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Abstract

Background This study aimed to assess the burden of dementia attributable to depression among individuals with
diabetes, and to examine inequalities across countries and sexes.

Methods The population attributable fractions (PAFs) and generalized impact fractions (GIFs) for dementia
attributable to depression among individuals with diabetes from 1990 to 2016 were calculated by combining the
corresponding prevalence of depression and diabetes comorbidity with the relative risks obtained from a systematic
review and meta-analysis of cohort studies. Assuming a 5-year lag between depression and dementia onset, these
estimates were applied to dementia disability-adjusted life years (DALYs) from 1995 to 2021. Cross-country inequalities
were assessed using the slope index of inequality (SIl) and the concentration index, and sex differences were related
to the Gender Inequality Index (Gl).

Results The global PAFs for dementia attributable to depression among individuals with diabetes increased from
1.58% (95% confidence interval [CI] 1.10%, 2.17%) in 1990 to 2.63% (95%Cl 1.81%, 3.61%) in 2016. Correspondingly,
age-standardized DALYs rates (ASDRs) rose from 22.88 (95%Cl 8.75, 50.05) DALYs per 100,000 population in 1995

t0 38.08 (95%Cl 14.70, 82.51) DALYs per 100,000 population in 2021. This upward trend was consistent across both
sexes, with females higher than males. Regionally, the Eastern Mediterranean region reported the highest attributable
burden (54.95 DALYs per 100,000 population, 95%C| 20.87, 120.12) in 2021, while the South-East Asia region had

the lowest (26.14 DALYs per 100,000 population, 95%Cl 9.57, 58.65). Within the socio-demographic index (SDI)
regions, those with higher SDI generally had a higher burden. In 2021, the Sl was 8.49 (95%Cl 0.96, 16.02) and the
concentration index was 0.1000 (95%Cl| 0.0657, 0.1342) globally. In countries with higher GlI, the attributable burden
among females was relatively greater compared to males.

Conclusion Our research highlights the need for both physical and mental interventions among individuals affected
by depression and diabetes, to reduce dementia risk and its associated burden.
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Introduction

Dementia is a progressive and debilitating neurological
disorder, characterized by a decline in cognitive func-
tion and loss of independence in daily life [1]. Driven
by rapid population aging and demographic transitions,
dementia has emerged as one of the most pressing global
health challenges of the 21st century, bringing an exten-
sive burden on individuals, caregivers, and the society
at large [2-5]. In 2019, an estimated 57.4 million people
were living with dementia globally, a figure projected to
nearly triple to 152.8 million by 2050 [4]. Also, demen-
tia is a leading cause of death, disability, and dependency
among older adults, with global economic costs exceed-
ing one trillion US dollars in 2019 [6]. Despite its growing
impact and decades of research, no disease-modifying
treatments are currently available, which underscores the
urgent need for preventive strategies that address modifi-
able risk factors.

The 2024 report of the Lancet Commission on Demen-
tia Prevention, Intervention, and Care has highlighted
14 modifiable risk factors that collectively account for
approximately 45% of dementia cases worldwide [7].
These factors include depression, diabetes, smoking,
hypertension, obesity and other conditions that can
be mitigated through public health interventions [7].
Among these, depression has emerged as a particularly
significant risk factor, with robust evidence linking it to
an increased risk of cognitive decline and dementia [8,
9]. Potential underlying mechanisms include chronic
systemic inflammation, neuroendocrine dysregulation,
structural changes in the hippocampus, and vascular
dysfunction [10, 11]. Similarly, diabetes, another well-
established risk factor for dementia, shares overlapping
pathological pathways with depression [12, 13]. Notably,
depression is nearly twice as prevalent among individu-
als with diabetes compared to the general population [14,
15], and this comorbidity has been shown to significantly
increase the risk of dementia [16].

While prior studies have explored the independent
roles of diabetes and depression to dementia with geo-
graphical limits, critical gaps exist in understanding
how the coexistence of depression and diabetes contrib-
utes to dementia burden at global, regional, and national
levels [7, 17]. This gap is particularly concerning given
the parallel global increases in the prevalence of diabe-
tes and depression, both of which are expected to drive
future increases in dementia burden [18, 19]. Further-
more, the burden of depression, diabetes, and dementia
is unevenly distributed across different demographic and
geographic strata. For example, while the prevalence of
diabetes is relatively comparable between sexes, women

are disproportionately affected by both depression and
dementia, suggesting potential sex-specific vulnerabili-
ties [20, 21]. Socioeconomic and cultural factors, includ-
ing access to healthcare, also influence these disparities.
Gender inequality, as measured by indices such as the
gender inequality index (GII), may further shape sex-
specific differences in the burden of dementia attribut-
able to depression among individuals with diabetes [22].
However, the extent to which these factors contribute to
observed disparities in dementia burden remains poorly
understood. Investigating these disparities is essential to
inform evidence-based prevention strategies for demen-
tia and to prioritize interventions that target high-risk
populations in the context of aging populations and ris-
ing multimorbidity.

