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Depression and anxiety among
children and adolescents pre
and post COVID-19: A
comparative meta-analysis

Sifan Wang†, Lin Chen†, Hailiang Ran, Yusan Che, Die Fang,

Hao Sun, Junwei Peng, Xuemeng Liang and Yuanyuan Xiao*

Department of Epidemiology and Health Statistics, School of Public Health, Kunming Medical

University, Kunming, China

Background: Published studies in comparing pre and post the COVID-19

pandemic depression and anxiety levels among children and adolescents

yielded incongruent results. Therefore, there is a necessity to perform a timely

meta-analysis to synthesize existing evidence.

Methods: A total of 10 digital databases (PubMed, Web of Science, PsycINFO,

the Cochrane Library, Embase, Scopus, ScienceDirect, CNKI, WanFang, CQVIP)

were fully searched for eligible studies published before November 6, 2021.

Based on quality assessment results, relevant data were extracted for eligible

studies of higher quality. We combined standardized mean di�erence (SMD)

or prevalence ratio (RR) for anxiety and depression pre and post the COVID-

19 pandemic by using random-e�ects models. Sensitivity analysis was further

performed to evaluate heterogeneity of included studies.

Results: 14,508 articles were preliminarily identified, and after stepwise

screening process, 8 articles were included eventually. The results showed that

the SMD for post COVID-19 anxiety score measured by GAD-7 was 0.12 (95%

CI: 0.08, 0.17), an significant increase comparedwith pre COVID-19 period; the

SMDs and 95% CIs for post COVID-18 depression scores measured by PHQ-9,

PHQ-8, and MFQ were 0.17 (95% CI: 0.10, 0.24), 0.23 (95% CI: 0.08, 0.38), and

0.11 (95% CI: 0.06, 0.17), respectively, also significantly increased compared

with pre COVID-19 period. The RR for depression was 2.54 (95% CI: 2.48, 2.60)

in post COVID-19 period when compared with pre-pandemic.

Conclusions: Children and adolescents reported deteriorated anxiety and

depression levels after the COVID-19 pandemic. More attention should be

paid to this vulnerable group. E�ective, expedient, and practical intervention

measures which are compatible with COVID-19 prevention and control

policies should be developed and implemented to maintain mental health

wellbeing of the youths.
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Introduction

Corona Virus Disease 2019 (COVID-19), caused by SARS-

CoV-2, is a sudden, rapidly evolving pandemic (1). Since the

outbreak of COVID-19 inWuhan, China, it has swept the world,

triggered unprecedented prevention and control measures

like home isolation, school closure, and social distancing.

The lockdowns and various security measures adopted in

the pandemic have not only affected the economy, but also

significantly changed the way people live (2). For instance, it

has been reported that eating habits, sleep duration and quality,

daily living, social, leisure, and educational activities were all

prominently influenced by COVID-19 pandemic (3, 4).

COVID-19 pandemic also imposes great influence on

mental health of the public (5). Kang et al. found that

people were prone to mental health problems such as

negative emotions, anxiety, depression, and post-traumatic

stress syndrome (PTSD) after COVID-19 outbreak (6). Among

all reported mental health problems during the COVID-19

pandemic, anxiety and depression are the most common (7, 8).

Data released by Statistics Canada showed that between April

and May 2020, nearly 24% of people reported average or poor

mental health, a threefold increase from previous years, and

41% experienced moderate or severe anxiety symptoms (9).

Statistics collected in June 2020 suggested that 18.4% of people

in the United States experienced moderate to severe depression

(10). During April to June 2020, a survey implemented in

Canada and the United States showed that the impact of the

COVID-19 pandemic on anxiety and depression in the general

population was clear: 31% of people met the criteria for anxiety

diagnosis and 29% people met the criteria for major depression

diagnosis (11). An Ecuadorian cross-sectional study reported

that social isolation has exacerbated anxiety and depression in

the general population due to the outbreak of the COVID-19

pandemic (12).

Compared with other age groups, children and adolescent

populations are observed increased risk of a variety of mood

problems, typically depression and anxiety, and mood changes

are associated with personality weaknesses that can flare

up in the event of environmental triggers (13). During the

COVID-19 pandemic, various environmental stressors, such

as stay-at-home isolation, fear of contracting the virus, and

dramatic changes in living environment, are the main causes

of compromised psychological wellbeing for children and

adolescents (14–16). A systematic review showed that COVID-

19 pandemic caused psychological problems such as fear,

concern, worry, attention deficits and hyperactivity, loneliness

in children and adolescents, leading to a further deterioration

of mental health in this vulnerable population (17). Another

meta-analysis by Racine et al. found that the prevalence rates of

anxiety and depression were 20.5 and 25.2% during COVID-19

based on commonly used symptom-based instruments (such as

GDA-7, PHQ-9, MFQ), significantly higher than 12.9 and 11.6%

reported by large cohort studies prior to COVID-19 (18).

