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Abstract
OBJECTIVES: To evaluate the associations between cardiovascular 
disease (CVD) risk burden (estimated by the World Health 
Organization (WHO) algorithm) and cognitive impairments (e.g., 
incident dementia, global and domain-specific impairments) among 
CVD-, dementia- and disability-free, community-dwelling middle-
aged and older adults during an 8-year follow-up.
DESIGN: A community-based longitudinal cohort study.
SETTING: Yuanshan township in Yi-Lan County, Taiwan.
PARTICIPANTS: A total of 889 community-dwelling residents aged 
50 years or older.
MEASUREMENTS: Age, sex, educational level, employment 
status, alcohol status, body mass index, physical activity, gait speed, 
depressive symptoms, WHO region-specific CVD risk scores (10-year 
CV risk, low: <10% vs. moderate-to-high: ≥ 10%), Chinese version 
of the Mini-Mental State Examination (MMSE), verbal memory by 
the delay-free recall in the Chinese Version Verbal Learning Test 
(CVVLT), language function by the Boston Naming Test and the 
category (animal) Verbal Fluency Test, visuospatial function by the 
Taylor Complex Figure Test, executive function by the digit backward 
and the Clock Drawing Test.
RESULTS: Compared to those with low CVD risk, middle-aged and 
older adults with moderate-to-high CVD risk were at greater risk for 
cognitive impairments with respect to the MMSE (adjusted odds ratio 
(aOR) 1.60 [95% confidence interval (CI) 1.19-2.15], P=0.002), verbal 
memory (aOR 1.97 [1.43-2.70], P< 0.001) and language (aOR 1.99 
[1.46-2.70], P< 0.001), as well as incident dementia (aOR 2.40 [1.33-
4.33], P=0.004). After adjusting for all covariates, CVD risk was not 
associated with other domains of cognitive impairment.
CONCLUSIONS: Among healthy, community-dwelling, middle-
aged and older adults, those with moderate-to-high cardiovascular 
risk burden were significantly associated with incident dementia and 
global and domain-specific cognitive impairments (verbal memory and 
language), which suggests the existence of a relationship between early 
cognitive deficits and CVD risk burden. Further studies are needed to 
elucidate the pathophysiological mechanism of the link between CVD 
risk burden and cognitive impairment.

Key words: Cardiovascular disease, cognitive impairment, dementia, 
language, verbal memory.

Introduction

Population aging is a global challenge that affects 
both developing and developed countries (1-3), and 
various age-related conditions often cooccur in the 

aging process and increase the risk for adverse outcomes 
(4-9). The roles of cardiovascular disease (CVD) burden in the 
development of cerebrovascular events and dementia are vivid 
examples of overlapping phenomena in human aging (10).  

In recent decades, the number of people living with dementia 
has substantially increased due to population aging (11). 
Globally, it was estimated that there were 55 million people 
living with dementia in 2019, and the number is expected to 
increase to 139 million by 2050 (12). The rapidly growing 
prevalence of dementia is accompanied by the substantial 
increase in the economic and societal burdens of dementia 
care (13,14). According to the World Health Organization 
(WHO)’s “Global status report on the public health response 
to dementia report”, the estimated global cost of dementia care 
will reach 2.8 trillion USD by 2030 (12). It is widely accepted 
that the best strategy to prevent or modify the disease course 
of dementia is to identify risk factors or disease-modifying 
factors and design proper interventions (15). Among all risk 
factors related to dementia, CVD risk factors were recognized 
as modifiable risk factors that deserve significant attention, 
and CVD risk factors may contribute to the development or 
progression of dementia and complicate its management (15).

Various CVD risk factors have been reported to increase the 
risk of cognitive impairment and incident dementia, including 
smoking, hypertension, mid-life hypercholesterolemia, diabetes 
mellitus, and many others (16). The potential mechanisms 
linking CVD risk factors to cognitive impairments were as 
follows: cerebral hypoperfusion, hypoxia, emboli, or infarcts 
leading to vascular and neurodegeneration (17). Since CVD 
risk factors usually cluster in the aging process, using a 
composite scoring system to capture an individual’s overall 
CVD risk burden is an important and practical approach to 
quantifying its clinical impacts. Several well-known scoring 
systems have been developed, such as the Framingham General 
Cardiovascular Risk Score (FGCRS) (18), the WHO CVD risk 
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score (19), and the scoring system based on epidemiological 
studies of individual countries (19). Currently, the most 
widely used tool is the FGCRS; its prediction algorithm was 
derived from Caucasians aged 50-79 years living in specific 
communities (18). Other similar scoring systems include 
the Cardiovascular Risk Factors, Aging, and Incidence of 
Dementia (CAIDE) model (20-21) and vascularity index model 
(22). These existing scoring systems were mainly developed 
using epidemiological data from Caucasians; the FGCRS was 
developed in the United States, and the CAIDE was developed 
in Finland. Due to the differences in ethnic backgrounds, 
lifestyle behaviors, and socioeconomic status, it remains unclear 
whether these scoring systems could be adopted in other non-
Caucasian countries (21, 23-25). In addition, studies focused 
on the associations between cognitive impairment and CVD 
risk using the FGCRS or CAIDE showed conflicting results and 
were limited to short-term observational periods (26-29).	

