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Abstract
Cardiovascular factors increased the risk of dementia. We investigated the associations between such
factors, and tested that if a population with a high level of cardiovascular risk would have a higher
prevalence of cognitive impairment. Participants (n=3082; ages=55+; 46.4% female) at high risk of CVD
in Zhejiang province Registry for PEACE Million Persons Project, completed 3+ neuropsychological
evaluations. Age-, gender- standardized prevalence rates were calculated based on the sixth population
census for population of China. Adjusted logistic regression models were used to ascertain the risk
factors of dementia. Trial registration number: NCT02536456. There was a high prevalence of cognitive
Impairment, coupled with the fact that stroke, diabetes, hypertension and depression were signi�cant risk
factors. Cognitive impairment are highly prevalent among elderly at high risk of CVD in Zhejiang province.
More population-based strategies, including preventing CVD and reducing cardiovascular risk factors
would be an effective way to reduce the dementia burden.

Introduction
Dementia, a decline in memory and other cognitive functions that leads to a loss of independence, is a
common and feared geriatric syndrome that affects elderly worldwide and has a large social and
economic impact on patients, families, and government programs1-3. Mild cognitive impairment (MCI) is
identi�ed as an intermediate state between normal cognitive ageing and dementia, it was showed that
people with MCI are likely to progress to dementia at a rate of 12% per year, compared with about 1% for
normal people at the same age 2.

According to the World Alzheimer's Disease (AD) report 2018, one person with dementia is born worldwide
every three seconds. There are currently at least 50 million people with dementia in the world, and the
number is expected to reach 152 million by 2050, with about 70% of them suffering from AD. At present,
there are about 10 million AD patients in China, and it is estimated that by 2050, the number of patients
will exceed 40 million. This has become a major public health problem that seriously affects the health
and life quality of Chinese population.

The greater longevity has resulted in an increased population of older people at risk for cognitive
impairment 4.China is facing substantial challenges in ageing population, of which increasing numbers
will have some degree of cognitive impairment. Zhejiang province is located in eastern China, there were
10.08 million people aged 60 or above by the end of 2017, accounting for 21.8% of the total population 2,

5.

Some studies suggest that key cardiovascular risk factors, such as hypertension, diabetes, and
hypercholesterolemia in�uence the incidence of dementia 6-8. The risk of dementia was higher with
increased internal carotid intimal medial thickness (IMT), and lower anklebrachial index 4. The prevalence
of cardiovascular disease (CVD) among the participants at high-risk of CVD in Zhejiang province was
about 3.9% in 2014 to 2016, and was expected to increase to 5% by 2021 9. But there are few
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epidemiological data available on dementia in eastern China, which taking into account of cardiovascular
risk factors that might in�uence prevalence.

Our current study is conducted to estimate the prevalence of cognitive impairment among a population at
high risk of CVD, which might provide relevant information for the government, health and welfare
agencies to plan adequate services, and it will be helpful to identify and evaluate speci�c risk factors. We
also sought to test the hypothesis that the population with a high level of cardiovascular risk would have
a higher prevalence of cognitive impairment than expected.

Methods

Study Design and Participants
It is a population-based closed cohort assembled in June 2020 in Zhejiang province, representative of
dwellers 55 years or more at high risk of CVD (n = 3082). This project is part of the China Patient-Centered
Evaluative Assessment of Cardiac Events (PEACE) Million Persons Project, a government-funded, large-
scale population-based screening project in China, which has been described previously 10.

From April to August, 2019, we used a convenience sampling strategy to select 7 subdistricts, in which
potential participants were invited to the trial by local staff via extensive publicity campaigns on
television and in newspapers 11. Participants were enrolled if they were aged 35 years or more and
registered in the selected regions, and who had lived in the selected regions for at least 6 of the previous
12 months. Of 25000 enrolled participants, 1000 (4%) were excluded because of missing data. From April
to June, 2020, participants in the cohort that aged 55 years or more and at high risk of CVD were enrolled,
and they were given cognitive function evaluation and diagnosis. The criteria of high risk of CVD had
been described previously 11. Of 3329 enrolled participants, 247 (7.4%) were excluded because of low
compliance or missing data.

