, observational study used Students’ Health Survey data on adolescents’ depressive symptoms from
2018 to 2022 (before and during COVID-19) in Yunnan. We used multistage, stratified sampling in 3 prefectures in 2018 and
16 prefectures from 2019 to 2022. In each prefecture, the study population was classified by gender and residence (urban or rural),
and each group was of equal size. Depressive symptoms were diagnosed based on Center for Epidemiological Studies Depression
Scale (CES-D) scores. We used ANOVA to assess the differences in mean CES-D scores stratified by gender, age, residence,
grade, and ethnicity. Chi-square tests were used to compare depressive symptoms by different variables. For comparability, the
age-standard and gender-standard population prevalences were calculated using the 2010 China Census as the standard population.
The association between COVID-19 and the risk of a standardized prevalence of depressive symptoms was identified using
unconditional logistic regression analysis.

Results: The standardized prevalence of depressive symptoms for all participants was 32.98%: 28.26% in 2018, 30.89% in
2019, 29.81% in 2020, 28.77% in 2021, 36.33% in 2022. The prevalences were 30.49% before COVID-19,29.29% in early
COVID-19, and 36.33% during the COVID-19 pandemic. Compared with before COVID-19, the risks of depressive symptoms
were 0.793 (95% CI 0.772-0.814) times higher in early COVID-19 and 1.071 (95% CI 1.042-1.100) times higher than during
COVID-19. The average annual increase in depressive symptoms was 1.61%. During the epidemic, the prevalence of depressive
symptoms in girls (36.87%) was higher than that in boys (28.64%), and the acceleration rate of girls was faster than that of boys.
The prevalences of depressive symptoms and acceleration rates by age group were as follows: 27.14% and 1.09% (12-13 years),
33.99% and 1.8% (14-15 years), 36.59% and 1.65% (16-18 years). Prevalences did not differ between Han (32.89%) and minority
(33.10%) populations. However, the acceleration rate was faster for the former than for the latter. The rate for senior high school
students was the highest (34.94%). However, the acceleration rate for vocational high school students was the fastest (2.88%),
followed by that for junior high school students (2.32%). Rural residents (35.10%) had a higher prevalence and faster acceleration
than urban residents (30.16%).
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Conclusions: From 2018 to 2022, there was a significant, continuous increase in the prevalence of depressive symptoms among
adolescents in Yunnan, China, especially during the COVID-19 pandemic. This represents an emergency public health problem
that should be given more attention. Effective, comprehensive psychological and lifestyle intervention measures should be used
to reduce the prevalence of mental health issues in adolescents.

(JMIR Public Health Surveill 2024;10:e52683) doi: 10.2196/52683
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Introduction

Adolescence is a critical period for brain, cognitive, and
emotional development as well as individual growth and
development. It is also a high-risk period for the development
of psychological problems and serious internalization problems,
including anxiety and depression [1,2].

With the COVID-19 pandemic, which resulted in a rapidly
changing world with major social changes, demands, and
lifestyle changes, multiple crises exposed adolescents to
increasing stressors that affected their mental health [3,4]. In
particular, anxiety and depressive disorders increased [5,6].
Adolescents face a great threat of anxiety and depressive
disorders [7]. A study in Oman showed that 13.9% of children
and adolescents exhibited depressive symptoms during the
COVID-19 pandemic [8], and other studies also reported that
the proportion of adolescents who reported suicidal ideation
and self-harm increased significantly [9,10]. By 2030, depressive
disorders are predicted to become the largest burden of disease
in the world and result in major public health challenges [11].

Depressive disorders in adolescents have a negative impact on
sleep, psychosocial functioning, and academic performance. It
is an important predictive factor of suicide [12]. It may have
serious impacts on adolescents' overall well-being and
functioning, with long-term consequences into adulthood
[13,14]. With the increasing clinical prevalence and rate of
adolescent depressive disorders, adolescent depressive
symptoms have attracted a high level of concern as a precursor
for depressive disorders in the clinical stage.

According to a meta-analysis, 1 in 4 youths globally experienced
clinical depressive symptoms during the first year of the
COVID-19 pandemic, and this number doubled after the
pandemic [15,16]. In China, more than 50% of respondents in
a study experienced psychological effects during the beginning
of the COVID-19 pandemic [17]. Many foreign researchers
have concluded that most people experienced various degrees
of depressive symptoms with the increasing waves of the
COVID-19 pandemic [18-21]. Due to the rare convergence of
public health crises, the COVID-19 pandemic may have
exacerbated adolescents’ depressive symptoms [22].

However, since 2021, COVID-19 is classified as a category B
threat in China. Between then and now, there have been no
related reports in Yunnan, southwest China. Therefore, this
study aimed to evaluate the epidemic trends of depressive
symptoms in school-aged adolescents in Yunnan, evaluate the
psychological influences on adolescents in the COVID-19

pandemic, and develop effective strategies to prevent and control
the development of depressive symptoms in adolescents in the
COVID-19 era in Yunnan, southwest China. This longitudinal
observational study collected data from before the COVID-19
pandemic to during the COVID-19 pandemic (2018 to 2022)
for analysis.

Methods

Study Design and Data Source
This longitudinal observational study used data from 2018 to
2022 [23]. In brief, the study participants were randomly cluster
sampled from 3 surveillance prefectures in Yunnan (namely,
Kunming, Honghe, and Pu’er) in 2018. The surveillance
prefectures were then expanded to cover all prefectures (16
prefectures) in Yunnan from 2019 to 2022 (including the
surveillance points in Kunming, Honghe, and Pu’er in 2018).
The sampling strategy aimed to ensure representation by
including both urban and rural areas in each prefecture.
Specifically, 1 urban city and 1 rural county were randomly
sampled from each prefecture. In the selected urban city, 5
schools were randomly selected as surveillance schools. In the
rural county, 4 schools were randomly selected as surveillance
schools (including 1 junior boarding school and 1 senior
boarding school). Surveillance schools remained consistent
from 2018 to 2022. All participants aged 12 years to 18 years
were randomly selected from surveillance schools. All
participants or their parents or guardians provided written
informed consent. There were 222,269 participants aged 12
years to 18 years included in this analysis: 6547 in 2018, 34,122
in 2019, 34,026 in 2020, 34,419 in 2021, and 113,155 in 2022.
There were 105,075 boys and 117,194 girls.

