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Accelerated global burden of
depressive disorders during the
COVID-19 pandemic from 2019 to
2021
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A thorough and current analysis of the burden and evolving trends in depressive disorders during the
COVID-19 pandemic from 2019 to 2021 remains unavailable. Employing the Global Burden of Disease
(GBD) 2021 database, we evaluated the burden of depressive disorders at the global, regional, and
national levels, stratifying the analysis by age, gender, and socio-demographic index (SDI). To examine
trends in depressive disorders during the epidemic, we calculated the estimated annval percentage
change (EAPC) in age-standardized incidence rates (ASIR), age-standardized prevalence rates

(ASPR), and age-standardized DALYs rates (ASDR) across all levels from 2019 to 2021. Furthermore,
we performed a frontier analysis of depressive disorders across various countries, incorporating

risk factor analyses at multiple levels. In 2021, the global incidence of depressive disorders stood at
357.43 million, while the prevalence was recorded at 332.41 million, accompanied by 56.33 million
disability-adjusted life years (DALYs). Throughout the COVID-19 pandemic, there was a notable upward
trend in ASIR (EAPC=8.33 [-0.46 to 17.9]), ASPR (EAPC=6.02 [0.28 to 12.09]), and ASDR (EAPC=7.13
[-0.18 to 14.97]) for depressive disorders on a global scale. The burden of depressive disorders is most
pronounced among females and individuals aged 60 to 64 within their respective subgroups. From
1990 to 2021, the burden of depressive disorders consistently remained highest in the low SDI region;
however, it experienced the most significant increase in the high SDI region during the COVID-19
pandemic from 2019 to 2021. In 2021, the burden of depressive disorders was highest in central sub-
Saharan Africa, Greenland, and Uganda, while the Andean region of Latin America, along with Bulgaria
and Belarus, experienced the most significant increase in depressive disorders during the COVID-19
pandemic. Globally, bullying victimization, intimate partner violence, and childhood sexual abuse
contributed to 6.47%, 4.91%, and 2.65% of the ASDR for depressive disorders, respectively. The global
burden of depressive disorders has markedly increased during the COVID-19 pandemic, graduvally
shifting from low to high SDI regions, particularly in North America and Europe.

Keywords Depressive disorders, Estimated annual percentage changes, Global burden of disease, COVID-19
pandemic, Socio-demographic index

As a pervasive mental disorder, depressive disorders are marked by symptoms such as a diminished ability to
experience pleasure, an intensification of depressive symptoms at particular times during waking hours, and an
increased sense of guilt related to the illness itself'. In the United States, the lifetime prevalence of moderate-
to-severe depressive disorders among adolescents aged 13-18 years was 11.0%, with a one-year prevalence of
7.5%?2 In 2014, there were over 300 million cases of depressive disorders worldwide, which the World Health
Organization (WHO) recognized as the leading single contributor to global disability®. Additionally, women are
nearly twice as likely as men to experience depressive disorders, a disparity that is closely linked to biological
and psychological vulnerabilities, as well as environmental influences*”. A global systematic review examined
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the economic burden of depressive disorders, estimating that the annual direct costs per case range from $1,000
to $2,500, morbidity-related costs from $2,000 to $3,700, and mortality-related costs from $200 to $400°.
Although developing and implementing effective interventions for depressive disorders is strategically vital in
alleviating the burden of depressive disorders, geographic and demographic variations introduce complexities
that complicate the decision-making process. Consequently, the collection of current data on global patterns and
trends in the spatial and temporal distribution of depressive disorders has become essential.

The latest highly rated Lancet article reports that, during the 2020 period of the COVID-19 pandemic,
there were an additional 53.2 million cases of major depressive disorders globally, resulting in 49.4 million
major depressive disorders-associated DALYs’. This provides a valuable reference for addressing the gaps in
understanding the trends of major depressive disorders during the pandemic. However, the article primarily
concentrates on the early to mid-pandemic period and does not explore the later stages of the 2021 pandemic.
Furthermore, the study focuses exclusively on major depressive disorders, excluding mild to moderate depressive
disorders from its scope. Therefore, a thorough evaluation of all depressive disorders throughout the entire
course of the COVID-19 pandemic would provide a more accurate understanding of its near-term impact on
the mental health of the population®’.

The latest GBD 2021 study offers extensive data on 371 diseases and injuries, along with 88 major risk factors,
covering 54 regions and 204 countries globally from 1990 to 2021'°. By utilizing the GBD 2021 database, this
study seeks to analyze the global burden and trends of depressive disorders from 2019 to 2021; to stratify the
global trends by age, gender, socio-demographic index (SDI), country, and regional levels; to examine the impact
of risk factors on the burden of depressive disorders.

Methods

Data details

All raw data were sourced from the Global Health Data Exchange (GHDx) query tool (https://vizhub.healthda
ta.org/gbd-results/), encompassing annual data on the incidence, prevalence, and disability-adjusted life years
(DALYs) of depressive disorders across various strata from 1990 to 2021, along with the corresponding age-
standardized rates (ASRs)!?. All raw data are compiled in Supplementary Table 1. Additionally, the GBD 2021
study employed the Bayesian meta-regression tool, DisMod-MR 2.1, as the principal methodology, ensuring
consistency in the incidence, prevalence, and DALY across all diseases!"!2.

