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Purpose:We explore the associations of individual and composite cardiovascular health metrics with all-cause dementia, Alzheimer’s
disease, and vascular dementia among rural-dwelling older adults and the potential age variations in their associations.
Patients and Methods: This community-based cross-sectional study included 4980 older adults (age ≥65 years; 57.23% women)
from the baseline examination of MIND-China. In March–September 2018, data were collected via face-to-face interviews, clinical
examinations, and laboratory test. We defined six cardiovascular health metrics according to the modified American Heart
Association’s recommendations. We diagnosed dementia and its subtypes following the international criteria. Data were analyzed
using logistic regression models.
Results: Of all the participants, 250 were diagnosed with dementia, including 165 with Alzheimer’s disease and 75 with vascular
dementia. Ideal composite global cardiovascular health metrics (vs poor composite metrics) were associated with a multi-adjusted odds
ratio (95% confidence interval) of 0.62 (0.42–0.93) for dementia, 0.88 (0.52–1.48) for Alzheimer’s disease, and 0.31 (0.16–0.60) for
vascular dementia. Moreover, ideal biological cardiovascular health metrics were associated with multi-adjusted odds ratio of 0.52
(0.28–0.95) for dementia and 0.21 (0.06–0.77) for vascular dementia in young–old adults (65–74 years), whereas ideal behavioral
cardiovascular health metrics were associated with multi-adjusted odds ratio of 0.48 (0.26–0.89) for dementia and 0.16 (0.06–0.43) for
vascular dementia in old–old adults (≥75 years).
Conclusion: Our results suggest that ideal cardiovascular health metrics are cross-sectionally associated with a low likelihood of
dementia and vascular dementia among rural-dwelling older Chinese adults. The associations vary with age, components of
cardiovascular health metrics, and dementia subtypes.
Keywords: cardiovascular health, dementia, Alzheimer’s disease, vascular dementia, population-based study

Introduction
Dementia has become a global epidemic driven primarily by population aging.1 Over 50 million people are living with dementia
worldwide, and the number is projected to triple by 2050, unless effective preventive interventions are identified and
implemented.2 In the past three decades, evidence has accumulated that modifiable cardiometabolic risk factors (eg, hyperten-
sion, dyslipidemia, diabetes, and obesity), especially occurring in midlife, and unhealthy lifestyles (eg, smoking and physical
inactivity) are associated with an increased risk of dementia, especially vascular dementia (VaD).3,4 Cerebral micro- and
macrovascular lesions are supposed to be the underlying mechanisms linking cardiovascular risk factors with cognitive
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impairment and dementia.3,5 In addition, there is a potential that dementia risk may be reduced or the onset of dementia may be
delayed through maintaining cardiovascular health.6 Notably, most studies have so far investigated the association of individual
cardiovascular risk factors with dementia. However, exploring the composite cardiovascular health (CVH) profiles in association
with cognitive outcomesmay bemore meaningful than individual factors because lifestyle and cardiometabolic risk factors often
coexist in older adults, and they may interact with each other to affect the risk of dementia.

In 2010, the American Heart Association (AHA) proposed composite CVH metrics that integrated seven lifestyle-
related factors (Life’s Simple 7): four behavioral metrics (smoking, body mass index [BMI], diet, physical activity) and
three biological metrics (blood pressure, blood glucose, and total cholesterol).7 Numerous population-based studies have
consistently shown associations of ideal CVH metrics with reduced risk of coronary heart disease, stroke, and all-cause
mortality,8–10 and a few studies from Europe and North America have also examined the associations of optimal CVH
amongmiddle-aged or young-old adults with dementia.11–14 The associations of composite CVHmetrics with dementia and
main subtypes of dementia amongolder Chinese adults have not yet been reported. This is important because CVH and
cardiovascular risk profiles, as well as their association with health outcomes, may differ markedly across ethnic groups.15

In addition, evidence has shown that the associations of some cardiovascular risk factors with dementia may vary
with age.16 For example, obesity and hypertension are reported to be risk factors for dementia when occurring during
midlife or young-old adulthood but not necessarily in late life or old–old adults.17,18 This implies that age variations may
be relevant to consider when examining the associations of composite CVH metrics with dementia.

Therefore, in this community-based cross-sectional study of rural-dwelling Chinese older adults, we sought to
examine the associations of composite CVH metrics with all-cause dementia, Alzheimer’s disease (AD), and VaD
while taking into account potential age variations.

Materials and Methods
Study Design and Participants
This community-based cross-sectional study used data from the baseline survey of the ongoing Multimodal Interventions
to delay Dementia and disability in rural China (MIND-China), which is part of the World-Wide FINGERS Network.19,20

Baseline assessments of MIND-China targeted people who were aged ≥65 years by the end of 2017 and living in the 52
villages of Yanlou Town, Yanggu County, western Shandong Province, as previously reported.19,21 Briefly, in March–
September 2018, 5246 participants (80.3% of all eligible people) were examined as the baseline survey for MIND-China.
Of these, 266 were excluded due to missing data on CVH measurements (n = 220) or severe mental disease and major
depressive disorders (n = 46), leaving 4980 persons for the current analysis (Supplemental Figure 1).