To address the abovementioned knowledge gaps, this 
study aims to examine the roles of CVD risk burden in 
incident dementia and global and domain-specific cognitive 
impairments using the WHO’s region-specific CVD prediction 
scoring system among disability- and dementia-free healthy 
community-dwelling middle-aged and older adults to explore 
the potential pathophysiology of CVD risk on cognitive 
impairments.

Material and methods

Study setting and participants

The I-Lan Longitudinal Aging Study (ILAS) is a prospective 
observational cohort study that aims to investigate the complex 
interrelationships between aging, physical frailty, sarcopenia, 
and cognitive impairment over time (30-32). The details of the 
study design and the study protocol of ILAS have been reported 
previously (33, 34). In brief, ILAS enrolled community-
dwelling adults aged over 50 years who lived in the I-Lan 
County of Taiwan. The ILAS gathers prospective data on a wide 
variety of demographics and determinants of healthy aging in a 
repeated manner. At each follow-up, physical examinations, 
laboratory tests, functional assessments and brain imaging were 
assessed for all study participants of ILAS.

In this study, we identified those aged 50-74 years as the 
study subjects to meet the age strata defined by the WHO 
CVD risk burden scoring system. Subjects with the following 
conditions were excluded from enrollment: (1) unable 
to communicate or to complete the interview, (2) unable to 
complete all tests due to poor functional status, (3) those 
with limited life expectancy due to advanced illness, and (4) 
residents living in long-term care facilities.

Overall, 1839 individuals aged 50 years or older were 
enrolled and completed the baseline assessment, and data 
from 1420 participants were identified after excluding subjects 
with suspected dementia (n=93), with existing cardiovascular 
disease (n=92), and aged over 75 years (n=234). Of these, 889 
with complete data at the 8-year follow-up were excerpted for 
data analysis. Based on the estimated CVD risk, we further 

categorized all participants into low-risk (10-year CVD risk 
<10%) and moderate-to-high-risk groups (10-year CVD risk≥ 
10%) for further analysis. (supplement Figure 1). The study was 
approved by the Institutional Board Review of National Yang 
Ming Chiao Tung University (YM103008) and Taipei Veterans 
General Hospital (2018-05-003B), and all participants signed a 
written informed consent form before enrollment.

Physical examinations and laboratory tests

For all participants, trained research staff interviewed each 
participant and collected their demographic characteristics, 
performed physical examinations, and measurements for 
6-meter usual gait speed, dominant handgrip strength, and 
cognitive function. All participants also underwent a venous 
blood draw after a 10-hour overnight fast. Serum levels of total 
cholesterol, low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), uric acid, and high-
sensitivity C-reactive protein (hsCRP) were measured using 
an automatic analyzer (ADVIA 1800; Siemens, Malvern, PA). 
Whole-blood glycated hemoglobin A1c (HbA1c) was measured 
by an enzymatic method (Tosoh G8 HPLC Analyzer, Tosoh 
Bioscience, Inc., San Francisco, CA).

The WHO’s cardiovascular disease risk score

We used the 2019 revised WHO CVD risk estimation chart 
to calculate the 10-year CVD risk for all participants (19). The 
equation was generated based on regional epidemiological 
reports and provided 21 region-specific prediction charts 
worldwide. Two types of prediction models have been 
proposed, i.e., laboratory-based and non-laboratory-based 
models. The estimation charts provide the absolute risk of 
a cardiovascular event, and a higher risk score indicates 
a higher burden of CVD risk. In this study, we adopted a 
laboratory-based CVD risk estimation model that included age, 
sex, diabetes mellitus, smoking status, systolic blood pressure 
(SBP), and total cholesterol in East Asia (including Taiwan). 
Diabetes mellitus was defined as self-reported diabetes mellitus 
or use of diabetic medications, as well as laboratory data 
that met the diagnostic criteria of the American Diabetes 
Association: HbA1c ≥ 6.5%, fasting plasma glucose ≥ 126 
mg/dl, or random blood glucose ≥ 200 mg/dl (35). Smoking 
status was categorized as current and nonsmoker (former/
never smoked). Based on the estimated CVD risk, we further 
categorized all participants into low-risk (10-year CVD risk 
<10%) and moderate-to-high-risk groups (10-year CVD risk≥ 
10%) for further analysis.

