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Background: Major depressive disorder (MDD) is an increasingly recognized contributor to morbidity and disability among children globally. While adolescent mental health has received growing attention, the burden and drivers of MDD in children aged 5–14 years remain inadequately characterized at the global level.

Methods: We conducted a comprehensive analysis using Global Burden of Disease (GBD) 2021 data to quantify trends in the prevalence, incidence, and disability-adjusted life years (DALYs) of MDD in children aged 5–14 years across 204 countries and territories from 1990 to 2021. Estimates were stratified by age, sex, region, and Socio-demographic Index (SDI). Key behavioral and psychosocial risk factors were evaluated, and projections to 2035 were generated. Policy and intervention recommendations were developed based on evidence from the literature and global health frameworks.

Findings: Between 1990 and 2021, the global burden of childhood MDD increased substantially, with sharp rises in prevalence and DALY rates, especially among girls and children aged 10–14 years. High-SDI regions exhibited the highest age-standardized rates, while low- and middle-SDI regions showed rapid relative increases. Bullying victimization, physical inactivity, and other modifiable behavioral factors emerged as leading risk factors for childhood MDD. The COVID-19 pandemic acted as a significant accelerant but was not the sole driver of burden growth. Profound disparities in access to mental health services persist, particularly in low-resource settings.

Interpretation: Childhood MDD poses a significant global public health challenge, with profound consequences for lifelong well-being and social functioning. Effective prevention requires school-based mental health initiatives, physical activity interventions, anti-bullying measures, and enhanced community care systems. Mental health policies must ensure equitable resource distribution, robust data infrastructure, and cross-sectoral coordination following WHO and UNICEF guidelines. Improving early identification, mitigating behavioral risks, and guaranteeing universal access to youth mental health services remain crucial for reversing current trajectories and fostering healthy child development.
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Introduction

Mental disorders are among the leading contributors to the global health burden, and onset often occurs in childhood or adolescence (1). According to WHO estimates, approximately 14% of adolescents aged 10–19 experience mental health conditions, contributing to nearly 15% of the total disease burden in this population (2). Among pediatric populations, mental disorders—particularly anxiety, conduct disorders, and depression—have emerged as one of the leading causes of disability. Furthermore, major depressive disorder (MDD) has consistently ranked as the third or fourth most significant mental health contributor to disability-adjusted life years (DALYs) in children, varying by region (3). Childhood-onset depression can profoundly impair cognition, learning, and social functioning, and it greatly increases the risk of recurrent or persistent psychopathology in adulthood (4).

Emerging evidence indicates that the burden of childhood depression is rising rapidly. The COVID-19 pandemic, in particular, has disrupted many social and educational supports for youth (through school closures, isolation, and other stressors) (5). Surveys and meta-analyses report sharp increases in depression and anxiety among young people during the pandemic: by late 2020, roughly 25% of children and adolescents worldwide were experiencing clinically elevated depressive symptoms (and about 20% had elevated anxiety), roughly double prepandemic levels (6). Global Burden of Disease (GBD) data mirror this trend: between 2019 and 2021, the age-standardized prevalence and DALY rates for depressive disorders in under-25s increased by over 10% annually, and depression rose from the fifth- to fourth-ranking cause of DALYs in this age group (7). These increases have been especially pronounced among older children and adolescent girls (8). In short, both epidemiological studies and GBD estimates suggest that the pandemic-era rise in childhood depression is substantial.

Against this backdrop, robust, age-specific global estimates are urgently needed to guide early detection, prevention, and resource allocation. The present study addresses this gap by leveraging the GBD 2021 dataset to quantify the global, regional, and national burden of MDD in children aged 5–14 years from 1990 to 2021. We report trends in prevalence, incidence, and DALYs; examine variation by sex, age subgroup, geography, and sociodemographic development; evaluate risk factor contributions; and generate projections to 2035. Focusing on the 5–14 age group, a critical window before adolescent depression rates escalate sharply, this study offers empirical support for developing child-focused mental health policies and global health strategies.



Methods


Overview and methodological details

The GBD data source is recognized as one of the most comprehensive and systematic global epidemiological initiatives. Led by the Institute for Health Metrics and Evaluation (IHME) at the University of Washington, this study aims to quantify health losses attributable to various diseases, injuries, and risk factors (9). The framework enables comparative assessments of morbidity and mortality across different countries, regions, and globally.

Three key metrics are employed in GBD analyses to quantify disease burden: mortality, incidence, and DALYs. DALYs represent the sum of years of life lost (YLL) due to premature mortality and years lived with disability (YLD). The specific calculation formulas are as follows (10):


YLL
=
Number of deaths
×
Standard life expectancy

at

age

of death



YLD
=
Disease prevalence
×
Disability weight


The 2021 GBD study conducted a comprehensive evaluation of adverse health outcomes associated with 371 diseases, injuries, and disabilities, as well as 88 risk factors (11). The study encompassed 204 countries and territories, utilizing the most recent epidemiological data and refined standardized methodologies. The data used in this study were obtained from the 2021 GBD study.1



Socio-demographic Index

This study employed the SDI to evaluate sociodemographic development by incorporating factors such as income, educational attainment, and fertility patterns in specific regions or countries (12). Based on the calculated SDI scores, regions and countries were stratified into five distinct quintiles: high SDI, high-middle SDI, middle SDI, low-middle SDI, and low SDI. This classification facilitated the investigation of the impact of socioeconomic indices and geographic disparities on the burden of MDD in children.



Prediction

The ARIMA (autoregressive integrated moving average) model is composed of an autoregressive (AR) model and a moving average (MA) model, with their combination forming the ARIMA framework (13). Its fundamental assumption posits that the data series represents stochastic time-varying variables whose autocorrelation can be characterized by the ARIMA model, thereby enabling the prediction of future values based on historical observations. The model equation is expressed as follows:
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In this equation:
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) represents the moving average component.

	• (Yt–p) denotes the observed value during the time period (t–p).

	• (p) and (q) indicate the model orders for the autoregressive and moving average components, respectively.

	• (εt) signifies the unpredictable deviation occurring within time interval t (13).



The ARIMA model requires the time series to be a stochastic sequence with zero mean and exhibit stationarity.



Meta-analysis

In addition to the GBD analyses, we conducted a complementary meta-analysis of randomized and quasi-experimental trials to quantify the effect of physical activity (PA) interventions on depressive symptoms in youth, thereby linking our epidemiological findings to an exercise-psychology framework.



Objective

We conducted a complementary meta-analysis to quantify the effect of PA interventions on depressive symptoms in children/adolescents.



Search strategy

Only English-language studies were eligible for full-text review and were included in the analyses. The search combined MeSH headings with free-text terms covering the population (“child,” “adolescent”), condition (“depression”), and intervention (“exercise,” “training,” “physical activity”).



Data extraction and outcome

Two reviewers independently extracted study characteristics and post-intervention means/SDs (or change scores); discrepancies were resolved by consensus. The primary outcome was the standardized mean difference in depressive symptoms (negative values favor PA). The specific details are provided in Appendix 1.



Results overview

The pooled effect indicated that PA reduces depressive symptoms in youth (SMD − 0.37, 95% CI −0.59 to −0.15; I2 = 76%; p < 0.001).



