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Effects of depression and cognitive impairment on increased
risks of incident dementia: a prospective study from three
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Depression is usually accompanied with cognitive impairment and increases risk of incident dementia. However, evidence has been
limited on the effect size of depression with cognitive impairment and their synergistic effect on future dementia. To explore this,
we examined three large cross-country population-based prospective cohorts. Depressive symptoms were assessed by
epidemiologic scale, while cognitive impairment was defined by subjective cognitive tests. Dementia was ascertained by self-
reported physician-diagnosed conditions. Cox proportional hazard models were employed to determine the hazard ratio (HR) and
95% confidence interval (95% ClI), with adjustments of potential confounding variables. Addictive and multiplicative interactions
were calculated to evaluate the synergistic effect. A total of 64,706 participants were included at baseline (mean age: 63.9, female:
55.2%), where 4197 (6.5%) individuals had depressive symptoms only, 28,175 (43.5%) individuals had cognitive impairment only,
11,564 (17.9%) individuals had both, and 20,770 (32.1%) individuals had neither. Compared with the neither group, all the other
three groups had higher risks of subsequent dementia (depression only: HR 1.65, 95% Cl 1.26-2.17; cognitive impairment only: HR
2.71, 95% Cl 2.33-3.14; depression with cognitive impairment: HR 3.51, 95% Cl 2.95-4.17). There was insignificant additive (RERI, 0.15,
95% Cl —0.45-0.75; AP, 0.042, 95% Cl —0.13-0.21; SI, 1.06, 95% Cl 0.83-1.37) and multiplicative (0.78, 95% Cl 0.58-1.06) interaction
between depression and cognitive impairment on subsequent dementia. We found depression with cognitive impairment has

higher risks of dementia than either condition alone and no significant synergistic effect exists between these two factors.
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INTRODUCTION

Dementia significantly contributes to the burden of disability-
adjusted life years among elderly individuals aged 75 and above
worldwide [1]. As a neurodegenerative condition, effective
interventions for curing or reversing dementia are currently
lacking. The common practice now is to identify its modifiable risk
factors or pre-clinical prodromal stages and implement primary
prevention strategies accordingly.

Previous studies have demonstrated the association between
depression and dementia. Comorbid depression is common
among the dementia population, with a prevalence of depressive
symptoms at 37% to 41% and major depressive disorder at 15.9%
[2, 3]. On the other side, previous depression is believed to be
correlated with subsequent dementia. Meta-analytic researches
suggest that depression convincedly increases the risks of all-
cause dementia [4, 5]. An exposure-wide association study
consisting of 344,324 individuals in UK Biobank demonstrates
that diagnosis with depression as a modifiable factor increases the
risk of incident dementia [6]. Several large-sample studies also
indicate that those who experienced major depressive episodes in
middle age are at a higher risk of developing dementia in elder
age during long-term follow-up period [7, 8].

The impact of depression on dementia may not be independent
but influenced by other factors. The onset time of depression is
the most discussed factor, that depression is served as a
modifiable risk factor or prodromal symptom of neurodegenera-
tion [9, 10]. Physical conditions are also in consideration. Diabetes
is independently associated with an elevated risk of dementia, and
its interaction with depression significantly increases this risk [11].
Cerebrovascular diseases present a substantial risk for progressing
to dementia [12]. When combined with depression, the associa-
tion of vascular factors with future dementia is significantly
stronger than an additive effect alone [13]. A few pathological
indicators are associated with dementia, such as Af-amyloid
plaques, pathologic tau and apolipoprotein E allele, and there may
also be a synergistic effect between depression and these
biomarkers [14, 15]. Specific symptoms in relation to depression
may contribute to the depression-dementia association. Higher
scores on specific domain of depression symptoms such as
appetite and weight loss are associated with increased likelihood
of dementia [16]. Cognitive impairment may also be an
accompanying symptom of depression [17]. Besides, cognitive
impairment is considered as the core symptom of dementia, and
individuals often experience progressive cognitive decline even

"Mental Health Center and Institute of Psychiatry, West China Hospital, Sichuan University, Chengdu, China. School of Arts and Sciences, Brandeis University, Waltham, MA
02453, USA. 3These authors contributed equally: Yushun Yan, Hailin Xiang. ®email: yangxiao@wchscu.cn; maxiaochong@scu.edu.cn

