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Abstract

Background Major depressive disorder (MDD) is a leading mental disorder causing severe impairment. This study
was aimed to evaluate sex difference in global MDD incidence by year, age, and socioeconomic status, according
to the Global Burden of Disease Study 2019 (GBD 2019).

Methods Global and national sex-specific incidence estimates of MDD, from 1990 to 2019, in different age groups,
were extracted from the GBD 2019. Socioeconomic development index (SDI) as an indicator of national socioeco-
nomic development was used. Absolute (female minus male) and relative (female to male ratio) sex difference

in age-standardized incidence rates (ASRs), as well as risk ratios (RR and 95% confidence interval), were computed
by year and age. Linear regression analyses were conducted to investigate socioeconomic-associated sex difference
in incidence.

Results Absolute and relative sex difference in ASRs showed a slight declining trend during 1990 and 2019,

with absolute difference decreasing from 1818.23 to 1602.58, and relative difference decreasing from 1.71 to 1.61.
Worldwide, females had a higher risk of MDD than males in 1990 (RR: 1.706 (1.705-1.706)) and 2019 (RR: 1.602 (1.619-
1.620)). The highest RRs were observed in the Region of the Americas. Sex difference in incidence rates increased
rapidly with age for those under 20 years old. The highest RR (1.913 (1.910-1.915)) was observed in the age group

of 10-14. Relative sex difference had a significant positive relationship with SDI (standardized 3=0.267, P<0.001).

Conclusions Despite that slight improvement in sex difference in global MDD incidence has been achieved, sex dif-
ference still persists in the past decades, with females always having a higher incidence than males. Greater sex differ-
ence was found at younger ages and in more developed countries. The findings highlight the importance of making

sex-specific health policy to reduce sex difference in MDD incidence.
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Introduction
Depression is a common illness that severely affects psy-
chosocial function and lowers quality of life [1]. Accord-
ing to the Global Burden of Disease study 2019 (GBD
2019), depression accounted for the largest proportion
(37.3%) of disability-adjusted life years caused by men-
tal disorders in 2019, followed by anxiety (22.9%), and
schizophrenia (12.2%) [2]. Major depression disorder
(MDD) is an episodic mood disorder with shorter dura-
tion but more severe symptoms than dysthymia. Glob-
ally, approximately 185 million people suffer from MDD
[3], which could cause difficulties in all aspects of life,
including at home, work and school. Persistent depres-
sion is also related to negative clinical conditions (e.g.,
suicidal behavior) [4]. The Hypothalamus—Pituitary—
Adrenal (HPA) axis abnormalities, mainly characterized
by hyperactivity of the HPA axis, may exert an important
modulatory influence on suicide risk, regardless of the
presence or absence of psychiatric conditions [5]. Epide-
miological research has shown substantial gender-related
difference in prevalence for depression, with 170.4 per
million in females versus 109.2 per million in males [2].
Our previous analysis of the GBD 2019 data found that
the health burden measured by disability-adjusted life-
years (DALYs) was much higher in females than that in
males, with age-standardized DALY rates (per 100,000
population) being 564 versus 354 in 2019 [6]. A complex
interaction of social, psychological, and biological factors
could contribute to female vulnerability to MDD [7, 8].
Although psychological therapy and antidepressant
medications are effective treatments for MDD [9], sex
difference in MDD burden remains a major global public
health problem that requires attention from policymak-
ers and health planners around the world. Regional stud-
ies from USA, Canada and Ethiopia have indicated higher
incidence of MDD in females than males across all age
groups [10]. The global patterns of sex difference in MDD
incidence are important for making sex-specific health
policy to reduce MDD. Thus, the aim of this study was to
evaluate sex difference in global MDD incidence by year,
age, and socioeconomic status, using the most up-to-date
data from the GBD 2019 [11]. It should be noted that new
GBD 2021 estimates are going to be published in the next
months. COVID-19 pandemic may have changed the
burden of MDD, and no mention on it was provided in
this study.

Materials and methods

Sex-specific incidence of major depressive disorder

The GBD 2019 estimated incidence of MDD, for males
and females, 20 age groups, 204 countries and territo-
ries, from 1990 onwards. The GBD study applies the
Bayesian meta-regression tool DisMod-MR 2.1to utilize
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all accessible information (including published litera-
ture, surveillance data, survey data, hospital and clinical
data, and other types of data) on MDD occurrence that
passes a set of inclusion criteria, to measure the inci-
dence of MDD [12]. Statistical code used for GBD esti-
mation is publicly available online [13]. Incidence rates
are expressed as age-standardized based on the GBD ref-
erence population [14]. The GBD study applies the same
technique for propagating uncertainty as used elsewhere
[11]. Final estimates are computed using the mean esti-
mate across 1000 draws, and the 95% uncertainty inter-
vals (UIs) are determined on the basis of the 25th and
975th ranked values across all 1000 draws. To allow for
comparability, the definition of MDD in the GBD 2019
adheres to DSM-IV-TR or ICD-10 criteria [2]. The fol-
lowing data concerning MDD were extracted from the
GBD Results Tool [3]: (i) global age-standardized inci-
dence rates (ASRs) (per 100,000 population), for males
and females, from 1990 to 2019; (ii) global and World
Health Organization (WHO) regional incident cases
and ASRs, for males and females, in 1990 and 2019; (iii)
global incidence rates (per 100,000 population), for males
and females, 20 age groups, in 2019; (iv) national ASRs,
for males and females, 204 countries and territories, in
2019.