Statistical analysis

In this study, data on the prevalence, incidence, and DALYs of MDD among individuals aged 5–14 years were collected and analyzed at the global, regional, and national levels. All estimates are presented with their corresponding 95% uncertainty intervals (UIs). Additionally, prevalence, incidence, and DALYs were reported per 100,000 population annually. The methodology employed in the GBD study 2021 has been described in detail elsewhere (9, 14). The average annual percentage change (AAPC) and annual percentage change (APC) were used to assess trends in variation (15). A log-transformed linear regression model was employed to calculate the estimated average annual percentage change (EAPC) and its confidence interval (CI) for analyzing temporal trends in the prevalence, incidence rate, and DALYs of MDD in children from 1990 to 2021 (16). The EAPC is particularly valuable for examining long-term trends, as it untangles whether the occurrence rate generally increases or decreases over time, irrespective of short-term fluctuations. An EAPC value and the lower bound of its 95% CI greater than 0 indicate an upward trend in the corresponding metric. Conversely, an EAPC value and the upper bound of its 95% CI less than 0 suggest a downward trend. All statistical analyses and graphical representations were processed using R version 4.4.2. The following R packages facilitated time series analysis and modeling: the “forecast” package performed automated ARIMA modeling, forecasting, and diagnostic testing; the “tseries” package supplied tools for time series analysis, including the augmented Dickey–Fuller (ADF) test; and “ggplot2” enabled visualization of time series data and forecasting outputs. Meta-analyses and forest plots were generated using the “metafor” and “meta” packages, while “dplyr,” “readxl,” and “tidyr” supported data manipulation and visualization.




Results


Globa trends


Prevalence

Analysis of the GBD 2021 dataset reveals pronounced dynamic changes in the global prevalence of childhood MDD. From 2018 to 2021, prevalence increased sharply, with an APC of 14.97% (95% CI, 11.60–18.45%; Figure 1A). A peak was observed in 2021, when prevalence reached 568.00 per 100,000 (95% UI, 358.61–810.57). The global number of MDD cases among children aged 5–14 years increased markedly from 4.25 million (95% UI, 2.69–6.10 million) in 1990 to 7.69 million (95% UI, 4.85–10.97 million) in 2021—an 81% increase (95% UI, 76.17–85.92%). The corresponding prevalence rate rose by 49% [from 379.96 (95% UI, 240.57–544.91) to 568.00 (95% UI, 358.61–810.57) per 100,000], with an EAPC of 0.79% (95% CI, 0.55–1.03%; Table 1). Notably, prevalence was substantially higher among children aged 10–14 years (1047.80 per 100,000) compared to those aged 5–9 years (102.46 per 100,000) in 2021 (Figure 1B). Across all regions, girls had a consistently higher prevalence than boys (727.28 vs. 418.46 per 100,000, respectively; Figure 1C).

[image: Panel A shows a line graph of the prevalence rate from 1990 to 2021, indicating a significant increase around 2021. Panel B presents a bar chart comparing age groups (5-9 years and 10-14 years) worldwide and across various regions in 1990 and 2021, illustrating minimal changes in distribution. Panel C displays a bar chart of prevalence by gender across different regions, showing higher prevalence in females compared to males in most areas.]

FIGURE 1
 Global and regional prevalence of major depressive disorder among children aged 5–14 years, 1990–2021. (A) Global prevalence rate over time. (B) Composition of prevalence by age group (5–9 vs. 10–14 years) in 1990 and 2021 across GBD regions. (C) Sex-specific prevalence by region in 2021.



TABLE 1 Prevalence of major depressive disorders in children between 1990 and 2021 at the global and regional level.


	
	1990
	2021
	1990–2021



	Location
	Prevalent cases
	Prevalence rate
	Prevalent cases
	Prevalence rate
	Cases changeb
	Rate changeb
	EAPCa

 

 	Global 	503850.35 (322147.07, 720374.25) 	235.35 (150.48, 336.49) 	350906.82 (218830.99, 503176.55) 	187.37 (116.85, 268.68) 	−30.35 (−35.59, −24.23) 	−20.39 (−26.37, −13.39) 	−0.34 (−0.78, 0.11)


 	High SDI 	98882.25 (61963.62, 142201.37) 	288.96 (181.08, 415.55) 	116924.25 (72493.25, 167704.88) 	461.69 (286.25, 662.21) 	18.25 (12.15, 26.13) 	59.78 (51.53, 70.44) 	−0.16 (−0.64, 0.33)


 	High-middle SDI 	250516.51 (155038.82, 364793.57) 	459.80 (284.56, 669.54) 	697591.02 (420453.92, 1016626.66) 	608.53 (366.78, 886.84) 	178.46 (158.34, 199.72) 	32.35 (22.78, 42.45) 	−0.01 (−0.28, 0.25)


 	Middle SDI 	80198.96 (50562.17, 115808.48) 	321.01 (202.38, 463.54) 	72617.71 (44539.57, 107208.19) 	454.62 (278.84, 671.17) 	−9.45 (−17.51, −0.23) 	41.62 (29.02, 56.05) 	0.77 (0.44, 1.11)


 	Low-middle SDI 	320997.72 (211305.74, 441839.70) 	802.58 (528.32, 1104.71) 	827896.16 (601026.57, 1094614.75) 	1834.86 (1332.05, 2425.99) 	157.91 (130.05, 210.23) 	128.62 (103.93, 174.99) 	2.38 (1.90, 2.87)


 	Low SDI 	712693.08 (435146.74, 1031466.28) 	798.48 (487.53, 1155.63) 	1367657.64 (835263.65, 1971043.83) 	1119.33 (683.61, 1613.16) 	91.90 (77.56, 109.34) 	40.18 (29.71, 52.92) 	0.56 (0.33, 0.80)


 	Regions 	5328.89 (3147.63, 8044.92) 	318.01 (187.84, 480.10) 	11152.99 (6217.44, 17349.73) 	354.47 (197.60, 551.41) 	109.29 (70.85, 149.69) 	11.46 (−9.01, 32.98) 	−0.01 (−0.12, 0.10)


 	Andean Latin America 	673311.87 (419483.27, 984340.10) 	243.66 (151.80, 356.21) 	1505984.19 (933668.79, 2241119.92) 	432.22 (267.97, 643.21) 	123.67 (110.44, 136.54) 	77.39 (66.90, 87.60) 	1.39 (1.06, 1.73)


 	Australasia 	358727.92 (221819.83, 521234.71) 	318.99 (197.25, 463.49) 	555777.23 (341336.67, 805222.99) 	477.60 (293.32, 691.96) 	54.93 (46.74, 63.82) 	49.72 (41.81, 58.31) 	0.59 (0.33, 0.84)


 	Caribbean 	61778.29 (37671.55, 90968.70) 	631.71 (385.21, 930.20) 	96725.03 (57542.19, 144184.10) 	946.70 (563.20, 1411.21) 	56.57 (30.46, 85.66) 	49.86 (24.87, 77.71) 	0.46 (0.11, 0.82)


 	Central Asia 	45900.93 (28599.65, 67410.26) 	347.30 (216.39, 510.05) 	89631.94 (55466.77, 129512.29) 	558.92 (345.87, 807.60) 	95.27 (81.21, 111.06) 	60.93 (49.34, 73.94) 	0.46 (0.08, 0.84)


 	Central Europe 	114854.61 (71507.77, 172337.29) 	314.37 (195.73, 471.71) 	133297.40 (81219.03, 200752.88) 	404.11 (246.23, 608.61) 	16.06 (7.37, 25.72) 	28.55 (18.92, 39.24) 	−0.98 (−2.03, 0.10)


 	Central Latin America 	460913.25 (314700.21, 624877.84) 	959.01 (654.79, 1300.16) 	606349.28 (370181.32, 864017.99) 	1293.16 (789.48, 1842.68) 	31.55 (14.45, 46.82) 	34.84 (17.31, 50.49) 	0.31 (−0.04, 0.66)