Study Tool
This study measured depressive symptoms using the Center for
Epidemiological Studies Depression Scale (CES-D), developed
by Radloff [24,25] from the National Institute of Mental Health.
This scale comprises 20 items, with 16 items assessing negative
affect and 4 items assessing positive affect of depressive
symptoms. CES-D scores range from 0 to 60. The CES-D has
good predictive accuracy when compared with the full 20-item
version. In 2009, CES-D was verified as suitable for Chinese
adolescents (Cronbach α=0.88) [26]. The CES-D focuses on
evaluating the frequency of current depressive symptoms related
to emotions or mood, which made it suitable for comparing
survey results across different time points [27].
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Depressive Symptom Status
Adolescents who participated in the study were categorized into
4 groups based on their CES-D scores: no depressive symptoms,
≤16; mild depressive symptoms, 17 to 20; moderate depressive
symptoms, 21 to 25; severe depressive symptoms, ≥26. A total
score >16 was defined as the positive presence of depressive
symptoms.

Conceptual Framework
Figure 1 describes the conceptual framework of the study. This
study collected continuous data per year from Yunnan
adolescents from 2018 to 2022. This study defined 2018 and
2019 as before COVID-19, 2020 and 2021 as early COVID-19,
and 2021 as the COVID-19 pandemic.

Figure 1. A conceptual framework of the trends of adolescents’ depressive symptoms in Yunnan, Southwest China, 2018-2022. CES-D: Center for
Epidemiological Studies Depression Scale.

Ethical Considerations
This study was approved by the Ethics Committee of Yunnan
Centers for Disease Control and Prevention (approval number:
2021-05). Appropriate ethical considerations were followed
during all the stages of this study. Participation in the study was
entirely voluntary. All the students’ parents provided written
informed consent for their children’s participation in this survey.
The survey questionnaire and CES-D were distributed among
respondents who provided their informed consent on the first
page and clicked on the “agree” button after reading the purpose
of the survey. The questionnaire and CES-D were anonymous
to ensure the confidentiality and reliability of the data. Students
or parents could refuse to participate in this survey. We analyzed
data anonymously. The Ethics Committee approved this consent
procedure. To ensure the data validity of the comparisons, the
samples in each group were randomly selected in different
survey years.

Variables
The outcome variables in this study were average depressive
symptom score and prevalence of depressive symptoms.

Independent Variables
We selected age, gender, grade, residence, and ethnicity as the
independent variables.

Data Processing and Analysis
The field surveys and data collection were conducted by
centrally trained professional and technical staff and executed
to ensure comprehensive, reliable information gathering. There

were significant differences in the distributions of participants
by gender, age group, grade, ethnicity, and residence from 2018
to 2022. Therefore, these data were not comparable (P<.01).
For comparability, the age-standardized and gender-standardized
prevalences were calculated using the Chinese Census 2010 as
a standard population. The age groups were set as 12 years to
13 years, 14 years to 15 years, and 16 years to 18 years.

The primary data analysis was conducted in 2023. We used
frequencies, means, SDs, and percentages or proportions to
describe adolescents’ depressive symptoms. Differences in the
mean depressive symptoms by age, gender, and residence (urban
and rural) were compared using ANOVAs. The division of
urban and rural areas was based on the Chinese Administrative
Division. The prevalence estimates for depressive symptoms
in different survey years (2018, 2019, 2020, 2021, and 2022)
were calculated by age, gender, ethnicity, and residence
subgroups. Chi-square analysis was used to estimate P values
for differences by gender, age, and residence subgroups, because
high statistical power was achieved from the large sample sizes.
Since depressive symptoms have normal, mild, moderate, and
severe categories, we applied a rank sum test to fit the data. The
association of COVID-19 with the risk of standardized
depressive symptoms prevalence was identified using
unconditional logistic regression analysis. All data were
analyzed using SPSS 21.0 (IBM Corp) software. All the analyses
included sample weights that accounted for the unequal
probabilities of selection, oversampling, and nonresponse.
Statistical significance was defined as P<.05.
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Results

Population Demography
As shown in Table 1, the study sample was recruited from
junior, senior, and vocational high schools in 32 counties of 16
prefectures in Yunnan, southwest China. A total of 222,269

adolescents aged 12 years to 18 years were included from 2018
to 2022, and 210,666 completed the physical examinations,
resulting in a completion rate of 94.78%. All who completed
the questionnaire and CES-D were included in the analysis
(99,566 boys and 111,100 girls). The average age was 14.85
(SD 1.78) years.

Table 1. The demographic characteristics of adolescents aged 12 years to 18 years (N=210,666) in Yunnan, southwest China, 2018-2022.

P valueχ2 (df)2022, n2021, n2020, n2019, n2018, nIndex

——a106,01433,01433,21632,5855837All

<.00146.859 (1)Gender

50,53515,73315,46914,9822847Boys

55,47917,28117,74717,6032990Girls

<.0011092.734 (2)Age (years)

29,604915686028572157212-13

40,25110,79510,94410,756182814-15

36,15913,06313,67013,257243716-18

<.0016434.441 (2)Grade

66,34316,85316,85616,4522853Junior high
school

36,42012,42912,79412,5502149Senior high
school

3251373235663583835Vocational high
school

<.00153.473 (1)Ethnic ity

55,45416,78316,79716,6163107Han

50,56016,23116,41915,9692730Minority

<.00140,703.249 (1)Residence

20,18920,03021,43219,8683682Urban

85,82512,98411,78412,7172155Rural

aNot applicable.

Depressive Symptom Score Changes
As shown in Figure 2, the average depressive symptom score
for the total sample increased from 13.00 (SD 8.12) in 2018 to
14.78 (SD 10.53) in 2022. The average increase was 0.36 points
per year.

Regarding gender, the average depressive symptom score
increased from 12.47 (SD 7.93) in 2018 to 13.79 (SD 9.95) in
2022 for boys. The average annual increase for boys was 0.26
points. The average depressive symptoms increased from 13.51
(SD 8.27) in 2018 to 15.68 (SD 10.95) in 2022 for girls. The
average annual increase for girls was 0.43 points (P<.001).