The central ethics committee at the China National Center for Cardiovascular Disease (NCCD) and
Zhejiang hospital approved this project. We con�rmed that all methods were performed in accordance
with the Declaration of Helsinki.Written informed consent is obtained from all literate participants on
entry into the project. And for illiterate participants, their informed consent is obtained from their literate
legally authorized representatives. Trial registration number: NCT02536456.

Data Collection And Variables
For every participant, we collected information on sociodemographic characteristics, health behaviors,
and medical history during the in-person interviews. We measured blood pressure (BP) two times on their
right upper arm after 5 min of rest in a seated position using an electronic BP monitor (Omron HEM-7430;
Omron Corporation, Kyoto, Japan) 10. Consistent with the US Joint National Committee and Chinese
de�nitions, hypertension was de�ned as an average systolic blood pressure (SBP) of at least 140 mm Hg
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or an average diastolic blood pressure (DBP) of at least 90 mm Hg, or self-reported use of an
antihypertensive drug in the past 2 weeks 12–14. We also took physical measurements, including height
and weight, following standard protocols. Body mass index (BMI) was de�ned as weight (kg) divided by
height² (m²) 15.

Participants were considered at high risk of CVD if they meet at least one of four criteria 11: 1. History of
at least one of the following cardiovascular events including of MI, PCI, CABG treatment, or stroke (either
ischaemic or haemorrhage); 2. SBP ≥ 160 mmHg or DBP ≥ 100 mmHg; 3. LDL-C ≥ 4.14 mmol/L or HDL-
C < 0.78 mmol/L; 4. Risk of CVD in 10 years ≥ 20% based on WHO/ISH.

The cognitive function evaluation was carried out by a multidisciplinary team comprised of a nurse and a
neurologist. Participants were classi�ed into three categories: normal cognitive functioning, MCI and
dementia. Screening was performed using the Mini-Mental State Examination (MMSE), the Montreal
Cognitive Assessment (MoCA), the Hospital Anxiety and Depression Scale (HAD) tests 16. Participants
who scored below the MMSE cutoff points of 20 for 0–2 years, 23 for 3–6 years and 27 for 7 years or
more of schooling were considered as positive results, which had the tendency of dementia 17.
Participants who scored less than the MoCA cutoff points of 1.5 SDs or more below age- and education-
adjusted norms were considered as MCI 18. HAD tests included two subscales of anxiety (A) and
depression (D), with 7 questions for each. The sub-scale of anxiety and depression was abnormal with a
score below 8, including positive for suspicious and symptomatic persons 19.

The con�rmed diagnosis of dementia was conducted among the subjects with positive results of MMSE
test, which included the history and personal information. The diagnostic criteria of dementia used the
Chinese guidelines for the Diagnosis and treatment of dementia and Cognitive Impairment 20, but we
excluded neuroimaging due to high costs 21.

Statistical analysis
Epidata 3.0 was used for data collection and validation, SAS 9.2 (SAS Institute Inc., Cary, NC, USA) for
data management and analysis. Characteristics, cognitive function status of participants were
summarized using percentages or means and standard deviations (SD), and they were compared by
Student’s t tests and X2 tests, respectively. Estimates of the prevalence of dementia, MCI were calculated
for the overall population and for subgroups strati�ed by age and gender. Age-, gender- standardized
prevalence rates were calculated based on the population distribution of China in 2010 (the sixth
population census for population of Zhejiang province aged 55 or more) 22. Crude univariate logistic
regression models were �rst used to assess the risk factors associated with dementia among population
at high risk of CVD, then adjusted logistic regression models were used to ascertain the risk factors
considering the main effects of sociodemographic characteristics. Signi�cance level was set at P < 0.05
for all hypothesis tests.
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Results

Characteristics of the populations
A total of 3329 residents were enrolled in this project, and 3082 ones completed the survey. We found no
signi�cant age or gender differences between participants and nonparticipants. The characteristics of the
samples were presented in Table 1. Women accounted for 46.36% of the population, and they were older
than men (69.83 vs. 68.85, P < 0.0001). Male individuals were better educated than female participants,
and were more likely to smoke and drink than the female (P < 0.0001).
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Table 1
Characteristics of the study sample by gender. BMI, body mass index; SBP, systolic blood pressure;

DBP, diastolic blood pressure;TC, Total cholesterol; TG, triglycerides; HDL-C, High density lipoprotein.
Sociodemographic characteristics of participants were summarized by areas using frequencies

(percentages) or means and standard deviations, and they were compared by Chi-squared tests and
the Student’s t-test, respectively. *Test for differences between intensive group and standard group.