To fill these research gaps, this study utilized a com-
parative risk assessment (CRA) framework to quantify
the global, regional, and national burden of dementia
attributable to depression among individuals with diabe-
tes from 1995 to 2021. Additionally, we sought to explore
cross-country inequalities in the attributable burden and
examined the association between relative sex differences
in the attributable burden and national gender inequality
levels.

Methods
Study overview
The overall CRA framework employed in this study is
illustrated in Fig. 1. The analysis consisted of three stages.
First, a systematic review and meta-analysis was con-
ducted to estimate the pooled relative risk ratio (RRs) for
the association between depression and subsequent risk
of dementia among individuals with diabetes. Second,
population attributable fractions (PAFs) were calculated
to determine the proportion of dementia cases attribut-
able to the co-occurrence of depression and diabetes,
assuming a 5-year time lag, for the period 1990-2016.
Third, PAFs were applied to the calculation of disability-
adjusted life-years (DALYs) for dementia, which repre-
sents the attributable burden of dementia from 1995 to
2021. Additionally, we evaluated absolute and relative
cross-country inequalities in the attributable burden of
dementia, and the association between gender inequali-
ties and relative sex difference in the attributable burden.
To estimate the potential reductions in dementia burden
under hypothetical scenarios, the generalized impact
fractions (GIFs) were calculated, assuming a 30% reduc-
tion in diabetes prevalence as well as depression preva-
lence ratio among individuals with diabetes.

This study was conducted and reported according to
the Preferred Reporting Items for Systematic Reviews
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Fig. 1 Study framework. RR, risk ratio; Cl, confidence interval; PAF, population attributable fraction; DALYs, disability-adjusted life years; WHO, World Health

Organization; SDI, socio-demographic index; Gll, gender inequality index

and Meta-Analyses (PRISMA) guidelines and the Guide-
lines for Accurate and Transparent Health Estimates
Reporting (GATHER) statement [23, 24]. The systematic
review protocol was prospectively registered on PROS-
PERO (ID: CRD42024606925).

Systematic review

Search strategy and selection criteria

A comprehensive literature search was performed in
PubMed, Embase, MEDLINE, PsycINFO, and CINAHL
to identify eligible studies. The search strategy combined
medical subject headings (MeSH) and free-text terms
related to dementia, depression, and diabetes. The search
was restricted to articles published from database incep-
tion to 12th July 2024, without language or geographic
restrictions. The full search strategies for all electronic
databases are provided in Table S1. Two researchers
(CZ and CX) independently assessed the eligibility of
all records in two review stages: the title and abstract
screening stage and the full-text screening stage. Stud-
ies were included if they were observational in design
(cross-sectional, cohort, or case-control), reported risk
estimates (RR, odds ratio [OR], or hazard ratio [HR])
with 95% confidence intervals (Cls) for dementia associ-
ated with depression in individuals with diabetes. Studies
conducted in specialized populations, such as inpatients
or individuals with specific comorbidities, were excluded.
Abstracts, case reports, reviews, viewpoints, and letters
were also excluded. In cases of multiple publications from
the same investigation, the one with the largest sample
size or most comprehensive analysis was kept. Reference

lists of the included articles were further scrutinized to
complement the database searches.

Data extraction and quality assessment

Data were independently extracted from the included
articles by the same two researchers (CZ and CX) using
a pre-defined template. Extracted variables included:
(1) bibliographic information: title, author(s), publica-
tion year, study period, study location, and study setting
(urban, rural, or mixed); (2) characteristics of partici-
pants: sample size, inclusion and exclusion criteria, eth-
nicity, sex, and age; (3) risk estimates: definition and
diagnostic methods of depression, diabetes, and demen-
tia, RR/OR/HR, and 95%CI. If the estimate within an
article was stratified by age, sex, etc., the corresponding
stratified risk estimates were further extracted.

Since all included studies employed a cohort design,
the quality assessment followed the Newcastle-Ottawa
Scale (NOS) [25]. The NOS quality assessment scale
is composed of three modules (selection, comparabil-
ity, outcome) and evaluates the quality of cohort studies
based on eight items. According to the semi-quantitative
star system, each item in the comparability module could
receive a maximum of two stars, while the remaining
items could receive a maximum of one star. The maxi-
mum score was nine, with one star corresponding to one
point. Articles were scored on a range of zero to nine
points, and those with a score of seven or above were
considered to be of high quality [26].

Disagreements during the phases of article selection,
data extraction, and quality assessment were resolved by
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consensus through discussion or by consultations with a
senior researcher (PS).

Diabetes prevalence and dementia disability-adjusted life
years

The Global Burden of Disease 2021 study (GBD 2021)
provides a comprehensive epidemiological estimation for
371 diseases and injuries by age and sex, across 204 coun-
tries and territories, with annual data available at global,
regional, and national scales from 1990 to 2021 [27, 28].
In this study, the global, regional, and national age- and
sex-specific prevalence of diabetes and DALYs rates of
dementia, with their corresponding 95% uncertainty
intervals (Uls) for adults aged 40 and over were extracted
from the Global Health Data Exchange (GHDx) (Access:
https://vizhub.healthdata.org/gbd-results/). A detailed
description of data modeling is shown in Appendix 1.
The 204 countries and territories in the GBD 2021 were
categorized into six World Health Organization (WHO)
regions (Africa region [AFR], Americas region [AMR],
Europe region [EUR], Eastern Mediterranean region
[EMR], South-East Asia region [SEAR], and Western
Pacific region [WPR]) and five socio-demographic index
(SDI) regions (high SDI, high-middle SDI, middle SDI,
low-middle SDI, low SDI) according to their geographic
locations or socioeconomic developmental levels.