Disease definition

In the 2021 GBD database, depressive disorders are classified in accordance with the International Classification
of Diseases Tenth Revision (ICD-10) into two categories: major depressive disorder (MDD) and dysthymia. As a
form of recurrent depressive disorder, MDD can manifest throughout an individual’s lifespan, with the intensity
of each episode differing. As a chronic and milder form of persistent depressive disorder, dysthymia, while
presenting with less severe symptoms than MDD, follows a protracted course. Cases of MDD and dysthymia that
meet the diagnostic criteria outlined in the Diagnostic and Statistical Manual (DSM) and ICD are incorporated
into the GBD 2021 database!®.

Details of the indicators

As the most comprehensive and illustrative measure for evaluating the overall impact of disease, DALY
represents the sum of years of life lost (YLL) and years lived with disability (YLD)°. To account for variations
in age composition, ASR was calculated using the standard population age structure as updated by the National
Standard Data 2021 and is reported per 100,000 population. The calculation method is elaborated upon in detail
in prior literature!. The SDI is a composite measure of a countries or region’s development, combining data on
per capita educational attainment, per capita income, and the total fertility rate among young females. Based on
the SDI index, the GBD 2021 database classifies the world into five categories: low (0-0.45), low-middle (0.45-
0.61), middle (0.61-0.69), high-middle (0.69-0.81), and high SDI (0.81-1)!*. The 95% uncertainty intervals
(UIs) were calculated using a stochastic Markov chain Monte Carlo model'°.

Estimated annual percentage change (EAPC) analyses

Figures 1 and 2 reveal a marked upward trend in all ASRs for depressive disorders between 2019 and 2021. To
more accurately assess the changes in the burden of depressive disorders during the COVID-19 pandemic period
from 2019 to 2021, we calculated EAPCs for all ASRs. The EAPCs were calculated using a linear regression
model: y=a+ Bx +¢, where x represents the calendar year, y represents the logarithm of the ASRs, & denotes the
error term, and B reflects the positive or negative trend in the ASRs'®. Based on the assumption that the natural
logarithm of ASRs follows a linear trend over time, the equation for EAPC can be derived as EAPC=100 x
[exp(B) -1]. The 95% confidence interval (CI) is similarly derived from the linear regression model, reflecting
the range of uncertainty around EAPCs. If both EAPC and the lower bound of the 95% CI are greater than 0, this
signifies an increase in the ASR. Conversely, a decrease in the ASR was indicated if both the EAPC value and the
upper bound of the 95% CI were less than 0'°.

Frontier analyses

Frontier analysis assesses the unrealized health potential of each country or region relative to its level of
development by establishing an optimal “frontier” or boundary. This frontier defines the minimum age-
standardized burden of disease achievable at different levels of the SDI. The effective difference for each country
or region is then calculated based on its SDI and corresponding ASRs, allowing for the measurement of the gap
between actual and achievable health outcomes®”.

Scientific Reports |

(2025) 15:9529 | https://doi.org/10.1038/s41598-025-93923-4 nature portfolio


https://vizhub.healthdata.org/gbd-results/
https://vizhub.healthdata.org/gbd-results/
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A z 40008 =
40005 3e.08 s 600
3408 H 2 §
H H 30008 3 s
H i N ]
b4 3000 § § o gaer07 B
8 S Eoes T ¢ i
820408 2 e g 3 40 g
2 2000 3 w0g o 5
£ g g 3 3
& % Fl é29+07 E
T 3 1es08 & 200 5
Ewems 10008 € 1000% 2 T‘!i
g 3 8
g g g
0e+00 0o & 0e+00 o 8 0e+00 [
S Qs N S Qs N S N
rannrrnIretcercosEreCeRCIRRIIn JRescersennannresrereRRRtTacRent JRercorsennanmneerercRRRTTICRER:
Year Year Year
B Incidence I Prevalence | DALYs (Disability-Adjusted Life Years) |
5000 8007
)
£ 4500
B 4500 7004
S 4000
<3
g 4000
600
s 3500
@ 3500
)
< 000 3000 500
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
Year
(o3 Incidence Prevalence DALYs (Disability-Adjusted Life Years)
3.5e+07
2.0e+08
2.0e+08
® 3.0e+07
@
(2]
] 1.56+08 250407
e+07 4
S 1.5e+08 Male
@ == Female
Ee! 2.0e+07
g
Z 1 0es08 1.06+08
e 156407
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
Year

Fig. 1. The number of incidences, prevalence, DALYs, and ASRs for depressive disorder at the global and
gender levels from 1990 to 2021. (A) global; (B) gender (ASRs); (C) gender (incidences, prevalence and
DALY5).

Risk factor analyses
In the GBD 2021 database, depressive disorders are associated with three key risk factors: intimate partner
violence, bullying victimization, and childhood sexual abuse!?. The proportional attributable score is calculated
to estimate the reduction in the incidence of depressive disorders that would occur if exposure to a given risk
factor were reduced to the theoretical minimum level of risk.

All analyses and visualizations in this study were conducted using R software, version 4.3.2, in conjunction
with Microsoft Office Home and Student Edition 2021.

