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Abstract

Background Late-life depression (LLD) stands as a prevalent mental health issue among older adults, frequently
intertwined with cardiovascular and cerebrovascular diseases as well as cognitive decline. The occurrence of LLD in
the older adults, who often present with multiple aging-related conditions, frequently results in this disorder being
overlooked. However, the astronomical treatment costs and the considerable societal burden associated with LLD
necessitate urgent and sustained attention.

Materials and methods Utilizing data from the Global Burden of Diseases, Injuries, and Risk Factors Study 2021 (GBD
2021), we extracted incidence rates and disability-adjusted life years (DALYs) of LLD in individuals aged 60 and older.
The extracted data underwent rigorous evaluation through the application of age-period-cohort models, the health
inequality concentration index, and frontier analysis.

Results From 1990 to 2021, a global increase was observed in both the age-standardized incidence rate (ASIR)

and DALY rate of LLD. Specifically, the ASIR ascended by 0.01 per 100,000 annually, while the DALY rate rose by 0.03
per 100,000 each year. Notably, a statistically significant inverse relationship was identified between ASIR and the
Socio-demographic Index (SDI) (p < 0.001). Additionally, a notable linear correlation was discerned between age-
standardized death rate (ASDR) and SDI, albeit without a discernible downward trend (p <0.001). According to the
SDI, the Estimated average percentage change (EAPC) of five SDI districts showed no increase or decrease. Globally,
the incidence of LLD showed an upward trend in the high SDI, middle SDI, and low-middle SDI regions, a downward
trend in the high-middle SDI region, and no significant increase or decrease in the low SDI region. In the age-period-
cohort analysis, we found that the incidence of LLD increased with age in high and middle SDI regions compared
with low SDI regions, and the results were the opposite in low SDI regions, with significant regional characteristics.
The period effect analysis revealed that irrespective of gender, the trends in incidence and DALY rates remained
relatively unchanged globally from 1992 to 2021. As SDI levels rose, the SDI-adjusted disparities in incidence and DALY
rates tended to stabilize. A comparative analysis of data from 1990 to 2021 highlighted a relative decline in health
inequalities.
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Conclusion This comprehensive assessment of the disease burden of LLD among the global population aged 60 and
older underscores significant accomplishments while simultaneously emphasizing areas requiring ongoing vigilance.
In the context of relentless population growth and aging, the favorable downturns in incidence and DALY rates reflect

tangible advancements in managing LLD.

Keywords Global burden of disease, Late-life depression, Incidence, Age-period-cohort models

Introduction

Depressive Disorder (DD) is a prevalent mental illness
that is typified by a persistently poor mood, lack of enjoy-
ment, or disinterest in activities. Major depressive dis-
order (MDD) in individuals 60 years of age or more is
known as LLD [1]. According to the findings of earlier
research, the prevalence of LLD is 28.4%~31.8% world-
wide [2—4], and it might be higher among those who
also have other underlying conditions. About 5% of older
people in the community fulfill the DSM5 criteria [3],
whereas 10%~16% of older adults patients still exhibit
severe clinical symptoms of depression but do not yet
meet the diagnostic criteria [4]. LLD is frequently more
common in communities and nursing facilities. As a
prevalent mental illness among the older adults, LLD is
frequently linked to poor outcomes, including death, car-
diovascular and cerebrovascular diseases, and cognitive
impairment [5-7]. It also interferes with the older adults’
normal life, resulting in high medical costs and a signifi-
cant social burden [8, 9]. Existing evidence fully shows
that LLD not only seriously affects the quality of life of
the older adults, but also increases mortality and short-
ens disability-free life [10]. In addition, they increase the
risk of falls and are strongly associated with frailty [11].
According to one study, patients with LLD had outpa-
tient healthcare expenses that were 43.0%~52.0% higher
than those without LLD, and their combined outpatient
and inpatient healthcare costs were 47.0%~51.0% higher
[12]. It is important to remember that individuals with
LLD frequently experience other aging-related issues. It
is important to note that patients with LLD often have
other complications related to aging, which increases
the complexity of treating LLD with multiple diseases,
often with reduced efficacy and increased side effects of
antidepressants [13]. The number of older adults people
affected by depression will also increase significantly as
the population ages to varying degrees around the world.
In the United States, LLD is a heavy public health bur-
den for the older adults, and healthcare costs are signifi-
cantly higher among patients with LLD [14]. LLD is the
mental illness with the highest percentage of “disability-
adjusted life years” or DALYs, and LLD is associated with
increased all-cause mortality: older adults with depres-
sion have a 1.65-fold higher risk of death than those
without depression, and both severity and duration of
depression are associated with excess mortality [14, 15].
For China, which has the largest older adult population

in the world, LLD is a major public health problem
among the older adults in China. Compared with the
young and middle-aged people, depression is more com-
mon and serious [16], and it is one of the reasons for the
high suicide rate of the older adults in China. Although
the incidence of LLD is high and the disease burden is
heavy, it has not been paid attention to by the health sys-
tem departments of various countries and has not been
included in the strategic prevention policies of the gov-
ernment. Therefore, LLD is often ignored and not fully
treated by patients and medical institutions.

There are currently no reports on the illness burden
and epidemiological statistics of LLD worldwide, as
well as in other nations and areas. In this field, there is
a research gap. However, LLD has raised the burden of
sickness among the older adults and placed a certain
financial strain on national, regional, and international
healthcare systems. In light of this, we think that doing
this study is essential.

In order to improve health systems and eradicate dis-
parities, the GBD study is the biggest and most thor-
ough study to date to measure health losses across time
periods and locations. The Global Burden of Disease
for 2021 measures the burden of 87 hazards, 371 ill-
nesses, and injuries across 204 nations and territories
between 1990 and 2021. The prevalence of depression
in the older adults is currently the subject of only one
age-period-cohort analytic study worldwide [17], and a
thorough evaluation of the burden of LLD is either com-
pletely unknown or undocumented. From 1990 to 2021,
we looked at the prevalence and DALYs of LLD in people
aged 60 and over at the national, regional, and world-
wide levels based on the older population’s age, sex, and
social development level. We also evaluated variables that
might affect DALYs in LLD patients.

