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Abstract
Background: Dementia is a progressive neurocognitive disease with a substantial social burden. No
apparent breakthroughs in treatment options have evolved so far, suggesting that disease prevention for
at-risk populations is essential. Depression and cerebrovascular disease (CVD) are known independent
risk factors for dementia, but no studies have examined whether the risk for dementia among people with
both illnesses is higher than the sum from each effect individually. This study aims to evaluate the
dementia risk among people with depression, CVD, or both, compared to those with neither.

Methods: A population-based cohort study analyzing the Korean National Health Insurance Service-
National Sample Cohort database was conducted for all individuals aged over 50 years. This population
had not been diagnosed with dementia at baseline, and was followed up from January 1, 2005, to
December 31, 2013. The analyses used a time-varying Cox proportional hazard regression model that
was adjusted for potential confounding factors. The synergistic effect of depression and CVD was
estimated by calculating the attributable proportion (AP) due to interaction.

Results: A total of 242,237 participants were included in the analytical sample, and 12,735 (5.3%)
participants developed dementia. Compared with participants without depression or CVD, the adjusted
hazard ratio for the incidence of dementia for those with depression alone was 2.35 (95% CI 2.21-2.49);
CVD alone, 3.25 (95% CI 3.11-3.39); and comorbid depression and CVD, 5.02 (95% CI 4.66-5.42). The
synergistic effect between depression and CVD was statistically signi�cant (AP due to interaction =
0.08, P-value = 0.037), whereby 8% of incident dementia among those with comorbid depression and CVD
was attributed to the concomitance of the two illnesses.

Conclusions: In this population-based nationwide cohort with a long-term follow-up, depression and CVD
were associated with an increased risk of dementia, and their coexistence had a synergistic association.

Introduction
Dementia is a neurodegenerative disease characterized by a progressive cognitive decline. Dementia
precludes patients from carrying out their independent daily lives and devastates the lives of not only
patients but also their caregivers. Although the prevalence and disease burden of dementia is increasing
[1], there have been no apparent breakthroughs in treatment options so far. Therefore, the importance of
preventive approaches before the onset of dementia has been emphasized, in order to reduce the disease
burden. Identifying at-risk populations and applying tailored care can be helpful in terms of cost-
effectiveness as well [2].

Cerebrovascular disease (CVD), including cerebral ischemia and hemorrhage, is a widely known
independent risk factor for dementia [3-8]. Vascular dysfunction is known to cause cognitive decline
through changes in the blood supply [9, 10], in�ammation [11-13], and in the immune system [14], as well
as through brain parenchymal damage [3, 7, 15]. Depression has also been suggested as a risk factor for
dementia. According to recent meta-analyses of several epidemiological studies [16, 17], late-life
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depression is associated with an increased dementia risk. Because depression and CVD share a common
pathophysiology, such as hypothalamic-pituitary-adrenal (HPA) axis dysregulation [18], chronic
in�ammation [19], and endothelial dysfunction [20], depression and CVD may aggravate each other.
Depressive patients are at higher risk of stroke morbidity and mortality [21], and the reverse is true as well
[22]. The association between depression and microvascular dysfunction has also been described in a
recent systemic review and meta-analysis [23].

Despite the relevance between these noteworthy risk factors, the prior studies on dementia risks have not
focused on the concurrent effects of depression and cerebrovascular disease (CVD). Therefore, whether
concomitant depression and CVD synergistically increase the risk of dementia more than the sum of their
individual effects is still undetermined. In the current study, we evaluated the association of depression,
CVD, and their relative interactions with subsequent dementia using a nationwide population-based
cohort. We also investigated whether the synergistic effect of the two conditions on dementia risk
changes with the age or sex of those studied.

Methods

Participants
We used a nationwide population-based cohort database, the South Korean National Health Insurance
Service-National Sample Cohort (NHIS-NSC) [24]. Among 1,044,097 individuals who were enrolled in the
cohort during the baseline period from January 1st, 2002, to December 31st, 2004, we included 244,920
individuals over the age of 50, and then excluded 2,683 cases who had or received a dementia diagnosis
during this time period (Fig. 1). The analyses included a total of 242,237 participants. The institutional
review board at Samsung Medical Center approved this study. All data were deidenti�ed and kept
con�dential, therefore, participants’ informed consent was exempted.