Results

As depicted in Figs. 1 and 2, the age-standardized incidence rates (ASIR), age-standardized prevalence rates
(ASPR), and age-standardized DALY rates (ASDR) for depressive disorders remained relatively stable globally
between 1990 and 2005, across gender, SDI groups, and various age cohorts. A slight downward trend in ASRs
for depressive disorders was observed between 2005 and 2010. However, between 2019 and 2021, depressive
disorders experienced significant increases across all subgroups. Therefore, this study aims to assess the burden
and trends of depressive disorders from 2019 to 2021 by utilizing various cross-sectional datasets.

Global trends

As illustrated in Table 1, the global ASIR for depressive disorders increased significantly between 2019 and 2021
(from 3692.5 [95% UT: 3224.73-4328.39] per 100,000 population in 2019 to 4333.62 [3770.8-5093.61] per 100,000
population in 2021; EAPC=28.33 [95% CI: -0.46 to 17.9]). Consequently, the ASPR for depressive disorders also
saw a significant increase (from 3564.77 [3211.82-4002.9] per 100,000 population in 2019 to 4006.82 [3581.26-
4539.01] per 100,000 population in 2021; EAPC=6.02 [0.28-12.09]). Similarly, there was a significant rise in the
ASDR for depressive disorders from 2019 to 2021 (from 593.5 [413.34-810.07] per 100,000 population in 2019
to 681.14 [475.19-923.83] per 100,000 population in 2021; EAPC=7.13 [-0.18 to 14.97]). Within two years, the
global incidence (357,438,730 cases in 2021), prevalence (332,410,333 cases in 2021), and DALYs (56,330,361
in 2021) for depressive disorders increased by an average of 1.17 times. The incidence, prevalence, and DALYs
of depressive disorders from 1990 to 2021, along with the corresponding ASRs, are presented in Supplementary
Table 1.
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Fig. 2. The number of incidences, prevalence, DALY, and ASRs for depressive disorder at the age and SDI
level from 1990 to 2021. (A) age (ASRs); (B) age (incidences, prevalence and DALYs); (C) SDI (ASRs); (D) SDI
(incidences, prevalence and DALYs).