 	Central Sub-Saharan Africa 	193242.99 (119152.36, 278734.47) 	370.66 (228.54, 534.64) 	562104.10 (344337.45, 807272.10) 	416.97 (255.43, 598.84) 	190.88 (176.60, 205.59) 	12.50 (6.97, 18.19) 	0.16 (−0.01, 0.33)


 	East Asia 	503850.35 (322147.07, 720374.25) 	235.35 (150.48, 336.49) 	350906.82 (218830.99, 503176.55) 	187.37 (116.85, 268.68) 	−30.35 (−35.59, −24.23) 	−20.39 (−26.37, −13.39) 	−0.34 (−0.78, 0.11)


 	Eastern Europe 	98882.25 (61963.62, 142201.37) 	288.96 (181.08, 415.55) 	116924.25 (72493.25, 167704.88) 	461.69 (286.25, 662.21) 	18.25 (12.15, 26.13) 	59.78 (51.53, 70.44) 	−0.16 (−0.64, 0.33)


 	Eastern Sub-Saharan Africa 	250516.51 (155038.82, 364793.57) 	459.80 (284.56, 669.54) 	697591.02 (420453.92, 1016626.66) 	608.53 (366.78, 886.84) 	178.46 (158.34, 199.72) 	32.35 (22.78, 42.45) 	−0.01 (−0.28, 0.25)


 	High-income Asia Pacific 	80198.96 (50562.17, 115808.48) 	321.01 (202.38, 463.54) 	72617.71 (44539.57, 107208.19) 	454.62 (278.84, 671.17) 	−9.45 (−17.51, −0.23) 	41.62 (29.02, 56.05) 	0.77 (0.44, 1.11)


 	High-income North America 	320997.72 (211305.74, 441839.70) 	802.58 (528.32, 1104.71) 	827896.16 (601026.57, 1094614.75) 	1834.86 (1332.05, 2425.99) 	157.91 (130.05, 210.23) 	128.62 (103.93, 174.99) 	2.38 (1.90, 2.87)


 	North Africa and Middle East 	712693.08 (435146.74, 1031466.28) 	798.48 (487.53, 1155.63) 	1367657.64 (835263.65, 1971043.83) 	1119.33 (683.61, 1613.16) 	91.90 (77.56, 109.34) 	40.18 (29.71, 52.92) 	0.56 (0.33, 0.80)


 	Oceania 	5328.89 (3147.63, 8044.92) 	318.01 (187.84, 480.10) 	11152.99 (6217.44, 17349.73) 	354.47 (197.60, 551.41) 	109.29 (70.85, 149.69) 	11.46 (−9.01, 32.98) 	−0.01 (−0.12, 0.10)


 	South Asia 	673311.87 (419483.27, 984340.10) 	243.66 (151.80, 356.21) 	1505984.19 (933668.79, 2241119.92) 	432.22 (267.97, 643.21) 	123.67 (110.44, 136.54) 	77.39 (66.90, 87.60) 	1.39 (1.06, 1.73)


 	Southeast Asia 	358727.92 (221819.83, 521234.71) 	318.99 (197.25, 463.49) 	555777.23 (341336.67, 805222.99) 	477.60 (293.32, 691.96) 	54.93 (46.74, 63.82) 	49.72 (41.81, 58.31) 	0.59 (0.33, 0.84)


 	Southern Latin America 	61778.29 (37671.55, 90968.70) 	631.71 (385.21, 930.20) 	96725.03 (57542.19, 144184.10) 	946.70 (563.20, 1411.21) 	56.57 (30.46, 85.66) 	49.86 (24.87, 77.71) 	0.46 (0.11, 0.82)


 	Southern Sub-Saharan Africa 	45900.93 (28599.65, 67410.26) 	347.30 (216.39, 510.05) 	89631.94 (55466.77, 129512.29) 	558.92 (345.87, 807.60) 	95.27 (81.21, 111.06) 	60.93 (49.34, 73.94) 	0.46 (0.08, 0.84)


 	Tropical Latin America 	114854.61 (71507.77, 172337.29) 	314.37 (195.73, 471.71) 	133297.40 (81219.03, 200752.88) 	404.11 (246.23, 608.61) 	16.06 (7.37, 25.72) 	28.55 (18.92, 39.24) 	−0.98 (−2.03, 0.10)


 	Western Europe 	460913.25 (314700.21, 624877.84) 	959.01 (654.79, 1300.16) 	606349.28 (370181.32, 864017.99) 	1293.16 (789.48, 1842.68) 	31.55 (14.45, 46.82) 	34.84 (17.31, 50.49) 	0.31 (−0.04, 0.66)





EAPC, estimated annual percentage change; SDI, Socio-demographic Index; UI, uncertainty interval.

a EAPC is expressed as 95% confidence interval.

b Change shows the percentage change.
 



Incidence

The incidence of childhood MDD paralleled prevalence trends, with a sharp rise from 2018 to 2021 (APC = 14.99, 95% CI, 11.59–18.49; Figure 2A). Incidence peaked in 2021 at 1049.92 per 100,000 (95% UI, 675.33–1514.67). Globally, incident cases rose from 7.84 million (95% UI, 5.02–11.28 million) in 1990 to 14.21 million (95% UI, 9.14–20.50 million) in 2021—an increase of 81% (95% UI, 76.67–86.64%). The incidence rate increased by 50% [from 700.56 (95% UI, 448.95–1007.84) to 1049.92 (95% UI, 675.33–1514.67) per 100,000], with an EAPC of 0.79% (95% CI, 0.55–1.03%; Table 2). Incidence among children aged 10–14 years was over nine times higher than that among those aged 5–9 years in 2021 [1915.15 (95% UI, 1188.21–2854.79) vs. 210.41 per 100,000; Figure 2B]. Girls exhibited a higher incidence rate than boys (1349.71 vs. 768.46 per 100,000), with the sex gap consistent across regions (Figure 2C).

[image: Panel A shows a line graph of incidence rates from 1990 to 2021 with notable spikes in 2003 and 2021. Panel B presents bar graphs revealing the age proportion of global regions in 1990 and 2021, distinguishing between ages five to nine and ten to fourteen. Panel C displays a horizontal bar chart comparing incidence rates by gender across various regions, with higher rates in high-income North America.]

FIGURE 2
 Global and regional incidence of major depressive disorder among children aged 5–14 years, 1990–2021. (A) Global incidence rate over time. (B) Composition of incidence by age group (5–9 vs. 10–14 years) in 1990 and 2021 across GBD regions. (C) Sex-specific incidence by region in 2021.



TABLE 2 Incidence of major depressive disorders in children between 1990 and 2021 at the global and regional level.