Global and domain-specific cognitive function 
assessments

A l l  p a r t i c i p a n t s  r e c e i v e d  a  c o m p r e h e n s i v e 
neuropsychological assessment by the trained study staff. 
Global cognitive performance was examined by the Chinese 
version of the Mini-Mental State Examination (MMSE). Based 
on a previous study in Taiwan, dementia was defined as having 
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an MMSE score of <24 among those with at least 6 years of 
formal education and an MMSE score of <14 among those with 
fewer than 6 years of formal education (36). The cutoff values 
were used to exclude participants due to preexisting dementia 
and to define incident dementia in the follow-up.

Four specific cognitive domains were assessed, including 
1) verbal memory using the delay-free recall in the Chinese 
Version Verbal Learning Test (CVVLT) (37), 2) language 
function using the Boston Naming Test and the category 
(animal) Verbal Fluency Test, 3) visuospatial function using the 
Taylor Complex Figure Test, and 4) executive function using 
the digital backward and the Clock Drawing Test (38).

Participants with deficits in one or more specific cognitive 
domains were defined as having mild cognitive impairment 
according to the Diagnostic and Statistical Manual of Mental 
Disorders (5th edition, DSM-5) (39). Participants with a 
cognitive performance score <1.5 standard deviations (SDs) 
or more in each specific cognitive domain in the age-, sex-, 
and education-matched norms of the same population were 
considered to have a deficit (40).

Other covariates

The following covariates for each study participant were 
collected: education level (years), employment status (yes/
no), drinking habits (yes/no), body mass index (BMI), 
physical inactivity, slow gait speed, and depressive symptoms. 
Physical inactivity was defined as <3.75 MET/h in men or 
<2.5 MET/h in women based on the International Physical 
Activity Questionnaire (IPAQ) Taiwan version (41). Slow 
gait speed was defined as a 6-meter usual gait speed <1 m/s 
(42), and depressive symptoms were assessed by the Taiwan 
Geriatric Depression Scale (43). The definition of frailty was 
based on Fried’s Cardiovascular Health Study criteria (44). 
Sarcopenia was defined as the presence of low muscle mass 
plus reduced muscle strength and/or slow walking speed based 
on our previous study using ILAS (32).

Statistical analysis

Categorical variables are presented as counts and 
percentages, and continuous variables are presented as the 
mean ± standard deviation (SD). Comparisons of demographics 
between groups were performed with the chi-square test or 
Fisher’s exact test for categorical variables and Student’s t 
test or Mann-Whitney U test for continuous variables when 
appropriate. Multivariate logistic regression models were used 
to estimate adjusted odds ratios (aORs) with 95% confidence 
intervals (CIs) for the associations between baseline CVD risk 
and cognitive impairments (both global and domain-specific 
cognitive function) at 8 years of follow-up. Only covariates that 
reached statistical significance (p<0.10) in univariate analyses 
(crude models) were subsequently included in the multivariate 
logistic regression. For all tests, a two-tailed P value<0.05 was 
considered statistically significant. All analyses were performed 
with IBM SPSS Statistics, version 25 (IBM Corp).

Results

Demographic characteristics
Table 1 summarizes the demographic characteristics, medical 

history, laboratory data, and functional performance of the 
study participants based on the stratification of WHO CVD 
risk. Overall, data from 889 study participants (mean age: 59.9 
± 6.4 years, 47.8% males) were included for analysis in the 
study. Among them, the mean WHO CVD risk was 10.7% (3% 
- 43%), and participants were grouped as low (n= 483, 54.3%) 
and moderate-to-high CVD risk (n=406, 45.7%). Those in the 
moderate-to-high CVD risk group had a higher proportion of 
each of the components of WHO CVD risk, except for total 
cholesterol levels. Compared to the low CVD risk group, the 
moderate-to-high CVD risk group was older (64.5 ± 5.8 vs. 
56.0 ± 3.7 years, P <0.001), more likely to be male (62.6% 
vs. 35.4%, P <0.001), more likely to have diabetes mellitus 
(24.9% vs. 2.7%, P <0.001), more likely to have smoking habits 
(28.3% vs. 6.0%, P<0.001) and more likely to have higher 
systolic blood pressure (134.4 ± 17.4 vs. 122.6 ± 13.3 mmHg, P 
<0.001).