For the different age groups, the average depressive symptom
score increased with increasing age in any survey year (P<.001).
The average depressive symptom score for those aged 12 years
to 13 years increased from 12.04 (SD 8.18) in 2018 to 13.53
(SD 10.51) in 2022. The average annual increase was 0.30
points. The average depressive symptom score for those aged
14 years to 15 years increased from 12.97 (SD 8.03) in 2018 to

15.04 (SD 10.83) in 2022. The average annual increase was
0.41 points. The average depressive symptom score for those
aged 16 years to 18 years increased from 13.64 (SD 8.10) in
2018 to 15.50 (SD 10.11) in 2022. The average annual increase
was 0.37 points.

In the different grades, the average depressive symptom score
decreased from senior high school to vocational high school to
junior high school (P<.001). For senior high school students,
the average depressive symptom score increased from 13.93
(SD 8.31) in 2018 to 15.70 (SD 10.22) in 2022. The average
annual increase was 0.35 points. In vocational high school, the
average depressive symptom score increased from 13.64 (SD
8.10) in 2018 to 15.50 (SD 10.11) in 2022. The average annual
increase was 0.37 points. In junior high school, the average
depressive symptom score increased from 12.35 (SD 8.12) in
2018 to 14.30 (SD 10.74) in 2022. The average annual increase
was 0.39 points.
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For different ethnicities, the average depressive symptom score
was higher for minority ethnicities than for the Han ethnicity
(P<.001). For those of Han ethnicity, the average depressive
symptom score increased from 12.67 (SD 8.18) in 2018 to 14.72
(SD 10.58) in 2022. The average annual increase was 0.41
points. For minority ethnicities, the average depressive symptom
score increased from 13.38 (SD 8.04) in 2018 to 14.83 (SD
10.47) in 2022. The average annual increase was 0.29 points.

For the different residence areas, rural adolescents had a higher
average depressive symptom score than urban adolescents. For
rural residents, the average depressive symptom score increased
from 12.28 (SD 7.50) in 2018 to 14.87 (SD 10.56) in 2022. The
average annual increase was 0.52 points. For urban residents,
the average depressive symptom score increased from 13.42
(SD 8.44) in 2018 to 14.38 (SD 10.37) in 2022. The average
annual increase was 0.19 points.

Figure 2. Changes in depressive symptom scores in different subgroups among adolescents aged 12 years to 18 years in Yunnan, southwest China,
2018-2022, by (A) gender, (B) age, (C) grade, (D) ethnicity, and (E) residence, as assessed using ANOVAs, except ethnicity.

Secular Trends in Depressive Symptom Prevalence
As Table 2 shows, the total crude prevalence of depressive
symptoms was 33.55% (70,688/210,666). The crude prevalences
were 29.03% (28,901/99,566) for boys, 37.61%
(41,787/111,100) for girls, 27.66% (15,904/57,506) for those
aged 12 years to 13 years, 34.47% (25,703/74,574) for those
aged 14 years to 15 years, 37.01% (29,081/78,586) for those
aged 16 years to 18 years, 30.99% (36,990/119,357) for junior
high school students, 38.31% (29,250/76,342) for senior high
school students, 29.72% (4448/14,967) for vocational high
school students, 33.36% (36,285/108,757) for those of Han
ethnicity, 33.76% (34,403/101,909) for minority ethnicities,

31.56% (26,893/85,201) for urban residents, and 34.91%
(43,795/125,465) for rural residents.

After standardization, the standardized prevalence for all
participants was 32.98%. The standardized prevalences of
depressive symptoms were 30.49% before COVID-19, 29.29%
in early COVID-19, and 36.33% during the COVID-19
pandemic. Per year, the standardized prevalences of depressive
symptoms were 28.26% in 2018, 30.89% in 2019, 29.81% in
2020, 28.77% in 2021, and 36.33% in 2022. The standardized
prevalences were 28.64% for boys, 36.87% for girls, 27.14%
for those aged 12 years to 13 years, 33.99% for those aged 14
years to 15 years, 36.59% for those aged 16 years to 18 years,
34.94% for junior high school students, 34.58% for senior high

JMIR Public Health Surveill 2024 | vol. 10 | e52683 | p. 5https://publichealth.jmir.org/2024/1/e52683
(page number not for citation purposes)

Yang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


school students, 34.58% for vocational high school students,
32.89% for those of Han ethnicity, 33.10% for minority
ethnicities, 30.16% for urban residents, and 35.10% for rural
residents.

As Figure 3 shows, the average annual incidence rates (AAIRs)
of the standardized prevalences, in descending order, were
2.88% for vocational high school students, 2.32% for junior
high school students, 2.31% for rural residents, 1.84% for Han
adolescents, 1.8% for those aged 14 years to 15 years, 1.65%
for those aged 16 years to 18 years, and 1.3% for girls.

As Figure 3 shows, comparing the standardized prevalences
showed the following characteristics: (1) The rate of girls was
higher than that of boys, and the acceleration rate was faster for

girls than for boys; (2) with increasing age, the standardized
prevalence increased, and the fastest acceleration rate was for
adolescents aged 14 years to 15 years, followed by that for
adolescents aged 16 years to 18 years; (3) there were no
differences in prevalences between Han and minority
populations, but the acceleration rate was faster for the Han
population than for minority populations; (4) the rate for senior
high school students was the highest, but the acceleration rate
for vocational high school students was the fastest, followed by
that of junior high school students; (5) the rate for rural residents
was higher than that of urban residents, and the acceleration
rate for rural residents was also quicker than that of urban
residents.

Table 2. Crude prevalence of depressive symptoms among adolescents aged 12 years to 18 years in Yunnan, southwest China, 2018-2022.