Socioeconomic development index

The socioeconomic development index (SDI) is a com-
posite indicator of a country’s lag-distributed income
per capita, average years of schooling, and the fertility
rate in females under the age of 25 years, comprehen-
sively assessing socioeconomic development status [11].
The GBD study computed the composite SDI as the
geometric mean of the three above mentioned covari-
ates, using the Human Development Index methodol-
ogy [15]. The cutoff values used to determine quintiles
for analysis were then computed using country-level
estimates of SDI for 2019. The values of SDI range
from 0 to 1, with a higher value reflecting better socio-
economic development. 204 countries and territories
were classified into five groups by SDI in 2019 [11],
including 33 in low SDI group (0<SDI<0.45), 43 in
low-middle SDI group (0.45<SDI<0.61), 41 in mid-
dle SDI group (0.61<SDI<0.69), 48 in high-middle
SDI group (0.69 <SDI<0.81), and 39 in high SDI group
(0.81<SDI<1).

Statistical analysis

Global absolute (female minus male) and relative (female
to male ratio) sex difference in incidence, as well as risk
ratios (RR) and 95% confidence intervals (CI), were
computed by year and age. ASRs for males and females
across 204 countries and territories were compared using
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Mann—-Whitney U test [16], with multiple comparisons
between different SDI groups. Linear regression analyses
were performed to evaluate the association of absolute
(female minus male) and relative (female to male ratio)
sex difference in ASRs with SDI across 204 countries and
territories. All statistical analyses were conducted using
SPSS 23 (IBM, Chicago, USA). P values less than 0.05
were considered statistically significant.

Results

Sex difference in incidence by year

From 1990 to 2019, ASRs of MDD in both sexes did not
change so much at the global level, with ASRs being
2578.85 (95% Ul: 2266.15-2925.51) in 1990 and 2591.15
(95% UI: 2269.86—2942.69) in 2019 for males, and being
4397.08 (95% UI: 3869.11-4976.14) in 1990 and 4193.73
(95% UI: 3672.83—4777.14) in 2019 for females (Fig. 1a).
However, the absolute and relative sex difference in ASRs
showed a slight declining trend during 1990 and 2019,
with absolute difference decreasing from 1818.23 to
1602.58 (Fig. 1b), and relative difference decreasing from
1.71 to 1.61 (Fig. 1c).

The global and WHO regional incident cases and ASRs
of MDD, for males and females, in 1990 and 2019, were
shown in Table 1. Worldwide, females had a higher risk
of MDD than males in 1990 (RR: 1.706; 95% CI: 1.705—
1.706) and 2019 (RR: 1.602; 95% CI: 1.619-1.620). The
highest RRs were observed in the Region of the Ameri-
cas, being 1.925 (95% CI: 1.924—1.927) in 1990 and 1.929
(95% CI: 1.928-1.930) in 2019.

Sex difference in incidence by age

In 2019, global incidence rates in both sexes increased
rapidly with age for those under 20 years old. The highest
incidence rates were 4576.43 (95% UI: 3309.49-5877.25)
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in the age group of 80—84 for males, and 6914.76 (95% UL
5311.00-8649.03) in the age group of 60—64 for females
(Fig. 2a). The absolute sex difference in incidence rates
increased rapidly with age for those under 20 years old,
with the greatest absolute difference being 2705.03 in the
age group of 55—59 (Fig. 2b). The relative sex difference in
incidence rates increased rapidly with age for those under
15 years old, with the greatest relative difference being
1.91 in the age group of 10-14 (Fig. 2c). The global age-
specific incident cases and incidence rates of MDD, for
males and females, in 2019, were shown in Table 2. The
highest RR (RR:1.913; 95% CI: 1.910-1.915) was observed
in the age group of 10-14.

Sex difference in incidence by socioeconomic development
ASRs for males and females, 204 countries and territo-
ries, in 2019, were demonstrated in Fig. 3a and b. Mann—
Whitney U test showed that females had significant
higher ASRs of MDD than males for 204 countries and
territories (Z=-11.15, P<0.001), with median (inter-
quartile range) of ASRs being 2746.65 (2136.81-3583.68)
for males and 4774.96 (3548.68—5791.83) for females.
Multiple comparisons revealed that ASRs for females
were significantly higher than that for males, for low SDI
group (males vs. females: 3915.58 (3173.72-4449.27)
vs. 5901.45 (5334.44-6712.99); Z=-5.50, P<0.001),
low-middle SDI group (2819.09 (2258.60—3870.29) vs.
4749.86 (3012.33-5695.73); Z=-—4.13, P<0.001), mid-
dle SDI group (2523.49 (1952.90-3328.19) vs. 4438.89
(2846.17-5628.38); Z=-4.61, P<0.001), high-mid-
dle SDI group (2473.85 (1938.66-3185.60) vs. 4345.08
(3405.54-5751.71); Z=-6.07, P<0.001), and high SDI
group (2690.36 (1899.22—3254.34) vs. 4810.10 (3741.17-
5368.61); Z=—6.19, P<0.001) (Fig. 4).
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Fig. 1 Sex difference in global incidence of major depressive disorder from 1990 to 2019, in terms of a age standardized incidence rates, b absolute
(female minus male) sex difference in age standardized incidence rates, and c relative (female to male ratio) sex difference in age standardized