Differences in other demographic characteristics, laboratory 
data, and functional performance were also noted between these 
two groups. Participants in the moderate-to-high CVD risk 
group were more likely to have fewer educational years (6.4 ± 
4.8 vs. 9.4 ± 4.3 years, P <0.001), a higher unemployment rate 
(78.8% vs. 60.9%, P <0.001), a higher BMI (25.2 ± 3.4 vs. 24.3 
± 3.5 kg/m2, P <0.001), and a higher proportion of hypertension 
(41.6% vs. 24.6%, P <0.001). They also had lower serum levels 
of HDL-C (53.5 ± 13.0 vs. 56.8 ± 14.1 mg/dL, P <0.001) and 
folic acid (11.4 ± 6.4 vs. 12.7 ± 6.3 mg/dL, P <0.001), and 
higher serum levels of TG (135.5 ± 105.0 vs. 112.6 ± 63.0 
mg/dL, P <0.001 ). They were more likely to have slow gait 
speed (20.7% vs. 6.8%, P <0.001) and frailty (3.7% vs. 1.2%, 
P=0.016).

Comparisons of cognitive impairments
During the follow-up period, the MMSE scores significantly 

declined in the total study participants (26.9 ± 3.5 vs. 27.3 ± 
2.7, P = 0.001) and the moderate-to-high CVD risk group (25.8 
± 3.9 vs. 26.5 ± 3.0, P = 0.001) but not in the low-risk group 
(Table 2). At the end of follow-up, 7.8% (n=69) of participants 
developed incident dementia, and most of them were in the 
moderate-to-high CVD risk group (moderate-to-high n=50 vs. 
low n=19). Domain-specific cognitive performance analysis 
revealed that the percentage of deficits increased during the 
follow-up period in the verbal memory domain (CVVLT: 
total from 4.5% to 9.7%, P<0.001; low: from 1.9% to 7.9%, 
P=0.003 ;and moderate-to-high from 7.6% to 11.8%, P<0.001) 
and visuospatial domain (Taylor Complex Figure test: total 
from 2.5% to 36.8%, P=0.028; low: from 0.2% to 38.7%, P 
<0.001; and moderate-to-high from 5.2% to 34.5%, P=0.033)
Interestingly, the declines in verbal fluency and language 
domains showed substantial differences in this study. The 
deficit rate of Boston naming test performance became better 
(total: 2.6% vs. 3.9%, P=0.001; moderate-to-high: 2.7% vs. 
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6.7%, P= 0.03) (Table 2), as well as the total scores in all 
participants, the low-risk and the moderate-to-high CVD group 
during the follow- up (total population: 11.7 ± 2.6 vs. 11.1 ± 
2.8, P <0.001; low risk: 12.5 ± 2.3 vs. 11.8 ± 2.5, P<0.001; 
moderate-to-high risk: 10.8 ± 2.7 vs. 10.2 ± 2.8, P <0.001) 
(Supplement Table 2). On the other hand, the verbal fluency 
test performance worsened in the total study subjects and the 
moderate-to-high group (total: from 2.8% to 16.0%, P= 0.006; 
moderate-to-high risk: from 4.2% to 23.2%, P=0.034) at the 
8-year follow-up. In the executive function domain (backward 
digit span), the percentage of deficits also increased during the 
follow-up period (total: from 6.4% to 17.3%, p<0.001; low: 
from 2.5% to 16.8%, p<0.001; moderate-to-high: from 11.1% to 
18.0%, p<0.001). 