Global trends by sex
Between 2019 and 2021, there was a significant global increase in the ASIR for depressive disorders in both males
and females, with an EAPC of 8.13 for males (95% CI: 0.15-16.75; from 2879.04 [95% UI: 2504.78-3368.55] per
100,000 population in 2019 to 3366.27 [2922.76-3958.07] per 100,000 population in 2021) and 8.51 for females
(95% CI: -0.81 to 18.72; from 4496.81 [3937.5-5277.23] per 100,000 population in 2019 to 5295.22 [4606.32-
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Incidence Prevalence DALYs
EAPC EAPC
from number from
number number 2019 to | in 2021 2019 to
in 2021 in 2021 2021 (*1000) 2021
(*1000) ASIR per 100,000 EAPC from 2019 | (*1000) ASPR per 100,000 (95% (95% ASDR per 100,000 (95%
Region (95% UI) | population (95% UI) t0 2021 (95% CI) | (95% UI) | population (95% UI) CI) UI) population (95% UI) CI)
357,438 332,410 6.02 56,330 7.13
Global (311521~ | 4333.62 (3770.8-5093.61) 8.33 (-0.46-17.9) (297742~ | 4006.82 (3581.26-4539.01) | (0.28- (39339- | 681.14 (475.19-923.83) (-0.18-
418969) 376102) 12.09) 76538) 14.97)
219,598 201,266 6.23 34,119 7.3
Female (191963- | 5295.22 (4606.32-6227.48) | 8.51 (-0.81-18.72) | (179872 | 4822.12 (4316.38-5483.35) | (0.02— | (23794- | 821.17 (570.96-1110.43) | (-0.5-
257504) 228454) 12.82) 46219) 15.71)
137,840 131,144 5.76 22,210 6.94
Male (119932- | 3366.27 (2922.76-3958.07) | 8.13 (0.15-16.75) (117402- | 3186.43 (2853.4-3604.27) (0.7- (15498- | 540.51 (377.31-735.48) (0.36-
161858) 147879) 11.07) | 30314) 13.95)
23 12.51 14.97
<5 years 3.52 (1.77-5.97) 14.64 (0.57-30.67) |9 (4-14) 1.4 (0.73-2.26) (0.51- 1(0.7-3) |0.27 (0.11-0.52) (0.58-
(11-39)
25.94) 31.42)
1568 892 (533— 11.65 171 13.41
5-9 years (818- 228.27 (119.15-366.04) 14.14 (-0.77-31.2) 1380) 129.97 (77.66-200.96) (-0.7- (79-306) 24.99 (11.57-44.67) (-0.64-
2514) 25.54) 29.4)
5559 25,028 25,419 3.69 4108 3.95
ears (19231~ 6324.68 (4859.7-8022.19) 446 (-1.13-10.37) | (21225- 6423.48 (5363.67-7571.21) | (0.56- (2727~ 1038.22 (689.29-1425.0) | (-0.33-
Y 31746) 29961) 6.92) 5639) 8.4)
60-64 20,721 20,657 2.88 3325 3.27
- (16130- | 6474.64 (5039.91-8302.76) | 4.04 (-0.4-8.67) (16971- | 6454.47 (5302.8-7765.12) | (0.34— | (2243~ | 1038.97 (700.87-1439.5) | (-0.12-
Y 26572) 24852) 5.49) 4607) 6.78)
75-79 8525 7862 0.47 1236 0.26
cars (6183- 6464.16 (4688.83-8577.25) | 0.26 (-0.71-1.25) (6358- 5961.82 (4821.48-7276.87) | (-0.11- | (841- 937.62 (638.14-1318.23) | (-0.51-
years 11312) 9597) 1.04) | 1738) 1.04)
High- 57,312 57,626 5.12 9408 5.97
mi%ldle SDI (49892- 3761.68 (3279.49-4405.83) | 6.93 (0.68-13.56) (51357- 3666.9 (3280.98-4119.1) (1.67- (6631- 610.08 (424.53-831.09) (1.14-
66066) 64197) 8.68) | 12819) 11.04)
58,103 52,032 8.78 9007 10.24
High SDI (51569~ 5001.7 (4364.28-5837.96) 11.76 (-0.65-25.7) | (46818- 4312.34 (3857.18-4866.01) | (-0.13- | (6263— 766.07 (535.99-1026.59) | (-0.44-
66917) 57986) 18.48) 12110) 22.0)
Low- 94,566 82,860 6.1 14,440 7.25
middle SDI (81363- 5151.93 (4437.48-6092.24) | 8.46 (-0.88-18.7) (73600~ 4528.9 (4043.41-5176.25) (-0.63- | (9961- 784.07 (542.47-1059.21) | (-0.9-
112967) 95485) 13.28) 19450) 16.07)
47,632 41,664 4.08 7273 4.79
LowSDI | (40235- | 5511.85(4713.36-6539.42) | 5.64 (-0.48-12.13) | (36323- | 4849.64 (4260.97-5554.66) | (-0.34- | (4936- | 837.53 (569.85-1140.07) | (-0.57-
57123) 48528) 8.71) 9960) 10.43)
Middle 99,549 97,973 5.66 16,158 6.78
spI (86856— | 3762.03 (3282.29-4388.68) | 7.99 (-0.7-17.44) | (87784— | 3654.36 (3272.5-4075.44) | (0.46- | (11308- | 605.91 (424.52-824.66) | (-0.17-
115650) 109600) 11.13) 21965) 14.2)
Andean 2519 16.18 (-7.69- 2225 11.23 388 13.66
Latin (2069- 3764.83 (3107-4617.21) 46.23) : (1905- 3325.81 (2851.3-3880.45) (-5.71- | (260- 578.74 (389.32-804.97) (-6.87-
America | 3106) : 2603) 3121) |542) 38.71)
Central 8817 7344 2.77 1318 3.1
Africa (6984~ 6979.24 (5706.54-8540.63) | 3.6 (-3.96-11.75) (6072~ 5861.42 (4912.11-6975.18) | (-3.06- | (880- 1038.82 (699.45-1423.46) | (-3.64-
11290) 8983) 8.95) 1812) 10.3)
glfg‘_“al 8218 6665 337 | 1214 3.74
Soharan (6492 | 7703.41 (6194.22-9565.94) | 4.29 (-4.1-13.42) | (5446- | 6337.03 (5236.44-7669.98) | (-3.24- | (802— 1136.91 (756.88-1588.38) | (-3.87-
Afri 10553) 8282) 10.43) 1686) 11.96)
rica
il;Ilicgohr;le 24,528 20,786 10.95 3701 12.59
North (21700~ | 6572.24 (5787.27-7626.11) | 14.3 (-1.53-32.68) | (18818— | 5408.26 (4846.9-6049.72) | (-1.19- | (2581 | 982.78 (685.33-1322.41) | (-1.47-
A . 27987) 23139) 24.59) 4938) 28.64)
merica
North 24,526 20,784 10.95 3701 12.59
America (21697~ 6571.38 (5786.46-7625.09) | 14.3 (-1.53-32.68) | (18816— 5407.64 (4846.35-6048.97) | (-1.19- | (2580~ 982.65 (685.23-1322.26) | (-1.47-
27984) 23138) 24.5) 4937) 28.6)
704 589 136 1104 1599
Belarus 6256.58 (4727.61-8083.79) | 18.32 (16.72-19.9) 5172.23 (4157.31-6380.95) | (12.75- 929.82 (592.62-1310.45) | (14.73-
(539-919) (476-733) (66-149)
14.46) 17.2)
332 310 12.24 51 15.62
Bulgarla (252-426) 3806.83 (2906.43-4911.38) | 19.15 (18.36-19.9) (248-376) 3547.86 (2858.46-4297.31) (1122;7— (33-72) 597.51 (383.5-837.85) (1165i1)27
42,360 53,114 0.89 7865 0.05
China (36991~ 2345.08 (2070.08-2722.3) -1.09 (-6.4-4.52) (47435- 2875.68 (2589.96-3203.43) | (-0.44- | (5560— 430.61 (305.24-586.21) (-3.02-
49036) 59334) 2.24) 10696) 3.22)
12.44 08 13.75
Greenland | 5 (4-7) 9885.55 (7594.04-12631.2) | 15.03 (1.33-30.59) | 4 (3-5) 7686.01 (6116.13-9616.31) | (1.25- . 1467.92 (964.97-2142.6) | (1.41-
(0.5-1.2)
24.86) 27.59)
Continued
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Incidence Prevalence DALYs
EAPC EAPC
from number from
number number 2019 to | in 2021 2019 to
in 2021 in 2021 2021 (*1000) 2021
(*1000) ASIR per 100,000 EAPC from 2019 | (*1000) ASPR per 100,000 (95% (95% ASDR per 100,000 (95%
Region (95% UI) | population (95% UI) t0 2021 (95% CI) | (95% UI) | population (95% UI) CI) uI) population (95% UI) CI)
70,824 62,492 7.09 10,786 8.53
India (61285- 4947.31 (4303.45-5781.08) | 9.99 (-0.16-21.18) | (56015— 4363.09 (3925.71-4880.08) | (-0.11- | (7480- 749.64 (523.54-1015.88) (-0.27-
83286) 70496) 14.82) 14649) 18.09)
453 366 13.72 66 15.62
Lebanon 7687.95 (5601.09-10308.5) | 17.68 (17.25-18.1) 6163.48 (4855-7851.21) | (13.15- 1128.5 (728.61-1641.26) | (15.36-
(330-612) (289-469) 14.3) (42-97) 15.8)
441 340 7.12 64 7.8
Palestine 9361.05 (7060.71-12169.0) | 8.6 (0.83-16.98) 7348.54 (5820.67-9174.55) | (0.72— 1375.14 (869.25-1998.3) (0.5-
(328-580) (265-428) (40-94)
13.93) 15.62)
2845 2282 5.54 421 6.18
Uganda (2129- 9644.06 (7284.35-12568.1) | 6.96 (4.11-9.88) | (1814 7769.97 (6262.35-9849.65) | (3.32- | (268 1419.57 (921.53-2059.4) | (3.45-
3724) 2867) 7.81) 611) 8.98)