Exposure variables: depression and CVD
Depression was de�ned as those having an International Classi�cation of Diseases 10th revision (ICD-
10) code of depressive disorder (F32 or F33), and a documented history of taking antidepressant
medication (Additional �le 1: Table S6) on the �rst day of their depression diagnosis during the follow-up
period [25]. CVD was de�ned as those with an ICD-10 code of cerebrovascular disease (I60-69) as a
primary diagnosis with two or more hospital visits during the follow-up period. Unlike the medications
used for depression or dementia patients, medications for patients with CVD are not exclusive to this
disease. Therefore, we de�ned CVD as having the ICD code with multiple hospital visits, and did not
include medication criteria.

Outcome of interest: dementia
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The primary outcome was overall survival free of dementia. Dementia was de�ned as having dementia
as classi�ed by the ICD-10 code (F00-03, G30-31) and a documented history of taking anti-dementia
medication (donepezil, rivastigmine, galantamine, or memantine) during the follow-up period [25, 26]. As
mentioned above, we excluded all cases with a dementia diagnosis during the two years of the baseline
period, in order to focus on incident cases of dementia. We set secondary outcomes as dementia
subtypes, according to the respective ICD-10 codes assigned on their �rst day of dementia diagnosis; F00
and G30 as Alzheimer's disease (AD); F01 as vascular dementia (VD); and F02-03 and G31 as other
dementias (non-AD or non-VD).

Covariates
Analyses were adjusted for the following potential confounding variables: age, sex, residential area,
income level, and comorbidities de�ned during the baseline period from 2002 to 2004. As for residential
area, individuals who resided in the capital city of South Korea and the surrounding metropolitan cities
(Seoul, Incheon, Gyeonggi-do) were classi�ed as pertaining to a ‘capital region’; the others, as residing in a
‘non-capital region.’ Income levels were de�ned as low (up to the 30th percentile), middle (40 to 70th

percentile), and high (80 to 100th percentile) income group. The ICD-10 disease codes from Charlson's
Comorbidity Index were used, which is a widely used method to adjust for the effects of comorbidities
[27]. We de�ned the comorbidities based on the respective ICD-10 codes for each disease (Additional �le
1: Table S5) with two or more hospital visits during the baseline period.

Statistical analysis
We used Cox proportional hazards regression models to determine the adjusted hazard ratios (aHRs) and
95% con�dence intervals (CIs) for depression, CVD, or comorbid depression and CVD in terms of
dementia incidence. We followed up the participants from the index date (January 1st, 2005) until
December 31st, 2013, or until the date of dementia onset within that period, de�ned as the follow-up
period. Patients’ death and the end of the follow-up were treated as censoring events in the analysis.
During the follow-up period of up to 9 years, individuals were classi�ed into four groups based on their
exposure to depression and CVD. These groups included: individuals without depression nor CVD, those
with depression alone, those with CVD alone, and those with both depression and CVD. Because a cohort
design can cause an immortal-time bias, we used a time-varying Cox regression model to prevent time-
related biases [28, 29]. First, we evaluated the individual aHRs and 95% CIs calculated for cases with
depression and CVD with dementia risk in two separate regression models, in order to validate the
disease diagnoses and assure generalizability of the study sample. Next, we examined the synergistic
effect of the two exposure diseases by testing the hypothesis that there is no excess risk due to their
interaction. We calculated the attributable proportion (AP) that was due to their interaction as a measure
of excess risk to individuals, which could not be explained by the independent effects of each of the two
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exposure conditions individually [30]. We also determined any age or sex modi�cation effects that could
result in incident dementia.