Materials and methods

Data sources

GBD 2021 is a huge multinational cooperation that cov-
ers the global burden of diseases, injuries, and risk factors
for 371 diseases in 21 GBD regions and 204 nations and
territories from 1990 to 2021. This study uses the LLD
data from GBD 2021 for its analysis. is the biggest and
most thorough scientific investigation to date that aims
to measure health trends and levels [18]. All information
is freely available on the GBD website (https://www.healt
hdata.org/research-analysis/gbd).


https://www.healthdata.org/research-analysis/gbd
https://www.healthdata.org/research-analysis/gbd

Fei et al. Annals of General Psychiatry (2025) 24:22

Definition of disease

Depression in people 60 years of age and older is known
as LLD. In addition to lowering the quality of life and
social function of older adult patients, it also increases
the load on caregivers. It is a frequent mental disorder
in the older adult population, and its prevalence may be
higher in patients with concurrent physical ailments [19,
20]. During the GBD 2021, we evaluated adults over 60
who had clinically diagnosed depression. According to
GBD 2021, depression is a level 4 cause. Since numerous
epidemiological data on LLD have not been addressed
separately, we did not differentiate between the presence
of severe depression and dysthymia in GBD 2021.

Socio-demographic index

The SDI is a comprehensive indicator of social and
demographic development. SDI information of each
country or region is obtained based on the comprehen-
sive evaluation of data such as the overall fertility rate of
women under the age of 25, the average education level
of women aged 15 and above, and the per capita income
[21]. According to the SDI values, countries or regions
were divided into five quantiles: high SDI, medium
(high-medium, medium, low-medium) SDI and low SDI.
The SDI ranges from O to 1 and represents the degree of
development related to health outcomes at each study
site, with higher numbers indicating higher levels of
development.

Disability-adjusted life-year

DALY refers to all the healthy years lost from disease
onset to death, including years of life lost due to prema-
ture death and years of life lost due to Disability [18].
DALY is an indicator to measure the burden of disease in
a specific population and the effect of interventions. It is
used to quantify the healthy life lost due to injury or dis-
ease. Analysis of DALY distribution in different regions,
different subjects (gender, age) and different diseases can
help to identify the major diseases with serious risk, key
populations, high-risk populations and high-risk areas,
and provide important basis for determining the preven-
tion and research priorities.

Estimated average percentage change
Estimated average percentage changes (EAPCs) is used
to evaluate the ASR trends of morbidity, mortality, and
DALY during a specific period [22]. The EAPC and its
95% confidence interval (CI) were calculated using log-
linear regression as follows:

y=o+[x+e¢, where x represents the year and f is the
regression coefficient. The EAPC was determined to
be 100 x [exp(P)-1], and the 95% CI of the EAPC was
derived from the standard error generated by the log-
linear regression [23]. We interpreted the direction of
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the trend according to the results of the 95% CI, and
the value of 95% CI greater than 0 was considered as an
upward trend, and the value of 95% CI less than 0 was
considered as a downward trend. If 95% CI is 0, it indi-
cates that the difference in trend change is not statisti-
cally significant [24]. This study aimed to estimate the
dynamic trends in the prevalence, incidence and DALYs
of LLD from 1990 to 2021.

Data analysis

This study considered measures like incidence, DALY,
age-standardized rate (ASR), EAPC, and percentage
change when analyzing the worldwide burden of dis-
ease attributed to LLD. From 1990 to 2021, we examined
country-time trends in LLD burden, expressed as average
annual percent change (AAPC), across 204 nations and
regions throughout the globe using joinpoint regression
models. The 95% uncertainty interval (UI) was defined
by the 2.5 and 97.5 percentiles. Using the nested Lapla-
cian approximation ensemble Bayesian age-period-
cohort (BAPC) model and the age-period-cohort (APC)
model inside the maximum likelihood framework, we
additionally forecasted the burden of LLD disease from
2022 to 2040. Calculation pole mapping and data clean-
ing were done using R software (version 4.2.2). The data
was shown using the R program “ggplot2” and the pho-
tos were compiled and arranged using Adobe Photoshop
2021.

Results

Trends in LLD burden of disease

According to reports, the ASIR of LLD is gradually rising
globally, rising by 0.01 per 100,000 people annually. How-
ever, five SDI regions—High SDI (0, 95%CI -0.08 to 0.08),
High-middle SDI (-0.19, 95%CI -0.24 to -0.14), and Mid-
dle SDI (0.26, 95%CI 0.2 to 0.33)—showed neither a rise
nor a drop in EAPC, based on SDI subregions. Low SDI
(-0.22, 95%CI -0.32 to -0.13) and Low-middle SDI (-0.15,
95%CI -0.26 to -0.04) (Table 1). On the other hand, East
Asia’s ASIR significantly increased (0.62, 95%CI 0.49 to
0.74). In 2021, Tokelau and Niue had the lowest incidence
of LLD (8.45, 95%UI 5.41 to 12.50), while China reported
the highest incidence (151.2, 95%UI 119.5 to 190.5)
(Supplementary Table S1). ASIR and SDI have a substan-
tial negative connection (p<0.001), as seen in Fig. 1A.
According to ASIR calculations, Brunei Darussalam
had the lowest ASIR (0.023, 95%CI 0.016 to 0.034) and
Uganda had the greatest ASIR (2.01, 95%CI 1.41 to 2.81)
at the national level in 2021 (Fig. 2A). Age-standardized
rates for DALYs increased significantly worldwide, ris-
ing from 9.243 million in 1990 to 9.805 million in 2021,
or 0.03/100,000 year (Supplementary Tables S1, S2).
High SDI countries had an EAPC of -0.01 (95%CI -0.08
to 0.07), moderate-to-high SDI countries had an EAPC
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Table 1 The prevalence of depressive disorder between 1990 and 2021 in the old at the global and regional level
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Location 1990 2021 EAPC_95%CI
Number_95%UI ASR Number_95%UI ASR
Global 6056(4744.4-7656.2) 924.3(626.9-1275.2) 6437.7(5018.3-8199.3) 980.5(667.2-1352.4) 0.01
(-0.05t00.07)
High SDI 4468.1(3576.1-5572.2) 687(470.1-943.2) 4562.8(3545.7-5877.8) 698.8(472.4-976.3) 0
(-0.08t00.08)
High-middle SDI 6444(5051.7-8168.2) 986.8(670.3-1357) 6373.2(4940-8080.3) 998(679.7-1371.9) -0.19
(-0.24t0-0.14)
Middle SDI 5389.9(4190-6866.8) 874.2(595.5-1202.4) 6221.2(4872.1-7898.5) 976.2(664.2-1347.2) 0.26
(0.2t00.33)
Low-middle SDI 8298.7(6378.1-10665.7) 1201.6(803.3-1668.1)  8693.6(6719.5-11208.1) 1254.6(837.2-17425)  -0.15
(-0.26t0-0.04)
Low SDI 10367.3(7843.8-13549.5)  1451.4(960.9-2034.3)  10372.8(7860.3-13612.9)  1458.9(948.8-2047.7)  -0.22
(-0.32t0-0.13)
Andean Latin America 5250.9(3934.8-7033.5) 5250.9(3934.8-7033.5) 5633.7(4092.4-7680.8) 5633.7(4092.4-7680.8) -0.03
(-0.13t00.07)
Australasia 4503.7(3453.7-5825.4) 688.9(456-978) 4289.1(2964-6043.7) 658.4(417.2-981.7) -0.04
(-0.22t00.13)
Caribbean 7630.6(5710.9-10153.1) 1108.6(720.7-1612.2)  7835(5750.9-10559.4) 1119.8(739.5-16235)  -0.07
(-0.14t00.01)
Central Asia 8597.7(6541.3-11199.4) 1233.8(824.3-1740.8)  8266.9(6115.2-10976.9) 1180.7(778.9-1691.6)  -0.31