Table 1. The number of incidences, prevalence, dalys, and the corresponding ASRs and EAPCs for depressive
disorder at the global, gender, age, country or region level in 2021. Abbreviations: UL, uncertainty interval; CI,
confidence interval; DALYs, disability-adjusted life years; EAPC, estimated annual percentage change; ASIR,

age standardized incidence rate; ASPR, age standardized prevalence rate; ASDR, age standardized DALY rate.

6227.48] per 100,000 population in 2021). Similarly, the ASPR for depressive disorders saw a significant increase
in both males (EAPC=5.76 [0.7-11.07]) and females (EAPC=6.23 [0.02-12.82]). As illustrated in Table 1, the
ASDR due to depressive disorders also increased substantially between 2019 and 2021 for both males (from
472.64 [329.54-648.13] per 100,000 population in 2019 to 540.51 [377.31-735.48] per 100,000 population in 2021;
EAPC=6.94 [0.36-13.95]) and females (from 713.3 [497.52-969.56] per 100,000 population in 2019 to 821.17
[570.96-1110.43] per 100,000 population in 2021; EAPC=7.3 [-0.5 to 15.71]) globally. Figure 1 demonstrates
that the burden of depressive disorders has consistently been approximately 1.5 times higher for females than for
males from 1990 to 2021, with a significantly greater growth rate observed from 2019 to 2021.

Global trends by age group

The largest increases in the global burden of depressive disorders between 2019 and 2021 were observed among
young children aged <5 years (EAPC of ASIR: 14.14 [95% CI: -0.77 to 31.28]; EAPC of ASPR: 11.65 [-0.7 to
25.54]; EAPC of ASPR: 13.41 [-0.64 to 29.46]). Overall, the rise in the burden of depressive disorders during
this period diminished with increasing age. As illustrated in Fig. 2, the highest values of ASIR (6474.64 [95%
UL 5039.91-8302.76] per 100,000 population), ASPR (6454.47 [5302.8-7765.12] per 100,000 population), and
ASDR (1038.97 [700.87-1439.52] per 100,000 population) for depressive disorders in 2021 were observed in
individuals aged 60-64 years. However, the burden of depressive disorders in the cohort aged over 80 years
demonstrates a slow but steady decline from 1990 to 2021.

Global trends by SDI

As indicated in Table 1, between 2019 and 2021, the ASIR for depressive disorders experienced the most
pronounced increase in the high SDI quintile, with an EAPC of 11.76 (95% CI: -0.65 to 25.72; from 4004.34
[95% UI: 3545.99-4632.28] per 100,000 population in 2019 to 5001.7 [4364.28-5837.96] per 100,000 population
in 2021), followed by low-middle SDI quintile (EAPC =8.46 [-0.88 to 18.7]), middle SDI quintile (EAPC=7.99
[-0.7 to 17.44]), high-middle SDI quintile (EAPC=6.93 [0.68-13.56]), and low SDI quintile (EAPC=5.64 [-0.48
to 12.13]). Following a similar pattern, the highest EAPC values for ASPR (EAPC=8.78 [-0.88 to 18.7]) and
ASDR (EAPC=10.24 [-0.44 to 22.07]) are also observed in the high SDI quintile. In contrast, the highest values
of ASIR (5511.85 [4713.36-6539.42] per 100,000 population), ASPR (4849.64 [4260.97-5554.66] per 100,000
population), and ASDR (837.53 [569.85-1140.07] per 100,000 population) for depressive disorders in 2021 were
all concentrated within the low SDI quintile. Furthermore, as illustrated in Fig. 2, the low SDI quintile exhibited
a significantly higher burden of depressive disorders from 1990 to 2021 compared to the other SDI quintiles.