We conducted two additional analyses. First, incident dementia was classi�ed as AD, VD, and non-AD or
non-VD according to their initial ICD-10 dementia code. The association between the exposure conditions
and each subtype of dementia were examined in the adjusted models. Second, we conducted sensitivity
analyses to ensure the robustness of the results using 1:1 and 1:2 propensity score matching methods.
The propensity score matching method has been widely used in observational studies to reduce biases
caused by different covariates characteristics among groups [31]. We estimated the propensity scores
using a logistic regression to match two groups; a group without depression or CVD versus a group with
at least one of depression or CVD. Matching covariates were age, sex, residential area, and income level,
as well as the presence of 14 comorbidities. Each matching process was conducted based on
replacement sampling. There were no signi�cant differences in all covariates between the two groups
after matching except for one comorbidity of non-metastatic solid cancer with a 1:1 match (P-value
=0.03, Additional �le 1: Table S4A and B). All statistical analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, NC/USA).

Results

Participant characteristics and incidence of dementia
Participant characteristics are presented in Table 1. A total of 242,237 participants were included in the
analyses (77,587 [68.0%] aged over 65 years at baseline; 131,712 [54.4%] women; 140,415 [58.0%] from
non-capital regions). There was a total of 7,006 (2.9%) participants who had histories of depression
during the enrollment period from 2002 to 2004. There was a total of 9,680 (4.0%) participants with CVD
during the same period. The demographic characteristics of the study participants and the diseases from
Charlson’s Comorbidity index were set as covariates (Table 1). A total of 12,735 (5.3%) participants were
newly diagnosed with dementia (AD, 9,729 [76.4%]; VD, 1,306 [10.3%]; non-AD or non-VD, 1,700 [13.3%],
Table S1 in Additional �le 1). There were signi�cant differences between the groups in terms of age, sex,
income level, and comorbidities (P-value < 0.05).

When the patients were classi�ed into the four categories as shown in Fig. 1, the number of patients with
newly diagnosed dementia was 7,525 (4.0 %) in the reference group (N = 190,255, 78.5%), 1,336 (6.8%) in
the depression alone group (N = 19,692, 8.1%), 3,099 (11.6%) in the CVD alone group (N = 26,798, 11.1%),
and 775 (14.1%) in the comorbid depression and CVD group (N = 5,492, 2.3%).
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  Study Population With Dementia Without Dementia

N % N % N %

TOTAL 242,237 100.0 12,735 100.0 229,502 100.0

Age

 

           

50 to 64 years 164,650 68.0 3,345 26.3 161,305 70.3

Older than 64 years 77,587 32.0 9,390 73.7 68,197 29.7

Sex            

Men 110,525 45.6 3,982 31.3 106,543 46.4

Women 131,712 54.4 8,753 68.7 122,959 53.6

Residential area a            

Capital region 101,822 42.0 4,403 34.6 97,419 42.5

Non-capital region 140,415 58.0 8,332 65.4 132,083 57.6

Income level b            

Low 65,730 27.1 3,948 31.0 61,782 26.9

Middle 80,753 33.3 3,683 28.9 77,070 33.6

High 95,754 39.5 5,104 40.1 90,650 39.5

Comorbidities            

Myocardial infarction 2,332 1.0 156 1.2 2,176 1.0

Congestive heart failure 8,904 3.7 814 6.4 8,090 3.5

Peripheral vascular disease 6,661 2.8 575 4.5 6,086 2.7

Chronic pulmonary disease 47,871 19.8 3,232 25.4 44,639 19.5

Connective tissue disorder 11,761 4.9 881 6.9 10,880 4.7

Peptic ulcer 50,849 21.0 2,984 23.4 47,865 20.9

Mild liver disease 22,914 9.5 1,022 8.0 21,892 9.5

Uncomplicated diabetes 29,720 12.3 2,209 17.4 27,511 12.0

Complicated diabetes c 11,717 4.8 933 7.3 10,784 4.7

Hemiplegia 1,533 0.6 151 1.2 1,382 0.6

Moderate or severe renal diseases 1,476 0.6 96 0.8 1,380 0.6
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Non-metastatic solid cancer d 9,382 3.9 435 3.4 8,947 3.9