incidence rates
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Table 1 The global and WHO regional incidence of MDD for both sexes in 1990 and 2019
Year and region Incident cases Age-standardized incidence rates Risk ratio

(95% confidence interval) (thousands)

(95% confidence interval) (per 100,000)

(95% confidence
interval)

Male Female Male Female
1990
Global 63,182.2 (54,925.0 109,538.7 (95,721.3 2578.8 (2266.1 4397.1 (3869.1 1.705 (1.705 to 1.706)
t0 72,297.6) to 125,047.5) t0 2925.5) to0 4976.1)
African Region 71469 (6115.0 11,130.5 (9443.1 4073.5 (3559.1 6060.9 (5251.7 1488 (1.487 to 1.489)
to 8306.0) to 13,035.6) t0 4659.9) t0 6944.4)
Eastern Mediterranean  5519.0 (4664.0 87429 (73414 36483 (31403 61226 (52175 1.678 (1.676 to 1.680)
Region t0 6500.7) t0 10,316.3) 10 4242.9) t0 7149.3)
European Region 12,282.4(10,877.3 23,9319 (21,291.7 27985 (24819 4851.1 (4309.5 1.733(1.732t0 1.735)
t0 13,821.6) 10 26,713.2) t0 31454) t0 5442.4)
Region of the Americas  8344.4 (7287.9 17,077.5 (14,8722 24744 (2179.5 4764.2 (4156.0 1.925(1.924 10 1.927)
10 9589.8) t0 19,425.9) 10 2825.0) t0 5403.8)
South-East Asia Region  16,350.1 (13,972.2 24,101.6 (20,754.8 2997.3 (26024 4571.5 (3969.2 1.525(1.524 t0 1.526)
t0 18,953.9) 10 27,997.3) 10 3434.2) 10 5272.3)
Western Pacific Region  13,329.1 (11,461.5 24,236.8 (20,894.0 1696.9 (1485.0 31299 (2739.0 1.845 (1.843 to 1.846)
t0 15,323.4) to 27,740.2) 10 1922.2) t03551.3)
2019
Global 103,718.7 (90,683.7 171,085.1 (150,207.7 2672.5 (23366 4436.3 (3894.9 1.660 (1.660 to 1.660)
to 118,044.6) t0 195,228.6) t0 3041.6) t0 5062.3)
African Region 15,4889 (13,186.0 24,011.6 (204146 39187 (3418.7 5635.2 (4885.9 1438 (143710 1.439)
to 18,080.8) to0 28,011.1) 10 4483.0) to 6487.1)
Eastern Mediterranean  12,612.9 (10,705.5 19,1823 (16,1254 3634.6(3132.5 6028.2 (5162.7 1.659 (1.657 to 1.660)
Region t0 14,833.4) 10 22,510.3) t0 4236.6) t0 7022.0)
European Region 13,806.2 (12,1171 26,275.5 (23,1604 26404 (2309.8 4627.4 (40389 1.753 (1.751 to 1.754)
to 15,637.1) t0 29,779.1) to 3004.1) t0 5298.4)
Region of the Americas  14,353.7 (12,638.6 28,817.7 (25427.0 2716.1 (2386.1 52386 (4607.5 1.929 (1.928 to 1.930)
to 16,274.4) 10 32,383.4) t0 3085.4) t0 5909.0)
South-East Asia Region  28,512.4 (24,809.3 40,6074 (35,3003 28329 (24764 40184 (3497.7 1419 (141810 1.419)
t0 32,555.8) 10 46,524.7) t03212.3) to 4600.1)
Western Pacific Region  18,554.8 (16,309.0 31,617.6(27,923.0 1614.5 (1417.7 2711.2 (23882 1.679 (1.678 to 1.680)
t0 20,938.5) 10 35,522.7) to 1823.9) to 3064.8)
WHO, World Health Organization; MDD, major depressive disorder
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Fig. 2 Sex difference in global incidence of major depressive disorder in different age groups in 2019, in terms of a incidence rates, b absolute

(female minus male) sex difference in incidence rates, and ¢ relative (female to male ratio) sex difference in incidence rates
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Table 2 The global age-specific incidence of MDD for both sexes in 2019