Associations between CVD risk and cognitive 
impairment

Adjusted multivariate logistic regressions showed that mo 
derate-to-high CVD risk was significantly associated with 
MMSE declines (aOR 1.60, 95% CI 1.19-2.15, P=0.002) and 
incident dementia (aOR 2.40, 95% CI 1.33-4.33, P=0.004) 
(Table 3, Figure 1). Additionally, moderate-to-high CVD 
risk was also associated with declines in specific domains of 
cognitive function, particularly the verbal memory (aOR 1.97, 
95% CI 1.43-2.70, P< 0.001) and language domains (aOR 1.99, 
95% CI 1.46-2.70, P< 0.001). Although the association between 
moderate-to-high CVD risk and executive function was shown 
in the crude model (odds ratio (OR) 1.45, 95% CI 1.11-1.90, 
P=0.006), it did not reach statistical significance in the adjusted 
model (aOR 1.29, 95% CI 0.96-1.73, P=0.088). In addition, 
moderate-to-high CVD risk was not associated with changes 
in visuospatial function in the crude (OR 0.88, 95% CI 0.58-

Table 1. Baseline characteristics of subjects; stratified by WHO CVD risk (low vs. moderate-to-high)
All (n=889) Low (n=483;54.3%) Moderate-to-high, 

(n= 406;45.7%)
P value

WHO CVD risk factors
Age (years), mean ± SD 59.9 ± 6.4 56.0 ± 3.7 64.5 ± 5.8 <0.001***
Male, n (%) 425 (47.8) 171 (35.4) 254 (62.6) <0.001***
Diabetes mellitus, n (%) 114 (12.8) 13 (2.7) 101 (24.9) <0.001***
Smoking status, n (%) 144 (16.2) 29 (6.0) 115 (28.3) <0.001***
Total cholesterol (mmol/L), mean ± SD 5.1 ± 0.9 5.2± 0.9 5.1 ± 0.9 0.616
SBP (mmHg), mean ± SD 128.0 ± 16.4 122.6 ± 13.3 134.4 ± 17.4 <0.001***
Demographics
Education (years), mean ± SD 8.0 ± 4.8 9.4 ± 4.3 6.4 ± 4.8 <0.001***
Unemployed, n (%) 614 (69.1) 294 (60.9) 320 (78.8) <0.001***
Drinking habit, n (%) 334 (37.6) 168 (34.8) 166 (40.9) 0.06
BMI (kg/m2), mean ± SD 24.7 ± 3.5 24.3 ± 3.5 25.2 ± 3.4 <0.001***
Medical history; n (%)
Hypertension 288 (32.4) 119 (24.6) 169 (41.6) <0.001***
Dyslipidemia 57 (6.4) 26 (5.4) 31 (7.6) 0.172
Laboratory data; mean ± SD
Heart rate (min) 72.0 ± 10.0 72.2 ± 10.1 71.7 ± 10.0 0.469
HDL-C (mg/dl) 55.3 ± 13.7 56.8 ± 14.1 53.5 ± 13.0 <0.001***
LDL-C (mg/dl) 121.4 ± 32.1 121.4 ± 30.8 121.5 ± 33.5 0.963
TG (mg/dl) 123.0 ± 86.0 112.6 ± 63.0 135.5 ± 105.0 <0.001***
Hs-CRP (mg/dl) 0.198 ± 0.37 0.177 ± 0.33 0.222 ±0.42 0.098
Folic acid (mg/dl) 12.0 ± 6.4 12.7 ± 6.3 11.4 ± 6.4 0.003**
Physical and psychological function; n (%)
Low physical activity 131 (14.7) 70 (14.5) 61 (15.0) 0.824
Slow gait speed 117 (13.2) 33 (6.8) 84 (20.7) <0.001***
Depressive symptoms (TGDS) 18 (2.0) 12 (2.5) 6 (1.4) 0.288
Frailty 21 (2.4) 6 (1.2) 15 (3.7) 0.016*
Sarcopenia 8(0.9) 4(0.8) 4(1) 1.000
Cognitive function
MMSE, mean ± SD 27.3 ± 2.7 27.9 ± 2.1 26.5 ± 3.0 <0.001***
Mild cognitive impairment, n (%) 137 (15.4) 38 (7.9) 99 (24.4) <0.001***
WHO, World Health Organization; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; hs-CRP, 
high-sensitivity C-reactive protein; MMSE, Mini-Mental State Examination; Data are expressed as the mean ± standard deviation or numbers (%); P values are based on Student’s t test for 
continuous variables and χ2 tests for categorical variables; *p value<0.05, ** p value<0.01, ***p value<0.001.
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1.32, P=0.525) or adjusted model (aOR 0.76, 95% CI 0.49-1.18, 
P=0.219) (Table 3, Figure 1). The full model for CVD risk and 
MMSE declines or incident dementia (supplement table 3) and 
domain-specific cognitive function (supplement table 4) were 
also provided. 

Adjusted for education levels, unemployed status, BMI, depressive symptoms, slow gait 
speed, low physical activity and frailty.