Central Europe

Central Latin America
Central Sub-Saharan Africa
East Asia

Eastern Europe

Eastern Sub-Saharan Africa
High-income Asia Pacific
High-income North America
North Africa and Middle East
Oceania

South Asia

Southeast Asia

Southern Latin America
Southern Sub-Saharan Africa
Tropical Latin America
Western Europe

Western Sub-Saharan Africa

5953.1(4571.4-7683.5)

6321.8(4838.5-8195.7)

12321.1(8980.3-16541.3)

4480.3(3524.7-5711.1)

8381.4(6456.8-10823.9)

13472.3(10303.9-17471.2)

2964.8(2338.6-3735.8)

3666.7(2908.1-4642.3)

6405.1(4762.9-8545.8)

3948.3(2937.4-5299.2)

8833.7(6826.3-11282.8)

3425.1(2617.1-4453.7)

4328.8(3255.8-5696.4)

9284(7240.6-11893.7)

7462.6(5878.1-9493.7)

6159.6(4941.8-7611.7)

11079.6(8463.2-14308.4)

881(594.9-1242.9)

912.8(609.3-1276.4)

1692.7(1090-2461)

813.7(561.2-1117.6)

1189.3(786.8-1677.7)

1859.8(1229.1-2598)

449.7(303.8-623.2)

570.9(389.6-792.1)

955.2(622.1-1357.4)

689.4(457.6-982.3)

1258.6(843.6-1742.6)

625.5(425.3-873.5)

638.2(420.6-921.3)

1321.5(890.3-1834.9)

1053.7(709.1-1466.2)

924.5(631.3-1267.3)

1531.5(1017.8-2129.5)

5760(4342-7519.1)

6741.5(5150.8-8813.5)

12662.1(9001.9-17515.1)

5603.5(4408-7084.3)

7864(5994.8-10106.5)

13679.8(10405.6-17711.7)

3178.7(2478.4-4066.7)

4263.7(3340.5-5423.1)

6812.6(4964.2-9249.8)

3993.3(2819.5-5578.6)

9185.5(7165.6-11716.7)

3656.2(2777.1-4773.3)

4069.7(2970.9-5566.6)

9883.2(7666.7-12761.6)

7427.1(5766.1-9496.3)

6158.3(4700.7-8113.2)

11134.3(8396.3-14455.7)

857.2(577.2-1194.5)

969.7(634.1-1364.1)

1743.8(1114.2-2558)

960.9(664.9-1325.1)

1118.5(742.1-1588.2)

1892.5(1242-2662.4)

479.6(320.8-676.2)

632.8(427.2-882.1)

1000.5(651.2-1453.7)

691.1(448.1-999.5)

1308.8(872.6-1801.2)

656.7(441.5-917)

599.6(387.5-877)

1380.4(926.1-1925.4)

1054.5(694.7-1461)

930.1(621.6-1318.5)

1547.7(1026.1-2156.4)

(-0.38t0-0.25)
-0.44
(-0.56t0-0.32)
-0.11
(-0.24t00.01)
0.03

(0t00.07)
0.62
(0.49t00.74)
-0.61
(-0.73t0-0.49)
-0.11
(-0.18t0-0.05)
044
(0.32t00.56)
0.05
(-0.08t00.18)
0.11
(0.08t00.15)
-0.03
(-0.06t00)
-0.29
(-0.46t0-0.13)
0.1
(0.03t00.17)
-045
(-0.55t0-0.35)
-0.01
(-0.12t00.09)
-0.29
(-0.39t0-0.2)
0.07
(-0.01t00.16)
-0.04
(-0.13t00.04)
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Fig. 1 The association between socio-demographic indices and rates. (A) Association between SDI and age-standardized LLD incidence; (B) Association
between SDI and DALYs. SDI, Socio-demographic Index;DALYs, Disability-adjusted life years; LLD, Late-life depression

Fig. 2 Global burden of disease of LLD in 204 countries and territories. (A) Incidence from LLD; (B) DALYs of LLD. LLD, Late-life depression; DALYs,
Disability-adjusted life-years

of -0.11 (95%CI 0.11 to 0.25), middle SDI countries had
an EAPC of 0.18 (95%CI 0.11 to 0.25), low-medium SDI
countries had an EAPC of -0.1 (95%CI -0.2 to -0.01), and
low SDI countries had an EAPC of -0.17 (95%CI -0.25 to
-0.08) (Table S2, Supplementary). Spain (1.12, 95%CI 0.86
to 1.38) and the Republic of Korea (1.05, 95%CI 0.68 to
1.42) had the highest growth rates at the national level.
On the other hand, Singapore (-1.49, 95%CI -1.68 to -1.3)
and Denmark (-0.83, 95%CI -1 to -0.66) had the biggest
decreases in DALY rates for LLD (Fig. 2B).