Moderate or severe liver diseases 754 0.3 17 0.1 737 0.3

Metastatic solid cancer 2,805 1.2 51 0.4 2,754 1.2

Table 1
Table 1 Descriptive characteristics of the study population

a Individuals who resided in the capital city of South Korea and surrounding metropolitan cities (Seoul,
Incheon, Gyeonggi-do) were classi�ed as pertaining to a “capital region”; the others, to a “non-capital
region.”

b Income levels were divided into three groups according to low (up to the 30th percentile), middle (40 to
70th percentile), and high (80 to 100th percentile) incomes.

c Diabetes complicated with retinopathy, neuropathy, renal disease

d Non-metastatic solid cancer including leukemia, lymphoma, and multiple myeloma

Independent associations of depression and CVD with
increased dementia risk
In an analysis of the time-varying Cox proportional hazard model, depression was found to be associated
with a 122 % increased risk of dementia (HR 2.22, 95% CI 2.12-2.33, Table 2, Fig. 2A) after adjusting for
age, sex, residential area, income level, and comorbid chronic diseases, compared to participants without
depression. The lag-time analyses showed that the effect of depression was signi�cant, even after
considering depression as a prodrome of dementia for up to two years (Additional �le 1: Table S2). The
analyses with CVD showed a similar risk increase, with a higher risk hazard for dementia onset (HR 3.12,
95% CI 3.00-3.25, Table 2, Fig. 2B). Effects which were modi�ed according to age and sex were
statistically signi�cant in both the analyses for depression and CVD patients (P-value for the interaction
was <0.0001). The effect of depression on the development of dementia was outstanding in men and in
those under the age of 65, and the same was seen for the effect of CVD.
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  No
Depression

Depression No CVD CVD

Total population 217,053
(89.6%)

25,184
(10.4%)

209,947
(86.7%)

32,290
(13.3%)

Dementia events 10,624 (4.9%) 2,111 (8.4%) 8,861 (4.2%) 3,874 (12.0%)

Person-years 1,777,860 210,499 1,734,836 253,523

Incidence (events/1,000 person-
years)

5.98 10.03 5.11 15.28

Unadjusted HR in Model 1 (95%
CI)

1 [Reference] 2.40 (2.29-
2.51)

1 [Reference] 4.36 (4.20-
4.53)

aHR in Model 2 (95% CI) a 1 [Reference] 2.35 (2.24-
2.46)

1 [Reference] 3.26 (3.14-
3.39)

aHR in Model 3 (95% CI) b 1 [Reference] 2.22 (2.12-
2.33)

1 [Reference] 3.12 (3.00-
3.25)

50 to 64 years 147,019
(89.3%)

17,631
(10.7%)

147,069
(89.3%)

17,851
(10.7%)

Dementia events 2,591 (1.8%) 754 (4.3%) 2,150 (1.5%) 1,195 (6.8%)

Person-years 1,271,789 152,534 1,276,238 148,084

Incidence (events/1,000 person-
years)

2.04 4.94 1.68 8.07

Unadjusted HR in Model 1 (95%
CI)

1 [Reference] 3.43 (3.16-
3.72)

1 [Reference] 6.82 (6.35-
7.32)

aHR in Model 2 (95% CI) a 1 [Reference] 3.24 (2.99-
3.52)

1 [Reference] 6.84 (6.37-
7.34)

aHR in Model 3 (95% CI) b 1 [Reference] 3.11 (2.86-
3.37)

1 [Reference] 6.54 (6.09-
7.03)

Older than 64 years 70,034
(90.3%)

7,553 (9.7%) 62,878
(81.0%)

14,709
(19.0%)

Dementia events 8,033 (11.5%) 1,357
(18.0%)

6,711 (10.7%) 2,679 (18.2%)

Person-years 506,071 57,965 458,597 105,439

Incidence (events/1,000 person-
years)

15.87 23.41 14.63 25.41

Unadjusted HR in Model 1 (95%
CI)

1 [Reference] 2.06 (1.95-
2.18)

1 [Reference] 2.50 (2.39-
2.62)

aHR in Model 2 (95% CI) a 1 [Reference] 2.04 (1.93-
2.16)