	
	1990
	2021
	1990–2021



	Location
	Incident cases
	Incidence rate
	Incident cases
	Incidence rate
	Cases changeb
	Rate changeb
	EAPCa

 

 	Global 	7840812.08 (5024745.69, 11279861.95) 	700.56 (448.95, 1007.84) 	14212713.19 (9141833.95, 20503955.61) 	1049.92 (675.33, 1514.67) 	81.27 (76.67, 86.64) 	49.87 (46.07, 54.31) 	0.79 (0.55, 1.03)


 	High SDI 	1433972.67 (931498.55, 2012697.36) 	1155.54 (750.63, 1621.89) 	2698025.84 (1847670.41, 3697796.22) 	2273.16 (1556.72, 3115.50) 	88.15 (74.39, 111.30) 	96.72 (82.34, 120.93) 	1.72 (1.38, 2.07)


 	High-middle SDI 	1405001.45 (925020.94, 1977030.62) 	777.44 (511.85, 1093.97) 	1724999.06 (1077275.70, 2486590.84) 	1072.46 (669.76, 1545.95) 	22.78 (12.13, 35.79) 	37.95 (25.98, 52.57) 	0.98 (0.78, 1.18)


 	Middle SDI 	2169756.01 (1369887.32, 3143444.07) 	576.02 (363.68, 834.52) 	3137382.86 (1954302.33, 4541378.37) 	803.95 (500.79, 1163.73) 	44.60 (39.90, 49.51) 	39.57 (35.03, 44.31) 	0.43 (0.16, 0.69)


 	Low-middle SDI 	1806853.04 (1126937.15, 2635088.71) 	605.05 (377.37, 882.39) 	3723005.35 (2304548.44, 5463607.20) 	958.89 (593.55, 1407.19) 	106.05 (95.63, 117.10) 	58.48 (50.46, 66.98) 	0.86 (0.58, 1.14)


 	Low SDI 	1018674.30 (627515.71, 1492913.93) 	737.54 (454.33, 1080.90) 	2918790.08 (1795851.56, 4335142.61) 	990.59 (609.49, 1471.28) 	186.53 (173.51, 202.27) 	34.31 (28.21, 41.69) 	0.36 (0.15, 0.58)


 	Regions


 	Andean Latin America 	43006.07 (24525.75, 65960.71) 	449.36 (256.26, 689.21) 	96279.62 (54907.91, 147901.75) 	806.43 (459.90, 1238.81) 	123.87 (92.40, 161.56) 	79.46 (54.23, 109.67) 	0.74 (0.19, 1.28)


 	Australasia 	54174.92 (33943.24, 77136.53) 	1779.91 (1115.20, 2534.32) 	83778.65 (49715.91, 126347.61) 	2139.89 (1269.85, 3227.19) 	54.64 (23.77, 92.81) 	20.22 (−3.78, 49.89) 	0.57 (0.43, 0.71)


 	Caribbean 	49265.80 (28744.43, 74177.83) 	676.63 (394.79, 1018.79) 	70454.15 (40008.12, 110145.22) 	922.55 (523.88, 1442.27) 	43.01 (27.68, 59.71) 	36.34 (21.73, 52.27) 	0.18 (−0.11, 0.47)


 	Central Asia 	99791.21 (60792.39, 147788.66) 	645.20 (393.05, 955.53) 	155855.32 (92384.17, 237893.76) 	881.60 (522.57, 1345.65) 	56.18 (38.66, 74.15) 	36.64 (21.31, 52.36) 	0.23 (−0.07, 0.53)


 	Central Europe 	96711.38 (57820.67, 144335.05) 	475.19 (284.10, 709.19) 	90931.74 (54292.69, 141318.00) 	750.54 (448.12, 1166.42) 	−5.98 (−12.98, 1.91) 	57.94 (46.19, 71.19) 	0.10 (−0.35, 0.56)


 	Central Latin America 	192202.13 (119170.09, 284522.68) 	464.67 (288.11, 687.86) 	326760.74 (200126.03, 497982.66) 	753.00 (461.18, 1147.57) 	70.01 (59.86, 80.14) 	62.05 (52.38, 71.71) 	0.64 (0.28, 1.00)


 	Central Sub-Saharan Africa 	154025.59 (90163.68, 231972.28) 	1032.74 (604.55, 1555.38) 	465571.14 (263077.36, 728077.55) 	1237.72 (699.39, 1935.60) 	202.27 (149.91, 258.60) 	19.85 (−0.91, 42.18) 	0.19 (−0.04, 0.42)


 	East Asia 	935583.40 (596568.68, 1347981.15) 	437.01 (278.66, 629.65) 	643751.61 (400069.78, 914043.32) 	343.74 (213.62, 488.07) 	−31.19 (−36.22, −24.98) 	−21.34 (−27.09, −14.24) 	−0.37 (−0.81, 0.07)


 	Eastern Europe 	184033.50 (115476.30, 264740.61) 	537.80 (337.45, 773.65) 	217180.97 (135459.06, 314801.53) 	857.57 (534.88, 1243.04) 	18.01 (11.88, 25.90) 	59.46 (51.17, 70.12) 	−0.16 (−0.64, 0.33)


 	Eastern Sub-Saharan Africa 	465224.25 (288895.35, 682871.25) 	853.87 (530.24, 1253.34) 	1292077.84 (786513.87, 1905660.02) 	1127.12 (686.10, 1662.37) 	177.73 (157.20, 198.65) 	32.00 (22.24, 41.95) 	−0.03 (−0.30, 0.24)


 	High-income Asia Pacific 	147710.89 (92863.84, 212934.62) 	591.23 (371.70, 852.30) 	134356.64 (82089.07, 196118.84) 	841.13 (513.91, 1227.78) 	−9.04 (−17.36, 0.07) 	42.27 (29.25, 56.52) 	0.80 (0.46, 1.13)


 	High-income North America 	597846.47 (395944.33, 825818.63) 	1494.77 (989.96, 2064.76) 	1584560.81 (1140397.32, 2101491.35) 	3511.85 (2527.46, 4657.52) 	165.04 (134.83, 221.89) 	134.94 (108.16, 185.33) 	2.47 (1.97, 2.98)


 	North Africa and Middle East 	1299019.73 (797768.47, 1871233.70) 	1455.39 (893.80, 2096.48) 	2479392.66 (1526511.57, 3623746.74) 	2029.21 (1249.35, 2965.79) 	90.87 (76.83, 107.69) 	39.43 (29.17, 51.72) 	0.53 (0.30, 0.77)


 	Oceania 	9886.02 (5853.57, 14991.65) 	589.97 (349.33, 894.66) 	20668.35 (11405.83, 32586.55) 	656.89 (362.50, 1035.67) 	109.07 (71.13, 149.64) 	11.34 (−8.86, 32.95) 	−0.02 (−0.12, 0.09)


 	South Asia 	1254208.41 (789764.30, 1842509.59) 	453.87 (285.80, 666.76) 	2801724.52 (1767566.67, 4144234.05) 	804.10 (507.30, 1189.41) 	123.39 (110.44, 136.78) 	77.17 (66.90, 87.79) 	1.39 (1.06, 1.73)


 	Southeast Asia 	667065.19 (415741.01, 956279.82) 	593.17 (369.69, 850.34) 	1032417.82 (623334.75, 1527874.19) 	887.19 (535.65, 1312.96) 	54.77 (46.34, 63.12) 	49.57 (41.42, 57.64) 	0.59 (0.34, 0.85)


 	Southern Latin America 	114737.74 (70836.80, 168470.99) 	1173.25 (724.34, 1722.70) 	179774.01 (106379.27, 264702.56) 	1759.55 (1041.19, 2590.79) 	56.68 (30.34, 87.20) 	49.97 (24.76, 79.19) 	0.46 (0.11, 0.81)


 	Southern Sub-Saharan Africa 	85343.57 (53373.43, 125151.41) 	645.74 (403.84, 946.94) 	166776.16 (103088.96, 241817.33) 	1039.96 (642.83, 1507.90) 	95.42 (80.87, 110.35) 	61.05 (49.06, 73.36) 	0.47 (0.09, 0.85)


 	Tropical Latin America 	217116.58 (135570.19, 320197.74) 	594.27 (371.07, 876.42) 	249796.21 (152661.15, 373987.65) 	757.29 (462.81, 1133.80) 	15.05 (6.31, 24.29) 	27.43 (17.75, 37.67) 	−1.01 (−2.05, 0.05)


 	Western Europe 	815313.83 (553898.80, 1102959.46) 	1696.39 (1152.48, 2294.89) 	1078883.52 (672006.50, 1528797.09) 	2300.93 (1433.18, 3260.45) 	32.33 (14.44, 48.18) 	35.64 (17.31, 51.88) 	0.29 (−0.06, 0.65)


 	Western Sub-Saharan Africa 	358545.40 (219830.53, 524597.01) 	687.72 (421.65, 1006.22) 	1041720.71 (635139.87, 1511202.81) 	772.76 (471.15, 1121.02) 	190.54 (176.03, 204.62) 	12.37 (6.76, 17.81) 	0.16 (−0.01, 0.33)





EAPC, estimated annual percentage change; SDI, Socio-demographic Index; UI, uncertainty interval.

a EAPC is expressed as 95% confidence interval.

b Change shows the percentage change.
 