Received: 29 May 2024 Revised: 19 September 2024 Accepted: 24 September 2024

Published online: 08 October 2024

SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41398-024-03125-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41398-024-03125-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41398-024-03125-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41398-024-03125-1&domain=pdf
http://orcid.org/0000-0001-6210-3206
http://orcid.org/0000-0001-6210-3206
http://orcid.org/0000-0001-6210-3206
http://orcid.org/0000-0001-6210-3206
http://orcid.org/0000-0001-6210-3206
http://orcid.org/0000-0003-2627-9946
http://orcid.org/0000-0003-2627-9946
http://orcid.org/0000-0003-2627-9946
http://orcid.org/0000-0003-2627-9946
http://orcid.org/0000-0003-2627-9946
https://doi.org/10.1038/s41398-024-03125-1
mailto:yangxiao@wchscu.cn
mailto:maxiaohong@scu.edu.cn
www.nature.com/tp

Y. Yan et al.

before being diagnosed with dementia [18, 19]. Thus, we
speculate that cognitive impairment is a critical factor in the
relationship between depression and dementia. However, few
studies have quantified either the effect size of early pre-dementia
cognitive impairment or the interaction between cognitive
impairment and depression on the risk of future dementia.

In the current study, we have conducted a secondary analysis
upon three prospective cohorts of Health and Retirement Study
(HRS), English Longitudinal Study of Ageing (ELSA), and Survey of
Health, Ageing and Retirement in Europe (SHARE). Our primary
objectives are to (1) explore the association between depression
with cognitive impairment and subsequent dementia; and (2)
exam the addictive and multiplicative interactions of depression
and cognitive impairment on future dementia.

METHODS

Study design and population

The HRS, ELSA, and SHARE were prospective, longitudinal cohort recruiting
senior individuals in the USA, UK, and Europe, respectively. More than
42,000 participants in HRS, 19,000 in ELSA, and 139,000 in SHARE were
included and followed up every two years. For each participant, the first
wave after reaching the age of 50 was considered as the baseline.
Moreover, participants were excluded if they reported a diagnosis with any
memory-related disorders (i.e, Alzheimer's disease, dementia, organic brain
senility, or any other serious memory condition) or somatic neurological
diseases (i.e., stroke or/and Parkinson’s disease) at a younger age. Endpoints
were identified as the subsequent follow-up wave when participants
initially reported a diagnosis with all-cause dementia, stroke, or Parkinson’s
disease at the follow-up phases. For those who never had a diagnosis of any
memory or somatic neurological disorders throughout the entire follow-up
period, the last wave they responded was considered as endpoints. At the
endpoint, participants who reported a diagnosis of dementia and had not
been diagnosed with stroke or Parkinson’s disease were considered to have
experienced an outcome event. Those who reported no diagnosis of
dementia during follow-up, or who were diagnosed with stroke or
Parkinson’s before any dementia diagnosis, were considered censored.

Depression assessment

Depressive symptoms were evaluated utilizing the Center for Epidemiologic
Studies Depression Scale (CES-D) in HRS and ELSA, and European Depression
scale (EURO-D) in SHARE, with items being dichotomized into 1 (yes) or 0
(no). The total scores of CES-D ranged from 0 to 8, while the total scores of
EURO-D ranged from 0 to 12, with higher values indicating more severe
depression. According to previous researches, participants with a CESD or
SHARE score lower than 4 were considered to have no depressive symptoms,
while those with a score equal to or higher than 4 were considered to have
depressive symptoms (see Supplementary Method 2) [20-22].

Cognition assessment

Objective cognitive performances were evaluated by calculating two
summary scores: total cognitive scores and scores of verbal fluency test.
Total cognitive scores summarized total word recall scores and mental
status scores which consisted of a series of simplex ordinary cognitive tests
(see Supplementary Method 1). In total word recall test, the participant was
given with 10 words and was then asked to recall them immediately and
later in the survey again (total score ranging from 0 to 20). The construction
of mental status tests varied across different databases, depending on the
completeness of the items reported at each follow-up visit. The tests
battery contained serial 7’s, backwards counting from 20, as well as object,
date, and president/vice-president naming tasks in HRS (scores ranging
from 0 to 15), date naming task only in ELSA (scores ranging O to 4); and
serial 7's, simple computation, and date naming tasks in SHARE (scores
ranging from 1 to 14). In the verbal fluency test, participants were asked to
name as many animals as possible within one minute, and the count of all
acceptable names served as the final score (ranging 0 to 100). Higher scores
on these tests indicated better cognitive function.