1 [Reference] 2.55 (2.43-
2.66)
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aHR in Model 3 (95% CI) b 1 [Reference] 1.92 (1.81-
2.04)

1 [Reference] 2.44 (2.33-
2.56)

Men 102,043
(92.3%)

8,482 (7.7%) 95,637
(86.5%)

14,888
(13.5%)

Dementia events 3,388 (3.3%) 594 (7.0%) 2,531 (2.7%) 1,451 (9.6%)

Person-years 831,452 69,492 784,992 115,952

Incidence (events/1,000 person-
years)

4.07 8.55 3.22 12.51

Unadjusted HR in Model 1 (95%
CI)

1 [Reference] 3.13 (2.87-
3.42)

1 [Reference] 5.69 (5.33-
6.07)

aHR in Model 2 (95% CI) a 1 [Reference] 2.83 (2.60-
3.09)

1 [Reference] 4.15 (3.88-
4.42)

aHR in Model 3 (95% CI) b 1 [Reference] 2.69 (2.46-
2.93)

1 [Reference] 3.99 (3.74-
4.26)

Women 115,010
(87.3%)

16,702
(12.7%)

114,310
(86.8%)

17,402
(13.2%)

Dementia events 7,236 (6.3%) 1,517 (9.1%) 6,330 (5.5%) 2,423 (13.9%)

Person-years 946,408 141,007 949,844 137,571

Incidence (events/1,000 person-
years)

7.65 10.76 6.66 17.61

Unadjusted HR in Model 1 (95%
CI)

1 [Reference] 1.97 (1.87-
2.09)

1 [Reference] 3.84 (3.67-
4.03)

aHR in Model 2 (95% CI) a 1 [Reference] 2.19 (2.07-
2.32)

1 [Reference] 2.89 (2.76-
3.03)

aHR in Model 3 (95% CI) b 1 [Reference] 2.07 (1.96-
2.19)

1 [Reference] 2.77 (2.64-
2.91)

Table 2
Table 2 Cox regression analysis for the association between the exposure diseases and dementia

Abbreviations: HR hazard ratio, aHR adjusted hazard ratio, CI con�dence interval

a Adjusted for demographic characteristics (age, sex, residential area, and income level)

b Adjusted for demographic characteristics (age, sex, residential area, and income level), other exposure
diseases, and 14 comorbidities (myocardial infarction, congestive heart failure, peripheral vascular
disease, chronic pulmonary disease, connective tissue disorder, peptic ulcer, mild liver disease,
uncomplicated diabetes, complicated diabetes, hemiplegia, moderate or severe renal diseases, non-
metastatic solid cancer, moderate or severe liver diseases, and metastatic solid cancer)
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Synergistic interaction of depression and CVD on dementia
risk
Compared to the participants without depression or CVD, the depression alone group (aHR 2.35, 95% CI
2.21-2.49), CVD alone group (aHR 3.25, 95% CI 3.11-3.39), and comorbid depression and CVD group (aHR
5.02, 95% CI 4.66-5.42) were signi�cantly associated with an increased risk of dementia (Table 3). The AP
due to the interaction between depression and CVD was 0.08, which was statistically signi�cant (P-value
= 0.037, Table 3 and Fig. 2C). The coexistence of the two diseases added 8% to the subsequent dementia
risk determined with the sum of the individual conditions. When participants were distinguished
according to their dementia subtypes, the AP due to interaction with each dementia subtype were
statistically insigni�cant. Nevertheless, there was evidence of a synergistic effect on AD in the sensitivity
analyses that used 1:2 propensity score matching (AP due to interaction 0.10, 95% CI 0.01-0.20, P-value =
0.056, Table S3). The synergistic effect between depression and CVD changed with sex, which was
signi�cant only in women. AP due to interaction among women with comorbid depression and CVD was
0.12 (P-value = 0.010, Table 3). The sensitivity analyses that used 1:1 or 1:2 propensity score matching
further supported the results (Additional �le 1: Table S3).
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  Risk of dementia, HR (95% CI) AP due to
Interaction

  No Depression
or CVD

Depression CVD Depression
and CVD

AP (95%
CI)