Of note, Fig. 1B shows that there was a significant lin-
ear correlation between ASDR and SD], but there was no
significant trend toward a negative correlation (p <0.001).

In addition, the Joinpoint regression method combined
with APC and AAPC analysis was used to evaluate the
trend change of the incidence of LLD in the global and
five SDI regions from 1990 to 2021. Globally, the inci-
dence of LLD showed an overall upward trend (AAPC:
0.22), with an upward trend in high SDI (AAPC:0.1), mid-
dle SDI (AAPC: 0.45), and low-middle SDI (AAPC:0.18)
regions. However, the high-middle SDI area showed a
downward trend (AAPC: -0.03), and the trend in the

low SDI area showed no significant increase or decrease
(AAPC:0) (Fig. 3).

Age, period, and cohort effects on the global trend

The global incidence of LLD rose with age among people
over 60 between 1992 and 2021 (Fig. 4A, Supplemen-
tary Table S4), with a net drift of -0.02 (95% CI: -0.11 to
0.05) and a significant decline among women (net drift
of -0.03; 95% CI: -0.10 to 0.03). Nonetheless, LLD, one
of the DALY indicators, decreased gradually with age
in both sexes (Fig. 5A, Supplementary Table S3), with
women experiencing a larger fall (net drift of -0.01; 95%
CI -0.08 to 0.04).

Period effects show that the trends in incidence and
DALY rates from 1992 to 2021 are unclear worldwide,
irrespective of sex (Fig. 4). In comparison to 1992-1996,
the incidence rate and DALY rate peaked in 2002-2006,
decreased in 2007-2011, and then decreased in 2012—
2016 (Supplementary Tables S3 and S4).

Cohort rates and DALY rates generally decreased for
subsequent 10-year birth cohorts from 1892 to 1999
to 1952-1961 and increased following the 1917-1926
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'Global Observed point, AAPC= 0.22
Global 1990-1993 APC= 1.15*
Global 1993-2006 APC=0.08*
Global 2006-2010 APC=-0.92*
Global 2010-2019 APC= 0.26*
Global 2019-2021 APC= 1.90*

mmmmm High SDI Observed point, AAPC= 0.1

High SDI 1990-1994 APC=-1.22*
High SDI 1994-2000 APC= 0.15
High SDI 2000-2004 APC=-0.61*
High SDI 2004-2019 APC= 0.15*

High SDI 2019-2021 APC= 3.78*

I High-middle SDI Observed point, AAPC=-0.03
High-middle SDI 1990-1994 APC= 1.04*
High-middle SDI 1994-2001 APC=-0.28*
High-middle SDI 2001-2010 APC=-0.55*
High-middle SDI 2010-2021 APC=0.17*

I liddle SDI Observed point, AAPC= 0.45
Middle SDI 1990-1994 APC= 2.27*
Middle SDI 1994-2000 APC=-0.21
Middle SDI 2000-2005 APC= 0.73*
Middle SDI 2005-2009 APC=-0.63
Middle SDI 2009-2021 APC= 0.42*

I |_ow-middle SDI Observed point, AAPC=0.18
Low-middle SDI 1990-1994 APC= 1.27*
Low-middle SDI 1994-2000 APC=-0.23*
Low-middle SDI 2000-2005 APC= 0.93*
Low-middle SDI 2005-2010 APC=-2.15*
Low-middle SDI 2010-2019 APC= 0.26*
Low-middle SDI 2019-2021 APC=2.91*

I _ow SDI Observed point, AAPC= 0
Low SDI 1990-2005 APC= 0.31*

Low SDI 2005-2011 APC=-1.49*
Low SDI 2011-2018 APC=-0.09
Low SDI 2018-2021 APC= 1.65*

Fig. 3 The average annual percent change (AAPC) of incidence from LLD in Global and 5 SDI. SDI, Sociodemographic Index; AAPC, the average annual

percent change
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Fig. 4 Local drift, age effect, period effect, and cohort effect of LLD's incidence in Global and in each SDI region from 1990 to 2021. (A) Age effects; (B)
Period effects; (C) Birth effects; (D) Age Annual change effects. LLD, Late-life depression; SDI, Socio-demographic Index
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cohort (Fig. 4; Supplementary Tables S3 and S4). Com-  Age, period, and cohort effects by SDI quintiles
pared to the centralized birth cohort (1936-1961), the = While DALY rates for LLD declined with age generally
cohort born in 1936 had a greater risk of incidence and  in all SDI subregions (Fig. 5A), the incidence of LLD rose
DALY rate. From 1892 to 1936, women had a lower risk ~ with age in high, high-middle, and middle SDI regions
of both conditions than men in the cohort prior to the between 1992 and 2021, while low-middle and low
reference group (Fig. 4C). But in the latest group, the risk ~ SDI regions saw an overall downward trend (Fig. 4A).
was higher than for men (Fig. 4C). Remarkably, the extent of change was comparable for
The group aged 75-79 had the highest overall val- men and women and larger for women across SDI
ues of DALY rate and LLD incidence in terms of annual  regions (Figs. 4A and 5A; Supplementary Tables S4 and
rate change. Notably, women saw a larger yearly rate of  S5). Furthermore, the high-middle SDI region (Fig. 4A)
change in the DALY and LLD rates than men did beyond  showed the strongest trend in incidence with age, while
the age of 79 (Figs. 4D and 5D). the low-middle SDI zone (Fig. 5A) showed the strongest
reduction in DALY rate.
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While there was an overall increased trend in the
medium and low-medium SDI areas, the incidence rates
of LLD and DALY declined in the high, high-middle, and
low SDI areas between 1992 and 2021. Notably, in loca-
tions with high SDI, women had greater rates of LLD and
DALY than males (Figs. 4B and 5B), but in other regions,
the opposite was true. On the other hand, the least
amount of change was observed in the high-middle SDI
zone (Figs. 4B and 5B).