Statistically signi�cant results are presented in bold.
Characteristic Male (n = 1429) Female (n = 1653) Total (n = 3082) P

Age, y       < 0.0001

55–64 270 (18.89) 352 (21.29) 622 (20.24)  

65–74 852 (59.63) 1068 (64.61) 1920 (82.48)  

≥ 75 307 (21.48) 233 (14.10) 540 (17.52)  

Mean (SD) 69.83 (5.18) 68.85 (4.85) 69.30 (5.03) < 0.0001

Education       < 0.0001

Illiterate (< 1 year) 111 (7.77) 375 (22.69) 486 (15.77)  

Primary (1–6 years) 814 (56.96) 901 (54.51) 1715 (55.65)  

Middle (7–12 years) 498 (34.85) 374 (22.63) 872 (28.29)  

High (> 13 years) 6 (0.42) 3 (0.18) 9 (0.29)  

State of marriage       < 0.0001

Married 1313 (91.88) 1341 (81.13) 2654 (86.11)  

living alone 116 (8.12) 312 (18.87) 428 (13.89)  

Cardiovascular risk factors        

Stroke 67 (4.69) 56 (3.39) 123 (3.99) 0.066

Diabetes 81 (5.67) 121 (7.32) 202 (6.55) 0.065

CHD 23 (1.61) 14 (0.85) 37 (1.20) 0.053

Hypertension 779 (54.51) 866 (52.39) 1645 (53.37) 0.24

Family history of CVD        

Hypertension 270 (18.89) 291 (17.60) 561 (18.20) 0.354

Stroke 17 (1.19) 16 (0.97) 33 (1.07) 0.55

CHD 11 (0.77) 9 (0.54) 20 (0.65) 0.44

Diabetes 41 (2.87) 61 (3.69) 102 (3.31) 0.2

Lifestyle habits        
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Characteristic Male (n = 1429) Female (n = 1653) Total (n = 3082) P

Cigarette smoking 418 (29.25) 6 (0.36) 424 (13.76) < 0.0001

Heavy alcohol drinking 764 (53.46) 352 (21.29) 1116 (36.21) < 0.0001

Regular exercise 177 (12.39) 246 (14.88) 423 (13.72) 0.045

Anxiety 9 (0.63) 23 (1.39) 32 (1.04) 0.038

Depression 183 (12.81) 294 (17.79) 477 (15.48) 0.0001

BMI       0.35

<18.5 307 (21.48) 389 (23.53) 696 (22.58)  

18.5–24.9 544 (38.07) 634 (38.35) 1178 (38.22)  

25.0-29.9 507 (35.48) 542 (32.79) 1049 (34.04)  

≥30.0 71 (4.97) 88 (5.32) 159 (5.16)  

Mean (SD) 24.26 (3.23) 24.44 (3.45) 25.17 (3.07) 0.5862

Net worth (RMB)       0.11

≤50000 978 (86.70) 1136 (88.82) 2114 (87.83)  

>50000 150 (13.30) 143 (11.18) 293 (12.17)  

SBP, mm Hg       0.031

<140 445 (31.14) 586 (35.45) 1031 (33.45)  

140–180 810 (56.68) 865 (52.33) 1675 (54.35)  

>180 174 (12.18) 202 (12.22) 376 (12.20)  

Mean (SD) 149.8 (19.10) 151.8 (19.28) 150.89 (19.23) 0.003

DBP, mm Hg       < 0.0001

<90 889 (62.21) 1237 (74.83) 2126 (68.98)  

90–110 492 (34.43) 398 (24.08) 890 (28.88)  

>110 48 (3.36) 18 (1.09) 66 (2.14)  

Mean (SD) 82.56 (10.60) 79.96 (10.70) 81.17 (10.73) < 0.0001

TC, mmol/L       < 0.0001

<5.7 1150 (80.48) 1087 (65.76) 2237 (72.58)  

≥5.7 279 (19.52) 566 (34.24) 845 (27.42)  