Age (years) Incident cases (95% confidence interval) (thousands) Incidence rates (95% confidence interval) (per  Risk ratio (95%
100,000) confidence
interval)
Male Female Male Female
All age 103,718.7 (90,683.7 171,085.1 (150,207.7 2672.5(2336.6 10 3041.6) 4436.3 (3894.9 t0 5062.3) 1.660 (1.660 to 1.660)
0 118,044.6) 0 195,228.6)
<5 57(.11t0137) 6.5(2.5t0 15.6) 1.7 (0.6 t0 4.0) 20(0.8t04.9) 1.236 (1.193 to 1.281)
5-9 363.7 (167.5 10 652.5) 5783 (281310 996.3) 107.6 (496 t0 193.1) 1826 (88810 314.5) 1.696 (1.689 to 1.703)
10-14 3151.0(1775.0 to 4940.0) 5654.4 (33326 t0 8764.1) 951.0 (535.7 t0 1490.9) 1819.0(1072.1t0 28194) 1.913(1.910to0 1.915)
15-19 7670.5 (5468.0 to 10,599.0) 124123 (8857.0t0 17,048.1)  2413.8(1720.7 t0 3335.3) 4113.3(2935.1 t0 5649.6) 1.704 (1.703 to 1.706)
20-24 9608.7 (67374 t0 12,958.4) 14,7714 (10,235.2 3156.9 (2213.6 10 4257.5) 4994.1 (3460.5 10 6711.8) 1.582 (1.581 to 1.583)
019,851.8)
25-29 9378.2 (6690.7 to 13,057.8) 14,5365 (10,0754 3077.1 (21953 t0 4284.4) 48343 (3350.7 10 6718.2) 1.571(1.570t0 1.572)
t020,201.2)
30-34 9510.1 (6924.6 to 13,025.0) 14,8403 (10,767.3 3136.9 (2284010 4296.2) 4970.7 (3606.4 to0 6835.7) 1.585 (1.583 to 1.586)
to 20,408.6)
35-39 9335.2 (6962.1 to 11,988.3) 14,922.2 (10,9904 34253 (2554.5104398.7) 5559.0 (4094.2t0 7157.7) 1.623 (1.622to 1.624)
019,213.8)
40-44 8941.8 (6501.5 to 11,449.3) 14,4816 (10,552.2 3594.8 (2613.7 10 4602.8) 5918.1 (43123 t0 7614.4) 1.646 (1.645 to 1.648)
018,6324)
45-49 8824.9 (69203t0 10,8114) 14,4638 (11,4123 3702.1 (2903.1 t0 4535.5) 6143.6 (4847.5 t0 7505.5) 1.659 (1.658 to 1.661)
017,670.0)
50-54 8404.8 (6728410 10316.1) 14,0947 (11,362.2 3862.7 (3092310 4741.2) 6429.1 (5182.7 t0 7849.1) 1.664 (1.663 to 1.666)
t0 17,207.6)
55-59 7495.0 (5744.7 10 9565.3) 12,8123 (9790210 16,163.7)  4101.0 (3143210 5233.7) 6806.0 (5200.6 to 8586.3) 1.660 (1.658 to 1.661)
60-64 6472.9 (4992.6 10 8168.7) 11,0899 (8517.81t0 13,871.4)  4254.2 (3281310 5368.7) 6914.8 (5311.0t0 8649.0) 1.625 (1.624 10 1.627)
65-69 5376.5 (4440.3 to 64484) 9188.2 (7592.0 t0 10,965.2) 43494 (3592.0t0 52164) 6807.7 (5625.1 t0 8124.4) 1.565 (1.564 to 1.567)
70-74 39254 (3171.110 4810.2) 6645.1 (54254 10 8071.4) 44554 (3599.2 t0 5459.7) 67134 (5481.2t0 8154.3) 1.507 (1.505 to 1.509)
75-79 2604.4 (1880.8 to 3381.4) 4628.0 (3367.1 10 5999.8) 4552.7 (3287910 5911.1)  6625.7 (4820.6 t0 8589.8) 1.455(1.453t0 1 457)
80-84 16126 (1166.2 to 2071.0) 32223 (2321.2t04110.5) 45764 (3309.5t0 5877.2) 6551.5(4719.3108357.2) 1.432(1.4291t0 1434)
85-89 7418 (574.1t0931.9) 1764.8 (1368.2 t0 2193.8) 45554 (3525.7 t0 5723.1)  6489.0 (5030.8 to 8066.3) 1424 (1.421 to 1.428)
90-94 239.7 (170910 327.3) 7479 (535910 1010.7) 45157 (3220310 6166.3) 6475.7 (4639.7 10 8750.6) 1.434 (1.428 to 1.440)
95 plus 55.6(33.31t083.2) 2244 (137.7t0333.3) 4356.9 (26099 t0 6520.3) 64185 (3938910 9532.8) 1473 (1.460 to 1.487)

MDD, major depressive disorder

Absolute and relative sex difference in ASRs for males
and females, 204 countries and territories, in 2019, were
demonstrated in Fig. 3C and D. Despite that absolute sex
difference in ASRs was not related to SDI, relative sex dif-
ference had a significant positive relationship with SDI
(standardized p=0.267, P <0.001) (Fig. 5).