20222021202020192018Demographic
characteristics

Depressive
symptoms,
n (%)

Sample
size, n

Depressive
symptoms,
n (%)

Sample
size, n

Depressive
symptoms,
n (%)

Sample
size, n

Depressive
symptoms,
n (%)

Sample
size, n

Depressive
symptoms,
n (%)

Sample
size, n

Gender

16,173 (32)50,5353806
(24.19)

15,7333977
(25.71)

15,4694169
(27.83)

14,982776 (27.26)2847Boys

22,767
(41.04)

55,4795826
(33.71)

17,2816113
(34.45)

17,7476167
(35.03)

17,603914 (30.57)2990Girls

Age (years)

9072
(30.64)

29,6042152
(23.50)

91562127
(24.73)

86022163
(25.23)

8572390 (24.81)157212-13

15,109
(37.54)

40,2513172
(29.38)

10,7953372
(30.81)

10,9443537
(32.88)

10,756513 (28.06)182814-15

14,759
(40.82)

36,1594308
(32.98)

13,0634591
(33.58)

13,6704636
(34.97)

13,257787 (32.29)243716-18

Grade

22,610
(34.08)

66,3434383
(26.01)

16,8534576
(27.15)

16,8564688 (28.5)16,452733 (25.69)2853Junior high
school

15,319
(42.06)

36,4204179
(33.62)

12,4294436
(34.67)

12,7944583
(36.52)

12,550733 (34.11)2149Senior high
school

1011
(31.10)

32511070
(28.67)

37321078
(30.23)

35661065
(29.72)

3583224 (26.83)835Vocational
high school

Ethnicity

20,358
(36.71)

55,4544695
(27.97)

16,7835064
(30.15)

16,7975294
(31.86)

16,616874 (18.13)3107Han

18,582
(36.75)

50,5604937
(30.42)

16,2315026
(30.61)

16,4195042
(31.57)

15,969816 (29.89)2730Minority

Residence

7105
(35.19)

20,1895698
(28.45)

20,0306481
(30.24)

21,4326460
(32.51)

19,8681149
(31.21)

3682Urban

31,835
(37.09)

85,8253934
(30.30)

12,9843609
(30.63)

11,7843876
(30.48)

12,717541 (25.1)2155Rural

38,940
(36.73)

106,0149632
(29.18)

33,01410,090
(30.38)

33,21610,336
(31.72)

32,5852847
(48.78)

5837Total sample
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Figure 3. Secular trends in crude and standardized prevalences of depressive symptoms among adolescents aged 12 years to 18 years in Yunnan,
southwest China, 2018-2022, by (A) and (B) gender, (C) and (D) age, (E) and (F) ethnicity, (G) and (H) grade, and (I) and (J) area of residence, as
assessed using chi-square analyses.

Secular Trends in Different Categories of Depressive
Symptoms
As Figure 4 shows, the standardized prevalences of mild
depressive symptoms decreased for all subgroups, and the rates
of moderate and severe depressive symptoms both increased.
Regardless of subgroup, severe depressive symptoms increased
to a higher prevalence than moderate depressive symptoms. The

rate of decrease in mild depressive symptoms was less than the
rate of increase in severe depressive symptoms in the same
subgroups.

The AAIRs of the standardized prevalences of severe depressive
symptoms, in descending order, were 2.76% for rural residents,
2.4% for vocational high school students, 2.21% for junior high
school students, 1.98% for senior high school students, 1.64%
for girls, and 1.45% for those aged 14 years to 15 years.
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Figure 4. Secular trends in standardized prevalences of depressive symptom categories among adolescents aged 12 years to 18 years in Yunnan,
southwest China, 2018-2022, by (A) gender, (B) ethnicity, (C) area of residence, (D) age of 12-13 years, (E) junior high school, (F) age of 14-15 years,
(G) senior high school, (H) age of 16-18 years, and (I) vocational high school, as assessed using sum rank analyses.

Relationship Between the COVID-19 Pandemic and
Depressive Symptoms
As Figure 5 shows, before adjustment, based on the odds ratio,
the risk for depressive symptoms in early COVID-19 was 0.785
(95% CI 0.765-0.805; P<.001) that before COVID-19, and the
risk of depressive symptoms during the COVID-19 pandemic
was 1.074 (95% CI 1.046-1.104; P<.001) that before COVID-19.

In addition, after adjustment, the risk of depressive symptoms
in early COVID-19 was 0.793 (95% CI 0.772-0.814; P<.001)
that before COVID-19, and the risk of depressive symptoms
during the COVID-19 pandemic was 1.071 (95% CI
1.042-1.100; P<.001) that before COVID-19.

Regardless of adjustment, the odds ratio was almost unchanged.
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Figure 5. Risk for depressive symptoms based on COVID-19 stage among adolescents aged 12 years to 18 years in Yunnan, southwest China, 2018-2022,
based on unadjusted odds ratio (OR) and OR adjusted for demographic characteristics (gender, age, grade, and ethnicity) and area of residence.

Discussion

Principal Findings
Yunnan Province is located in southwest China. It is China’s
radiation center for south and southeast Asia as it is a border
province that has one of the longest borders in China and borders
Myanmar, Laos, and Vietnam. There are 25 border counties in
8 border prefectures.

The COVID-19 epidemic began in 2020 worldwide, and Yunnan
experienced different degrees of impact. In the beginning, there
was no epidemic in Yunnan, then Yunnan first reported
COVID-19 patients in Ruili in 2021. There was no pandemic
on a large scale in Yunnan before 2022. In 2022, the COVID-19
pandemic truly began in Yunnan. Previous studies found that
the COVID-19 pandemic affected depressive symptoms in
adolescents [28,29]. To date, there have been no relevant studies
or reports in Yunnan Province. To evaluate the impact of the
COVID-19 pandemic on the mental health of adolescents, reduce
the effect or harm of psychological emergency syndrome, and
promote the healthy, happy growth of adolescents, we conducted
this study.

This study found that the standardized prevalence of depressive
symptoms in all participants was 32.98% in Yunnan, southwest
China. The standardized prevalences of depressive symptoms
were 28.26% in 2018, 30.89% in 2019, 29.81% in 2020, 28.77%
in 2021, and 36.33% in 2022. This finding was consistent with
the 36.74% prevalence in Sichuan [30]. The rates in previous
studies in China (14.5%, 2020) [31], Jiangsu (14.6%, 2022)
[32], Korea (26.8%, 2021) [33], Finland (30.2%, 2021) [2], and
the world (25.2%, 2021) [15] were lower than that in our study.
The prevalence of depressive symptoms showed an increasing
trend in severity. Moreover, this study showed that the
standardized prevalence of mild depressive symptoms decreased,
and the rates of moderate and severe depressive symptoms both
increased. The AAIRs of the standardized prevalences of severe
depressive symptoms, in descending order, were 2.76% for rural
residents, 2.4% for vocational high school students, 2.21% for
junior high school students, 1.98% for senior high school
students, 1.64% for girls, and 1.45% for those aged 14 years to
15 years. Therefore, this study indicated that adolescents’
depressive symptoms represent an emergency public health
problem in Yunnan, and the epidemic remains at a relatively

high level compared with that of adolescents in other countries.
The problem of depressive symptoms in Yunnan adolescents,
especially for girls aged 14 years to 15 years and adolescents
living in rural areas, should be given more attention. We need
to conduct continuous surveillance to understand the situation
of the epidemic and influencing factors and enable timely
warning of this public health problem.