Regional trends

As shown in Supplementary Table 2, among the 54 GBD regions, the three regions with the largest increases
in ASIR for depressive disorders between 2019 and 2021 were Andean Latin America (from 2789.18 [95% UT:
2396.48-3363.63] per 100,000 population in 2019 to 3764.83 [3107-4617.21] per 100,000 population in 2021;
EAPC=16.18 [95% CI: -7.69 to 46.23]), High-income North America (from 5030.22 [4493.69-5723.01] per
100,000 population in 2019 to 6572.24 [5787.27-7626.11] per 100,000 population in 2021; EAPC=14.3 [-1.53
to 32.68]), and North America (from 5029.59 [4493.13-5722.17] per 100,000 population in 2019 to 6571.38
[5786.46-7625.09] per 100,000 population in 2021; EAPC=14.3 [-1.53 to 32.68]). Similarly, the top three
regions with the highest growth rates in ASPR and ASDR for depressive disorders were likewise Andean Latin
America, High-income North America, and North America, in that respective order. However, Central Sub-
Saharan Africa was the GBD region with the highest ASIR (7703.41 [6194.22-9565.94] per 100,000 population),
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ASPR (6337.03 [5236.44-7669.98] per 100,000 population), and ASDR (1136.91 [756.88-1588.38] per 100,000
population) for depressive disorders in 2021.

National trends

As depicted in Fig. 3, the countries with the most pronounced increasing trend in ASIR for depressive disorders
between 2019 and 2021, in order, are Bulgaria (from 2681.55 [95% UI: 2285.45-3147.6] per 100,000 population in
2019t0 3806.83 [2906.43-4911.38] per 100,000 population in 2021; EAPC=19.15 [95% CI: 18.36-19.94]), Belarus
(from 4469.02 [3827.68-5266.77] per 100,000 population in 2019 to 6256.58 [4727.61-8083.79] per 100,000
population in 2021; EAPC=18.32 [16.72-19.94]), and North Macedonia (from 2457.87 [2099.63-2867.39]
per 100,000 population in 2019 to 3414.83 [2635.75-4393.57] per 100,000 population in 2021; EAPC=17.87
[7.71-28.99]). Between 2019 and 2021, the two countries with the most significant growth trends in depressive
disorders ASPR, as well as the two with the most pronounced increases in ASDR, were Lebanon and Belarus. In
2021, Greenland (ASIR: 9885.55 [7594.04-12631.2] per 100,000 population; ASPR: 7686.01 [6116.13-9616.31]
per 100,000 population; ASDR: 1467.92 [964.97-2142.69] per 100,000 population) and Uganda (ASIR: 9644.06
[7284.35-12568.13] per 100,000 population; ASPR: 7769.97 [6262.35-9849.65] per 100,000 population; ASDR:
1419.57 [921.53-2059.49] per 100,000 population) had the highest burden of depressive disorders. Additionally,
Fig. 3 reveals that India and China had the highest number of incident cases of depressive disorders in 2021, with
10.78 million (19.82%) and 7.86 million (11.86%) cases of anxiety disorders globally, respectively.

Frontier analysis

As depicted in Fig. 4 and detailed in Supplementary Table 3, frontier analysis reveals that the top five countries
with the largest effective differences in ASIR are, in order, Palestine, Lesotho, Angola, Lebanon, and Guyana
(range from: 7951.51-6267.88). The top five countries with the largest effective differences in ASPR are, in order,
Greenland, Palestine, Greece, Tunisia, and the Democratic Republic of the Congo (range from: 6042.49-3922.3).
Similarly, the top five countries with the largest effective differences in ASDR are Greenland, Palestine, Lesotho,
Equatorial Guinea, and Guyana (range from: 1206.01-808.11).
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Fig. 3. The number of incidences, prevalence, DALYs, ASRs, and EAPC for depressive disorder in 204
countries and regions from 2019 to 2021. (A) ASIR in 2021; (B) ASPR in 2021; (C) ASDR in 2021; (D)
incidences in 2021; (E) prevalences in 2021; (F) DALYs in 2021; (G) EAPC for ASIR from 2019 to 2021; (H)
EAPC for ASPR from 2019 to 2021; (I) EAPC for ASDR from 2019 to 2021.
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Fig. 4. Frontier analysis of ASIR, ASPR and ASDR in depressive disorder in 2021. (A) ASIR; (B) ASPR; (C)
ASDR.