Discussion

Sex difference in global MDD incidence showed a slight
declining trend from 1990 to 2019. However, females
always have a higher incidence than males over the
past decades. Notably, sex difference in incidence rates
increased rapidly with age for young people, with the
highest RR observed in the age group of 10-14. Last but
not least, countries with higher levels of socioeconomic
development were found to have greater sex difference in
MDD incidence.

Globally, the incidence of MDD in both sexes did
not change so much in the past three decades. Females
have a higher incidence of MDD than males in all WHO
regions, especially the Region of the Americas (females
have about twice the risk as males). Four gender-related
subtypes of MDD have been proposed, namely early
onset, developmental, reproductive, and pathophysio-
logical subtypes, of which the developmental subtype has
the greatest potential to contribute to the gender gap [8].
Biological factors (such as genetic risk, hormones, and
physiological stress response), psychological factors (such
as temperament, personality and coping styles) and envi-
ronmental factors (societal structural gender inequality)
are potentially responsible for the gender gap in MDD
[8]. Cross-national analyses revealed that smaller gender
gap in MDD were found in countries with greater gender
equality [17]. Evidence of decreasing gender gap has been
found in countries in which gender roles of females have
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(d)

Fig. 3 Sex difference in national incidence of major depressive disorder in 2019, in terms of a age standardized incidence rates in females, b age
standardized incidence rates in males, ¢ absolute (female minus male) sex difference in age standardized incidence rates, and d relative (female

to male ratio) sex difference in age standardized incidence rates
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Fig. 4 Age-standardized incidence rates among females were
higher than that among males for SDI-based country groups.
Lines inside the boxes indicate the medians, boxes the 25th
and 75th percentiles, and lines outside the boxes the minimum
and the maximum. *** indicates P<.001. SDI, socioeconomic
development index

Age standardized incidence rate

improved, in terms of opportunities for employment,
educational achievement, and other indicators of increas-
ing gender equality [18]. Not surprisingly, trend studies
in countries in which gender roles have been static failed
to document a reduction in gender gap in MDD [19, 20].
The incidence of MDD is commonly low before
puberty, whereas MDD increases much more sub-
stantially in females, to about twice that of males, dur-
ing puberty [11, 21, 22]. Both early pubertal timing and
advancing pubertal stage are associated with the onset
of females’ increasing risk of MDD [22, 23]. In contrast
with males, early pubertal timing in females is linked to
more severe and longer-lasting psychopathology such as
depressive disorders [23]. Contextual adversities, such as
childhood sexual abuse and poor parent—child relation-
ship, predict early puberty in females, but not in males.
Thus, female pubertal transition tends to be more sen-
sitive to adverse environments than the male transi-
tion [23]. In addition, evidence of the interactions of
activating sex hormones, intrapersonal susceptibility,
and interpersonal factors has been provided to explain
the extraordinarily high increase in depression rates
during pubertal transition in females [24, 25]. Against
popular belief, sex difference in MDD does not become
smaller after puberty. From early adulthood to late in
life, the incidence of MDD in both sexes followed a
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Fig. 5 Sex difference in incidence of major depressive disorder by SDI. Linear relationship a between absolute (female minus male) sex difference
in age standardized incidence rates and SDI, and b between relative (female to male ratio) sex difference in age standardized incidence rates

and SDI. SDI, socioeconomic development index

parallel course, with persistently predominant incidence
in females [11]. Multiple variables, such as stressors, cop-
ing styles, interpersonal orientation, and social support,
might predict the sex difference in MDD throughout the
life span [26]. Clarifying the interactions between the
predictors of sex difference and the lifespan development
could promote timely diagnosis and treatment of MDD
throughout the full life cycle.

For each SDI-based country group, the incidence of
MDD were higher in females than that in males. Greater
relative sex difference was found in countries with higher
levels of socioeconomic development. By analyzing disa-
bility adjusted of life years caused by depressive disorders
from the GBD 2015, a positive relationship between log-
transformed female to male ratio of depression rates and
national gross domestic product had been found, after
adjusting for regional effects and other socioeconomic
factors, which was consistent with our findings [27]. In
less developed countries, female roles are narrowly pre-
scribed, and choice of roles and conflict between different
roles is minimized. In more developed countries, females’
lives are less predetermined and they have a wider range
of choices of careers and life styles. Greater choice may
mean more conflict between possible roles (such as the
mother, partner, work and homemaker role) [28]. High
work-family conflicts have been proposed to be related to
the development of depressive symptoms in females [29].
A representative European survey revealed that females
living alone and particularly employed females had higher
depression scores [17]. Traditional female roles encour-
age cooperation and dependency. However, modern
societies encourage individual achievement, self-reliance
and independence for females especially in developed
countries [30]. Thus, help seeking for depression carried
greater psychological costs because help seeking violates

modern female roles. On one hand, stigma about depres-
sion was found to be related to less help seeking among
patients with MDD [31]. On the other hand, females
who are more depressed and who have higher levels of
psychological distress experience their condition as more
stigmatizing [32]. There exists a vicious cycle of depres-
sion, stigma and help seeking behavior. Therefore, pub-
lic awareness and understanding of depression should
be promoted in society, hopefully leading to reduced
stigma and increased help-seeking, especially for mod-
ern females. Another reason why higher sex difference
in MDD incidence was found in more developed coun-
tries may also be linked to better estimates from more
developed countries which allowed a better differentia-
tion between gender, while estimates from less developed
countries may be less precise.