To define cognitive impairment, a normative cognitive framework should
be established to quantify age-dependent cognitive decline as well as
cognitive deviations related to gender and education. A subset of baseline
individuals was chosen if they (1) had never been diagnosed with any
neurological diseases throughout the entire follow-up period, and (2) did not
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display any depressive symptoms (i.e,, CESD or EUROD score equal to zero).
For each cohort, two regression models were constructed based on the
subset, incorporating cognitive scores as response variables, and age, gender,
and educational level as predictive variables. These two models were then
employed to derive predictive values for total cognitive and verbal fluency
scores across all participants at baseline. Those whose actual cognitive scores
were both lower than the predictive values were categorized as having
cognitive impairment, while those whose scores both exceeded the predictive
values were considered to have cognitive preservation. Individuals with only
one predictive score decline were considered as unrobust marginal threshold
and removed from subsequent analysis (see Supplementary Method 2).

Covariates

The covariates included age, gender, education, marital status, physical
health conditions and health behaviors (see Supplementary Method 2). Age
was recorded as the actual number of years at baseline, while gender was
determined based on the first non-missing report. Education was categorized
into three levels: (1) less than upper secondary, (2) upper secondary and
vocational, and (3) tertiary. Marital status was classified into three categories:
(1) married or partnered, (2) separated, divorced or widowed, and (3) never
married nor partnered. Physical health conditions encompassed whether
participants had been previously diagnosed with hypertension, diabetes,
cancers, lung diseases, heart problems, or arthritis before the baseline
assessment. Health behaviors comprised body mass index (BMI), drinking
and smoking habit, and frequency of physical activity. Due to incomplete BMI
records for participants in ELSA across all follow-up waves, we assumed
minimal BMI fluctuations for each participant across waves and used the
mean value to represent their BMI status at each follow-up point. For the
same reason, drinking habit was defined as the consumption of any alcohol
within the past seven days or weekly in HRS and SHARE, and as having ever
consumed any alcohol in ELSA. Smoking habit was defined as smoking
currently or not. Physical activity assessed the frequency of vigorous,
moderate, and mild physical activities, which were categorized into (1)
vigorous, (2) moderate, and (3) inactive, according to a previous study [23].

Statistical analyses
For descriptive statistics, continuous variables were presented as mean
accompanied [standard deviation (SD)], and categorical variables were
denoted by count [percentage]. To assess the risks of incident dementia
within subgroups, Cox proportional hazard regression was utilized to
compute the hazard ratio (HR) and its corresponding 95% confidence
interval (Cl) (R package “survival” version 3.6). Basic model (Model 1) was
adjusted by baseline age, gender, education, and marital status were
considered as covariates, while expanded model (Model 2) incorporated
physical health conditions and health behaviors. Missing covariates were
inputted utilizing multiple imputations (R package “mice” version 3.16.0).
Furthermore, pairwise comparison between groups and multiple compar-
ison correlation were administrated (R package “multicomp” version 1.4-25).

The synergetic effects of depression and cognitive impairment on
substantial dementia were quantified (R package “epiR” version 2.0.75)
[24]. To assess additive interaction, we calculated the relative excess risk
due to interaction (RERI), the attributable proportion due to interaction
(AP), and the synergy index (Sl) to determine if the combined risk of both
factors exceeded the sum of their individual risks. In addition, multi-
plicative interaction was assessed to evaluate whether the combined risk
of both factors is greater than the product of their individual risks.

Sensitivity analyses were conducted to assess the robustness of main
results, excluding (1) individuals under the age of 65; (2) participants with
follow-up period no more than 1 year, in an attempt to mitigate the
potential effects of reverse causality; and (3) participants with missing
covariates instead of using multiple imputation.

Statistical analyses were conducted using R software version 4.2.1. We
employed two-tailed tests for all P-values, with statistical significance
defined as P < 0.05.

RESULTS

The analysis consisted of Wave 10-15 of HRS, wave 1-9 of ELSA,
and wave 4-8 of SHARE, from which data of 11,160 (17.25%)
participants in HRS, 9719 (15.02%) in ELSA, and 43,827 (67.73%) in
SHARE were included, respectively. Among these 64,706 partici-
pants, the mean age was 63.9 years (SD, 10.2 years) and 35,714
(55.2%) were woman (see Table 1). Also of these participants, 4197
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Ever diagnosed arthritis, n (%)

46,376 (71.7%)
18,330 (28.3%)

7000 (60.5%)
4564 (39.5%)

21,258 (75.4%)
6917 (24.6%)

2602 (62.0%)
1595 (38.0%)

15,516 (74.7%)
5254 (25.3%)