We described the distribution of age-standardized
DALYs rates (ASDR) per 100,000 population across
sexes, WHO and SDI regions, and 204 countries/territo-
ries. To allow for comparisons across different years and
locations, we applied a direct standardization based on
the population weights from the GBD 2021 to calculate
the age-standardized rates for all measures aged 40 and
above [28, 29].

> Nip;

Age — standardized rate = N

where IN; is the population size of the % age group in the
GBD standard population, p; is the rate of the disease
in the 4 age group. IN is the total population size of the
GBD standard population.

The GBD study collects anonymized data compiled by
the Institute for Health Metrics and Evaluation at the
University of Washington. A waiver of informed consent
was evaluated and approved by the University of Wash-
ington Institutional Review Board [30].

Statistical analysis

Meta-analysis

RR represents a HR without considering time units, and
it closely aligns with the OR in studies with low event
rates. Thus, we considered RR, OR, and HR to be equiv-
alent in our pooled estimates [31, 32]. Pooled RRs were
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estimated using a random-effects meta-analysis (Der-
Simonian and Laird). The heterogeneity of the included
studies was assessed using the Q statistic (P < 0.05 indi-
cating significant heterogeneity) and the I index (values
> 50% indicating substantial heterogeneity) [33, 34]. Pub-
lication bias was detected by funnel plots. To examine
whether single studies had a disproportionately excessive
influence, a leave-one-out sensitivity analysis was fur-
ther conducted to evaluate the robustness of the pooled
estimates.

Population attributable fractions and generalized impact
fractions

PAFs were calculated to estimate the proportion of
dementia cases attributable to the co-occurrence of
depression and diabetes, using Levin’s formula (formula
1):

px (RR—-1)

PAF =
px (RR—-1)+1

(1)

where p represents the prevalence of comorbid depres-
sion and diabetes, and RR represents the pooled RR
derived from the meta-analysis. The prevalence of
comorbid depression and diabetes was calculated by
multiplying the prevalence of diabetes in the general pop-
ulation (from the GBD 2021 database) and the prevalence
ratio of depression in individuals with diabetes (from
a large-scale meta-analysis, 0.18 [95%CI 0.12, 0.26] for
males and 0.26 [95%CI 0.15, 0.37] for females) [22].

GIFs were calculated to simulate hypothetical reduc-
tions in dementia burden under graded reductions in the
prevalence of depression and/or diabetes. The formula
for GIF is:

(p—pr)x (RR—-1)

IF =
¢ px (RR-1)+1

(2)

where p/ represents the counterfactual prevalence of
comorbid depression and diabetes. When the prevalence
is entirely mitigated, signified by p/ = 0, the GIF equals
to PAF. A counterfactual scenario of a 30% reduction in
the prevalence ratio of depression in individuals with dia-
betes or a 30% reduction in diabetes prevalence, aligned
with the Sustainable Development Goals (SDGs) target
for reducing non-communicable diseases, was simulated
to estimate the corresponding reduction in dementia
burden.

Attributable and reducible burden estimation

PAFs and GIFs from 1990 to 2016 were applied to esti-
mate the attributable and reducible burden of demen-
tia by sex, age, region, and year. A 5-year lag between
depression and subsequent dementia among people
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living with diabetes was assumed for all calculations,
therefore the time frame for attributable and reducible
burden of dementia analysis was from 1995 to 2021. This
5-year lag was chosen to approximate the average follow-
up years in the included cohort studies and is consistent
with previous CRA studies in chronic disease [35]. Sen-
sitivity analyses were also conducted, applying 10-year
and 15-year lags (linking PAFs for 1990 to 2011 to DALYs
in 2000 to 2021, and PAFs for 1990 to 2006 to DALYs in
2005 to 2021, respectively) to assess the robustness of our
main findings.

Cross-country inequality analysis in attributable burden

The absolute and relative cross-country inequalities in
the burden of dementia attributable to depression among
individuals with diabetes were quantified by the slope
index of inequality (SII) and concentration index, respec-
tively. The SII quantified absolute inequality by regressing
the national ASDR on an SDI-associated relative position
scale, defined as the midpoint of the population range
ranked by cumulative SDI [36]. A weighted linear regres-
sion model was used to account for heteroscedasticity.
The concentration index was calculated by numerical
integration under the Lorenz curve. This curve plots the
cumulative proportion of ASDR against the cumulative
relative distribution of the population ranked by SDI [36].
The SII and concentration index would equal zero when
the health indicator is evenly distributed. A negative SII/
concentration index represents a greater concentration of
disease burden among lower SDI countries, while a posi-
tive value denotes a concentration in higher SDI coun-
tries. A greater absolute value of the SII/concentration
index indicates a greater inequality.