Discussion
In this study, we found that moderate-to-high CVD risk 

defined by the WHO’s risk scoring system was significantly 
associated with incident dementia, global and domain-specific 
cognitive impairments among community-dwelling middle-
aged and older adults at the 8-year follow-up. Notably, declines 
in verbal memory and language domains were more susceptible 
to CVD risk than executive and visuospatial domains. Overall, 
our findings were consistent with previous studies showing that 
CVD risk burden was a strong predictor of global cognitive 
impairment. The estimated CVD risk (10.7%) of our study 
participants was comparable to that of a nationwide survey 
among people aged 40 years and older in a developing country 
in the same region (10.3%) (45). Nevertheless, due to the 
differences in age distribution and economic development, the 
CVD risk in our study was considered comparatively lower 
than that in other developed countries in the same region 
(46). In particular, this study excluded people with a prior 
history of stroke, cardiovascular disease, existing disability 
and dementia, which differed greatly from other previous 
studies in health status. Characteristically, this study showed 
that healthy community-dwelling middle-aged and older 

adults with CVD risk burden>10% were at significant risk for 
incident dementia and global and domain-specific cognitive 
impairments. Compared to other previous studies, the results 
of this study revealed stronger associations between CVD risk 
burden and cognitive impairment, even though the CVD risk 
burden was not high among healthy middle-aged and older 
adults. According to the epidemiology report in China, average 
dementia prevalence was 6% (47). In our study the prevalence 
of incident dementia was higher. It may be explained by 
regional differences and different investigation methods. 
Moreover, low education of the population is possibly the cause 
of higher prevalence of dementia.

This study used the WHO’s region-specific CVD risk scoring 
system to validate the associations between CVD risk burden 
and cognitive impairments in community-dwelling adults in 
Asia, which was scarce in the literature. To the best of our 
knowledge, only one study enrolled 1,641 Japanese older adults 
to explore the associations between WHO CVD risk scores 
and non-amnestic cognitive impairment at a 4-year follow-
up (48). In the aging process, the CVD risk burden gradually 
increases over time after middle age (49), so the healthy 
middle-aged and older adults with relatively low CVD risk 
burden enrolled in this study need a longer follow-up period 
to examine the associations between CVD risk burden and 
cognitive impairment. The low CVD risk burden (mean: 10.7% 
and 54.3% were <10%) of stroke, disability, and dementia-free 
study participants allowed us to capture the real long-term 
impacts of CVD risk burden on cognitive impairment to avoid 
potential confounding effects from other factors. Moreover, this 
study recruited relatively younger and healthier participants 
compared to other studies, which further strengthened the roles 
of CVD risk burden on cognitive health (46, 48-50). In terms of 
specific domains of cognitive function, we found that middle-
aged and older adults with moderate-to-high CVD risk burden 
were associated with declines in verbal memory and language 
domains but not executive or visuospatial domains. Makino 
et al. reported associations between CVD risk burden and 
non-amnestic domains only (48), but their study participants 
were significantly older and had a higher CVD risk burden 
than the current study. On the other hand, Song et al. reported 

Table 2. Global and domain-specific cognitive impairments; baseline and 8-years of follow-up; stratified by WHO CVD risk
Total (n=889; 100.0%) Low (n=483;54.3%) Moderate-to-high, (n= 406;45.7%)

Baseline 8-year follow-up p value Baseline 8-year follow-up p value Baseline 8-year follow-up p value
Global
MMSE; mean ± SD 27.3 ± 2.7 26.9 ± 3.5 0.001** 27.9 ± 2.1 27.9 ± 2.8 0.682 26.5 ± 3.0 25.8 ± 3.9 0.001**
Incident dementia; n (%) 0 (0.0) 69 (7.8) 0 0 (0.0) 19 (3.9) 0 0 50 (12.3) 0
Domain specific; deficit, n (%)
Verbal memory (CVVLT) 40 (4.5) 86 (9.7) <0.001*** 9 (1.9) 38 (7.9) 0.003** 31 (7.6) 48 (11.8) <0.001***
Visuospatial (TCF) 22 (2.5) 327 (36.8) 0.028* 1 (0.2) 187 (38.7) <0.001*** 21 (5.2) 140 (34.5) 0.033*
Language
   BNT 35 (3.9) 23 (2.6) 0.001** 8 (1.7) 12 (2.5) 0.184 27 (6.7) 11 (2.7) 0.028*
   VFT 25 (2.8) 142 (16.0) 0.006** 8 (1.7) 48 (9.9) 0.57 17 (4.2) 94 (23.2) 0.034*
Executive
   BDT 57 (6.4) 154 (17.3) <0.001*** 12 (2.5) 81 (16.8) <0.001*** 45 (11.1) 73 (18.0) <0.001***
   CDT 40 (4.5) 81 (9.1) 0.356 7 (1.4) 41 (8.5) 0.465 33 (8.1) 40 (9.9) 0.23
CVVLT, delay-free recall in the Chinese Version Verbal Learning Test; TCF, Taylor Complex Figure Test; BNT, Boston Naming Test; VFT, Verbal Fluency Test; BDT, Digital Backward 
Test; CDT, Clock Drawing Test; Data are expressed as the mean ± standard deviation (SD) or numbers (%); P values are based on paired t tests for continuous variables and χ2 tests for 
categorical variables; *p value<0.05, ** p value<0.01, ***p value<0.001.