Mean (SD) 4.99 (1.22) 5.62 (1.24) 5.33 (1.28) < 0.0001
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Characteristic Male (n = 1429) Female (n = 1653) Total (n = 3082) P

TG, mmol/L       0.046

<1.7 928 (64.94) 1016 (61.46) 1944 (63.08)  

≥1.7 501 (35.06) 637 (38.54) 1138 (36.92)  

Mean (SD) 1.91 (1.14) 2.03 (1.97) 1.97 (1.11) 0.015

LDL-C, mmol/L       < 0.0001

<3.3 1188 (83.14) 1176 (71.14) 2364 (76.70)  

≥3.3 241 (16.86) 477 (28.86) 718 (23.30)  

Mean (SD) 2.69 (1.06) 3.19 (1.14) 2.96 (1.13) < 0.0001

HDL-C, mmol/L       0.0026

≥1.0 924 (64.66) 1153 (69.75) 2077 (67.39)  

<1.0 505 (35.34) 500 (30.25) 1005 (32.61)  

Mean (SD) 1.47 (0.47) 1.57 (0.43) 1.52 (0.45) < 0.0001

MMSE scores, Mean (SD) 22.77 (3.07) 21.76 (3.21) 22.23 (3.18) < 0.0001

MoCA scores, Mean (SD) 18.71 (4.27) 17.57 (4.36) 18.10 (4.36) < 0.0001

Had scores, Mean (SD) 9.17 (3.39) 9.95 (3.60) 9.59 (3.52) < 0.0001

Prevalence Of Dementia And Mci
Prevalences by age range were displayed in Table 2. Of the 3082 participants, 391 and 750 of whom were
classi�ed as having dementia and MCI respectively, giving an overall prevalence of 12.7% (95% CI 11.5 to
13.8) and 24.3 (95% CI 22.82–25.85), respectively. The prevalences of dementia and MCI standardized by
age and sex with a standard population (the sixth population census of Zhejiang province) was 10.2%,
25.5% respectively. And the prevalences were associated with increased age.
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Table 2
Cognitive Function by Age Range. Estimates of the prevalence of dementia, MCI were calculated for the

overall population and for subgroups strati�ed by age and gender. Age-, gender- standardized prevalence
rates were calculated based on the population distribution of China in 2010 (the sixth population census

for population of Zhejiang province aged 55 or more)
No. (%) [95% CI]

Cognitive
Function

55–64 y (n = 
622)

65–74 y (n = 
1920)

75–100 y (n 
= 540)

Total (Age55-
100 y) (n = 
3082)

Adjusted
prevalences

Normal
cognitive
functioning

475 (76.37)
[68.75–
81.23]

1172 (61.04)
[56.47–78.09]

294 (54.44)
[41.56–
65.06]

1941 (62.98)
[55.46–70.06]

64.39
(60.42–
71.23)

Mild cognitive
impairment

86 (13.83)
[11.21–
15.72]

507 (26.41)
[24.54–28.16]

157 (29.07)
[27.36–
31.09]

750 (24.33)
[22.82–25.85]

25.46
(24.12–
27.84)

Dementia 61 (9.81)
[7.56–12.33]

241 (12.55)
[10.94–14.14]

89 (16.48)
[14.06–
18.72]

391 (12.69)
[11.51–13.86]

10.15
(7.41–
12.31)

Logistic Analysis
Logistic regression models including crude and adjusted models were used to assess associated risk
factors associated with dementia and MCI among the participants with high risk of CVD. Crude
associations were �rst assessed using univariate models, then multivariate models were used for the
adjusted associations, which were adjusted by age, gender and education levels. It showed that 75 years
or older (AOR = 1.69, 95% CI: 1.44–2.07), having a medical history of hypertension (AOR = 1.22, 95% CI:
1.00-1.60), stroke (AOR = 3.10, 95% CI: 1.98–4.85) and diabetes (AOR = 1.71, 95% CI: 1.04–2.58), having
the family history of hypertension (AOR = 1.82, 95% CI: 1.29–2.56), heavy drinking (AOR = 1.25, 95% CI:
1.00-1.66), depression (AOR = 4.57, 95% CI: 3.43–6.07) were associated with dementia, while female
(AOR = 0.69, 95% CI: 0.50–0.95), higher education levels including middle (AOR = 0.87, 95% CI: 0.59–0.98)
and high (AOR = 0.66, 95% CI: 0.07–0.93) schooling might be protective factors for dementia (Table 3).
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Table 3
Odds Ratios for Presence of Dementia in 2020 Among a Population at High

CVD Risk. Crude univariate logistic regression models were �rst used to assess
the risk factors associated with dementia among population at high risk of

CVD, then adjusted logistic regression models were used to ascertain the risk
factors considering the main effects of sociodemographic characteristics.