This study was subject to the limitations of the GBD
2019, for example, data sources and statistical methods,
as reported in the GBD 2019 [11]. The major limita-
tion of the GBD analysis was the availability of primary
data. Where data are not available, the results depend
on the out-of-sample predictive validity of the model-
ling efforts. While improvements to data processing
and modelling can lead to incremental improvements in
the accuracy of GBD estimates, fundamental improve-
ments require more and better primary data collection.
Even when data are available, they might not have been
obtained using the preferred case definition or measure-
ment method. Due to the use of aggregate data at the
national level instead of district data, potential bias may
be introduced by geographic variations in incidence esti-
mates. Although this study presented a global view of sex
difference in MDD incidence, the conclusions may not
hold up to a specific district. Considering that updates
of GBD data will be available in the future, sex difference
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in global MDD incidence during a longer period of time
could be further explored. Results from emerging stud-
ies indicated that COVID-19 pandemic affected male and
female populations in different ways [33]. Females seem
to experience less severe short-term complications but
suffer worse long-term COVID complications, including
depression, reduced physical activity, and deteriorating
lifestyle habits.

Conclusions

In conclusion, this study revealed that although slight
improvement in sex difference in global MDD incidence
has been achieved, sex difference still persists in the past
decades, with females always having a higher incidence
than males. Sex difference increased rapidly with age for
young people and was greater in more developed coun-
tries. Despite that MDD is treatable with therapy and
medications, sex difference in MDD remains a major
global public health problem. Findings from this study
call attention on the female vulnerability to MDD, and
might provide important clues for making sex-specific
health policy to reduce sex difference in MDD. A coor-
dinated response by governments and the global health
community is urgently needed to address the present and
future gender gap in mental health.

Abbreviations

ASRs  Age-standardized incidence rates
GBD  Global Burden of Disease Study
MDD Major depressive disorder

RR Risk ratios

SDI Socioeconomic development index
WHO  World Health Organization

Acknowledgements
Not applicable.

Author contributions

SL and XZ had full access to all the data in the study and will take responsibil-
ity for the integrity of the data, the accuracy of the data analysis and study
concept and design. SL and XZ contributed to the acquisition, analysis and
interpretation of data. SL, XZ, YC, LZ and HP contributed to drafting of the
manuscript. LL contributed to the critical revision of the manuscript and
supervision of the study. All authors read and approved the final manuscript.

Funding
This work was supported by Hangzhou Philosophy and Social Sciences Project
(223JC047).

Availability of data and materials
The datasets analysed during the current study are available from the publicly
available website: http://ghdx.healthdata.org/gbd-results-tool.

Declarations

Ethics approval and consent to participate

Ethical approval was not required for the study involving humans in accord-
ance with the local legislation and institutional requirements. Written
informed consent to participate in this study was not required from the

Page 8 of 9

participants or the participants'legal guardians/next of kin in accordance with
the national legislation and the institutional requirements.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'School of Design and Fashion, Zhejiang University of Science and Technol-
ogy, Hangzhou, China. 2School of Marxism, Zhejiang University, Hangzhou,
China. 3Eye Center, The Second Affiliated Hospital, School of Medicine,
Zhejiang University, Hangzhou, China. “Department of Psychiatry, The Second
Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou, China.

Received: 19 September 2023 Accepted: 5 December 2023
Published online: 12 December 2023

References

1. Malhi GS, Mann JJ. Depression. Lancet. 2018;392(10161):2299-312.
https://doi.org/10.1016/50140-6736(18)31948-2.

2. GBD 2019 Mental Disorders Collaborators. Global, regional, and
national burden of 12 mental disorders in 204 countries and territories,
1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet Psychiatry. 2022;9(2):137-50. https://doi.org/10.1016/52215-
0366(21)00395-3.

3. GBD results tool. Institute for Health Metrics and Evaluation, Seattle. 2020.
http://ghdx.healthdata.org/gbd-results-tool. Accessed 10 Jun 2023.

4. Rihmer Z, Rihmer A. Depression and suicide - the role of underlying
bipolarity. Psychiatr Hung. 2019;34(4):359-68.

5. Berardellil, Serafini G, Cortese N, Fiasche F, O'Connor RC, Pompili M. The
involvement of hypothalamus-pituitary-adrenal (HPA) axis in suicide risk.
Brain Sci. 2020. https://doi.org/10.3390/brainsci10090653.