The change in incidence and DALY rates in the 1933—
1936 birth cohort that followed the reference group
declined significantly in the other SDI regions and
increased marginally in the middle SDI region (Figs. 4C
and 5C).

The incidence rate and DALY rate in middle and high-
middle SDI areas did not vary significantly in terms of
annual rate of change. Significantly lower incidence was
seen in regions with high SDI. The remaining regions
showed an increased trend (Figs. 4D and 5D).

The relationship between LLD and SDI

In 2021, the incidence and DALY rate showed an inverse
relationship between LLD and SDI. As the economy
improves, the total illness burden of LLD is declining.
In the 21 GBD regions that were part of the statistics,
the worldwide burden of LLD incidence was marginally
lower than anticipated. The load of LLD was compara-
tively steady when SDI values fell between 0.45 and 0.55.
In eastern, central, and western sub-Saharan Africa, the
burden of LLD was much higher than anticipated; in
the high-income Asia-Pacific region, it was substantially
lower than anticipated (Fig. 5A). In 2021, the ASIR of
LLD was inversely correlated with SDI overall across 204
countries and SDI regions. Of interest, the burden of LLD
was relatively stable in areas with low SDI (SDI<0.25)
(Fig. 5B).

Frontier analysis

Using data from 1990 to 2021 based on ASIR and
age-standardized DALY rate, a frontier analysis was
developed to provide additional understanding of the
incidence of LLD and possible improvements in the
DALY rate (Fig. 6). Boundary lines were used to iden-
tify the nations and areas with the lowest incidence and
DALY rates by SDI. The gap between the observed and
potential realized incidence and disability compensation
years in a nation is represented by the effective differ-
ence, which is the distance from the maximum ASIR and
maximum DALY rate in frontier countries (Supplemen-
tary Tables S5, S6).

For each nation and region, we computed border dif-
ferences using the 2021 incidence rate, DALY rate, and
SDI (Fig. 6, and Supplementary Tables S6 and S7). In gen-
eral, when SDI increased, the SDI effective differences
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for incidence and DALY rates tended to remain constant.
The ten major nations or territories with the greatest
effective differences from their borders were Greenland,
Uganda, Palestine, Lesotho, Tunisia, Angola, Gabon,
Equatorial Guinea, Greece, and Congo (effective differ-
ences range: 8476.86 ~ 6400.78).

Health inequities analysis

The results of this analysis suggest significant absolute
and relative income inequalities in the incidence of LLD
and DALYs burden (Fig. 7). A comparison of data from
1990 to 2021 shows a relative reduction in health inequal-
ities. The concentration index of incidence decreased
slightly in 2021 (Fig. 7A). The slope index analysis of
inequality suggested that the gap in incidence between
low and high SDI regions decreased from 6134 in 1990 to
5656 in 2021 (Fig. 7B). DALYs concentrations were calcu-
lated to change from —0,12(95%CI -0.14 to -0.1) in 1990
to —-0.14 (95%CI -0.15 to -0.12) in 2021 (Fig. 7C), and
the inequality slope index was —780 in 1990 and - 714 in
2021 (Fig. 7D). All these results suggest a reduction in the
burden of inequality in LLD.

Discussion

In order to offer a thorough and comprehensive assess-
ment of the worldwide burden of disease and trends in
the incidence of LLD and disability-adjusted life years
(DALYs) among persons aged 60 and older from 1990 to
2021, this study used data from the GBD 2021 project.
Several important conclusions were drawn.

With an EAPC in ASIR of 0.01%, we first discovered
that ASIR and ASDR of LLD in people 60 years of age and
older increased gradually in 204 nations and SDI regions
of the world between 1990 and 2021. ASDR’s EAPC was
0.03. The regions with low SDI saw the most decline in
SDI, whereas the regions with intermediate SDI had
the biggest gain. At the national level, the incidence of
LLD is in the same direction as previous findings. Due
to the large population base in China and the further
aggravation of aging, the prevalence of LLD has always
been high. Compared with 20 years ago, the prevalence
of depression in the older adults population in China
has also increased [25, 26]. As Tokelau and Niue have a
population of less than 2000, less developed economies,
external support dependence, limited infrastructure and
employment opportunities, and no epidemiological data
on depression, let alone LLD, have been reported for the
whole country. As GBD 2021 data are derived from mul-
tiple data sources, we speculate that this may be related
to Tokelau and Niue’s low economic development, inad-
equate health system construction, and lack of adequate
data collection capacity, leading to missing or incomplete
data. The aging rate of the population in the Republic of
Korea leads the world, and the proportion of the older
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adults population continues to rise, increasing the num-
ber of potential patients LLD. The incidence of depres-
sion in the older adults in Korea is 26%~42.9%, which is
significantly higher than that in other age groups [27].
Spain is one of the most aging countries in Europe [28],
and the above data all suggest that the DALY of LLD in
these countries is high. It is estimated that the prevalence
of depression related syndrome in the older adults popu-
lation of Singapore is about 9.6% and 4.9% respectively
[29]. However, there is no literature report on the EAPC

of LLD in Singapore and Denmark. It is undeniable that
both countries have relatively developed economies and
obvious aging populations [28]. The analysis results of
this study can provide certain data support.

Subsequent investigation revealed a substantial nega-
tive connection (p<0.001) between ASIR and SDI
While there was no discernible negative connection
trend (p<0.001), there was a substantial linear correla-
tion between ASDR and SDI. This illustrates how socio-
economic development affects the prevalence of LLD
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worldwide. The aforementioned findings align with those
of earlier research [30, 31]. Disparities in local economic
growth, social status, education, chronic illness, social
support, gender, and other risk variables may be linked
to the trend of LLD occurrence in various nations or
regions [32]. Notably, social deprivation and a high bur-
den of infectious diseases are more strongly associated
with the frequency of LLD in sub-Saharan Africa [33, 34].