DALYs

Patterns in DALYs mirrored those of prevalence and incidence, with a notable increase between 2018 and 2021 (APC = 14.84, 95% CI, 11.50–18.29; Figure 3A). The global DALY rate peaked at 120.82 per 100,000 (95% UI, 68.69–189.71) in 2021. Total DALYs rose from 904,594 (95% UI, 506,817–1,417,069) in 1990 to 1,635,466 (95% UI, 929,884–2,568,019) in 2021, an increase of 81% (95% UI, 75.84–86.81%). The DALY rate increased by 49% [from 80.82 (95% UI, 45.28–126.61) to 120.82 (95% UI, 68.69–189.71) per 100,000], with an EAPC of 0.80% (95% CI, 0.56–1.04%; Table 3). Children aged 10–14 years experienced a much higher DALY rate than those aged 5–9 years (222.44 vs. 22.21 per 100,000; Figure 3B). Globally, girls had a higher DALY rate than boys (154.41 vs. 89.27 per 100,000), with the sex difference most pronounced in high-income North America (575.33 vs. 213.80; Figure 3C).

[image: Panel A shows a line graph of DALY rates from 1990 to 2021, with a notable increase from 2018 to 2021. Panel B displays stacked bar charts comparing the proportion of DALYs in 1990 and 2021 for ages five to nine and ten to fourteen across regions, showing consistent distribution. Panel C consists of horizontal bar graphs illustrating DALYs by gender for different regions, highlighting disparities between males and females.]

FIGURE 3
 Global and regional disability-adjusted life years (DALYs) of major depressive disorder among children aged 5–14 years, 1990–2021. (A) Global DALY rate over time. (B) Composition of DALYs by age group (5–9 vs. 10–14 years) in 1990 and 2021 across GBD regions. (C) Sex-specific DALYs by region in 2021.



TABLE 3 DALYs of major depressive disorders in children between 1990 and 2021 at the global and regional level.


	
	1990
	2021
	1990–2021



	Location
	DALY cases
	DALY rate
	DALY cases
	DALY rate
	Cases changeb
	Rate changeb
	EAPCa

 

 	Global 	904594.05 (506816.72, 1417068.83) 	80.82 (45.28, 126.61) 	1635466.05 (929883.99, 2568019.10) 	120.82 (68.69, 189.71) 	80.80 (75.84, 86.81) 	49.48 (45.39, 54.45) 	0.80 (0.56, 1.04)


 	High SDI 	167099.66 (96420.01, 260936.76) 	134.65 (77.70, 210.27) 	307814.59 (184649.22, 456446.85) 	259.34 (155.57, 384.57) 	84.21 (70.98, 104.33) 	92.60 (78.77, 113.64) 	1.64 (1.31, 1.98)


 	High-middle SDI 	165289.70 (95527.83, 254668.06) 	91.46 (52.86, 140.92) 	203479.25 (113758.39, 320058.36) 	126.51 (70.73, 198.98) 	23.10 (11.29, 36.50) 	38.32 (25.04, 53.37) 	1.03 (0.82, 1.24)


 	Middle SDI 	249257.72 (139487.75, 393118.49) 	66.17 (37.03, 104.36) 	361798.11 (203521.85, 574035.25) 	92.71 (52.15, 147.10) 	45.15 (38.90, 52.17) 	40.10 (34.07, 46.88) 	0.45 (0.18, 0.71)


 	Low-middle SDI 	206594.58 (112331.74, 331191.11) 	69.18 (37.62, 110.90) 	427282.09 (231261.49, 683720.65) 	110.05 (59.56, 176.10) 	106.82 (93.93, 122.24) 	59.07 (49.16, 70.93) 	0.89 (0.61, 1.16)


 	Low SDI 	115594.48 (61479.51, 186856.75) 	83.69 (44.51, 135.29) 	333876.05 (180904.80, 530874.57) 	113.31 (61.40, 180.17) 	188.83 (171.64, 207.67) 	35.39 (27.33, 44.22) 	0.40 (0.19, 0.61)


 	Regions


 	Andean Latin America 	4922.55 (2537.62, 8225.00) 	51.43 (26.51, 85.94) 	11065.90 (5657.34, 18049.42) 	92.69 (47.39, 151.18) 	124.80 (84.64, 173.82) 	80.20 (48.01, 119.50) 	0.76 (0.22, 1.30)


 	Australasia 	6294.72 (3371.78, 9712.93) 	206.81 (110.78, 319.12) 	9764.40 (5365.51, 15845.55) 	249.40 (137.05, 404.73) 	55.12 (22.28, 93.68) 	20.59 (−4.94, 50.57) 	0.56 (0.43, 0.70)


 	Caribbean 	5596.46 (2989.51, 9291.25) 	76.86 (41.06, 127.61) 	7967.53 (4197.49, 12985.95) 	104.33 (54.96, 170.04) 	42.37 (23.28, 64.26) 	35.73 (17.53, 56.61) 	0.19 (−0.09, 0.48)


 	Central Asia 	11528.47 (6280.95, 18490.80) 	74.54 (40.61, 119.55) 	18045.07 (9265.54, 29287.71) 	102.07 (52.41, 165.67) 	56.53 (36.55, 79.34) 	36.94 (19.46, 56.90) 	0.25 (−0.05, 0.55)


 	Central Europe 	11288.61 (6070.29, 18102.37) 	55.47 (29.83, 88.95) 	10585.86 (5524.69, 16772.33) 	87.37 (45.60, 138.44) 	−6.23 (−15.09, 4.20) 	57.53 (42.63, 75.03) 	0.11 (−0.34, 0.57)


 	Central Latin America 	21998.54 (12053.70, 35125.15) 	53.18 (29.14, 84.92) 	37380.88 (20372.05, 60247.26) 	86.14 (46.95, 138.84) 	69.92 (55.02, 84.86) 	61.97 (47.77, 76.21) 	0.65 (0.29, 1.00)


 	Central Sub-Saharan Africa 	17250.21 (8939.47, 28524.92) 	115.66 (59.94, 191.26) 	52790.47 (27382.92, 87273.04) 	140.34 (72.80, 232.02) 	206.03 (141.70, 278.38) 	21.34 (−4.17, 50.02) 	0.22 (−0.01, 0.44)


 	East Asia 	108264.24 (61656.00, 167962.47) 	50.57 (28.80, 78.46) 	75494.43 (41495.33, 118099.23) 	40.31 (22.16, 63.06) 	−30.27 (−37.77, −22.24) 	−20.29 (−28.86, −11.11) 	−0.32 (−0.77, 0.12)