The association between sex difference of attributable
burden and gender inequality

To demonstrate the association between gender-related
societal inequity and sex disparities in the burden of
dementia attributable to depression among individuals
with diabetes, we constructed locally estimated scatter-
plot smoothing (LOESS) regression to explore the associ-
ation between the relative sex difference of ASDR in each
nation and their corresponding GII in 1995 and 2021.
The GII is a composite metric of gender inequality incor-
porating three dimensions: reproductive health, empow-
erment and the labour market [22]. A higher GII value
indicates more disparities between females and males
and the more loss to human development. A higher rela-
tive sex difference indicates that the attributable burden
for females is relatively higher compared to males.

ASDRfemale
ASDRmale

Relative sex dif ference =
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Estimation of uncertainty

Employing a simulation-based approach and assuming
independence between components, we generated 1,000
samples from log-normal distributions for RRs and beta
distributions for prevalence rates to calculate the PAFs
and GIFs and their corresponding 95%Cls [37]. Similarly,
we generated 1,000 samples from the log-normal distri-
bution of DALYs rates and ASDR to propagate the uncer-
tainty of attributable and reducible burden.

All analyses and visualizations were conducted in R
version 4.3.2 (https://www.r-project.org). All statistical
tests were two-sided, and P-values < 0.05 were considered
statistically significant.

Results

Systematic review and meta-analysis

The process of systematic review is illustrated in Fig. 1.
A total of 11,539 records were initially identified in the
literature search. After removing 3,948 duplicates, 7,591
titles and abstracts were screened, of which 7,529 were
excluded. Of the remaining 62 articles retrieved for full-
text review, six articles were included in the systematic
review and meta-analysis. The full list and detailed char-
acteristics of the included studies are provided in Tables
S2-S3. All included studies were published between 2010
and 2021, with five scoring as high quality (Table S4).

The meta-analysis yielded a pooled RR of 1.93 (95%CI
1.90, 1.97) for the association between depression and
subsequent dementia among individuals with diabetes
(Figure S1). No evidence of publication bias was detected
(Figure S2). Sensitivity analysis confirmed the robustness
of the pooled estimate, with RRs ranging from 1.93 to
2.08 (Figure S3).

Population attributable fraction

Globally, the PAFs for dementia attributable to depres-
sion among individuals with diabetes increased from
1.58% (95%CI 1.10%, 2.17%) in 1990 to 2.63% (95%CI
1.81%, 3.61%) in 2016 (Table 1; Fig. 2). In 2016, PAFs
varied by age, peaking at 75-79 years before declining
slightly. For this age group, the PAF was 4.32% (95%CI
3.02%, 5.84%) overall, with females exhibiting higher
PAFs than their male counterparts (4.49% [95%CI 2.55%,
6.96%] vs. 3.79% [95%CI 2.32%, 5.58%]) (Fig. 2 and Table
S5).

Temporal trends indicated consistent increases in PAFs
across all regions. Regional variations in PAFs across
WHO regions and SDI regions are presented in Fig. 2,
Figure S4 and Tables S6-S11. In 2016, the EMR had the
highest PAF at 3.93% (95%CI 2.73%, 5.34%), while the
AFR had the lowest PAF at 2.06% (95%CI 1.41%, 2.84%).
Among SDI regions, the High SDI region had the highest
PAF in 2016 at 2.93% (95%CI 2.04%, 3.98%), whereas the
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Table 1 The global population attributable fraction from 1990 to 2016 and attributable burden from 1995 to 2021 of dementia

attributable to depression among people living with diabetes

Year PAF (%, 95%Cl)

ASDR (DALYs, per 100,000 population, 95%Cl)

Both Male Female Year Both Male Female

1990 1.58(1.10,2.17) 1.38(0.84,2.05) 1.68 (0.95,2.63) 1995 22.88(8.75,50.05) 16.20 (5.46, 36.97) 26.96 (9.50, 61.88)

1991 1.61(1.10,2.23) 1.41(0.86,2.10) 1.72(0.97, 2.69) 1996 23.32(8.85,50.92) 16.60 (5.59, 37.89) 27.62(9.74,63.35)

1992 1.65(1.13,2.29) 1.45(0.88,2.15) 1.77 (1.00, 2.77) 1997 23.85(9.07,52.04) 16.99 (5.73,38.73) 28.37 (948, 63.56)

1993 1.69(1.15,2.34) 148 (0.90, 2.20) 81 (1.03, 2.83) 1998 24.38(9.27,53.18) 17.38 (5.86, 39.64) 29.03 (9.70, 65.02)

1994 1.72(1.18,2.38) 1.51(0.92,2.25) 1.85 (1.05, 2.89) 1999 24.86 (946, 54.20) 17.72 (5.98, 40.40) 29.64 (9.91,66.37)