Second, we employed age-period-cohort analysis
to offer some evidence in favor of the factors that have
influenced the DALY rate and incidence of LLD over the
previous thirty years. According to this study, the DALY
rate dropped as people aged, while the incidence of LLD
grew gradually. Those between the ages of 75 and 79 had
the greatest overall LLD incidence and DALY rate val-
ues. Among these, women are more likely to have LLD,
which is in line with findings from earlier research [35].
In the high and middle SDI areas, the incidence of LLD
rose with age in contrast to the low SDI area; nonethe-
less, the low SDI area revealed significant regional fea-
tures. DALY rates shown a declining trend across all SDI
regions. This could suggest that while LLD treatment in
comparatively undeveloped nations is falling behind,

LLD treatment and intervention in comparatively devel-
oped nations are more ideal. Furthermore, the data on
the prevalence of LLD disease in various SDI regions still
require improvement because the majority of the cur-
rent research focuses on non-Caucasian populations and
European regions [36, 37].

Regarding cyclical impacts, the DALY rate has stayed
constant generally, although the incidence of LLD has
fluctuated between drop and growth globally since 1992,
indicating a little overall decline (Figs. 4B and 5B). Over
the past 20 years, diagnosing LLD has been more chal-
lenging globally, and antidepressant medication effec-
tiveness in older people may be low because of a range of
physical illness burdens [38]. Due to the more widespread
application of appropriate medical resource allocation
and the development of relevant preventative initia-
tives, it is noteworthy that the incidence rate and DALY
rate in high SDI and high-middle SDI regions exhibit a
significant drop [39]. The cycle decline effect is less evi-
dent in places with low SDI, primarily because of a lack of
resources and the stigma associated with mental health
counseling in less developed economies. This results in a
significant treatment gap for LLD, which in turn causes
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a gap in disease prevention, control, and management of
LLD [40].

Regarding cohort effects, the current study’s findings
demonstrated that, in the birth cohort from 1892 to 1926,
the incidence of LLD and the DALY rate continued to
decrease globally throughout the course of succeeding
generations. The aforementioned downward tendency
might be a result of social changes that have reduced
the cohort’s exposure rate to LLD cognitive impairment,
brain network malfunction, and vascular disease risk [41,
42]. According to current research, older adults are going
through a phase of social role transition because they are
unable to handle interpersonal and social issues effec-
tively, and a number of other variables exacerbate their
psychological stress [43]. Interpersonal factors signifi-
cantly contribute to the onset and maintenance of LLD
symptoms, according to a study on interpersonal psy-
chological relationships [25]. However, the slower rate of
cohort decline seen in low SDI areas as opposed to high
SDI areas once more emphasizes how socioeconomic
disparities in disease risk management in LLD are cur-
rently being handled globally.

Our frontier analysis based on recent trends found that
both the incidence of LLD and the SDI effective differ-
ences in the DALY rate leveled off as SDI increased. At
all levels of the development spectrum, there are mul-
tiple countries with rates of LLD and DALY that are far
from the frontier (with relatively large effective differ-
ences from the frontier), suggesting that opportunities
to close gaps have not yet been realized. While there are
frontier countries for all SDI levels, it is notable that low
SDI countries are leading the way with limited resources;
It may serve as a model for improving LLD outcomes in
various low-resource Settings. Conversely, the obser-
vation that some countries with high SDI, such as the
United Kingdom and Ireland, lag in performance sug-
gests that the prosperity and health advances resulting
from social development may be disrupted by other con-
founding factors. Future efforts are needed to identify the
drivers of LLD burden prevention and control in high-
performing countries and the forces hindering progress
in lagging countries.

India and China, the two most populous nations in the
world, differ greatly in terms of health condition and the
distribution of health resources. In the Indian popula-
tion sample, the median prevalence of late-life depression
was 18.2%. Compared to the global median prevalence
of 5.4%, this is much higher [44—46]. With more than
54.8 million cases, China is currently the second-largest
contributor to the worldwide depression burden [47].
LLD, however, is closely linked to much higher health-
care utilization [48] and financial expenses [49]. These
results underscored the need to strengthen the architec-
ture of the health care service system for the aged, raise
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government funding for health care, and improve acces-
sibility to health care in order to further reduce the socio-
economic gap.

Advantages of the study

Our study includes a number of noteworthy advantages.
First, we use a wealth of high-quality data from the 204
nations and territories that were part of the GBD study
on the incidence of LLD and DALY rates over a 32-year
period. Second, in order to uncover the long-term pat-
terns of the disease and the shifts in the influencing fac-
tors, we employed a thorough statistical technique to
investigate the age-period-cohort variations in the inci-
dence of LLD and DALY rate. Third, we calculated the
worldwide illness burden of LLD, offering numerical
information by nation or area and SDI level, which is cru-
cial for directing LLD prevention.

Limitations

Despite the strengths of this study, it also has certain
limitations. First, it is a macro assessment of the epide-
miological trends of LLD globally and in 204 countries/
regions over a quarter century. As a result, it may not
capture the trend at the micro level, especially in rela-
tively large countries or regions, such as the United States
and China, which show certain sub-national differences
[50]. Second, we did not report the gender burden of LLD
in this study. In addition, some other potential drivers
may still exist but are beyond the scope of this study. Of
note, as GBD estimates are updated annually, we expect
that data collection systems and GBD methods will still
continue to evolve to address some limitations (e.g., pro-
viding subnational estimates).

Conclusion

In summary, the incidence of LLD and disability-adjusted
life years have increased globally. The extent of health
inequalities has gradually declined over time. Areas with
high SDI had the lowest LLD burden, while areas with
low and low-middle SDI had the highest LLD burden.
Due to the imbalance of socio-economic development,
active interventions and strategic measures are urgently
needed to further reduce the burden of LLD in middle
and low SDI areas.

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512991-025-00560-2.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3

Supplementary Material 4

Supplementary Material 5



https://doi.org/10.1186/s12991-025-00560-2
https://doi.org/10.1186/s12991-025-00560-2

Fei et al. Annals of General Psychiatry

(2025) 24:22

[ Supplementary Material 6

Acknowledgements
Thanks to all who contributed to the GBD 2021 study.

Author contributions

Yuchang Fei: conceptualization, data curation, supervision, visualization,
writing-review & editing, verified the underlying data; Huan Yu: data curation,
formal analysis, visualization, writing—original draft, writing—review & editing,
verified the underlying data; Jiewen Liu: formal analysis, writing-review &
editing; Shanshan Gong: writing- review & editing. All authors read and
approved the final version of the manuscript, and ensure it is the case.