No
Yes

A. The composition of subgroups in HRS

Depression with Cognitive Impairment
1264 (11.3%)

Depression Only
486 (4.3%)

Cognitive Impairment Only
5241 (47.0%)

Neither Depression
nor Cognitive Impairment
4169 (37.4%)

B. The composition of subgroups in ELSA

Depression with Cognitive Impairment
1163 (12.0%)

Depression Only
476 (4.9%)

Cognitive Impairment Only
4540 (46.7%)

Neither Depression
nor Cognitive Impairment
3540 (36.4%)

C. The composition of subgroups in SHARE

Depression with Cognitive Impairment
9137 (20.8%)

Depression Only
3235 (7.4%)

Cognitive Impairment Only
18394 (42.0%)

Neither Depression

nor Cognitive Impairment,
13061 (29.8%)

Fig. 1 Proportional Venn diagrams of subgroups division by
cohorts. The distribution of sample size across different subgroups
in cohort: A Health and Retirement Study (HRS), B English Long-
itudinal Study of Ageing (ELSA), and C Survey of health, Ageing and
Retirement (SHARE). The size of the circles represents the proportion
corresponding to each subgroup.
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(6.5%) had depressive symptoms only, 28,175 (43.5%) had
cognitive impairment only, 11,564 (17.9%) had both, and 20,770
(32.1%) had neither (see Fig. 1). In addition, any missing data in
the following variables were addressed through multiple imputa-
tions: married status (<0.1%), BMI (6.7%), drinking habit (1.2%),
smoking habit (0.2%), and frequency of physical activity (0.2%)
(see Supplementary Table 1).

The mean follow-up periods were 4.53 years (SD, 4.04 years;
range, 0-22 years). In the follow-up phases, 1437 participants
developed incident dementia (533 in HRS, 238 in ELSA, and 666 in
SHARE), and 2477 were censored for incident stroke or Parkinson’s
disease (591 in HRS, 413 in ELSA, and 1473 in SHARE). After
multiple comparison corrections, all three groups had higher risks
of incident dementia using Model 1 than the neither group
(depression only, HR 1.77, 95% Cl 1.35-2.31; cognitive impairment
only, HR 295, 95% Cl 2.55-3.41; depression with cognitive
impairment, HR 4.04, 95% Cl 3.42-4.77). Moreover, when adjusting
for physical conditions and health behaviors as potential
covariates in Model 2, the results were similar (depression only,
HR 1.65, 95% Cl 1.26-2.17; cognitive impairment only, HR 2.71,
95% Cl 2.33-3.14; depression with cognitive impairment, HR 3.51,
95% Cl 2.95-4.17). Furthermore, compared with the depression
only group, participants with cognitive impairment showed higher
risks of incident dementia in both Model 1 (cognitive impairment

Strata == Neither Depression nor Cognitive Impairment =+= Depression Only == Cognitive Impairment Only
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only, HR 1.67, 95% Cl 1.31-2.14; depression with cognitive
impairment, HR 2.29, 95% Cl 1.77-2.95) and Model 2 (cognitive
impairment only, HR 1.64, 95% Cl 1.27-2.11; depression with
cognitive impairment, HR 2.12, 95% Cl 1.63-2.76). Similarly, in
comparison with the cognitive impairment only group, the
depression with cognitive impairment group also exhibited a
greater risk of developing dementia, as indicated by both Model 1
(HR 1.37, 95% Cl 1.20-1.56) and Model 2 (HR 1.30, 95% ClI
1.13-1.49) (see Figs. 2 and 3).

In the analysis of synergistic effects (see Table 2), statistically
insignificant additive (RERI, 0.32, 95% Cl —0.32-0.96; AP, 0.079,
95% Cl —0.074-0.23; SI, 1.12, 95% Cl 0.89-1.40) or multiplicative
interactions (0.77, 95% Cl 0.58-1.04) were observed between
depression and cognitive impairment using Model 1. Upon
adjusting for additional covariates in Model 2, both additive (RERI,
0.15, 95% Cl —0.45-0.75; AP, 0.042, 95% Cl —0.13-0.21; SI, 1.06,
95% Cl 0.83-1.37) and multiplicative (0.78, 95% Cl 0.58-1.06)
interactions remained similar.