P -
valuea

Model 1b 1 [Reference] 2.41 (2.27-
2.55)

4.51 (4.32-
4.70)

6.54 (6.08-
7.05)

0.10 (0.02-
0.17)

0.016

Model 2c 1 [Reference] 2.39 (2.26-
2.54)

3.33 (3.19-
3.47)

5.16 (4.79-
5.56)

0.09 (0.01-
0.16)

0.035

Model 3d 1 [Reference] 2.35 (2.21-
2.49)

3.25 (3.11-
3.39)

5.02 (4.66-
5.42)

0.08 (0.01-
0.16)

0.037

Dementia
subtypese

           

AD 1 [Reference] 2.36 (2.21-
2.52)

2.77 (2.63-
2.91)

4.54 (4.15-
4.95)

0.09 (0.00-
0.18)

0.056

VD 1 [Reference] 2.13 (1.68-
2.70)

9.75 (8.64-
11.02)

11.98 (9.74-
14.75)

0.09
(-0.14-
0.32)

0.431

Non-AD or
non-VDf

1 [Reference] 2.37 (2.02-
2.78)

2.97 (2.64-
3.35)

4.55 (3.68-
5.62)

0.05
(-0.18-
0.28)

0.696

Agee            

50 to 64
years

1 [Reference] 3.46 (3.12-
3.83)

6.93 (6.38-
7.53)

10.10 (8.85-
11.53)

0.07
(-0.07-
0.21)

0.316

Older than
64 years

1 [Reference] 2.01 (1.87-
2.16)

2.53 (2.41-
2.66)

3.83 (3.50-
4.21)

0.08
(-0.02-
0.18)

0.126

Sexe            

Men 1 [Reference] 3.16 (2.82-
3.54)

4.31 (4.01-
4.64)

6.71 (5.85-
7.69)

0.04
(-0.12-
0.19)

0.649

Women 1 [Reference] 2.11 (1.97-
2.26)

2.82 (2.67-
2.97)

4.46 (4.07-
4.88)

0.12 (0.03-
0.21)

0.010

Table 3
Table 3 Interaction analysis for depression and CVD

Abbreviations: AP attributable proportion, CVD cerebrovascular disease, AD Alzheimer's disease, VD
vascular dementia, HR hazard ratio
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a P value for the test of the null hypothesis that the AP = 0

b Unadjusted model

c Adjusted for demographic characteristics (age, sex, residential area, and income level)

d Adjusted for demographic characteristics (age, sex, residential area, and income level) and 14
comorbidities(myocardial infarction, congestive heart failure, peripheral vascular disease, chronic
pulmonary disease, connective tissue disorder, peptic ulcer, mild liver disease, uncomplicated diabetes,
complicated diabetes, hemiplegia, moderate or severe renal diseases, non-metastatic solid cancer,
moderate or severe liver diseases and metastatic solid cancer)

e Subgroup analyses that are based on Model 3 (adjusted for demographic characteristics and 14
comorbidities). Age or sex was not entered as a covariate in each subgroup analysis.

f Includes dementia in other diseases classi�ed elsewhere (F02), unspeci�ed dementia (F03), and other
degenerative diseases of the nervous system, which are not classi�ed elsewhere (G31)

Discussion
In this analysis of a nationwide population-based cohort with 242,237 participants aged over 50,
depression and CVD was independently associated with a more than doubled risk of subsequent
dementia. The coincidence of the two illnesses modi�ed the associated hazard for dementia in a
synergistic way. After adjusting for demographic factors and comorbidities, 8% of participants’ incident
dementia among those with comorbid depression and CVD may be attributed to the concomitance of the
two conditions. The synergistic interaction existed only in women, where 12% of the incident dementia
among women with depression and CVD might be due to the concurrence of the diseases.