In addition, the standardized prevalences of depressive
symptoms were 30.49% before COVID-19, 29.29% in early
COVID-19, and 36.3% during the COVID-19 pandemic.
Although the prevalence of depressive symptoms for adolescents
during the COVID-19 pandemic in Yunnan was not double that
before COVID-19 or in early COVID-19 [15], the prevalence
of adolescent depressive symptoms during the COVID-19
pandemic was higher than that before COVID-19 or in early
COVID-19. This study found that the risks of depressive
symptoms were 0.793 (95% CI 0.772-0.814) times higher in
early COVID-19 than before COVID-19 and 1.071 (95% CI
1.042-1.100) times higher during the COVID-19 pandemic than
before COVID-19 in Yunnan. The AAIR was 1.61%. This
confirmed that the impact of COVID-19 on the prevalence of
depressive symptoms in adolescents was particularly strong.

Furthermore, this study found the following epidemic
characteristics of depressive symptoms in Yunnan adolescents
during COVID-19. First, the prevalence of depressive symptoms
in girls (36.87%) was higher than that in boys (28.64%). The
acceleration rate for girls was also faster than that for boys.
Second, the prevalences were 27.14% for those aged 12 years
to 13 years, 33.99% for those aged 14 years to 15 years, and
36.59% for those aged 16 years to 18 years. This shows that,
with increasing age, the standardized prevalence increased. The
acceleration rate was the fastest in adolescents aged 14 years
to 15 years (1.80%), followed by adolescents aged 16 years to
18 years (1.65%). Third, there were no differences in prevalence
between Han (32.89%) and minority (33.10%) populations.
However, the acceleration rate for the Han population was faster
than that for the minority population. Fourth, the rate for senior
high school students was the highest (34.94%). However, the
acceleration rate for vocational high school students was the
fastest (34.58%), followed by that for junior high school students
(34.58%). Finally, the rate for rural residents (35.10%) was
higher than that for urban residents (30.16%). The acceleration
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rate for rural residents was also faster than that for urban
residents. According to these findings, in Yunnan, rural areas
should be key intervention areas. Vocational high schools should
be emphasized as schools in which to implement interventions.
Girls and all adolescents aged 14 years to 15 years should be
the priority intervention populations.

According to previous studies, depressive symptoms are highly
associated with internet addiction, depression disorders,
self-injury, suicide idealization, and even suicide [34,35]. The
key guiding principle is that we should implement psychological
and lifestyle interventions as soon as possible [36]. Positive
family communication, healthy dietary habits, regular physical
activity [37-39], and life skills (eg, health-related knowledge,
problem-solving, and emotion management [40,41]) are crucial
for reducing depression and promoting healthy development in
adolescents. Therefore, we must conduct joint interventions for
adolescents with their families, communities, and schools. We
should prepare to offer more mental health and other stress
management services during public health emergencies [10].
For example, these services could strengthen family support to
help parents understand emotional health issues in adolescents,
providing family therapy; develop early interventions; and
enhance social workers’ ability to provide virtual and
phone-based assistance to adolescents. Schools could receive
suggestions to find creative ways to encourage physical activity
and allow students to enjoy music to reduce stress, anxiety, and
loneliness [8].

This study also found that we need to continue monitoring to
consistently observe the immediate and long-term effects caused
by adolescents’ depressive symptoms. At the same time, it is
important to observe the impact of timely psychological support
and intervention on the future mental health of adolescents and
evaluate the effect of different psychological intervention styles
in future research.

Limitations
This study has a few limitations. First, the data originated from
a survey that involved self-reported CES-D scores for depressive
symptoms, which may not align with an objective assessment
by mental health professionals, and was conducted during an
epidemic. Nevertheless, psychological impact and depression
are based on personal feelings, and self-reporting was paramount
during the COVID-19 pandemic. Second, when we designed
this study, we only knew a little about COVID-19. Therefore,
we did not measure neurological symptoms (eg, loss of smell
or taste) that were discovered later to be associated with
depressive mood. Last, because of the anonymous nature of the
survey, we could not pair responses from the same individuals
at the 5 time intervals.

Conclusions
In summary, this study was the first to use a longitudinal,
observational survey with successive follow-up data with
adolescents aged 12 years to 18 years in Yunnan, southwest
China. This study compared the impact of depressive symptoms
from before COVID-19 through the COVID-19 pandemic. The
standardized prevalences of depressive symptoms were 30.49%
before COVID-19, 29.29% in early COVID-19, and 36.33%
during the COVID-19 pandemic. In Yunnan, the risk of
depressive symptoms in early COVID-19 was 0.793 (95% CI
0.772-0.814) that before COVID-19, and during the COVID-19
pandemic, it was 1.071 (95% CI 1.042-1.100) that before
COVID-19. The AAIR was 1.61%. This revealed that the impact
of COVID-19 on adolescents’ depressive symptoms was
particularly strong. In the COVID-19 era, we should conduct
continuous surveillance to understand the epidemic situation
and influencing factors and enable a timely warning of
adolescents’ depressive symptoms. In the meantime, we should
also design efficient, joint interventions to decrease the
prevalence of adolescents’ depressive symptoms.

Acknowledgments
The authors are grateful to the participants for their involvement in the survey. The authors also thank teacher Le Ma for their
guidance; the team at Department of School Health, Yunnan Center for Disease Control and Prevention; Kunming University of
Science and Technology; and the technical support of all team members in the survey. In addition, the assistance from the Centers
for Disease Control and Prevention in the 16 prefectures and 32 counties is highly appreciated.

This research was supported by Yunnan Provincial Grant for the Academic Leadership in 2023 (2024AC350014), the 16th Batch
of Kunming Grant for the Young Academic and Technical Leadership (KMRCD-2018011), and a grant from Xishan District
Bureau of Science and Technology (grant number 34 Xikezi).

Data Availability
The raw data sets from this study can be available by emailing the corresponding author on reasonable request.

Authors' Contributions
YY conducted the data collection, checked the data, performed the statistical analysis and interpretation, and wrote the manuscript.
SZ coordinated the survey locations, conducted the study, and provided some suggestions. TL analyzed the data and created the
graphs. The corresponding author has full access to all the data in this study and takes the primary responsibility for the final
content. All authors read and approved the final version of the manuscript.