In the sensitivity analysis exploring the relationship between
either depression or cognitive impairment and dementia, the
findings remained consistent after excluding participants under
the age of 65 (see Supplementary Tables 2, 3 and Supplementary
Fig. 1). Similarly, the results were unchanged when excluding
participants with follow-up period no more than one year

Depression with Cognitive Impairment

0.25-
0.20-
T
8 0.15-
©
=
)
2
5
3
£ 0.10-
=}
o
0.05-
0.00- :
0 5 10 15
Time
Risk Table
== 20770 11103 2931 768
g - 4197 2034 308 79
5 | 28175 11873 2952 824
11564 4283 629 152
0 5 10 15
Time

Fig. 2 Cumulative probability and risk table of dementia survival curve across subgroups.

Translational Psychiatry (2024)14:427

SPRINGER NATURE



Y. Yan et al.

Model 1 Neither Depression
nor Cognitive Impairment
1.77 Depression
(1.35~2.31) Only
2.95 1.67 Cognitive
y ’ | i t
(2.55~3.41)  (1.31~2.14) "‘"3:,';‘9"
1.37
(1.20~1.56)
- .
0 5 10 15
MOdeI 2 Neither Depression
nor Cognitive Impairment
1.65 Depression
(1.26~2.17) only
1.64 Cognitive
— Impairment
(1.27~2.11) only
212 1.30
(1.63~2.76)  (1.13~1.49)

Depression with
Cognitive Impairment

Depression with
Cognitive Impairment

Harzad Ratio

N
3
| l I I
o

Depression with

Neither Depression nor Depression
onl Cognitive Impairment

Cognitive Impairment ly

“
| . I I
o

Cognitive Impairment
only

Cognitive Impairment
only

Harzad Ratio

Neither Depression nor Depression
Cognitive Impairment

Depression with
Cognitive Impairment

Fig. 3 Effect of depression and cognitive impairment on hazard risks of incident dementia. Left tabular figures are pairwise comparisons
among subgroups. The numbers in each cell represent the HR (Hazard ratio) and its 95% confidence interval for the corresponding row
compared to the column, while the colors indicate Z-value after multiple comparison correction. Statistical significance: Z > 1.96, P < 0.05;
Z>2.58, P<0.01; Z>3.29, P<0.001. Right bar graphs represent the point estimates adjusted for covariates in each model, and the error bars

represent the 95% confidence intervals.

(Supplementary Tables 5, 6 and Supplementary Fig. 2). In addition,
the outcomes did not vary significantly when missing values were
excluded instead of using multiple imputation (Supplementary
Table 8 and Supplementary Fig. 3). In analyzing the synergistic
effects, no statistically significant additive interactions between
depression and cognitive impairment in relation to dementia were
observed using three different approaches. The multiplicative
interaction remained similar with the main analysis (Supplemen-
tary Tables 4, 7, and 9).

DISCUSSION
In the current analysis of 64,706 individuals aged over 50 years, we
quantified the effect of depression and cognitive impairment in
promoting all-cause dementia progression. After adjusting for
potential covariates, individuals with depression only had
approximately a 1-fold increased risk, those with cognitive
impairment only had a 2-fold increased risk, and those with both
depression and cognitive impairment had a 3-fold increased risk
of developing future dementia compared to those without
depressive symptoms or cognitive impairment.

Our findings support the current perspective that individuals
with depression are more susceptible to develop dementia. By
utilizing three cross-country population-based cohorts, we
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replicated previous results and provided further evidence on this
topic. Previous findings have suggested that the effect size of
depression is 1-to-2-fold increased risk on future dementia, which
is similar to our findings [4-6]. We further quantified the effect size
of cognitive function deviations on progressing dementia.
Previous studies have demonstrated that individuals with poor
education have higher risks of future dementia [25, 26]. Another
study has suggested that lower cognitive reserve is independently
significantly associated with a higher risk of dementia [27].
However, these measures are only partial or indirect indicators as
mirror of cognitive function. In our study, we focused on cognitive
test scores across multiple dimensions, which serve as direct
indicators of cognitive function.

Our analysis did not detect significantly addictive or robust
multiplicative interactions between depression and cognitive
impairment. Previous studies have also suggested inconsistent
conclusions about the addictive interaction between depres-
sion and cognitive impairment. A study has demonstrated that
depression increases future dementia risks significantly in
poor-educated but not well-educated individuals [26]. How-
ever, this conclusion was valid only for mid-life depression and
could not be generalized to late-life or lifelong depression [26].
Depression and cognitive reserve have exhibited a significant
attributable proportion [27]. However, the probability of
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0.627
0.623
0.632
0.114

0.486
0.492
0.478
—1.582

Y4

Upper
0.750
0.212
1.366
1.060

0.828
0.580

Lower
—0.452
—-0.127

SE

0.307
0.086
0.128
0.154

Model 2°
Estimate
0.149

0.042
1.063
0.784

0.324
0.312
0.338
0.088

0.986
1.011
0.958
—1.707

z

Upper
0.955
0.232
1.401
1.039

Lower

—0.316

—0.074
0.891
0.577

0.150
0, SI = 1; multiplicative interaction = 1.