1995 1.75(1.20,242) 1.54(0.94,2.29) 1.88(1.07,2.94) 2000 2526 (9.61, 55.08) 18.03 (6.09,41.11) 30.13 (10.08, 67.44)
1996 1.79(1.22,2.47) 1.57 (0.96, 2.33) 1.92 (1.09, 3.00) 2001 25.69 (9.80, 55.91) 18.39 (6.22,41.89) 30.68 (10.29, 68.57)
1997 1.83(1.25,2.53) 1.61(0.98,2.39) 1.96 (1.11,3.07) 2002 26.35(10.03,57.49) 18.89 (6.37,43.02) 31.50(10.53,71.14)
1998 1.88(1.29,2.60) 1.66 (1.01,2.46) 2.01(1.14,3.15) 2003 27.06 (10.32,58.94) 1942 (6.55,44.18) 32.31(10.82,72.86)
1999 1.93 (1.32, 2.66) 1.70(1.04,2.51) 2.06(1.17,3.22) 2004 27.69 (10.58, 60.28) 19.87 (6.73,45.11) 33.03(11.07, 74.45)
2000 1.97(1.35,2.71) 1.73 (1.06, 2.56) 0(1.19,3.28) 2005 28.26(10.79,61.61) 20.29 (6.85,46.17) 33.66 (11.29, 75.85)
2001 2.00(1.37,2.75) 1.76 (1.07,2.61) 3(1.21,3.33) 2006 28.64 (10.98,62.25) 20.55 (6.95, 46.66) 34.10 (1145, 76.79)
2002 2.04(1.42,2.79) 1.79 (1.09, 2.65) 7(1.23,3.38) 2007 29.19(11.27,63.47) 20.94 (7.06,47.63) 34.60 (11.65, 77.80)
2003 2.08 (1.44, 2.83) 1.80(1.09, 2.68) 2.20(1.25,3.44) 2008 29.66 (11.47,64.44) 21.10(7.11,48.09) 35.13(11.84,78.95)
2004 2.11(1.47,2.88) 1.83(1.11,2.73) 2.22(1.25,347) 2009 30.10 (11.64, 65.40) 2146 (7.23,48.94) 35.24 (11.85,78.70)
2005 2.15(1.48,2.95) 1.86 (1.13,2.77) 2.25(1.27,352) 2010 30.58 (11.77,66.38) 21.81(7.33,49.80) 35.74(12.02,80.37)
2006 2.18(1.50, 2.99) 1.89(1.15,2.81) 228(1.29,3.57) 2011 31.03(11.94,67.36) 4 (7.46, 50.46) 36.24 (12.21,81.40)
2007 2.22(1.53,3.04) 1.92(1.17,2.86) 2.32(1.31,3.62) 2012 31.53(12.16,68.33) 22.55(7.62,51.36) 36.79 (1241, 82.61)
2008 2.26(1.55,3.10) 96 (1.19,2.92) 2.34(1.32,3.66) 2013 32.12 (1240, 69.53) 23.06 (7.80, 52.47) 37.06 (12.54,82.62)
2009 2.30(1.58,3.16) 2.00(1.21,2.97) 2.37(1.34,3.72) 2014 32.79(12.62,71.16) 23.57(8.00, 53.54) 37.78(12.72,84.37)
2010 234(161,321) 2.04 (1.24,3.03) 242 (1.36,3.78) 2015 33.43(1291,72.35) 24.11(8.15,54.88) 3843 (13.03,85.57)
2011 2.39(1.64,3.27) 2.09(1.27,3.10) 246 (1.39,3.85) 2016 34.09 (13.20, 73.63) 24.66 (8.39,55.81) 39.23(13.30,87.92)
2012 244 (1.68,3.35) 3(1.30,3.17) 2.51(1.42,3.93) 2017 34.89(13.47,75.55) 25.27 (8.56,57.35) 40.12 (13.58,89.98)
2013 250(1.72,342) 8(1.33,3.24) 2.57(1.45,4.02) 2018 35.68(13.78,77.29) 25.86 (8.76, 58.65) 41.01(13.92,91.82)
2014 2.55(1.75,3.49) 2.23(1.36,3.31) 262 (1.48,4.10) 2019 36.39 (14.04, 78.88) 2641 (8.96, 59.83) 41.84 (14.08, 94.08)
2015 2.59(1.78,3.55) 2.27(1.38,3.36) 266 (1.51,4.17) 2020 36.94 (14.28,79.92) 26.84(9.11,60.83) 4244 (14.40, 95.05)
2016 263(1.81,3.61) 2.30(1.40,342) 2.71(1.53,4.24) 2021 38.08 (14.70,82.51) 27.67 (9.34,62.88) 43.75(14.88,97.87)

Cl, confidence interval; PAF, population attributable fraction; ASDR, age-standardized disability-adjusted life year rate; DALYs, disability-adjusted life years

Low SDI region had the lowest at 2.11% (95%CI 1.44%,
2.91%).

At the national level, substantial variability in PAFs was
observed (Figure S5, and Table S12-S18). Small island
nations in the WPR reported the highest PAF in 2016,
including the Marshall Islands, American Samoa, Cook
Islands, Niue, and Tokelau.