Conflicts of Interest
None declared.

JMIR Public Health Surveill 2024 | vol. 10 | e52683 | p. 10https://publichealth.jmir.org/2024/1/e52683
(page number not for citation purposes)

Yang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


References

1. Costello EJ, Copeland W, Angold A. Trends in psychopathology across the adolescent years: what changes when children
become adolescents, and when adolescents become adults? J Child Psychol Psychiatry. Oct 2011;52(10):1015-1025. [FREE
Full text] [doi: 10.1111/j.1469-7610.2011.02446.x] [Medline: 21815892]

2. Kiviruusu O, Haravuori H, Lindgren M, Therman S, Marttunen M, Suvisaari J, et al. Generalized anxiety among Finnish
youth from 2013 to 2021-Trend and the impact of COVID-19. J Affect Disord. Jun 01, 2023;330:267-274. [FREE Full
text] [doi: 10.1016/j.jad.2023.03.010] [Medline: 36914117]

3. Poletti M, Preti A, Raballo A. From economic crisis and climate change through COVID-19 pandemic to Ukraine war: a
cumulative hit-wave on adolescent future thinking and mental well-being. Eur Child Adolesc Psychiatry. Sep
2023;32(9):1815-1816. [FREE Full text] [doi: 10.1007/s00787-022-01984-x] [Medline: 35396664]

4. Wiederhold BK. The escalating crisis in adolescent mental health. Cyberpsychol Behav Soc Netw. Feb 01, 2022;25(2):81-82.
[doi: 10.1089/cyber.2022.29237.editorial] [Medline: 35072540]

5. World Health Organization. Oct 10, 2022. URL: https://www.who.int/news-room/events/detail/2022/10/10/default-calendar/
world-mental-health-day-2022---make-mental-health-and-well-being-for-all-a-global-priority [accessed 2024-06-04]

6. Bevilacqua L, Fox-Smith L, Lewins A, Jetha P, Sideri A, Barton G, et al. Impact of COVID-19 on the mental health of
children and young people: an umbrella review. J Epidemiol Community Health. Nov 24, 2023;77(11):704-709. [doi:
10.1136/jech-2022-220259] [Medline: 37620009]

7. Wu Y, Shao J, Zhang D, Wang Y, Wang S, Wang Z, et al. Pathways from self-disclosure to medical coping strategy among
adolescents with moderate and major depression during the COVID-19 pandemic: A mediation of self-efficacy. Front
Psychiatry. Sep 2, 2022;13:976386. [FREE Full text] [doi: 10.3389/fpsyt.2022.976386] [Medline: 36117657]

8. Zadjali F, Al-Futaisi A, Al-Hosni A, Al-Huseini S, Crommelin M, Mirza H. The parental and children report of the prevalence
of depressive symptoms in children and adolescents amid the COVID-19 pandemic: a cross-sectional study from Oman.
Int J Public Health. Aug 25, 2022;67:1604474. [FREE Full text] [doi: 10.3389/ijph.2022.1604474] [Medline: 36090839]

9. Berger G, Häberling I, Lustenberger A, Probst F, Franscini M, Pauli D, et al. The mental distress of our youth in the context
of the COVID-19 pandemic. Swiss Med Wkly. Feb 14, 2022;152(0708):w30142. [FREE Full text] [doi:
10.4414/smw.2022.w30142] [Medline: 35230030]

10. Ougrin D, Wong BH, Vaezinejad M, Plener PL, Mehdi T, Romaniuk L, et al. Pandemic-related emergency psychiatric
presentations for self-harm of children and adolescents in 10 countries (PREP-kids): a retrospective international cohort
study. Eur Child Adolesc Psychiatry. Jul 07, 2022;31(7):1-13. [FREE Full text] [doi: 10.1007/s00787-021-01741-6]
[Medline: 33677628]

11. Malhi GS, Mann JJ. Depression. The Lancet. Nov 2018;392(10161):2299-2312. [doi: 10.1016/s0140-6736(18)31948-2]
12. Pozuelo JR, Desborough L, Stein A, Cipriani A. Systematic review and meta-analysis: depressive symptoms and risky

behaviors among adolescents in low- and middle-income countries. J Am Acad Child Adolesc Psychiatry. Feb
2022;61(2):255-276. [doi: 10.1016/j.jaac.2021.05.005] [Medline: 34015483]

13. Syed Sheriff R, Van Hooff M, Malhi GS, Grace B, McFarlane A. Childhood determinants of past-year anxiety and depression
in recently transitioned military personnel. J Affect Disord. Sep 01, 2020;274:59-66. [doi: 10.1016/j.jad.2020.04.053]
[Medline: 32469832]

14. Ormel J, Oerlemans AM, Raven D, Laceulle OM, Hartman CA, Veenstra R, et al. Functional outcomes of child and
adolescent mental disorders. Current disorder most important but psychiatric history matters as well. Psychol. Med. Jan
09, 2017;47(7):1271-1282. [doi: 10.1017/s0033291716003445]

15. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S. Global prevalence of depressive and anxiety symptoms
in children and adolescents during COVID-19: a meta-analysis. JAMA Pediatr. Nov 01, 2021;175(11):1142-1150. [FREE
Full text] [doi: 10.1001/jamapediatrics.2021.2482] [Medline: 34369987]

16. Ma L, Mazidi M, Li K, Li Y, Chen S, Kirwan R, et al. Prevalence of mental health problems among children and adolescents
during the COVID-19 pandemic: A systematic review and meta-analysis. J Affect Disord. Oct 01, 2021;293:78-89. [FREE
Full text] [doi: 10.1016/j.jad.2021.06.021] [Medline: 34174475]

17. Wang C, Pan R, Wan X, Tan Y, Xu L, Ho CS, et al. Immediate psychological responses and associated factors during the
initial stage of the 2019 coronavirus disease (COVID-19) epidemic among the general population in China. Int J Environ
Res Public Health. Mar 06, 2020;17(5):1. [FREE Full text] [doi: 10.3390/ijerph17051729] [Medline: 32155789]

18. Miao R, Liu C, Zhang J, Jin H. Impact of the COVID-19 pandemic on the mental health of children and adolescents: A
systematic review and meta-analysis of longitudinal studies. J Affect Disord. Nov 01, 2023;340:914-922. [doi:
10.1016/j.jad.2023.08.070] [Medline: 37598714]