SE

0.324
0.078
0.115

0, RERI =

Estimate

Model 1*
0.319
0.079
1.117
0.774

RERI

Synergistic effect between depression and cognitive impairment on increased risk of future dementia.
AP
SI

RERI relative excess risk due to interaction, AP attributable proportion due to interaction, S/ synergy index.

Null hypothesis for addictive interaction: AP
#Adjusted for baseline age, gender, education, and marital status.

Multiplicative interaction

Type of interaction
Addictive interaction

Table 2.
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bAdjusted for baseline age, gender, education, marital status, physical health conditions and health behaviors.
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statistical inference was close to the significance level
(i.e., P=10.04), indicating a possible likelihood of a Type I error.
Therefore, the interpretation of the results requires caution.
Another study has found that individuals with varying
educational levels exhibit a similar depression-dementia
association, suggesting possible absence of significant additive
interaction between depression and cognition on dementia
[25]. This finding is consistent with our results. Furthermore, we
assessed the multiplicative interaction between depression
and cognition on dementia, although some perspectives
suggest that multiplicative interactions are less significant for
public health than additive interactions [28, 29]. In our study,
no significant or robust multiplicative interaction between
depression and cognition was observed, which is similar to
previous findings [25-27].

Although no significant interaction between depression and
cognitive impairment was observed in our study, the risk of
dementia was still higher when both factors were present than
that with the presence of a single factor only. The comorbidity of
depressive symptoms in individuals with mild cognitive impair-
ment is prevalent, with the proportion ranging from 27 to 37%
[30]. Another research has confirmed that mild cognitive
impairment exacerbates the risk of developing depressive
symptoms in the future [31]. On the other side, meta-analytic
researches have indicated that individuals with major depressive
disorder have worse performance in multiple cognitive domains
than healthy controls [32-35]. Longitudinal studies have further
indicated that elderly populations exhibiting depressive symp-
toms have an increased risk of subsequent cognitive impairment
[36, 37]. Therefore, when either depression or cognitive impair-
ment occurs alone, clinicians should be vigilant about the patient’s
future risk of developing dementia and provide timely preventive
interventions. Furthermore, special attention should still be given
to individuals with depression accompanied by cognitive
impairment.

Despite the findings aforementioned, the current study had
some limitations. First, the covariates lacked common dementia-
related pathological changes during the analysis, such as AB, tau,
and APOE &4 genotype. Our research can only predict the higher
risk of dementia from a symptomatologic perspective. Second, the
outcome measure determined in this study was all-cause
dementia. Although we considered possible organic neurological
disorders during the analysis and excluded dementia possibly
caused by them, the remaining dementia was still unable to be
further subtyped. Third, depression and cognitive impairment in
this study was assessed based on survey screening scales and
several cognitive tests, respectively. In addition, the scales used
are self-report scales instead of clinician-administered ones such
as Hamilton Depression Rating Scale or Montgomery-Asberg
Depression Rating Scale; the cognitive tests employed are not the
commonly used Mini-Mental State Examination or Auditory Verbal
Learning Test. No clear evidence indicated whether participants
were diagnosed with major depressive disorder or mild cognitive
impairment. Finally, depression and cognitive impairment are
state indicators, but our study only considered baseline conditions
and did not account for the longitudinal changes in depression
and cognition.

CONCLUSIONS

With three cross-country population-based prospective cohorts,
individuals who had depression accompanied with cognitive
impairment had higher risks of incident dementia than those
with either depression or cognitive impairment only. The risk of
dementia associated with cognitive impairment was higher
than that associated with depression, and no significant
addictive or multiplicative interactions existed between these
two factors.

SPRINGER NATURE



Y. Yan et al.

DATA AVAILABILITY

The original data of Health and Retirement Study (HRS) is available from https://
hrsdata.isr.umich.edu/; English Longitudinal Study of Ageing (ELSA) is available from
https://beta.ukdataservice.ac.uk/; and Survey of Health, Ageing and Retirement in
Europe (SHARE) is available from https:/releases.sharedataportal.eu/. These data
were harmonized in https://g2aging.org/.
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