Attributable burden of dementia attributable to
depression among diabetes individuals

Correspondingly, the global ASDRs of dementia attribut-
able to depression in individuals with diabetes increased
from 22.88 (95%CI 8.75, 50.05) DALYs per 100,000 pop-
ulation in 1995 to 38.08 (95%CI 14.70, 82.51) DALYs
per 100,000 population in 2021 (Table 1). This upward
trend was consistent across both sexes, with a higher
attributable burden consistently observed in females
compared to males. Figure S6 illustrates the relative sex
difference in the attributable burden and its association
with the GII in 1995 and 2021. In countries with higher
GII (greater gender inequality), the attributable bur-
den among females was relatively greater compared to

males. The attributable burden for dementia increased
with advanced age, with the highest attributable burden
observed among individuals aged 95 years and above.
In this age group, the attributable burden in 2021 was
1422.18 (95%CI 507.99, 3227.52) DALYs per 100,000
population in the total population, with males at 1036.55
(95%CI 330.47, 2437.97) DALYs per 100,000 population
and females at 1599.58 (95%CI 500.21, 3742.48) DALYs
per 100,000 population (Fig. 3 and Table S19). Sensitiv-
ity analyses assuming 10-year and 15-year lags resulted
in slightly smaller attributable burden compared with
the main analysis assuming a 5-year lag period (Table
$20-S23).

A disproportionately higher attributable burden was
also observed in countries with higher SDI, as indicated
by positive values of SII and concentration index. From
1995 to 2021, the SII increased slightly from 8.38 (95%CI
3.82, 12.95) in 1995 to 8.49 (95%CI 0.96, 16.02) in 2021,
while the concentration index rose from 0.0913 (95%CI
0.0585, 0.1242) in 1995 to 0.1000 (95%CI 0.0657, 0.1342)
in 2021 (Fig. 3 and Figure S7).
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Fig. 2 The population attributable fraction of dementia attributable to
depression among people living with diabetes. Notes: (A) Global PAF from
1990 to 2016; (B) Global PAF by age groups in 2016; (C) Regional PAF in
2016. PAF, population attributable fraction

Regional variations in attributable burden of dementia
across WHO regions and SDI regions are presented in
Fig. 3, Figure S8 and Tables $S24-529. In all regions, attrib-
utable burden of dementia due to depression among
individuals with diabetes increased over time. Across
WHO regions, the EMR had the highest ASDR in 2021
at 54.95 (95%CI 20.87, 120.12) DALYs per 100,000 pop-
ulation, while the SEAR had the lowest at 26.14 (95%CI
9.57, 58.65) DALYs per 100,000 population. Across SDI
regions, the attributable burden of dementia showed a
distinct gradient, with higher SDI regions generally hav-
ing higher attributable burden. In 2021, the High SDI
region had the highest ASDR at 43.06 (95%CI 17.22,
91.02) DALYs per 100,000 population and the Low
SDI region had the lowest attributable burden of 26.38
(95%CI 9.36, 60.17) DALYs per 100,000 population.
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National estimates of attributable burden for 204
countries/territories are shown in Figure S9, and Table
S30-S36. The Marshall Islands recorded the highest
attributable burden in 2021, followed by Afghanistan,
American Samoa, Bahrain, and Qatar.

Generalized impact fraction and reducible burden of
dementia attributable to depression among diabetes

The GIF and the corresponding reducible burden of
dementia are displayed in Fig. 4 and Figure S10-S15. A
30% reduction in the prevalence of diabetes and a 30%
reduction in the prevalence ratio of depression among
diabetes individuals in 2016 would result in a global GIF
of 0.24% (95%CI 0.16%, 0.33%). This reduction would cor-
respond to a potential decrease in the dementia burden
in 2021 by 3.41 (95%CI 1.31, 7.41) DALYs per 100,000
population.

Discussion

This study provides the first comprehensive global,
regional, and national assessment of the burden of
dementia attributable to depression among individu-
als with diabetes. By combining systematic review,
meta-analysis, and burden estimation using the CRA
framework, we highlight the significant and growing
contribution of comorbid depression and diabetes to
the global dementia burden over the past three decades
(1995-2021). Our meta-analysis identified a significant
association between depression and subsequent demen-
tia in individuals with diabetes, with a pooled RR of
1.93 (95%CI 1.90, 1.97). Globally, the ASDR of dementia
attributable to depression among individuals with dia-
betes increased from 22.88 to 38.08 per 100,000 popu-
lation from 1995 to 2021. This trend was observed in
both sexes, with the attributable burden escalating with
advanced age. Notably, we found substantial geographical
and socioeconomic variations in the attributable burden,
with the highest attributable burden in the EMR, WPR,
and High SDI regions. Our analysis also revealed gender-
based disparities, with females consistently experiencing
a higher attributable burden, especially in countries with
greater gender inequality.