19. Fancourt D, Steptoe A, Bu F. Trajectories of anxiety and depressive symptoms during enforced isolation due to COVID-19
in England: a longitudinal observational study. Lancet Psychiatry. Feb 2021;8(2):141-149. [FREE Full text] [doi:
10.1016/S2215-0366(20)30482-X] [Medline: 33308420]

20. Bevilacqua L, Fox-Smith L, Lewins A, Jetha P, Sideri A, Barton G, et al. Impact of COVID-19 on the mental health of
children and young people: an umbrella review. J Epidemiol Community Health. Nov 24, 2023;77(11):704-709. [doi:
10.1136/jech-2022-220259] [Medline: 37620009]

JMIR Public Health Surveill 2024 | vol. 10 | e52683 | p. 11https://publichealth.jmir.org/2024/1/e52683
(page number not for citation purposes)

Yang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://europepmc.org/abstract/MED/21815892
https://europepmc.org/abstract/MED/21815892
http://dx.doi.org/10.1111/j.1469-7610.2011.02446.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21815892&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0165-0327(23)00342-7
https://linkinghub.elsevier.com/retrieve/pii/S0165-0327(23)00342-7
http://dx.doi.org/10.1016/j.jad.2023.03.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36914117&dopt=Abstract
https://europepmc.org/abstract/MED/35396664
http://dx.doi.org/10.1007/s00787-022-01984-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35396664&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2022.29237.editorial
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35072540&dopt=Abstract
https://www.who.int/news-room/events/detail/2022/10/10/default-calendar/world-mental-health-day-2022---make-mental-health-and-well-being-for-all-a-global-priority
https://www.who.int/news-room/events/detail/2022/10/10/default-calendar/world-mental-health-day-2022---make-mental-health-and-well-being-for-all-a-global-priority
http://dx.doi.org/10.1136/jech-2022-220259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37620009&dopt=Abstract
https://europepmc.org/abstract/MED/36117657
http://dx.doi.org/10.3389/fpsyt.2022.976386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36117657&dopt=Abstract
https://europepmc.org/abstract/MED/36090839
http://dx.doi.org/10.3389/ijph.2022.1604474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36090839&dopt=Abstract
https://doi.org/10.4414/smw.2022.w30142
http://dx.doi.org/10.4414/smw.2022.w30142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35230030&dopt=Abstract
http://hdl.handle.net/2318/1791801
http://dx.doi.org/10.1007/s00787-021-01741-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33677628&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(18)31948-2
http://dx.doi.org/10.1016/j.jaac.2021.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34015483&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2020.04.053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32469832&dopt=Abstract
http://dx.doi.org/10.1017/s0033291716003445
https://europepmc.org/abstract/MED/34369987
https://europepmc.org/abstract/MED/34369987
http://dx.doi.org/10.1001/jamapediatrics.2021.2482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34369987&dopt=Abstract
https://europepmc.org/abstract/MED/34174475
https://europepmc.org/abstract/MED/34174475
http://dx.doi.org/10.1016/j.jad.2021.06.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34174475&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph17051729
http://dx.doi.org/10.3390/ijerph17051729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32155789&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2023.08.070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37598714&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2215-0366(20)30482-X
http://dx.doi.org/10.1016/S2215-0366(20)30482-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33308420&dopt=Abstract
http://dx.doi.org/10.1136/jech-2022-220259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37620009&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Samji H, Wu J, Ladak A, Vossen C, Stewart E, Dove N, et al. Review: Mental health impacts of the COVID-19 pandemic
on children and youth - a systematic review. Child Adolesc Ment Health. May 28, 2022;27(2):173-189. [FREE Full text]
[doi: 10.1111/camh.12501] [Medline: 34455683]

22. Lee SW, Yang JM, Moon SY, Kim N, Ahn YM, Kim J, et al. study authors. Association between mental illness and
COVID-19 in South Korea: a post-hoc analysis. Lancet Psychiatry. Apr 2021;8(4):271-272. [FREE Full text] [doi:
10.1016/S2215-0366(21)00043-2] [Medline: 33617761]

23. Design and Methods. China Health and Nutrition Survey. URL: http://www.cpc.unc.edu/projects/china/about/design
[accessed 2024-06-04]

24. Radloff LS. The CES-D Scale. Applied Psychological Measurement. Jul 26, 2016;1(3):385-401. [doi:
10.1177/014662167700100306]

25. Radloff LS. The use of the Center for Epidemiologic Studies Depression Scale in adolescents and young adults. J Youth
Adolesc. Apr 1991;20(2):149-166. [doi: 10.1007/BF01537606] [Medline: 24265004]

26. Chen ZY, Yang XD, Li XY. Psychometric features of CES-D in Chinese adolescents. Chinese Journal of Clinical Psychology.
2009;17(4):443-445. [FREE Full text] [doi: 10.16128/j.cnki.1005-3611.2009.04027]

27. Luo Q, Bao K, Gao W, Xiang Y, Li M, Zhang Y. Joint effects of depressive status and body mass index on the risk of
incident hypertension in aging population: evidence from a nationwide population-based cohort study. BMC Psychiatry.
Aug 19, 2023;23(1):608. [FREE Full text] [doi: 10.1186/s12888-023-05105-z] [Medline: 37598204]

28. How the COVID-19 pandemic has scarred the world’s children. UNICEF. Mar 10, 2021. URL: http://www.unicef.org/
coronavirus/COVID-19-pandemic-scarred-world-children [accessed 2024-06-04]

29. Liu X, Wu J, Yang H, Zhao F, Qin Y, Wu J, et al. Caregiver perceptions of children's and adolescents' psychosocial
functioning during the stringent COVID-19 lockdown restrictions in Shanghai: cross-sectional study. JMIR Public Health
Surveill. Feb 07, 2023;9:e43689. [FREE Full text] [doi: 10.2196/43689] [Medline: 36749625]

30. Zhao L, Li X, Yang Q, Peng Y, Jiang L, Jia P, et al. The longitudinal association between internet addiction and depressive
and anxiety symptoms among Chinese adolescents before and during the COVID-19 pandemic. Front Public Health. Jan
18, 2022;10:1096660. [FREE Full text] [doi: 10.3389/fpubh.2022.1096660] [Medline: 36743184]