To better elucidate the influence of COVID-19 on

depression and anxiety of children and adolescents, some

scholars measured and compared pre and post COVID-19

depression and anxiety prevalence rates, with incongruent

findings. For instance, Li et al. found that both anxiety and

depressive symptoms were less severe in post-pandemic period;

another Canadian study of 146 adolescents aged 12-13 showed

reduced anxiety symptoms and increased depressive symptoms

after the COVID-19 pandemic (19, 20). Therefore, there is

a necessity to combine existing evidence for yielding a more

convincing conclusion. However, after careful literature review,

no pertinent meta-analysis on this important topic has been

published so far. In this meta-analysis, we aim to perform

a timely synthesis for pre and post COVID-19 depression

and anxiety among children and adolescents, so as to provide

evidence for effective intervention.

Methods

This meta-analysis was implemented and organized

according to the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines (21). We

focused on published quantitative studies reported changes in

anxiety and depression among general children and adolescents

before and after COVID-19.

Search strategy

We systematically searched seven English electronic

databases (PubMed, Web of Science, PsycINFO, Cochrane

Library, Embase, Scopus, ScienceDirect) and three Chinese

databases (CNKI, CQVIP, WanFang). We searched studies

published before November 6, 2021, the date that we performed

literature searching. In the searching process, there is no need

to put restrictions on the publication year, as nearly all articles

related to COVID-19 were published from 2020 onward.

According to the theme of our study, the keywords to be

searched were “anxiety,” “depression,” “COVID-19,” “children”

and “adolescents.” Every single keyword was searched

separately. In reviews or other meta-analysis papers containing

this keyword, we checked whether there are words with the

same meaning but different expressions, and added these

words into the search formula to expand the search scope. The

following search term was used: (“mental health” OR “mental

illness∗” OR “mental disorder∗” OR “psychological illness∗” OR

“Psychiatric Disorder∗” OR anxiety OR angst OR nervousness

OR hypervigilance OR social anxiety OR “anxiety disorder∗”

OR anxious OR “overanxious disorder∗” OR depress∗ OR
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“depressive disorder∗” OR “Depressive Symptom∗” OR

“Emotional Depression” OR “affective disorder∗” OR “mood

disorder∗”) AND (adolescent∗ OR teenager∗ OR child∗ OR

student∗ OR juvenile∗ OR school∗ OR teen∗ OR young OR

youth∗ OR minors) AND (COVID-19 OR coronavirus OR

SARS-CoV-2 OR cov-19 OR 2019-nCoV OR severe acute

respiratory syndrome Coronavirus2). Two authors (SW and

LC) independently searched all the 10 databases with the same

search term to ensure relevant studies were not missed.

Two authors (YC and DF) screened the titles and abstracts

of the database records, retrieved full-text for qualification

assessment, and independently qualified full-text records. If

there is a disagreement between the two researchers, a third

party (senior researcher, YX) will participate in discussion and

resolve the inconsistencies. Some articles reported results that

from the same study, in this case, we selected the articles which

reported outcome variables that best match the inclusion criteria

of the current study. References of the included studies were also

carefully screened for potentially eligible studies.

Inclusion and exclusion criteria

Studies were deemed eligible and included into the meta-

analysis if they: (1) Quantitatively assessed and compared

anxiety or depression in children and adolescents pre and

post COVID-19; (2) Were of longitudinal design or two-wave

(pre and post COVID-19) cross-sectional design; (3) Written

in English or Chinese; (4) Reported depression or anxiety

prevalence rates/reported means and standard deviations for

depression or anxiety scores. Studies were further excluded

if: (1) Were not original studies, like reviews, case reports,

correspondences, comments; (2) Study subjects were not

children or adolescents; (3) Analytical results provided were

not suitable for synthesis; (4) Study subjects were clinical

populations (patients with COVID-19 or another disease); (5)

Contain small sample size subjects (<100).

Study quality assessment

The Newcastle-Ottawa Quality Assessment Scale (NOS) is

specifically designed to evaluate the quality of longitudinal

studies in systematic reviews. NOS is consisted of 8 entries in

3 sections: (i) Selection: a. Representativeness of the exposed

cohort; b. Selection of the non-exposed cohort; c. Ascertainment

of exposure; d. Demonstration that outcome of interest was not

present at start of study. (ii) Comparability: e. Comparability of

cohorts on the basis of the design or analysis. (iii) Outcome:

f. Assessment of outcome; g. Was follow-up long enough for

outcomes to occur; h. Adequacy of follow-up of cohorts (22).