6. LiS XuY,ZhengL, Pang H, Zhang Q, Lou L, et al. Sex difference in global
burden of major depressive disorder: findings from the Global Burden of
Disease Study 2019. Front Psychiatry. 2022;13: 789305. https://doi.org/10.
3389/fpsyt.2022.789305.

7. Hyde JS, Mezulis AH. Gender differences in depression: biological,
affective, cognitive, and sociocultural factors. Harv Rev Psychiatry.
2020;28(1):4-13. https://doi.org/10.1097/hrp.0000000000000230.

8. Kuehner C. Why is depression more common among women than
among men? Lancet Psychiatry. 2017;4(2):146-58. https://doi.org/10.
1016/52215-0366(16)30263-2.

9. Kennedy SH, Ceniti AK. Unpacking major depressive disorder: from
classification to treatment selection. Can J Psychiatry. 2018;63(5):308-13.
https://doi.org/10.1177/0706743717748883.

10. Ferrari AJ, Somerville AJ, Baxter AJ, Norman R, Patten SB, Vos T, et al.
Global variation in the prevalence and incidence of major depressive
disorder: a systematic review of the epidemiological literature. Psychol
Med. 2013;43(3):471-81. https://doi.org/10.1017/50033291712001511.

11. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369
diseases and injuries in 204 countries and territories, 1990-2019: a
systematic analysis for the Global Burden of Disease Study 2019. Lancet.
2020;396(10258):1204-22. https://doi.org/10.1016/50140-6736(20)
30925-9.

12. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study
2017. Lancet. 2018;392(10159):1789-858. https://doi.org/10.1016/50140-
6736(18)32279-7.

13. GATHER compliant code for the GBD. 2020. https://github.com/ihmeuw/
ihme-modeling. Accessed 10 Jun 2023.

14. GBD 2017 Mortality Collaborators. Global, regional, and national
age-sex-specific mortality and life expectancy, 1950-2017: a system-
atic analysis for the Global Burden of Disease Study 2017. Lancet.
2018;392(10159):1684-735. 1016/50140-6736(18)31891-9.


http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.1016/s0140-6736(18)31948-2
https://doi.org/10.1016/s2215-0366(21)00395-3
https://doi.org/10.1016/s2215-0366(21)00395-3
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.3390/brainsci10090653
https://doi.org/10.3389/fpsyt.2022.789305
https://doi.org/10.3389/fpsyt.2022.789305
https://doi.org/10.1097/hrp.0000000000000230
https://doi.org/10.1016/s2215-0366(16)30263-2
https://doi.org/10.1016/s2215-0366(16)30263-2
https://doi.org/10.1177/0706743717748883
https://doi.org/10.1017/s0033291712001511
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.1016/s0140-6736(20)30925-9
https://doi.org/10.1016/s0140-6736(18)32279-7
https://doi.org/10.1016/s0140-6736(18)32279-7
https://github.com/ihmeuw/ihme-modeling
https://github.com/ihmeuw/ihme-modeling

Li et al. Annals of General Psychiatry

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

(2023) 22:53

GBD 2019 Demographics Collaborators. Global age-sex-specific fertility,
mortality, healthy life expectancy (HALE), and population estimates

in 204 countries and territories, 1950-2019: a comprehensive demo-
graphic analysis for the Global Burden of Disease Study 2019. Lancet.
2020;396(10258):1160-203. https://doi.org/10.1016/50140-6736(20)
30977-6.

Nachar N.The Mann-Whitney U: a test for assessing whether two inde-
pendent samples come from the same distribution. Tutor Quant Meth
Psychol. 2008. https://doi.org/10.20982/tqmp.04.1.p013.

Van de Velde S, Huijts T, Bracke P, Bambra C. Macro-level gender equal-
ity and depression in men and women in Europe. Sociol Health Ilin.
2013;35(5):682-98. https://doi.org/10.1111/}.1467-9566.2012.01521 x.
Seedat S, Scott KM, Angermeyer MC, Berglund P, Bromet EJ, Brugha TS,
et al. Cross-national associations between gender and mental disorders
in the World Health Organization World Mental Health Surveys. Arch Gen
Psychiatry. 2009;66(7):785-95. https://doi.org/10.1001/archgenpsychiatry.
2009.36.

Wauterickx N, Bracke P. Unipolar depression in the Belgian popula-

tion: trends and sex differences in an eight-wave sample. Soc Psychia-
try Psychiatr Epidemiol. 2005;40(9):691-9. https://doi.org/10.1007/
500127-005-0928-8.

Kessler RC, Demler O, Frank RG, Olfson M, Pincus HA, Walters EE, et al.
Prevalence and treatment of mental disorders, 1990 to 2003. N Engl J
Med. 2005;352(24):2515-23. https://doi.org/10.1056/NEJMsa043266.
Douglas J, Scott J. A systematic review of gender-specific rates of unipo-
lar and bipolar disorders in community studies of pre-pubertal children.
Bipolar Disord. 2014;16(1):5-15. https://doi.org/10.1111/bdi.12155.
Hankin BL, Young JF, Abela JR, Smolen A, Jenness JL, Gulley LD, et al.
Depression from childhood into late adolescence: Influence of gender,
development, genetic susceptibility, and peer stress. J Abnorm Psychol.
2015;124(4):803-16. https://doi.org/10.1037/abn0000089.