Risk factors

As illustrated in Fig. 5 and Supplementary Table 1, three key risk factors — intimate partner violence, bullying
victimization, and childhood sexual abuse — accounted for 4.91% [95% IU: 0.02-10.36%], 6.47% [3.14-11.08%],
and 2.65% [1.49-4.02%] of global depressive disorders ASDR in 2021, respectively. At the gender level,
depressive disorders ASDR in males is primarily influenced by childhood sexual abuse (9.17% [4.55-15.49%]),
while in females, it is predominantly affected by intimate partner violence (8.13% [0.03-17.08%]). The ASDR
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The extent to which the three risk factors influence ASDR for depressive disorder at the global, regional, age, and gender levels
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Fig. 5. The extent to which the three risk factors influence ASDR for depressive disorder at the global, regional,
age, and gender levels.

for depressive disorders in young individuals aged 10-25 years is primarily influenced by bullying victimization
(range from: 14.20-16.83%), whereas in older adults aged 45-49 years, the ASDR for depressive disorders is
mainly driven by intimate partner violence (6.23% [0.02-13.02%]). Bullying victimization had the greatest
impact on depressive disorders-related ASDR in high SDI regions (7.99% [4.18-13.25%]), whereas intimate
partner violence was the leading factor influencing depressive disorders-related ASDR in low SDI regions (5.81%
[0.03-12.34%]). Bullying victimization accounted for 9.49% (5.05-15.70%) of the ASDR for depressive disorders
in High-income North America, while intimate partner violence contributed to 7.49% (0.04-15.28%) of the
ASDR for depressive disorders in Commonwealth Low Income regions. The countries most affected by bullying
victimization (13.34% [6.60-22.55%]), childhood sexual abuse (7.95% [4.63-11.79%]) and intimate partner
violence (8.35% [0.04-17.29%)]) are, respectively, Qatar, Nigeria and Bangladesh. As the two countries with the
highest burden of depressive disorders in 2021, 13.26% (7.13-21.70%) of the ASDR for depressive disorders in
Greenland was attributable to bullying victimization, while 8.29% (0.05-16.95%) of the ASDR for depressive
disorders in Uganda was attributable to intimate partner violence.

Discussion

Utilizing the 2021 GBD database, this study presents a comprehensive analysis of the burden of depressive
disorders across diverse populations, examining global, regional, and national trends, as well as age- and sex-
specific patterns, throughout the COVID-19 pandemic from 2019 to 2021, with particular emphasis on EAPC.
The annual incidence, prevalence, and DALYs of depressive disorders experienced notable global increases
during the COVID-19 pandemic, having reached 357.43 million incident cases, 332.41 million prevalent cases,
and 56.33 million DALYs by 2021. As detailed in Supplementary Table 2, the burden of depressive disorders
exhibited a pronounced upward trend between 2019 and 2021 across all gender subgroups, GBD subregions,
SDI subregions, and the majority of age groups, countries, and regions. Countries such as Palestine, Greenland,
and Lesotho possess the highest attainable health potential relative to their respective levels of development.
Globally, bullying victimization, intimate partner violence, and childhood sexual abuse contributed to 6.47%,
4.91%, and 2.65% of the ASDR for depressive disorders, respectively.

Among gender subgroups, the burden of depressive disorders is considerably higher for females than for males.
This disparity is largely attributable to females being more prone to experiencing adverse events and emotions,
such as perinatal and menopausal mood fluctuations, domestic violence, sexual abuse, and discrimination, as
well as confronting internalized psychological barriers'3-2°. In female physiology, estrogen plays a crucial role in
mood regulation by modulating neurotransmitter turnover and enhancing serotonergic activity?!. However, its
levels fluctuate markedly across various physiological stages, including puberty, the menstrual cycle, pregnancy,
and menopause, thereby heightening susceptibility to depressive disorders?>?3. This is further corroborated by
evidence showing that estrogen therapy significantly alleviates depressive disorders in perimenopausal women?*.
Furthermore, Anindit discovered that estrogen disruption in menopausal mice induces dysregulation of BDNF-
5-HT2A signaling and impairs synaptic plasticity, thereby heightening the brain’s vulnerability to depressive
disorders®.

In 2021, the age group with the highest ASIR, ASPR, and ASDR for depressive disorders was the population
aged 60-64 years. This population is experiencing a significant shift from an outward focus on external matters
to an inward focus on their own bodies, a transition marked by heightened loneliness and declining cognitive
function, which contributes to emotional instability!®. Additionally, logistic regression analyses revealed that
depressive disorders in older adults was significantly associated with factors such as living alone, unemployment,
chronic illness, sleep disorders, suicidal ideation, financial stress, and inadequate social support?>. However, the
greatest increase in the burden of depressive disorders between 2019 and 2021, during the COVID-19 pandemic,
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occurred among children aged < 5 years, with the rate of increase in the burden of depressive disorders declining
with age during this period. These results should be interpreted with caution, as they are primarily driven by
the sharp decline in the total number of children aged <5 years, which is largely attributable to the global total
fertility rate dropping by more than half between 1950 and 2021%.