31. Zheng H, Jiang X, Yang R, Wang S, Zhong H. Changes in major psychiatric disorders in children and adolescents from
2001 to 2020: A retrospective single-center study. Front Psychiatry. 2022;13:1079456. [FREE Full text] [doi:
10.3389/fpsyt.2022.1079456] [Medline: 36699486]

32. Wang X, Wang Y, Zhang X, Yang W, Yang J. A large-scale cross-sectional study on mental health status among children
and adolescents - Jiangsu Province, China, 2022. China CDC Wkly. Aug 11, 2023;5(32):710-714. [FREE Full text] [doi:
10.46234/ccdcw2023.136] [Medline: 37614908]

33. Lee M, Kim DJ, Lee H. Trends in health behaviors and mental health among Korean adolescents in Korea over 5 years,
2017-2021: focusing on the comparisons before and during the COVID-19 pandemic. Front Public Health. Apr 17,
2023;11:1139110. [FREE Full text] [doi: 10.3389/fpubh.2023.1139110] [Medline: 37139372]

34. Carosella KA, Wiglesworth A, Bendezú JJ, Brower R, Mirza S, Mueller BA, et al. Patterns of experience, expression, and
physiology of stress relate to depressive symptoms and self-injurious thoughts and behaviors in adolescents: a person-centered
approach. Psychol. Med. Aug 23, 2023;53(16):7902-7912. [doi: 10.1017/s0033291723002003]

35. Calear AL, Morse AR, Christensen H, McCallum S, Werner-Seidler A, Alexander R, et al. Evaluating suicide attitudes and
suicide literacy in adolescents. J Ment Health. Aug 21, 2023:1-8. [doi: 10.1080/09638237.2023.2245883] [Medline:
37605447]

36. Malhi GS, Bell E, Bassett D, Boyce P, Bryant R, Hopwood M, et al. The management of depression: the evidence speaks
for itself. Br J Psychiatry. Mar 09, 2023;222(3):97-99. [doi: 10.1192/bjp.2022.133] [Medline: 36082788]

37. Huang X, Zhang Y, Wu X, Jiang Y, Cai H, Deng Y, et al. A cross-sectional study: family communication, anxiety, and
depression in adolescents: the mediating role of family violence and problematic internet use. BMC Public Health. Sep 07,
2023;23(1):1747. [FREE Full text] [doi: 10.1186/s12889-023-16637-0] [Medline: 37679728]

38. Li G, Liu J, Wen H, Shen Q. Changes in depression among adolescents: a multiple-group latent profile transition analysis.
PRBM. Feb 2023;Volume 16:319-332. [doi: 10.2147/prbm.s390116]

39. Liang J, Huang S, Jiang N, Kakaer A, Chen Y, Liu M, et al. Association between joint physical activity and dietary quality
and lower risk of depression symptoms in US adults: cross-sectional NHANES study. JMIR Public Health Surveill. May
10, 2023;9:e45776. [FREE Full text] [doi: 10.2196/45776] [Medline: 37163324]

40. Shin H, Kim J, Lee H. Association of depression with precautionary behavior compliance, COVID-19 fear, and health
behaviors in South Korea: national cross-sectional study. JMIR Public Health Surveill. Feb 22, 2023;9:e42677. [FREE Full
text] [doi: 10.2196/42677] [Medline: 36716130]

41. WHO guide for integration of perinatal mental health in maternal and child health services. World Health Organization.
Sep 19, 2022. URL: https://publichealth.jmir.org/citations/parse/52683/929971/2 [accessed 2024-06-04]

Abbreviations
AAIR: average annual incidence rate

JMIR Public Health Surveill 2024 | vol. 10 | e52683 | p. 12https://publichealth.jmir.org/2024/1/e52683
(page number not for citation purposes)

Yang et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://europepmc.org/abstract/MED/34455683
http://dx.doi.org/10.1111/camh.12501
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34455683&dopt=Abstract
https://europepmc.org/abstract/MED/33617761
http://dx.doi.org/10.1016/S2215-0366(21)00043-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33617761&dopt=Abstract
http://www.cpc.unc.edu/projects/china/about/design
http://dx.doi.org/10.1177/014662167700100306
http://dx.doi.org/10.1007/BF01537606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24265004&dopt=Abstract
https://psycnet.apa.org/record/2009-19044-019
http://dx.doi.org/10.16128/j.cnki.1005-3611.2009.04027
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-023-05105-z
http://dx.doi.org/10.1186/s12888-023-05105-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37598204&dopt=Abstract
http://www.unicef.org/coronavirus/COVID-19-pandemic-scarred-world-children
http://www.unicef.org/coronavirus/COVID-19-pandemic-scarred-world-children
https://publichealth.jmir.org/2023//e43689/
http://dx.doi.org/10.2196/43689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36749625&dopt=Abstract
https://europepmc.org/abstract/MED/36743184
http://dx.doi.org/10.3389/fpubh.2022.1096660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36743184&dopt=Abstract
https://europepmc.org/abstract/MED/36699486
http://dx.doi.org/10.3389/fpsyt.2022.1079456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36699486&dopt=Abstract
https://europepmc.org/abstract/MED/37614908
http://dx.doi.org/10.46234/ccdcw2023.136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37614908&dopt=Abstract
https://europepmc.org/abstract/MED/37139372
http://dx.doi.org/10.3389/fpubh.2023.1139110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37139372&dopt=Abstract
http://dx.doi.org/10.1017/s0033291723002003
http://dx.doi.org/10.1080/09638237.2023.2245883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37605447&dopt=Abstract
http://dx.doi.org/10.1192/bjp.2022.133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36082788&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-16637-0
http://dx.doi.org/10.1186/s12889-023-16637-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37679728&dopt=Abstract
http://dx.doi.org/10.2147/prbm.s390116
https://publichealth.jmir.org/2023//e45776/
http://dx.doi.org/10.2196/45776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37163324&dopt=Abstract
https://publichealth.jmir.org/2023//e42677/
https://publichealth.jmir.org/2023//e42677/
http://dx.doi.org/10.2196/42677
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36716130&dopt=Abstract
https://publichealth.jmir.org/citations/parse/52683/929971/2
http://www.w3.org/Style/XSL
http://www.renderx.com/


CES-D: Center for Epidemiological Studies Depression Scale
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