  Models, OR (95% CI)  

Variable (ref. 55–64 ) Model1 Model2

Age, y    

65–74 1.03 (0.83–1.29) 0.77 (0.53–1.10)

≥75 0.68 (0.53–0.88) 1.69 (1.44–2.07)

Gender (ref. Male )    

Female 0.77 (0.62–0.95) 0.69 (0.50–0.95)

Education (ref. Illiterate )    

Primary (1–6 years) 1.29 (1.04–1.60) 1.48 (0.97–2.06)

Middle (7–12 years) 1.02 (0.81–1.30) 0.87 (0.59–0.98)

High (> 13 years) 1.16 (0.15–9.32) 0.66 (0.07–0.93)

State of marriage (ref. Married)    

living alone 1.28 (0.96–1.71) 0.88 (0.62–1.26)

CVD and related risk factors    

Hypertension 0.71 (0.58–0.88) 1.22 (1.00-1.60)

Stroke 1.28 (1.19–1.41) 3.10 (1.98–4.85)

CHD 2.56 (0.62–10.69) 2.63 (0.60-11.55)

Diabetes 0.87 (0.55–1.43) 1.71 (1.04–2.58)

Family history of CVD    

Hypertension 1.64 (1.20–2.25) 1.82(1.29–2.56)

Stroke 1.46 (0.44–4.79) 1.72 (0.47–6.30)

CHD 1.31 (0.30–5.66) 0.91 (0.20–4.10)

Diabetes 0.77 (0.45–1.33) 0.76 (0.42–1.37)

Lifestyle habits    

Cigarette smoking 1.23 (0.88–1.70) 0.92 (0.61–1.41)
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  Models, OR (95% CI)  

Heavy alcohol drinking 1.44 (1.14–1.82) 1.25 (1.00-1.66)

Regular exercise 0.345 (0.17–3.92) 1.36 (0.93–1.99)

Anxiety 0.14 (0.07–0.28) 2.09 (0.86–5.09)

Depression 1.20 (0.29–1.25) 4.57 (3.43–6.07)

BMI (ref. 18.5–24.9)    

<18.5 1.51 (1.14–1.99) 0.51 (0.17–1.55)

25.0-29.9 0.96 (0.77–1.20) 1.12 (0.86–1.46)

≥30.0 0.90 (0.57–1.43) 1.10 (0.65–1.85)

Net worth (RMB) (ref. ≤50000 )    

>50000 1.29 (0.88–1.89) 1.12 (0.74–1.69)

SBP, mm Hg (ref. <140 )    

140–180 0.92 (0.74–1.13) 1.22 (0.83–1.80)

>180 0.73 (0.54-1.00) 1.11 (0.67–1.82)

DBP, mm Hg (ref. <90 )    

90–110 0.97 (0.77–1.23) 0.83 (0.63–1.10)

>110 0.58 (0.32–1.08) 0.58 (0.29–1.17)

TC, mmol/L (ref. <5.7 )    

≥5.7 1.08 (0.85–1.38) 1.36 (0.93–1.99)

TG, mmol/L (ref. <1.7)    

≥1.7 0.96 (0.77–1.19) 1.10 (0.85–1.42)

LDL-C, mmol/L (ref. <3.3)    

≥3.3 1.00 (0.78–1.29) 0.95 (0.64–1.41)

HDL-C, mmol/L (ref. ≥1.0)    

<1.0 1.27 (1.01–1.61) 0.87 (0.60–1.26)

Discussion
Among a population aged 55 years or more who had high levels of cardiovascular risk, we found high
dementia prevalence. Coupled with the fact that stroke, diabetes, hypertension and depression were
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signi�cant risk factors, our observations were consistent with other studies 2,8, 23.