The NOS uses a rating system to evaluate the quality of the

literature, with a full score of 9: a study can be awarded a

score of 1 for each item within the selection and outcome

sections, a maximum score of 2 can be given for comparability.

Two researchers (HR and XL) independently evaluated quality

of the articles based on the above criteria. If discrepancies

exist between two researchers’ evaluations, the original article

will be re-examined by a third person (senior researcher, YX).

Studies with rated scores ≥ 6 are deemed high-quality, a rated

score between 4 and 5 indicates moderate quality, a rated

score ≤ 3 reflects low quality (23). All the studies included

into the present meta-analysis with rated NOS scores no <5.

Details of the NOS scores for included studies can be seen in

Supplementary Table S1.

Data extraction

Two authors (JP and HS) independently extracted data from

the included studies. A standard information extraction table

was designed in advance, which mainly includes the following

information: author, publication year, origin of study, study

period, study population, mean age of the participants, sample

size, measuring scales used, reported prevalence or mean scores

of anxiety or depression in pre and post COVID-19 periods. The

information extracted by the two authors will be compared, if

any disagreement exists, a senior researcher (YX) will perform

data extraction again.

Statistical analysis

Results were analyzed separately according to different

outcome variables. For continuous outcome, measured by

means and standard deviations of depression or anxiety

scores, standardized mean difference (SMD) together with

its 95% confidence interval (CI) was used; whereas for

categorical outcome, measured by prevalence of depression

or anxiety before and after COVID-19, relative risk (RR)

with its 95% CI was used. Considering the included studies

may use different depression or anxiety instruments, only

studies used the same scale and reported the same outcome

variable were combined. Therefore, the results were organized

in subgroups.

Heterogeneity was tested by using the I2 statistic, with

a I2> 50% considered substantial heterogeneity (24). If

significant heterogeneity emerged, random-effects model will

be used as recommended (25). A sensitivity analysis was

further performed to evaluate the influence of each included

individual study. All analyses were performed in STATA

statistical software (Version 14, Stata Corp., College Station,

Texas, U.S.) and R software (Version 4.2.0). Two-sided statistical

tests were used consistently, with a p < 0.05 considered

statistically significant.
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Results

The process of literature screening is shown in PRISMA

flowchart (Figure 1). A total of 14,508 records were obtained

initially from the 10 databases. The EndNote X9 software

was used to remove duplicated articles, and 11,013 records

remained. Two researchers (HR and YC) separately screened

11,013 articles for titles and abstracts and excluded 10,771

records. 242 articles were screened for full-text reading, and 8

articles were finally included in the study based on inclusion and

exclusion criteria (26–33): 2 articles reported both anxiety and

depression, 5 articles reported only depression, 1 article reported

only anxiety. Therefore, 7 studies were included inmeta-analysis

of depression and 3 studies were included in meta-analysis

of anxiety.

Characteristics of included studies

Characteristics of the included studies are displayed in

Table 1. Included studies were conducted in different countries:

5 in North America (4 in the US and 1 in Canada), 2 in Europe

(1 in Greece and 1 in Norway), and 1 in Oceania (Australia).

Sample sizes ranged from 100 (Jolliff 2021, the US) to 47,684

(Mayne 2021, the US). All studies used commonly used scales

to measure anxiety and depression. The scales used to measure

FIGURE 1

Flowchart of literature search and study selection according to the PRISMA standard.
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depression included: PHQ-9, PHQ-8, and MFQ. The GAD-

7 was used to measure anxiety. All the instruments used by

included studies had been repeatedly validated in children and

adolescent populations (34–41). Among the 8 included studies, 6

reported scores (means with standard deviations) of depression

or anxiety, 1 reported prevalence rates of depression, 1 reported

both prevalence rates and scores of depression before and after

the COVID-19 pandemic.

Meta-analysis results of anxiety

Combined e�ect

A meta-analysis was performed on the 3 included articles

that measured anxiety by using the GAD-7. The means together

with their standard deviations for GAD-7 scores pre and

post the COVID-19 pandemic were compared, as shown in

Figure 2. Among the three studies, Giannopoulou et al. (27)

reported a significantly increased anxiety level in post COVID-

19 period, with an SMD of 0.51 (95% CI: 0.37, 0.64), another

two studies revealed insignificant differences between pre and

post COVID-19 anxiety in children and adolescents, with

SMDs of 0.13 (95% CI: −0.12, 0.39) and 0.03 (95% CI: −0.02,

0.08). Heterogeneity was significant among the three studies

(I2= 95.5%, p < 0.05), therefore random-effects model was

adopted. The combined SMD value was 0.12 (95% CI: 0.08,

0.17), suggesting a statistically higher anxiety level after COVID-

19 pandemic.