Our findings align with previous studies that sug-
gest depression is a significant risk factor for developing
dementia among individuals with diabetes. A systematic
review and meta-analysis has shown that depression in
individuals with diabetes increased dementia risk by 82%,
which is consistent with studies in the United States and
Denmark [38-41]. Additionally, Johnson et al. demon-
strated that the comorbidity of depression and diabetes
has a pronounced impact on dementia via inflammatory
and metabolic pathways compared with those without
this comorbidity [42]. These findings support that depres-
sion and diabetes probably share common biological
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Fig. 3 The attributable burden of dementia due to depression among people living with diabetes. Notes: (A) Global attributable burden from 1995 to
2021; (B) Global attributable burden by age groups in 2021; (C) the slope of inequality in 1995 and 2021; (D) concentration index in 1995 and 2021; (E)
Regional attributable burden in 2021. PAF, population attributable fraction; ASDR, age-standardized disability-adjusted life year rate; DALY, disability-

adjusted life year; SDI, socio-demographic index

mechanisms, particularly in the context of insulin resis-
tance, which has been implicated in Alzheimer disease
(AD) [43]. Depression and diabetes are both associated
with decreased insulin sensitivity, a key contributor to
cognitive decline [44, 45]. Moreover, individuals with
both diabetes and depression are more likely to present
additional cardiovascular risk factors such as obesity and

a sedentary lifestyle, which may together exacerbate mac-
rovascular complications and cerebrovascular events,
further increasing dementia risk, including AD and vas-
cular dementia [40, 46, 47].

At the global level, both the PAFs and ASDRs of
dementia attributable to depression among individu-
als with diabetes nearly doubled over the past three
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decades. The increase in ASDRs indicates that, even
after accounting for population aging and demographic
change, the relative dementia burden associated with
comorbid depression and diabetes has also increased
over time. While the proportion of depression-attribut-
able dementia among individuals with diabetes peaked at
75-79 years and declined slightly thereafter, the attrib-
utable burden increased consistently with advanced age.
This decline in PAFs may be due to competing risks and
mortality from other age-related conditions, such as car-
diovascular diseases or cancers, which dilute the rela-
tive contribution of depression to dementia risk in older
individuals [48, 49]. Similar to our findings, Katon et al.

reported that more dementia cases could be accounted
for by the interaction between depression and diabetes
among individuals under age 65 relative to their older
counterparts [39]. Given this age-specific pattern, early
interventions targeting depression and diabetes in mid-
dle-aged populations could substantially mitigate the risk
and progression of dementia. This highlights the impor-
tance of identifying and managing these modifiable risk
factors during the critical window of midlife to prevent
or delay cognitive decline in later life.

Females consistently experienced a higher attribut-
able burden compared to males, a disparity likely influ-
enced by both biological factors and societal factors.
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For biological factors, hormonal influences on dementia
risk may predispose women to a higher burden of cog-
nitive decline, particularly post-menopause [50]. Besides,
although diabetes prevalence is comparable between
sexes, depression is more common among females than
among males, suggesting that females have a greater like-
lihood of comorbid depression and diabetes [20, 21]. In
addition, societal factors, such as gender inequities in
healthcare access and treatment, could exacerbate this
difference in burden [50]. Moreover, females generally
have higher ASDRs of dementia and longer life expec-
tancy than males, resulting in a greater attributable bur-
den among females. Multiple interrelated mechanisms,
including the effects of sex steroid hormones on brain
aging, and sex-related differences in brain structure
and function, contribute to the higher dementia-related
DALY burden observed in females [51]. Our analysis
of the GII also revealed that countries with higher gen-
der disparities tend to have a greater relative burden of
dementia among females at the ecological level, under-
scoring the complex interplay between gender, health,
and social inequities. To address gender inequities in
both high- and low-income settings, equitable health-
care policies and targeted interventions will be critical
to reducing the dementia burden, particularly among
females.

Across WHO regions, both the highest PAF and attrib-
utable burden were observed in the EMR region, likely
driven by the relatively high prevalence of depression
and the population aging trend and limited healthcare
resources in many countries of EMR region [52, 53]. As
for the national level, however, the great majority of the
top five countries with the highest PAF and attributable
burden are located in the WPR region. This is probably
because in recent decades, the prevalence of diabetes
among both sexes has shown an ongoing growing trend
in almost all countries in the WPR region, which may be
ascribed to multiple factors such as physical inactivity,
poor dietary habits, and increasing prevalence of obe-
sity [54, 55]. Due to rapid urbanization and social pres-
sures, the WPR region also faces growing mental health
challenges while access to appropriate mental health
care may be limited [55, 56]. Moreover, as the process of
population aging accelerates, there is an urgent demand
for targeted health and social care that meets the needs
of individuals with comorbid diabetes and depression in
this region, as well as preventing them from developing
dementia [57].

Higher SDI regions were associated with greater
dementia burdens attributable to depression among indi-
viduals with diabetes. Significant cross-country inequali-
ties in the attributable burden of dementia were also
revealed, with higher SDI countries reporting higher
attributable burdens in both 1995 and 2021. This gradient
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likely reflected differences in the prevalence of depression
and diabetes, healthcare access, and diagnostic capacities
across countries. Significant increases in the disease bur-
den of depression among high SDI regions from 1990 to
2021 were observed, which could be attributable to the
higher competitiveness and social stress in regions with
higher level of economic development [58, 59]. Besides,
mental health issues might be less stigmatized in regions
with higher SDI, where the individuals could be more
prone to seek diagnosis and treatment [60]. On the other
hand, higher SDI regions were found to have higher life
expectancy in most cases, because of their better health-
care condition, social welfare, and standard of living,
leading to higher risks and disease burden of dementia
among individuals as they live longer [61]. Conversely,
underdiagnosis and underreporting of depression, dia-
betes and dementia in low-SDI settings may result in an
underestimation of the true burden in these regions.