Figure 1. The association between CVD risk and global and 
domain-specific cognitive impairment
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that a higher CVD risk burden was associated with declines 
in episodic, sporadic memory and perceptual speed (46, 50). 
However, their study used the FGCRS for CVD risk estimation, 
and the mean age of the participants was approximately 80 
years. Therefore, our study potentially identified the most 
susceptible cognitive domains to CVD risk burden among 
stroke, CVD, disability, dementia-free middle-aged and older 
adults that may be the appropriate targets to evaluate the 
effectiveness of dementia prevention intervention programs.

  Our study also adjusted for several risk factors, such 
as education years or depressive symptoms, in addition to 
CVD risk on cognitive impairment. This was rooted from 
our previous studies. For example, the concept of cognitive 
frailty, which recognizes the interrelationship between age-
related physical and cognitive declines, has been proposed 
in existing literatures. The definition provided by I.A.N.A./
I.A.G.G. operationalize this concept as the coexistence of 
physical frailty and mild cognitive impairment (MCI) 
in individuals without dementia (51). One of our previous 
studies have reported depressive mood and poor nutrition as 
prevalent risk factors in this context (52). Furthermore, we 
have introduced the term Physcio-cognitive decline syndrome 
(PCDS) to identify individuals in the early stages of physical 
or cognitive decline. PCDS is characterized by the coexistence 
of mobility impairment without disability (defined by slowness 
and/or weakness) and cognitive impairment without dementia 
(cognitive performance ≥1.5 standard deviations below the 
mean of age-, sex-, and education-matched controls across all 
cognitive domains) in our previous study (53). Our previous 
study has revealed that age, fewer years of education, poorer 
nutritional status, more depressive symptoms, and higher 
fasting glucose levels were associated with PCDS, which is 
consistent with current findings that cardiovascular burden 
impacts cognitive impairment. Moreover, we found that good 
nutritional status was linked to the potential reversibility of 
PCDS (54).

Although the associations between CVD risk burden and 
cognitive impairment have been widely reported (46, 48-50, 
55), the mechanisms and pathophysiology remain unclear. 
Potential mechanisms involving metabolic dysregulation, 
chronic inflammation, and blood-brain barrier dysfunction 

all play certain roles in the development of not only vascular 
dementia but also Alzheimer’s dementia and the mixed type 
(56). One previous study combined epidemiological data, brain 
magnetic resonance imaging, and autopsy results showing 
that vascular and neurodegenerative brain damage may 
develop parallelly or overlappingly in the aging process (46). 
Hypoperfusion, hypoxia, embolism, infarction, and blood-brain 
barrier dysfunction related to CVD risk burden may trigger and 
aggravate Alzheimer’s disease pathology through mitochondrial 
damage, oxidative stress, and reduced adenosine triphosphate 
synthesis, resulting in beta-amyloid deposition or excessive 
accumulation of tau protein (57). Based on these findings, the 
associations between CVD risk burden and domain-specific 
cognitive function should be diverse across studies because 
CVD risk burden may involve all brain regions, and susceptible 
subjects may present cognitive impairments other than the 
memory domain. Additionally, regulating cerebral blood flow 
in large vessels and microcirculation also affects cerebral 
perfusion, cerebral metabolism, synaptic plasticity, and neural 
activity (58-59). In a mouse model of subcortical vascular 
dementia, the experimental mice demonstrated impairments 
in locomotion, spatial working memory, and recognition 
memory in behaviors, as well as white matter damage, multiple 
microinfarcts, and a reduction in microcirculation density 
in pathology (60). Therefore, new diagnostics, preventive 
strategies, and therapeutics for dementia should be developed 
based on the coupling of cerebral vasculature and brain neurons 
(61). 