Sensitivity analysis

As only 3 eligible studies were included for meta-analysis,

regular statistical methods in detecting publication bias, such

as Funnel plot and Begg’s test, could not be applied. Therefore,

we further performed a sensitivity analysis to evaluate the

influence of individual studies. The results were presented in

Supplementary Figure S1: among the three included studies, the

exclusion of Giannopoulou et al. (27) or Bélanger et al. (29)

prominently swayed the combined effect, whereas the study by

Jolliff et al. (28) only showed negligible influence.

Meta-analysis results of depression

Combined e�ect

A total of 7 studies provided data on depression in

children and adolescents before and after the COVID-

19 pandemic: 5 studies reported depression scores based

on different instruments, 1 study reported both score and

prevalence of depression, 1 study only reported prevalence

of depression. Considering heterogeneity in instruments and

outcome measurement, meta-analysis was performed for

different subgroups of studies separately. For the two studies T
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FIGURE 2

Meta-analysis of anxiety score before and post COVID-19 in children and adolescents (n = 3).

FIGURE 3

Meta-analysis of prevalence of depression before and post COVID-19 in children and adolescents by using PHQ-9 (n = 3).

reported prevalence rates of depression, a statistically higher

depression rate had been revealed, with RR values of 1.31 (95%

CI: 1.16, 1.48) for Giannopoulou et al. (27), 2.56 (95% CI: 2.50,

2.62) for Mayne et al. (32). The combined RR was 2.54 (95% CI:

2.48, 2.60) based on random-effect model (I2= 99.1%, p < 0.05)

(Figure 3).

Mean and standard deviation for depression scores were

reported in 6 articles using PHQ-9, PHQ-8, and MFQ,

respectively. The results for subgroup analysis by different

measuring scales were collectively shown in Figure 4. For the

two studies used PHQ-9, Giannopoulou et al. (27) reported

statistically increased depression score in post COVID-19

period, with an SMD of 0.41 (95% CI: 0.28, 0.54), whereas

for Andreas and Brunborg (30), the increase was insignificant

(SMD: 0.05, 95% CI: −0.03, 0.13). The two studies used PHQ-

8 all found higher depression score after COVID-19 pandemic,

with SMDs of 0.28 (95% CI: 0.02, 0.54) for Jolliff et al. (28)

and 0.20 (95% CI: 0.01, 0.38) for Gladstone et al. (31). The two

studies used MFQ also yielded positive findings, with SMDs

of 0.32 (95% CI: 0.18, 0.47) for Black et al. (26) and 0.08

(95% CI: 0.02, 0.14) for Westrupp et al. (33). Meta-analysis

results based on random-effect model revealed statistically

increased depression score in post COVID-19 period for all

three subgroups: the combined SMDs were 0.17 (95% CI: 0.10,

0.24), 0.23 (95% CI: 0.08, 0.38), and 0.11 (95% CI: 0.06, 0.17) for

PHQ-9, PHQ-8, and MFQ, respectively.
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FIGURE 4

Subgroup meta-analysis of depression scores by using di�erent scales (n = 6).

Sensitivity analysis

As for each depression instrument, only two eligible

studies were included, sensitivity analysis for depression would

be unnecessary.

Discussion

Although a plenty of studies had been published in the

past several years on the negative psychological impact of the

COVID-19 in children and adolescents, only a few of them

compared the difference in depression or anxiety levels pre and

post the pandemic within the same or comparable populations,

and with incongruent conclusions. The need to synthesize

existing evidence on this topic is urgent, in the purpose of

generating stronger evidence for intervention. In this meta-

analysis, we systematically searched, screened, evaluated, and

combined published studies of higher quality, and found that

for children and adolescents, their post COVID-19 anxiety

and depression levels were significantly higher than pre-

pandemic period. This major finding suggests the necessity

of targeted intervention measures for this psychologically

vulnerable population in post-pandemic era.