 	Eastern Europe 	21184.83 (11611.54, 33790.76) 	61.91 (33.93, 98.75) 	25056.56 (13807.37, 40232.00) 	98.94 (54.52, 158.86) 	18.28 (9.00, 29.03) 	59.82 (47.29, 74.34) 	−0.15 (−0.63, 0.34)


 	Eastern Sub-Saharan Africa 	52787.53 (28392.74, 84268.86) 	96.89 (52.11, 154.67) 	147927.39 (80597.37, 237450.17) 	129.04 (70.31, 207.14) 	180.23 (158.41, 206.50) 	33.19 (22.82, 45.67) 	0.02 (−0.25, 0.28)


 	High-income Asia Pacific 	17153.45 (9364.19, 26624.24) 	68.66 (37.48, 106.57) 	15558.61 (8494.79, 23914.90) 	97.40 (53.18, 149.72) 	−9.30 (−20.35, 2.63) 	41.87 (24.58, 60.53) 	0.78 (0.45, 1.12)


 	High-income North America 	68566.22 (40602.09, 102994.90) 	171.43 (101.52, 257.51) 	176207.18 (110509.18, 259697.76) 	390.53 (244.92, 575.57) 	156.99 (128.67, 208.05) 	127.80 (102.70, 173.06) 	2.37 (1.89, 2.86)


 	North Africa and Middle East 	151660.62 (82090.36, 243655.27) 	169.92 (91.97, 272.99) 	290960.45 (157590.27, 465431.29) 	238.13 (128.98, 380.92) 	91.85 (74.50, 110.89) 	40.15 (27.47, 54.05) 	0.57 (0.34, 0.80)


 	Oceania 	1130.18 (586.62, 1833.42) 	67.45 (35.01, 109.41) 	2384.36 (1196.97, 4039.19) 	75.78 (38.04, 128.37) 	110.97 (63.10, 167.83) 	12.36 (−13.14, 42.64) 	0.02 (−0.09, 0.12)


 	South Asia 	142177.24 (77656.08, 227627.34) 	51.45 (28.10, 82.37) 	319185.16 (176118.53, 507470.29) 	91.61 (50.55, 145.65) 	124.50 (108.39, 146.31) 	78.05 (65.28, 95.34) 	1.41 (1.08, 1.74)


 	Southeast Asia 	76554.73 (41935.64, 123327.34) 	68.07 (37.29, 109.67) 	118951.42 (63827.46, 192884.44) 	102.22 (54.85, 165.75) 	55.38 (45.53, 68.12) 	50.16 (40.64, 62.47) 	0.60 (0.35, 0.86)


 	Southern Latin America 	13210.41 (7065.52, 20913.02) 	135.08 (72.25, 213.85) 	20650.69 (10977.16, 33252.93) 	202.12 (107.44, 325.46) 	56.32 (27.48, 91.53) 	49.63 (22.02, 83.33) 	0.47 (0.12, 0.82)


 	Southern Sub-Saharan Africa 	9745.35 (5414.58, 15418.55) 	73.74 (40.97, 116.66) 	19065.51 (10610.82, 30122.53) 	118.89 (66.17, 187.83) 	95.64 (75.74, 114.13) 	61.23 (44.84, 76.47) 	0.47 (0.09, 0.85)


 	Tropical Latin America 	24269.74 (13333.16, 37663.83) 	66.43 (36.49, 103.09) 	28258.09 (15480.26, 44982.13) 	85.67 (46.93, 136.37) 	16.43 (5.20, 28.68) 	28.96 (16.52, 42.53) 	−0.96 (−2.02, 0.11)


 	Western Europe 	98298.82 (57462.31, 153203.80) 	204.53 (119.56, 318.77) 	129273.69 (71297.93, 208027.97) 	275.70 (152.06, 443.66) 	31.51 (13.76, 47.32) 	34.80 (16.60, 51.00) 	0.31 (−0.04, 0.66)


 	Western Sub-Saharan Africa 	40711.13 (22035.67, 64796.56) 	78.09 (42.27, 124.29) 	118892.41 (64301.66, 191777.27) 	88.20 (47.70, 142.26) 	192.04 (173.31, 212.77) 	12.94 (5.70, 20.96) 	0.18 (0.01, 0.35)





EAPC, estimated annual percentage change; DALYs, disability adjusted life years; SDI, Socio-demographic Index; UI, uncertainty interval.

a EAPC is expressed as 95% confidence interval.

b Change shows the percentage change.
 




SDI regional trends

In 2021, the largest number of prevalent cases occurred in low-middle SDI regions (2,013,364, 95% UI, 1,226,768–2,963,052), but prevalence rate was highest in high SDI regions (1217.42 per 100,000, 95% UI, 840.64–1670.12; EAPC = 1.65, 95% CI, 1.31–1.99%; Table 1). Similarly, the highest number of incident cases was observed in low-middle SDI regions (3,723,005, 95% UI, 2,304,548–5,463,607), while the incidence rate and EAPC were greatest in high SDI regions (2273.16 per 100,000, EAPC = 1.72, 95% CI, 1.38–2.07%; Table 2). DALYs mirrored these patterns: low-middle SDI regions had the greatest number of DALYs (427,282, 95% UI, 231,261–683,721), but high SDI regions had the highest DALY rate (259.34 per 100,000, 95% UI, 155.57–384.57; EAPC = 1.64, 95% CI, 1.31–1.98%; Table 3).



Geographic regional trends

In 2021, the prevalence of childhood MDD was highest in high-income North America (1834.86 per 100,000, 95% UI, 1332.05–2425.99), followed by Western Europe (1293.16 per 100,000, 95% UI, 789.48–1842.68) and North Africa & the Middle East (1119.33 per 100,000, 95% UI, 683.61–1613.16). The lowest prevalence was recorded in East Asia (187.37 per 100,000, 95% UI, 116.85–268.68). A similar pattern was seen for incidence and DALYs (Tables 1–3 and Figures 4A–C).

[image: Three panels (A, B, C) display scatter plots with different regional symbols indicating health metrics across SDI. Panel A shows prevalence rate per 100,000 population, Panel B shows incidence rate, and Panel C depicts DALY rate. Each panel includes a legend categorizing regions like High-income Asia Pacific, Western Europe, and Sub-Saharan Africa, among others, with corresponding trends along the SDI axis. A gray trend line with a confidence interval band is present in each graph.]

FIGURE 4
 Association between prevalence, incidence, and disability-adjusted life years (DALYs) rates of childhood major depressive disorders and regional Socio-demographic Index (SDI), 1990–2021. (A) Prevalence rate. (B) Incidence rate. (C) DALY rate.




National trends

From 1990 to 2021, most countries experienced an increase in the number of MDD cases among children aged 5–14 years. Notably, Afghanistan [23,537 (95% UI, 14,033–34,593) to 101,793 (95% UI 58,612–156,193)], India [451,419 (95% UI 282,639–663,731) to 1,114,620 (95% UI 698,356–1,655,573)], and the United States [295,912 (95% UI 195,585–404,541) to 783,378 (95% UI 568,929–1,035,110)] all exhibited substantial rises. The prevalence rate in the United States nearly doubled [818.35 (95% UI 540.89–1118.76) to 1918.15 (95% UI 1393.06–2534.54) per 100,000], while China saw a modest decrease [234.92 (95% UI 150.09–334.78) to 184.98 (95% UI 115.54–264.55) per 100,000]. Qatar demonstrated the greatest proportional rise in prevalence (396, 95% UI, 280.06–519.77%; Supplementary Table S1 and Figures 5A–C). In 2021, 93 countries had prevalence rates above the global average (568.00 per 100,000), while 112 were below (Figure 6A). Similar trends were observed for incidence and DALYs (Figures 6B,C and Supplementary Tables S2, S3).