Graber JA. Pubertal timing and the development of psychopathology in
adolescence and beyond. Horm Behav. 2013;64(2):262-9. https://doi.org/
10.1016/j.yhbeh.2013.04.003.

Zahn-Waxler C, Shirtcliff EA, Marceau K. Disorders of childhood and
adolescence: gender and psychopathology. Annu Rev Clin Psychol.
2008;4:275-303. https://doi.org/10.1146/annurev.clinpsy.3.022806.
091358.

Hyde JS, Mezulis AH, Abramson LY. The ABCs of depression: integrating
affective, biological, and cognitive models to explain the emergence of
the gender difference in depression. Psychol Rev. 2008;115(2):291-313.
https://doi.org/10.1037/0033-295x.115.2.291.

Girgus JS, Yang K, Ferri CV. The gender difference in depression: are
elderly women at greater risk for depression than elderly men? Geriatrics
(Basel). 2017. https://doi.org/10.3390/geriatrics2040035.

Yu S. Uncovering the hidden impacts of inequality on mental health:

a global study. Transl Psychiatry. 2018;8(1):98. https://doi.org/10.1038/
$41398-018-0148-0.

Hopcroft RL, Bradley DB. The sex difference in depression across 29 coun-
tries. Soc Forces. 2007;85(4):1483-507. https://doi.org/10.1353/50f.2007.
0071.

Haggag AK, Geser W, Ostermann H, Schusterschitz C. Relation of

work family conflict and role quality on depressive symptoms in
mothers. J Public Health. 2012;20(6):661-71. https://doi.org/10.1007/
$10389-012-0497-8.

Boserup E, Kanji N, Tan SF, Toulmin C. Woman's role in economic develop-
ment. 1st ed. London: Routledge; 2013.

Boerema AM, Kleiboer A, Beekman AT, van Zoonen K, Dijkshoorn H,
Cuijpers P. Determinants of help-seeking behavior in depression: a cross-
sectional study. BMC Psychiatry. 2016;16(1):78. https://doi.org/10.1186/
$12888-016-0790-0.

Heredia Montesinos A, Rapp MA, Temur-Erman S, Heinz A, Hegerl U,
Schouler-Ocak M. The influence of stigma on depression, overall psycho-
logical distress, and somatization among female Turkish migrants. Eur
Psychiatry. 2012,27(52):522-6. https://doi.org/10.1016/50924-9338(12)
75704-8.

BucciarelliV, Nasi M, Bianco F, Seferovic J, Ivkovic V, Gallina S, et al. Depres-
sion pandemic and cardiovascular risk in the COVID-19 era and long
COVID syndrome: Gender makes a difference. Trends Cardiovasc Med.
2022;32(1):12-7. https://doi.org/10.1016/j.tcm.2021.09.009.

Page 9 of 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/s0140-6736(20)30977-6
https://doi.org/10.1016/s0140-6736(20)30977-6
https://doi.org/10.20982/tqmp.04.1.p013
https://doi.org/10.1111/j.1467-9566.2012.01521.x
https://doi.org/10.1001/archgenpsychiatry.2009.36
https://doi.org/10.1001/archgenpsychiatry.2009.36
https://doi.org/10.1007/s00127-005-0928-8
https://doi.org/10.1007/s00127-005-0928-8
https://doi.org/10.1056/NEJMsa043266
https://doi.org/10.1111/bdi.12155
https://doi.org/10.1037/abn0000089
https://doi.org/10.1016/j.yhbeh.2013.04.003
https://doi.org/10.1016/j.yhbeh.2013.04.003
https://doi.org/10.1146/annurev.clinpsy.3.022806.091358
https://doi.org/10.1146/annurev.clinpsy.3.022806.091358
https://doi.org/10.1037/0033-295x.115.2.291
https://doi.org/10.3390/geriatrics2040035
https://doi.org/10.1038/s41398-018-0148-0
https://doi.org/10.1038/s41398-018-0148-0
https://doi.org/10.1353/sof.2007.0071
https://doi.org/10.1353/sof.2007.0071
https://doi.org/10.1007/s10389-012-0497-8
https://doi.org/10.1007/s10389-012-0497-8
https://doi.org/10.1186/s12888-016-0790-0
https://doi.org/10.1186/s12888-016-0790-0
https://doi.org/10.1016/s0924-9338(12)75704-8
https://doi.org/10.1016/s0924-9338(12)75704-8
https://doi.org/10.1016/j.tcm.2021.09.009

	Sex difference in incidence of major depressive disorder: an analysis from the Global Burden of Disease Study 2019
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Sex-specific incidence of major depressive disorder
	Socioeconomic development index
	Statistical analysis

	Results
	Sex difference in incidence by year
	Sex difference in incidence by age
	Sex difference in incidence by socioeconomic development

	Discussion
	Conclusions
	Acknowledgements
	References