The COVID-19 pandemic has brought huge changes in

lifestyle of children and adolescents, and these changes may act

as environmental stressors for mood fluctuation. For instance,

considering that novel coronavirus transmission is mainly

through respiratory droplets and close contact, young people

may actively avoid social activities in the fear of contracting the

virus. Besides, due to the COVID-19 lockdown, children and

adolescents in many areas were confined to their homes for

a long time. It has been wide recognized that social isolation

is associated with higher risk of depression and anxiety in

children and adolescents (42, 43). In addition, children and

adolescents spend less time in physical activity than they did

before the COVID-19 pandemic, and some studies have shown

that children and adolescents who lack of physical exercise were

at significantly increased risk of anxiety and depression (44). As

children and young people facing the continuing coronavirus
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pandemic, the fear that they or their friends or family members

will be infected by the virus had been shown associated with an

increase in anxiety and depressive symptoms during COVID-19

pandemic (45). It has also been found that the global economic

recession caused by COVID-19 pandemic had an impact on

depression and anxiety in children and adolescents, especially

for individuals from families with low socioeconomic status (46–

48). Moreover, many studies have shown that COVID-19 also

has a negative impact on parents’ mental health (49, 50), and it

has been reported that anxiety and depression of parents can be

transmitted to children (51). Finally, as children and adolescents

are isolated at home for longer periods of time and parents’

pressure is increased due to isolation, the risk of child abuse

in isolation period may also increase (52). It has been proved

that maltreatment is associated with elevated risk of anxiety and

depression in children and adolescents (53, 54).

Some important mechanisms might be involved in

explaining deteriorated anxiety and depression status for

children and adolescents in post COVID-19 period. At first,

numerous environmental stressors generated by the pandemic

can trigger neuroinflammation, a process intimately associated

with dysfunctional hypothalamic-pituitary-adrenal (HPA)

axis, that can lead to increased risk of mood disorders such as

depression and anxiety (55, 56). Besides, longitudinal evidence

suggests that adolescents under significant traumatic stress

exhibited developmental increases in amygdala reactivity

(57), and amygdala hyperactivity in adolescence had been

associated with affect dysregulation (58). Moreover, COVID-19

may also cause brain structure and function changes that can

contribute to aggravated psychiatric conditions. For instance, in

a recently published multimodal magnetic resonance imaging

study, the authors observed that widespread lower diffusivity

among the main axis of white matter (WM), and abnormal

functional connectivity (FC) among resting state networks were

prominently associated with worse self-rated depression in 42

COVID-19 survivors (59).

The mental health conditions triggered by the COVID-

19 pandemic, if left untreated, can compromise mental or

even physical health of children and adolescents, and the

adverse effect can extend into adulthood (60, 61). Therefore,

effective and feasible intervention measures should be taken to

prevent increased risk of anxiety and depression in children and

adolescents. In COVID-19 pandemic background, expedient

methods that compatible with infection containment policy

should be devised and given priority. Some scholars have

demonstrated that internet-based integrated interventions were

effective for moderate anxiety and depression (62). An Italian

study pointed out that in response to the psycho-social impact

of the COVID-19 pandemic on adolescents, schools should

organize online courses and social platforms not just for

educational purpose, but also for adolescents to function socially

(63). A newly published study revealed that a traditional

Chinese physical exercise (Qigong) based intervention in

combination with psychological support form of peer education

can significantly reduce anxiety and depression in adolescents,

which can help develop a mental health maintenance plan for

adolescents living and studying at home during the COVID-19

pandemic (64).

This is the first comparativemeta-analysis on depression and

anxiety of children and adolescents pre and post COVID-19.

Major findings of this study can provide important evidence for

depression and anxiety intervention in children and adolescents

during the COVID-19 pandemic. However, the current study

has some limitations. First, as only a small number of eligible

studies had been found and synthesized, our major findings

should be further corroborated by future longitudinal studies

of large samples and different origins. Second, for some of

the included studies, pre COVID-19 depression and anxiety

were measured by recall, therefore the possibility of information

bias exists. Third, considering that for nearly all included

studies, the time interval between pre and post COVID-19

measurements surpassed 6 months, it is possible that the change

in symptoms of depression or anxiety was not a consequence

of the pandemic. Finally, conspicuous heterogeneity existed

between included studies, as suggested by sensitivity analysis,

therefore, cautions should be taken when interpreting the

combined results.

Conclusion

In this meta-analysis, by synthesizing timely evidence, we

found that for children and adolescents, their anxiety and

depression status significantly deteriorated in post COVID-19

period. This major finding suggests unneglectable psychological

impact of the COVID-19 on youths. More attention should

be paid to this vulnerable population during the pandemic.

Effective, expedient and practical intervention measures which

are compatible with COVID-19 prevention and control policies

should be designed, evaluated, and implemented to maintain

mental health wellbeing of children and adolescents in post

COVID-19 era.
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