[image: Map series illustrating health data across regions. A: Prevalent cases map, showing a gradient from low (blue) to high (dark red).B: Prevalence rate map, showing a gradient from low (blue) to high (dark red).C: Cases change map, showing variations from decrease (blue) to increase (red) in cases. Maps provide regional patterns of health metrics.]

FIGURE 5
 Prevalence of childhood major depressive disorders across 204 countries and territories. (A) Number of prevalent cases. (B) Prevalence rate. (C) Change in prevalent cases.


[image: Three panels (A, B, C) show scatter plots of health metrics against Socio-Demographic Index (SDI) and epidemiological metrics. Panel A displays prevalence rate versus SDI with two scatter plots showing prevalence against EAPC and SDI against EAPC. Panel B shows incidence rate versus SDI and similar scatter plots for incidence and EAPC. Panel C illustrates DALY rate versus SDI and scatter plots for DALYs and EAPC. All include country labels and trend lines, with correlation values, significant P-values, and different colored data points representing metric values.]

FIGURE 6
 Prevalence, incidence and DALYs rates of major depressive disorders in children in 204 countries by SDI in 2021. (A) Prevalence rate. (B) Incidence rate. (C) DALY rate. DALYs, disability-adjusted life-years; SDI, Socio-demographic Index.




Risk factor

Globally, bullying victimization emerged as the leading risk factor for DALYs due to childhood and adolescent MDD (total: 279,528), followed by behavioral risks (308,025) and childhood sexual abuse (34,940). South Asia reported the highest DALY numbers attributable to both bullying victimization and behavioral risks. On a per-population basis, behavioral risks [22.75 (95% UI, 9.94–41.09) per 100,000] and bullying victimization [20.65 (95% UI, 8.64–37.94) per 100,000] accounted for the largest shares of DALYs, while childhood sexual abuse contributed less [2.58 (95% UI, 1.07–4.80) per 100,000]. The highest behavioral risk-attributable DALY rate was observed in high-income North America [71.20 (95% UI 35.15–123.91) per 100,000; Figures 7A,B]. In the GBD framework, “behavioral risks” represent a broad aggregated category, whereas “bullying victimization” is treated as a specific, independent risk factor. Thus, although the total DALYs attributable to behavioral risks (308,025) are numerically higher, bullying victimization (279,528) was identified by the GBD data as the leading individual risk factor for childhood MDD.

[image: Bar charts labeled "A" and "B" compare global data on behavioral risks, bullying victimization, and childhood sexual abuse across various regions. Chart A displays absolute figures, while Chart B shows percentage values. Each category is color-coded: red for behavioral risks, blue for bullying victimization, and green for childhood sexual abuse. Southern Sub-Saharan Africa and Southeast Asia exhibit high figures across categories. Global values for behavioral risks, bullying victimization, and childhood sexual abuse in Chart A are 308026.26, 275927.74, and 4899.47 respectively. Chart B indicates percentages, with high-income North America showing notable low values.]

FIGURE 7
 Proportion of childhood major depressive disorders DALYs attributable to risk factors. (A) Number of DALYs. (B) DALY rate. DALYs, disability-adjusted life-years.




Projections to 2035

Using the ARIMA model, projections indicate a continued upward trajectory in the burden of childhood MDD through 2035. Between 2021 and 2035, the number of affected boys is expected to rise from 623,304 to 750,587 (mean annual increase 1.3%), while the number of affected girls is projected to increase from 1,012,163 to 1,214,951 (mean annual increase 1.4%). The persistent sex disparity is anticipated to remain, with female case counts consistently 1.6–1.8 times higher than those of males, although the growth patterns between the sexes are parallel. The prediction intervals broaden over time, reflecting greater uncertainty in long-range estimates, particularly for females (2035 95% UI: 906,157–1,523,745 for females vs. 566,187–934,987 for males).

ARIMA-based projections for DALY rates from 1990 to 2035 reveal a distinctly nonlinear temporal pattern. Among boys, DALY rates declined steadily until reaching a nadir in 1994, followed by a 16-year period of annual increases (1995–2010, mean annual growth: 0.55 units), stabilization from 2010 to 2020 (66.56 ± 0.42), and a notable spike in 2020 (+20 units). Post-2021, DALY rates for boys stabilize at 89.27 (95% CI, 67.84–111.87). In girls, overall DALY rates remained substantially higher throughout the period (p < 0.001), with greater fluctuations (from 103.28 to 152.59 between 1990 and 2020), stabilizing at 154.41 (95% CI, 116.19–192.63) after 2021. For both sexes combined, the uncertainty surrounding ARIMA projections narrows progressively over time, with the width of the 95% confidence interval in 2035 being 42.3% smaller than that in 2022, indicating enhanced confidence in long-term forecasts (Figure 8).

[image: Dual line graphs display the number of Disability-Adjusted Life Years (DALYs) from 1990 to 2035. Graph A shows DALYs by sex: both (red), female (green), and male (blue). The projected increase around 2020 is significant. Graph B illustrates DALY rate, following a similar pattern with different scale. Shaded areas indicate projections.]

FIGURE 8
 Forecasting the burden of DALYs up to 2035 using the ARIMA model. (A) Number of DALYs. (B) DALY rate. DALYs, disability-adjusted life-years.




The effect of PA on depressive symptoms

The meta-analysis demonstrated that PA was associated with a significant reduction in depressive symptoms among children and adolescents (standardized mean difference −0.37, 95% CI −0.59 to −0.15; I2 = 76%; p < 0.001) (Figure 9).

[image: Forest plot depicting effect sizes and confidence intervals for various studies, listed on the left. Effect sizes range from -2.0 to 1.0, with a vertical line at 0.0 indicating no effect. Each study is represented by a colored line and square; the size of the square indicates weight. The overall effect size is shown at the bottom, with the value -0.37 and a confidence interval from -0.59 to -0.15.]

FIGURE 9
 Meta-analysis of the effects of physical activity on depressive symptoms in children and adolescents.





Discussion

The present analysis of GBD 2021 data indicates that MDD imposes a significant and growing burden on children aged 5–14 worldwide. We observed rising prevalence and incidence rates of pediatric MDD in most regions, mirroring broader trends seen in older youths (7). For instance, our estimates indicate a substantial absolute increase in MDD cases over the past three decades, which aligns with recent findings from an analysis reporting a persistent upward trend in DALYs attributable to mental disorders between 1990 and 2019 (17). As expected, we found higher burden in girls than boys: in nearly all regions female children had greater MDD prevalence and DALY rates, reflecting epidemiological data that rates of depressive disorders escalate sharply in adolescence and are consistently higher in females (18). These sex differences likely emerge during early puberty. Notably, in our analysis children ages 10–14 showed the largest pandemic-related increase in MDD cases (+31.7% above expected based on pre-2020 trends), underscoring that even pre-teens are a vulnerable subgroup.