Although the burden of depressive disorders was consistently higher in low SDI regions compared to other
SDI regions from 1990 to 2021, the most significant increase during the COVID-19 pandemic occurred in high
SDI regions. This suggests a shifting trend, with the burden of depressive disorders increasingly impacting high
SDIregions. Low SDI regions are defined by entrenched poverty, economic disparity, limited access to education,
structural violence, discrimination, political repression, and social marginalization, among other critical risk
factors, all of which contribute to the onset, intensification, and persistence of depressive disorders?’-2°, However,
during the COVID-19 pandemic, high SDI regions faced stricter lockdown measures, leading to a swift rise
in unemployment and increased socio-economic pressures. Additionally, reduced interpersonal contact and
disrupted information flow during isolation made individuals more susceptible to feelings of loneliness, which
in turn contributed to an increase in depressive disorders’. Nevertheless, study samples in high SDI regions are
often derived from highly educated urban populations, who are more likely to acknowledge and seek diagnoses
for mental health issues. Furthermore, the ongoing refinement and standardization of diagnostic systems in
these areas have led to an increased identification of individuals with potential depressive disorders. From the
perspective of the WEIRD paradox, therefore, the rising prevalence of depressive disorders in high SDI countries
may not necessarily reflect a genuine worsening of the condition, but rather a more accurate diagnosis and
recognition of the disorder™®.

In 2021, the regions with the highest burden of depressive disorders were Central Sub-Saharan Africa, as well
as countries such as Greenland and Uganda. Between 2019 and 2021, the fastest-growing burden of depressive
disorders occurred in Andean Latin America and European countries including Bulgaria and Belarus. As one
of the countries with the highest HIV prevalence rates globally, Uganda continues to have a significant number
of people infected with and living with the virus, particularly in rural areas, despite a decline in incidence in
recent years’!. A substantial body of literature now confirms the high prevalence of depressive disorders among
individuals living with HIV in Uganda, highlighting their strong association with inadequate social support,
food insecurity, and HIV-related neurocognitive disorders®>3>. Therefore, strengthening HIV control measures
and raising public awareness in Uganda are crucial strategies to mitigate the development of depressive disorders
among those affected. As a consequence of the ongoing process of urbanization, the prevalence of occupational
stress, income inequality and social stratification is increasing in Greenland. This is leading to a rise in
depressive behaviors, including alcoholism and suicide. Furthermore, the pronounced seasonal variations in
light and darkness prevalent in Greenland, which contribute to sleep deprivation, coupled with communication
barriers in sparsely populated regions and the extreme cold climate, play a crucial role in the onset of depressive
disorders®. Genetically, the distinctive genetic backgrounds, coupled with the shift towards a Westernized diet,
have fostered a rapid increase in susceptibility to cardiovascular and metabolic diseases, thereby contributing
to the emergence of depressive disorders®®*”. Although there is a lack of literature specifically investigating the
underlying causes of the dramatic rise in depressive disorders in Bulgaria and Belarus during the COVID-19
pandemic from 2019 to 2021, both countries experienced a volatile political climate during this period, which
could have exacerbated depressive disorders and contributed to economic decline®.

Furthermore, frontier analyses reveal that countries like Palestine, Greenland, and Lesotho exhibit the
greatest effective differences in reducing the burden of depressive disorders relative to their respective stages
of development, indicating the highest levels of unrealized health potential. Palestine has borne the profound
consequences of the ongoing conflict, particularly the extensive devastation wrought by the protracted Israeli-
Palestinian war; Political unrest and economic turmoil characterized the period in Lesotho during the COVID-19
pandemic®. Consequently, we fervently urge relevant international agencies to provide humanitarian assistance
and economic support, both of which are crucial for alleviating depressive disorders.

Among the three risk factors, the burden of depressive disorders associated with bullying victimization was
the most severe, exhibiting the highest prevalence among individuals aged 10-24 years and in high-income
countries, including North America, Qatar, and Greenland; the burden of depressive disorders stemming from
intimate partner violence is primarily concentrated among females aged 45 to 49 years, particularly in low SDI
regions, Commonwealth Low-Income areas, and countries such as Uganda and Bangladesh; the burden of
depressive disorders resulting from childhood sexual abuse is predominantly observed among men, especially
in Western Africa, with Nigeria being notably affected. Thus, it is essential for different countries to customize
their policies to enhance effectiveness in mitigating the burden of depressive disorders.

This study contains certain limitations. First, the availability and comprehensiveness of data are constrained
by the absence of robust civil registration and vital statistics systems in many low- and middle-income countries,
necessitating cautious interpretation of the study’s results. Secondly, the collaborators employed various statistical
modeling techniques, which introduced a degree of uncertainty and may have compromised the accuracy of
the data. Thirdly, the impact of the COVID-19 pandemic on depressive disorders varies across regions and
countries, such as in Greenland and Uganda®**!. Therefore, incorporating the effects of COVID-19 and national
public health strategies as categorical covariates in statistical modeling could facilitate a more nuanced analysis
of depressive disorders.

Conclusion

During the COVID-19 pandemic, the global burden of depressive disorders demonstrated a notable upward
trend. Between 1990 and 2021, the burden of depressive disorders was predominantly concentrated in low SDI
regions. However, during the 2019-2021 pandemic, this burden progressively shifted towards high SDI regions,
with a notable increase in North America and Europe.
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Data availability
Data underlying the results presented in this paper are not publicly available at this time but may be obtained
from the authors upon reasonable request.
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