Funding
This research was supported by the Chinese Medicine Research Program of
Zhejiang Province (N0.2023ZR054 and No.2023ZL464).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Author details

'Department of Integrated Chinese and Western Medicine, The First
People’s Hospital of Jiashan, Jiashan Hospital Affiliated of Jiaxing
University, Jiaxing, Zhejiang, China

The Department of Traditional Chinese Medicine, The First Affiliated
Hospital of Ningbo University, Ningbo, Zhejiang, China
3Department of Gastroenterology, The Third Affiliated Hospital of
Zhejiang Chinese Medical University, Hangzhou, Zhejiang, China

Received: 4 November 2024 / Accepted: 23 March 2025
Published online: 05 April 2025

References

1.

2.

Taylor WD. Clinical practice. Depression in the elderly. N Engl J Med.
2014,371(13):1228-36.

Hu T, Zhao X, Wu M, et al. Prevalence of depression in older adults: A system-
atic review and meta-analysis. Psychiatry Res. 2022,311:114511.

Zenebe'Y, Akele B, W/Selassie M, Necho M. Prevalence and determinants of
depression among old age: a systematic review and meta-analysis. Ann Gen
Psychiatry. 2021,20(1):55.

Zhao Y, Wu X, Tang M, Shi L, Gong S, Mei X, Zhao Z, He J, Huang L, Cui

W. Late-life depression: epidemiology, phenotype, pathogenesis and
treatment before and during the COVID-19 pandemic. Front Psychiatry.
2023;14:1017203.

Chodavadia P, Teo |, Poremski D, et al. Prevalence and economic burden of
depression and anxiety symptoms among Singaporean adults: results from a
2022 web panel. BMC Psychiatry. 2023;23(1):104.

Holtfreter K, Reisig MD, Turanovic JJ. Depression and infrequent participation
in social activities among older adults: the moderating role of high-quality
Familial ties. Aging Ment Health. 2017;21(4):379-88.

Wang Q, Huang X, Liu M et al. Prevalence and risk factors of depression
among elderly people in nursing homes from 2012 to 2022: a systematic
review and meta-analysis. Aging & Mental Health 2024(Ahead of Print).

Jain S, Gupta S, Li VW, et al. Humanistic and economic burden associated
with depression in the united States: A cross-sectional survey analysis. BMC
Psychiatry. 2022;22(1):542.

Wicke FS, Ernst M, Otten D, et al. The association of depression and all-cause
mortality: explanatory factors and the influence of gender. J Affect Disord.
2022,303:315-22.

Kopf D, Hewer W. Pravention der altersdepression: individuelle und gesell-
schaftliche relevanz [Prevention of depression in old age: individual and
societal relevance). Z Gerontol Geriatr. 2024;57(3):175-8. German.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

Page 12 of 13

Lohman MC, Mezuk B, Fairchild AJ, Resciniti NV, Merchant AT. The role of
frailty in the association between depression and fall risk among older adults.
Aging Ment Health. 2022;26(9):1805-12.

Katon WJ, Lin E, Russo J, et al. Increased medical costs of a population-
based sample of depressed elderly patients. Arch Gen Psychiatry.
2003,60(9):897-903.

Kok RM, Reynolds CF 3rd. Management of depression in older adults: A
review. JAMA. 2017,317(20):2114-22.

Zivin K, Wharton T, Rostant O. The economic, public health, and caregiver
burden of late-life depression. Psychiatr Clin North Am. 2013;36(4):631-49.
Vlyas CM, Okereke Ol. Late-Life depression: A narrative review on risk factors
and prevention. Harv Rev Psychiatry. 2020;28(2):72-99.

Van Orden KA, Chen S, O'Riley A, Conwell Y. Course of late-life depression in
China is chronic and unremitting. Int J Geriatr Psychiatry. 2015;30(4):409-15.
Rong J, Cheng P, Lia D, Wang X, Zhao D. Global, regional, and National Tempo-
ral trends in prevalence for depressive disorders in older adults, 1990-2019:
an age-period-cohort analysis based on the global burden of disease study
2019. Aging Res Reviews. 2024;100:102443.

Ferrari AJ, et al. Global incidence, prevalence, years lived with disability
(YLDs), disability-adjusted life-years (DALYs), and healthy life expectancy
(HALE) for 371 diseases and injuries in 204 countries and territories and 811
subnational locations, 1990-2021: a systematic analysis for the global burden
of disease study 2021. Lancet. 2023;403(10440):2133-61.

Del Casale A, Mancino S, Arena JF, et al. Neural functioning in Late-Life
depression: an activation likelihood Estimation Meta-Analysis. Geriatrics.
2024:9(4):87.

Patrick RE, Dickinson RA, Gentry MT, et al. Treatment resistant late-life
depression: A narrative review of psychosocial risk factors, non-pharmaco-
logical interventions, and the role of clinical phenotyping. J Affect Disord.
2024;356:145-54.

Cao X, Tian Y, Zhao Z, et al. Disparities in high fasting plasma glucose-related
cardiovascular disease burden in China. Nat Commun. 2024;15(1):8817.
Yang X, Zhang T, Zhang X, Chu C, Sang S. Global burden of lung cancer
attributable to ambient fine particulate matter pollution in 204 countries and
territories, 1990-2019. Environ Res. 2022;204(Pt A):112023.

Zhang L, Tong Z, Han R et al. Spatiotemporal trends in global burden of
rheumatic heart disease and associated risk factors from 1990 to 2019. Int J
Cardiol.2023: 384: 100-6.

Cen J,Wang Q, Cheng L, et al. Global, regional, and National burden and
trends of migraine among women of childbearing age from 1990 to 2021:
insights from the global burden of disease study 2021. J Headache Pain.
2024;25(1):96.

Xu H, Koszycki D. Interpersonal psychotherapy for Late-life depression and its
potential application in China. Neuropsychiatr Dis Treat. 2020;16:1919-28.
Yu J, LiJ, Cuijpers P Wu S, Wu Z. Prevalence and correlates of depressive
symptoms in Chinese older adults: a population-based study. Int J Geriatr
Psychiatry. 2012;27(3):305-12.

Kim HJ, Kim CJ, Ahn JA, Juon HS. Prevalence and correlates of depression
among South Korean older adults living in relative poverty. Arch Psychiatr
Nurs. 2022;38:1-5.