Our findings highlight the critical role of psychosocial and behavioral risk factors in driving child MDD. Multinational analyses identify childhood adversities—especially bullying victimization and abuse—as major contributors to youth depression risk (19). In our focus group study, school bullying emerged as a key modifiable factor, with exposure to peer bullying substantially elevating the risk of subsequent MDD development. This underscores the need to tackle social stressors: for example, expanding anti-bullying initiatives and strengthening child protection can mitigate an important upstream cause. In parallel, lifestyle factors appear increasingly relevant (20–22). Systematic reviews find that physical inactivity and sedentary screen time are associated with poorer mental health in youth (23). Meta-analytic evidence suggests even modest amounts of daily screen use predict higher depression risk (pooled RR ≈ 1.10 for elevated screen time) (24). Conversely, regular exercise exerts a protective effect: observational and trial data show that physically active children have fewer depressive symptoms (25). Indeed, physical activity interventions—especially structured aerobic exercise three times weekly for ~40–50 min—significantly reduce depressive symptoms in children and adolescents (26). In short, insufficient physical activity remains a widespread behavioral risk factor, whereas sports participation and active play offer an accessible preventive approach.

Although the COVID-19 pandemic is not the focus of our analysis, its imprint provides important context. A Canadian study revealed that the prevalence of MDD in mental health surveys conducted during the COVID-19 pandemic was more than twice as high as that reported in the pre-pandemic Canadian Community Health Survey (27). Moreover, suicidal ideation was frequently observed among clinically stable patients with MDD during the COVID-19 pandemic (28). In our cohort, early adolescents (10–14 years) exhibited the most pronounced increase during the pandemic. These observations align with the notion that social isolation, disrupted schooling, and family stressors during COVID-19 have amplified underlying trends (29, 30). However, as some longitudinal surveys note, increases were heterogeneous and sometimes transient; nevertheless, the pandemic likely accelerated the rise in childhood depression (31). More broadly, our results confirm that even before COVID-19, child mental health was worsening, and that large-scale crises can sharply intensify this burden. These findings have several implications. First, they underscore that MDD is not uncommon even in primary school-age children and that symptoms often herald lifelong vulnerability. Early-onset depression can impair cognitive development, education, and socialization, and predispose to chronic mental illness in adulthood (32, 33). Our data reinforce the need for vigilance and screening in elementary and middle schools, not just high schools. Second, the evident inequalities demand equity-focused action. Although high-income countries currently show the heaviest burdens and largest increases, lower-SDI regions face growing challenges. Pediatric mental health services must be scaled up globally—for example, by integrating depression screening and counseling into primary care and school health programs, and by training lay counselors in resource-poor settings in evidence-based interventions. Third, the strong link between behavior and depression highlights prevention opportunities (34). Encouraging physical activity and limiting excessive sedentary screen use should be public health priorities (e.g., through daily PE, safe playgrounds, and active travel to school). Fourth, given that girls exhibit higher MDD rates even by age 10–14, interventions must be gender-sensitive. This includes addressing gender-based violence, promoting self-esteem and empowerment, and ensuring that female children have equal access to recreational activities and support services (35).

In light of these considerations, we propose several global public health and policy measures for the pediatric population:


	• Comprehensive school-based programs: Governments and educators should implement WHO/UN-endorsed “whole school” mental health frameworks. Schools must not only identify and refer at-risk children, but actively promote emotional resilience. This includes anti-bullying policies and social–emotional learning curricula, strengthening teacher training in mental health first aid, and ensuring access to school counselors or psychologists. A policy review shows UN guidelines consistently recommend integrating mental health into broader school health initiatives. Effective implementation will require cross-sector investment (education, health, social services) and community engagement (36).

	• Promotion of physical activity: National guidelines should mandate daily physical education and safe access to sports for all children. Public health campaigns can educate parents and schools about the mental health benefits of exercise. For example, after-school and community sports programs should be incentivized, and urban planning should include green spaces and pedestrian pathways to encourage active recreation. Empirical evidence shows that even short-term aerobic exercise programs yield significant reductions in youth depressive symptoms (37). Such lifestyle interventions are low-cost and confer broad health gains beyond mood (including obesity prevention and academic performance).

	• Expansion of youth mental health services: Health systems must make evidence-based care accessible to children. This means scaling up cognitive-behavioral therapy (CBT) and other psychosocial interventions in pediatric settings. A meta-analysis found that CBT produces moderate improvements in youth depression and halved the risk of progression from subclinical symptoms to full MDD (38). Task-shifting models (training teachers, community health workers, and nurses in brief cognitive-behavioral strategies) can help close treatment gaps, especially in low- and middle-income countries. Digital therapies (online CBT, app-based mood monitoring) may also extend reach cost-effectively. Importantly, mental health services should be made youth-friendly and de-stigmatized (e.g., via confidential school clinics or telehealth).

	• Addressing social determinants: Policymakers should tackle the root causes of pediatric depression. Anti-bullying laws, child abuse prevention programs, and poverty reduction measures are all investments in mental health. Since WHO explicitly recognizes violence, harsh parenting and socioeconomic stress as risk factors, interventions like parenting support programs, social welfare schemes, and community violence prevention will indirectly reduce depression onset. Gender equity must be strengthened (for instance, through school-based campaigns against gender discrimination), as evidence suggests this can buffer girls from despair (39).

	• Ongoing surveillance and research: Finally, the global community should sustain rigorous monitoring of child MDD trends (via repeated GBD updates and population surveys) and evaluate interventions. As one analysis warns, mental health services utilization may surge following COVID-19, so countries must prepare (40). Research should also explore cultural factors, implementability of prevention programs, and potential novel approaches (e.g., school-based mindfulness, nutritional supplements) to expand the toolkit against pediatric depression.



In summary, MDD in children 5–14 is a pressing public health issue with substantial long-term consequences. Our findings—showing rising global burden and clear disparities by sex, age and region—underscore that prevention and treatment cannot be postponed. A concerted response involving education, healthcare, community and policy sectors is required. By promoting active lifestyles, safe psychosocial environments, and equitable access to care, stakeholders can help ensure that all children have the opportunity to thrive mentally and physically. Without such action, the burden of childhood depression—already one of the leading causes of disability among youth—is likely to grow further, undermining future generations’ health and well-being.


Limitations

This study has several limitations. First, estimates of MDD burden rely on the quality and availability of underlying data within the GBD framework, which may be affected by underdiagnosis, misclassification, and reporting gaps, particularly in low- and middle-income countries. Second, cross-country comparability is limited by heterogeneity in diagnostic criteria, case ascertainment, and cultural perceptions of mental health. Third, the attribution of burden to specific behavioral or psychosocial risk factors is constrained by the availability of high-quality, age-specific exposure data and residual confounding. Fourth, while the study provides global and regional projections, uncertainties in long-term trends—especially given rapidly evolving social and environmental contexts—may affect forecast accuracy. Finally, the analysis focuses on ages 5–14, and caution is warranted when generalizing findings to older adolescents or other pediatric subgroups. Future research should address these gaps by strengthening surveillance systems, improving data harmonization, and expanding studies of risk and protective factors in diverse global settings.




Conclusion

This comprehensive global analysis demonstrates that MDD in children aged 5–14 years is a growing contributor to morbidity and disability worldwide. The burden has risen sharply over the past three decades, particularly among girls and older children, and is further amplified by modifiable behavioral and psychosocial risk factors such as physical inactivity and bullying victimization. The COVID-19 pandemic has intensified these trends but is not their sole cause. Marked disparities in service access and prevention persist, especially in low-resource settings. Urgent, coordinated action is needed: school-based mental health promotion, anti-bullying strategies, universal physical activity programs, and equitable expansion of pediatric mental health services should be prioritized within national and international health agendas. Targeted, multisectoral interventions—grounded in robust surveillance and policy frameworks—are essential to curbing the childhood depression epidemic and safeguarding future generations’ mental health.
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