In our sample, the age- gender adjusted prevalence of dementia was 10.15%, which was about twice as
high compared to the general population aged 65 or older in China (5.14%), according to the national
epidemiological survey 2. It was also higher than that of the general population in Zhejiang province
(4.9%), but lower than the nursing homes (40.6%) 19. The age- gender adjusted prevalence of MCI was
25.46%, which was also higher than that of the general population in Zhjiang province 2, 19.

Considering demographic factors, the prevalence of dementia and MCI were associated with increased
age and decreased education levels, which was consistent with other studies 8, 24. Our study found a
higher prevalence of dementia in men than women at high risk for CVD, but other studies had shown a
higher prevalence of dementia in women than men among the general population 25.

To our knowledge, ours was one of very few surveys of dementia prevalence in a population at high risk
of CVD. The prevalence of CVD risk factors of this study population was relatively high. Hypertension was
present more than half of the study population, double of the global age standardized prevalence of
hypertension 26. The mean total cholesterol (TC) of our study was 5.33 mmol/L, which was higher than
that of the general population (4.63 mmol/L). The stroke prevalence of 4.0% was higher than that of
2.88% among the general Chinese population aged 40 years or more 27. Furthermore, the prevalence of
regular exercises of 13.7% was relatively low, compared with that of 33.9% of Chinese residents 27. The
smoking rate of nearly 30% among men in the study was high, while it was about 0.36% for women. And
the high prevalence of alcohol abuse among men (more than half) was also of great concern and needed
to be addressed.

Many factors had been associated with a risk for dementia. Consistent with previous investigations in
China and other countries, our study con�rmed that older age was a strong risk factor for dementia in
populations at high risk of CVD 2, 22. Data of the survey showed that higher education including middle
and high schooling were important protective factors for dementia, compared with illiteracy, which
supported the view that more education could protect against the consequence of dementia 22, 28. Heavy
drinking was a risk factor for dementia, which was con�rmed by previous studies 2, 19. Prevalence of
dementia had been found to be higher in women than men in some regions but not in all 18. In our survey,
being female was a protective factor for dementia.

In addition, CVD including of diabetes, stroke and hypertension were important risk factors of dementia
22, 29. Other studies showed that persons with diabetes had an increased risk for dementia 18. Meanwhile,
some studies showed that stroke increased the risk of dementia 30, 31 with most of cases were
preventable 32, 33, and the medical history of hypertension might result in cognitive decline 34, 35.
Reducing cardiovascular risk factors would be an effective way to reduce the dementia burden.

It should be mentioned that depression was a strong risk factor for dementia among this survey
population. An association between depression and dementia had been suggested in at least 4
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independent meta-analyses, indicating close to a 2-fold higher risk of developing dementia following
depression 36–40, as well as several reviews 41, 42. Additionally, evidence suggested that cerebrovascular
changes might constitute a link between depression and dementia. It was not only epidemiologically but
also biologically plausible that depression increased dementia risk 34, 43. Further research was needed to
investigate whether successful prevention and antidepressive treatment of depression decreased the risk
of dementia

Some limitations needed to be mentioned in this study. This was a cross-sectional study, which made it
di�cult to establish a cause-and-effect relationship for risk factors. Furthermore, due to the limited
conditions, imaging and other biological indicators could not be performed for every suspected case to
precisely ascertain the dementia subtypes.

Despite these limitations, the strengths included that it was one of very few surveys about dementia
prevalence among a population at high risk of CVD. Meanwhile, participants were assessed by trained
physicians which made results reliable. And the study was a part of the PEACE Million Persons Project,
which providing regional representative data at a population level in Zhejiang province.

In conclusion, cognitive impairment are highly prevalent among elderly at high risk of CVD in Zhejiang
province, and it will be increasingly so in the years to come. The existing social supports should be used
adequately, focusing on modi�able risk factors of dementia, such as cardiovascular risk factors, and
making patients maintain a good psychological state to better prevent CVD and dementia. Meanwhile,
more population-based strategies, including raising awareness and advocate for the development of
health care and primary prevention policies to address this rapidly growing dementia epidemic and the
high prevalence of cardiovascular risk factors are needed. In addition, the development of standardized
dementia intervention programs should also be one of the next research priorities.
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