On the other hand, it remains unclear why verbal memory 
and language domains were the early and most susceptible 
domains to declines related to CVD risk burden in younger and 
healthier subjects. One previous study has revealed that visual 
executive domains compared with verbal memory domains 
were more affected by education and training (62). This may 
partly explain why the association between CVD risk burden 
and executive domain diminished after we adjusted education 
levels in this study. Contrary to the potential protective effects 
of younger age, lower CVD risk burden, and healthier lifestyle, 
the lower educational levels of the study participants may partly 
explain the domain-specific declines in cognitive function, but 
further investigations are needed for confirmation.

Table 3. CVD risk and cognitive impairment (MMSE decline), incident dementia, and four domain-specific cognitive impairment
Moderate-to-high CVD risk (reference: low CVD risk)

Crude model Adjusted
OR 95%CI aOR 95%CI

Global
MMSE decline 1.88* 1.44-2.48 1.60* 1.19-2.15
Incident dementia 3.43* 1.99-5.92 2.40* 1.33-4.33

Domain-specific
Verbal memory decline 2.53* 1.90-3.38 1.97* 1.43-2.70
Language decline 1.87* 1.42-2.47 1.99* 1.46-2.70
Executive decline 1.45* 1.11-1.90 1.29 0.96-1.73
Visuospatial decline 0.88 0.58-1.32 0.76 0.49-1.18

Low CVD risk as the reference group; *p<0.05; CI, confidence interval; OR, odds ratio; aOR, adjusted odds ratio; Adjusted for education levels, unemployed status, BMI, depressive 
symptoms, slow gait speed, low physical activity, and frailty; Verbal memory domain: delay-free recall in the Chinese Version Verbal Learning Test (CVVLT); Language function: Boston 
naming test and category (animal) verbal fluency test; Visuospatial function: Taylor Complex Figure Test; Executive function: Digital backward and the clock drawing test
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Despite extensive research efforts, there still exist some 
limitations of this study. First, as our study participants were 
disability- and dementia-free healthy community-dwelling 
middle-aged and older adults with relatively low education 
levels, our findings may not be generalizable to those with 
different characteristics. Second, selection bias is unavoidable 
in observational studies. As shown in the Supplementary 
Table 1 we found that participants who loss follow up were 
older, had lower MMSE scores, and had a higher CVD risk 
burden, which may underestimate the impacts of CVD risk 
on cognitive impairment in the general population. Despite 
this limitation, the findings still suggest a correlation. Future 
research should consider more frequent follow-up assessments 
to minimize loss to follow-up. Third, the ILAS data did not 
contain genetic information, e.g., apolipoprotein E (ApoE) 
genotyping, which has been reported to accelerate brain aging 
through cerebral small vessel diseases (62). However, the 
prevalence of ApoE4 allele carriage is low in Asians, and the 
effects of ApoE genotyping on age-related outcomes remain 
questionable (49). Fourth, there was a learning effect on 
subdomain cognitive tests. For example, BNT scores were 
higher after years of follow-up, which may underestimate the 
association between CVD risk burden and the language domain. 
Fifth, as a community-based study, it is somehow difficult 
in obtaining comprehensive cognitive or neuropsychiatric 
assessments for dementia diagnosis through non-invasive 
tools such as questionnaires. However, we adopted the widely 
validated Mini-Mental State Examination (MMSE) to identify 
those with potentially incident dementia as used in many 
published literatures (36, 54, 63-64). In addition, we included 
four different domains of cognitive assessment to further 
capture potential cognitive impairments. Nevertheless, future 
studies using other assessment tools for dementia diagnosis are 
therefore warranted to verify our findings in the association 
between CVD risk and incident dementia. Sixth, as only 
two waves of assessment of cognitive function are currently 
available in this cohort, we can only capture the decline in 
cognitive function through the differences between baseline and 
8-years of follow-up.

Conclusions

In conclusion, the CVD risk burden estimated by region-
specific WHO CVD risk scores significantly associated with 
incident dementia and global and domain-specific (verbal 
memory and language) cognitive impairments among stroke, 
CVD, disability, and dementia-free community-dwelling adults 
aged 50 years with a low CVD risk burden (mean estimated 
CVD risk burden: 10.7%) in the 8-year follow-up. Further 
studies are needed to examine the use of verbal memory 
and language domains as targets for dementia preventive 
interventions among younger, healthier community-dwelling 
middle-aged and older adults.
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