Our results reinforce the claim that individuals with depression or CVD are more vulnerable to subsequent
dementia, with the same hazards seen in previous research that examined the association between
depression [16, 22, 32, 33] or CVD [4, 7, 34, 35] with cognitive declines. We replicated prior �ndings with a
large population-based sample, and also tested the generalizability of our results. In our sample, the
synergistic interaction between depression and CVD was statistically signi�cant after adjusting for
demographical factors and chronic comorbidities. Although we cannot clarify the underlying
mechanisms for the results in this study, one possible explanation is that each illness exacerbates the
other condition through biological and psychosocial changes. Strokes damage patients’ activities of daily
living, social functioning, and cognitive function, which can lead to depression as a psychosocial reaction
[14]. Vascular damages in speci�c brain regions that are related to mood regulation could make patients
susceptible to depressive disorders [36]. Depression might affect patients’ health behaviors and vascular
risk factors, and could share a pathophysiology with CVD, such as HPA axis dysregulation or chronic
in�ammatory status [20].
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Another explanation is that the synergistic effect may be related to AD pathology. The synergistic effect
of depression and CVD in our study was more remarkable in women, whose population is at risk of AD
[1]. Although it requires cautious interpretation, we can establish the hypothesis that the concurrence of
vascular damage and AD pathology that is triggered by depression initiates clinically signi�cant cognitive
declines. Researchers suggest that chronic stress and hypercortisolemia can induce beta-amyloid
accumulation, hyperphosphorylation of Tau proteins, and neurotoxicity [37]. A prior study reported that
depressed patients have more beta-amyloid aggregation than healthy individuals [38]. Our �ndings are
also in line with an animal study, which reported chronic stress resulting in increased amyloid plaques in
the hippocampus of female mice only, without changes in the cerebral cortices of both male and female
mice [39]. A recent clinical study on CVD and AD pathology with 218 participants found that comorbidity
of CVD and amyloid plaques was associated with cognitive declines, but CVD was not associated with
the rate of the beta-amyloid accumulation [40]. The synergistic interaction between depression and CVD
and its relevance to AD pathology should be investigated in further research.

Our �ndings indicate that individuals with depression or CVD require thorough preventive approaches to
avoid another illness. Although treating depressive disorder might not change the course of patients’
cognitive decline [32], managing vascular risk factors and preventing CVD in individuals with depression
would reduce the incidence of dementia, as well reduce personal and socioeconomic disease burdens.
Women are primarily known to have a higher risk of depression, therefore, targeting this at-risk population
can help dementia prevention policies work effectively.

Limitations
This study has some limitations. The NHIS-NSC database is not diagnostic data, rather health insurance
claims [20]. Therefore, there is a probability that the diagnoses of the diseases of focus in this research,
including dementia subtypes, are inaccurate. To make the diagnoses reliable, we set up strict operational
de�nitions using ICD codes based on multiple hospital visits and drug prescription data. Even if using the
ICD-10 code can lead to accidentally excluding patients with early or exiguous symptoms of the diseases,
our results showed a prevalence similar to the actual prevalence of the conditions, and the hazard ratios
of depression and CVD were equivalent to those previously reported. The identi�cation of dementia
etiologies is complicated without biopsies or autopsies of brain pathologies. We had no choice but to
determine the dementia subtypes according to the initial codes of the main diagnoses for our analyses.
Unfortunately, this method cannot be used to separate clinically noteworthy dementia etiologies which
are not speci�ed in the ICD-10 code, for example, “mixed dementia.” Another limitation is that there was
an insu�cient consideration of possible confounding factors. Health behaviors, such as drinking and
smoking, are known to affect depression, CVD, and dementia. They might depend on age and sex;
therefore, our �ndings in effect modi�cation by age and sex should be interpreted with caution. Finally,
there are residual confounders, as in any observational study.

Conclusions
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This nationwide, population-based cohort study demonstrates that both depression and CVD are
associated with an increased dementia risk, with a synergistic interaction between them. To the best of
our knowledge, this is the �rst study examining the coexistence effect of depression and CVD on
subsequent dementia risk. Among those with comorbid depression and CVD, 8% of incident dementia
was attributed to the concomitance of the two illnesses. This �nding suggests that individuals with
depression or CVD need approaches to prevent other conditions.
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Figure 1

A �ow diagram of the study population
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Figure 2

Survival curves for dementia onset according to the exposure diseases
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