An important finding of our study is the potential for
substantial reductions in the burden of dementia through
preventative strategies targeting depression and diabe-
tes. For instance, a hypothetical 30% reduction in both
the prevalence of diabetes and the prevalence ratio of
depression among individuals with diabetes, in line with
SDGs, could reduce global dementia ASDRs by 3.41 per
100,000 population, corresponding to a global GIF of
0.24% in 2021. Evidence from previous studies suggests
that integrated management of depression and diabetes,
combined with lifestyle modifications such as improved
diet and physical activity, could reduce the incidence
of dementia by as much as 21% [17]. Collaborative care
models in primary care, which deliver stepped antide-
pressant management and brief psychotherapy, have
achieved substantially higher depression response and
remission rates among older adults and patients with
comorbid depression and chronic illness compared
with usual care [62, 63]. Moreover, small clinical studies
have demonstrated that controlling both glycemia and
depression can reverse cognitive decline, highlighting
the potential for early intervention to mitigate dementia
risk [64]. Public health initiatives should prioritize early
screening and integrated care for individuals with comor-
bid depression and diabetes. Effective management of
these conditions, alongside broader efforts to address
systemic inequities in healthcare access and gender dis-
parities, may provide significant opportunities to reduce
the global dementia burden.

To our knowledge, this is the first study to comprehen-
sively evaluate the global burden of dementia attribut-
able to depression among individuals with diabetes from
1995 to 2021. By utilizing a range of data sources, includ-
ing the GBD study, we were able to generate compre-
hensive burden estimates, examine temporal trends and
regional disparities, and estimated the potential impact
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of preventative strategies aligned with the SDGs. How-
ever, some limitations of the study also warrant consid-
eration. First, cohort studies that assessed the association
between depression and subsequent dementia among
diabetes individuals were limited. Due to the limited
and heterogeneous reporting of stratified estimates, we
were unable to derive robust sex-, age-, or region-specific
pooled RRs. As a result, the global, regional, and national
estimations of PAFs were based on a single pooled RR
that was generalized to all ages, sexes, and countries.
Also, because we lacked age-, country- and time-spe-
cific prevalence ratio of depression among people with
diabetes, we assumed that the proportion of individuals
with diabetes who have depression is similar across age
groups, regions, and years. This assumption may not
fully capture geographic and temporal variation in the
comorbidity of depression and diabetes. As more geo-
graphically diverse cohort data become available, future
research could derive stratified RRs and prevalence ratios
to further refine these estimates. Second, underreporting
and underdiagnosis of depression and dementia, particu-
larly in low- and middle-income countries, may have led
to an underestimation of the attributable burden. Third,
while our study highlights the burden attributable to
depression among individuals with diabetes, it does not
imply causal relationships, which cannot be definitively
established through observational data alone. As such,
our findings should be interpreted with caution. Fourth,
although we included cohort studies and imposed a
5-year lag between depression and dementia, late-life
depression may still partly reflect prodromal dementia.
Fifth, the analysis linking the GII to sex differences in
attributable dementia burden is based on country-level
ecological associations without adjustment for potential
confounding factors. Therefore, the observed correla-
tion between higher GII and relatively greater female
burden should not be interpreted as evidence of a causal
effect of gender inequality. Finally, our 30% reduction
scenario was optimistic, illustrating the potential upper
bound of impact under ambitious intervention scale-up.
Future studies should examine more conservative, pol-
icy-informed scenarios.

Our study provides valuable insights into the burden
of dementia attributable to depression among individu-
als with diabetes, and carries important policy implica-
tions. By offering comprehensive global, regional, and
national assessment of the attributable burden and incor-
porating metrics of inequality (i.e., GII, SII, and concen-
tration index), our research underscores the need for
targeted public health interventions. Understanding its
geographical and socioeconomic variability can help
optimize resource allocation and tailor region-specific
strategies for the prevention and management of demen-
tia. Furthermore, as mental health rises on the global
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health agenda, understanding the impact of comorbid
depression is crucial for shaping effective public health
responses and policy decisions. These findings can assist
policymakers and healthcare providers in designing
interventions to reduce the global, regional and national
burden of dementia attributable to depression among
individuals with diabetes.

Conclusion

This study provided a comprehensive assessment of the
global dementia burden attributable to depression among
individuals living with diabetes, highlighting significant
regional disparities and upward trends over the past
three decades. Achieving reductions in the prevalence of
depression and diabetes could meaningfully decrease the
global dementia burden. Public health strategies should
prioritize early screening, integrated care models, and
effective management of depression and diabetes, to
mitigate the risk of dementia and promote healthy aging
worldwide.
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