Christine, Wirtz et al. Key figures on Living conditions in Europe—2024 edition.
Eurostat. https://ec.europa.eu/eurostat

Ng TP, Gao Q, Gwee X, Chua DQL. Tea consumption and depression from
follow up in the Singapore longitudinal ageing study. J Nutr Health Aging.
2021;25(3):295-301.D.

Xie S, Zhang L, Zhu R et al. The associations between social support from
adult children (SSAC) and the risk of Later-Life depression (LLD) among rural
older individuals: A longitudinal study based on 2011 to 2018 China health
and retirement longitudinal study data. J Appl Gerontol 2024.
Howarth-Maddison M, Gamassa E, Safic S, et al. Development of a brief
screening method for identification of depression in older adults in Sub-
Saharan Africa. Aging Ment Health. 2022;26(1):40-7.

Kasa AS, Lee SC, Chang HR. Prevalence and factors associated with depres-
sion among older adults in the case of a low-income country, Ethiopia: a
systematic review and meta-analysis. BMC Psychiatry. 2022,22(1):675.
Cappuccio FP, Miller MA. Cardiovascular disease and hypertension in
sub-Saharan Africa: burden, risk and interventions. Intern Emerg Med.
2016;11(3):299-305.

Ojagbemi A, Bello T, Luo Z, Gureje O. Living conditions, low socioeconomic
position, and mortality in the Ibadan study of aging. Journals Gerontol Ser B:
Psychol Sci Social Sci. 2017,72(4):646-55.


https://ec.europa.eu/eurostat

Fei et al. Annals of General Psychiatry

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2025) 24:22

Sonnenberg CM, Beekman AT, Deeg DJ, van Tilburg W. Sex differences in late-
life depression. Acta Psychiatrica Scandinavica. 2000;101(4):286-92.
Horackova K, Kopecek M, Machu V, et al. Prevalence of late-life depression
and gap in mental health service use across European regions. Eur Psychiatry.
2019,57:19-25.

Vyas CM, Reynolds CF 3rd, Donneyong M, et al. Geographic region, Racial/
ethnic disparities, and late-life depression: results from a large US cohort of
older adults. American Journal of Geriatric Psychiatry; 2021.

Du R, Yang K, Li W, et al. Research status and global trends of late-life
depression from 2004 to 2023: bibliometric analysis. Front Aging Neurosci.
2024;16:1393110.

BARTOVA L, FUGGER G, DOLD M, et al. The clinical perspective on late-onset
depression in European real-world treatment settings. Eur Neuropsychophar-
macol. 2024;84:59-68. [Epub ahead of print: 2024 Apr 27]. PMID: 38678879.
Ojagbemi A, Gureje O. Mental health in low and middle income (LAMI) coun-
tries [M]//BUGHRA D, MOUSSAQUI D, CRAIG T J. Oxford textbook of social
psychiatry. Oxford, UK: Oxford University Press; 2021.

Van Agtmaal MJM, Houben A J H M, Pouwer F, et al. Association of microvas-
cular dysfunction with late-life depression: a systematic review and meta-
analysis. JAMA Psychiatry. 2017;74(7):729-39.

Van Sloten TT, Sigurdsson S, Van Buchem MA, et al. Cerebral small vessel
disease and association with higher incidence of depressive symptoms in

a general elderly population: the AGES-Reykjavik study. Am J Psychiatry.
2015;172(6):570-8. [Epub ahead of print: 2015 Mar 3].

Weissman MM, Markowitz JC, Klerman GL. The guide to interpersonal psy-
chotherapy: updated and expanded edition. Oxford University Press; 2017.
Obuobi-Donkor G, Nkire N, Agyapong VIO. Prevalence of major depressive
disorder and correlates of thoughts of death, suicidal behaviour, and death

45.

46.

47.

48.

49.

50.

Page 13 of 13

by suicide in the geriatric population-a general review of literature. Behav Sci
(Basel). 2021;11(11):142.

Dias A, Azariah F, Sequeira M. Adaptation of problem-solving therapy for
primary care to prevent late-life depression in Goa, India: the ‘DIL interven-
tion. Global Health Action. 2019;12(1):1420300.

Grover S, Malhotra N. Depression in elderly: a review of Indian research. J
Geriatric Mental Health. 2015,2:4-15.

Zheng X, YinY, Yang L, et al. Socioeconomic status and depression in later
life: longitudinal mediation effects of activities of daily living. BMC Psychiatry.
2024;24(1):625.

Beekman A, Geerlings SW, Deeg DJ et al. The natural history of late-life
depression: A 6-year prospective study in the community. Archives of Gen-
eral Psychiatry. 2002, 59(6): 605-611. DOI: [insert DOI here]. PubMed: [insert
PubMed ID here].

Andrews G, Issakidis C, Sanderson K, et al. Utilising survey data to inform pub-
lic policy: comparison of the cost-effectiveness of treatment of ten mental
disorders. Br J Psychiatry. 2004;184(6):526-33.

XieY, Bowe B, Mokdad AH, Xian H, Yan Y, Li T, Maddukuri G, et al. Analysis

of the global burden of disease study highlights the global, regional, and
National trends of chronic kidney disease epidemiology from 1990 to 2016.
Kidney Int. 2018;94(3):567-81. https://doi.org/10.1016/j.kint.2018.04.011.
Epub ahead of print: 2018 Aug 3. PMID: 30078514,

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.kint.2018.04.011

	﻿Global, regional, and national burden of geriatric depressive disorders in people aged 60 years and older: an analysis of the Global Burden of Disease Study 2021
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Data sources
	﻿Definition of disease
	﻿Socio-demographic index
	﻿Disability-adjusted life-year
	﻿Estimated average percentage change
	﻿Data analysis

	﻿Results
	﻿Trends in LLD burden of disease
	﻿Age, period, and cohort effects on the global trend
	﻿Age, period, and cohort effects by SDI quintiles
	﻿The relationship between LLD and SDI
	﻿Frontier analysis
	﻿Health inequities analysis

	﻿Discussion
	﻿Advantages of the study
	﻿Limitations

	﻿Conclusion
	﻿References