TheMIND-China studywas approved by the Ethics Committee of Shandong Provincial Hospital in Jinan, Shandong.Written
informed consent was obtained from all the participants, or in the case of cognitively impaired persons, from a proxy (usually
a family member). The personal identity information in the MIND-China database had been removed before the data were
released for analysis to ensure complete anonymity of all data. Research within the MIND-China study has been conducted in
accordance with the Declaration of Helsinki. MIND-China was registered in the Chinese Clinical Trial Registry (registration no.:
ChiCTR1800017758).

Data Collection and Assessments
The trained medical staff collected data via face-to-face interviews, clinical examinations, and laboratory tests following
a structured questionnaire. Data included demographics, lifestyle factors (eg, smoking, alcohol consumption, and
physical activity), medical history (eg, diabetes, coronary heart disease, and stroke), and use of medications. All
medications were classified and coded according to the Anatomical Therapeutic Chemical system.22 Weight and height
were measured with participants wearing light clothes and without shoes. BMI was calculated as weight (kg) divided by
height squared (m2). After a 5-min rest, arterial blood pressure was measured on the right upper arm in a seated position
using an electronic blood pressure monitor (Omron HEM-7127J; Omron Corporation, Kyoto, Japan). We assessed
physical activity via questions of frequency (eg, daily, weekly, and monthly) and time (minutes) of walking, sports
activities, and recreational activities. Physical activity was quantified as time (minutes) spent per week by multiplying
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participation frequency with average minutes spent per time. Then, we estimated the metabolic-equivalent of each kind
of activity according to the 2011 compendium of physical activities.23 Peripheral blood samples were taken after an
overnight fast, and blood samples were analyzed at the certified clinical laboratory of the local town health center.
Fasting blood glucose (FBG) and total cholesterol were measured using an automatic biochemical analyzer (DIRUI CS-
600B; DIRUI Corporation, Changchun, China). Apolipoprotein E (APOE) genotype was analyzed using polymerase
chain reaction and dichotomized as carriers versus non-carriers of the ε4 allele.

Definition of Ideal Cardiovascular Health Metrics
We defined and categorized CVH metrics according to the AHA’s recommendations,7 with some modifications as
previously reported and detailed in Supplemental Table 1. Briefly, we categorized each of the 6 CVH metric components
into poor (score = 0), intermediate (score = 1), and ideal (score = 2) level. The ideal levels of the 6 CVH metrics were
defined as follows: (1) ideal smoking status: never or quit >5 years;24 (2) ideal BMI: <24 kg/m2, used for Chinese
adults;25 (3) ideal physical activity: ≥150 min/week moderate intensity, ≥75 min/week vigorous intensity, or equivalent
combination; (4) ideal total cholesterol: untreated and <5.26 mmol/L; (5) ideal blood pressure: untreated and <120/
80 mm Hg; and (6) ideal fasting blood glucose: untreated and <5.60 mmol/L. The global CVH metric score was
calculated as the sum of scores of the above six CVH metric components.26 In addition, smoking, physical activity, and
BMI were classified as behavioral CVH metrics, and FBG, total cholesterol, and blood pressure as biological CVH
metrics.26 The composite global CVH metric score was divided into 3 categories: poor (score ≤5, reference), intermediate
(6–7), and ideal (≥8), and the composite behavioral CVH metric score and biological CVH metric score were grouped as
poor (score ≤2), intermediate (3–4), and ideal (≥5) levels, respectively.26

Diagnosis of Dementia, AD, and VaD
Dementia was diagnosed following a 3-step procedure, as previously described.19,27 Briefly, in step 1, the trained staff performed
the first interview, clinical examination, and testing, and recorded all information (eg, medical history, cognitive complaint, global
cognitive function, and the Chinese version of activities of daily living). In step 2, the neurologists specialized in dementia
treatment and care reviewed all the records to screen people who were suspected of having dementia or who had insufficient
information (eg, lack of data on cognitive and physical functioning) for a judgement of dementia. Finally, the neurologists
conducted the second interview with people who were selected in step 2 or with informants or both, and the diagnosis was made
based on all the assessments. The Diagnostic and Statistical Manual of Mental Disorders, fourth edition, criteria were followed
for the diagnosis of clinical dementia.28 ADwas diagnosed according to the National Institute of Aging-Alzheimer’s Association
criteria,29 for probable AD. The diagnosis of probable VaD was made according to the criteria of National Institute of
Neurological Disorders and Stroke and Association Internationale pour la Recherch´e et l’Enseignement en Neurosciences,30

which was based essentially on a self-reported history of stroke and clinical or neuroimaging evidence of stroke identified via
neurological examination, as well as the presence of a clear temporal relation between the history of stroke and the onset of
dementia. Dementia cases who could not be classified as AD or VaD were considered to have other types of dementia.

Statistical Analysis
Characteristics of the study participants by age groups (65–74 and ≥75 years) were compared using the chi-square test for
categorical variables and the t-test for normal distributed continuous variables. The individual CVH components and the
composite CVH metric scores were considered as the primary independent variables of interest. We employed binary and
multinomial logistic regression models to examine the odds ratio (OR) and 95% confidence interval (CI) of dementia, AD or
VaD (as dependent variables) associated with individual and composite CVH metrics (as independent variables) in the total
sample. To explore the possible variations in the CVHmetrics–dementia association, we examined the statistical interaction of
CVH metrics with age groups (65–74 and ≥75 years). If a statistical interaction (p for interaction <0.05) or a marginally
statistical interaction (0.05<p for interaction <0.10) was detected, we further performed stratifying analysis by age groups to
assess the magnitude and direction of the interaction. In all the association analyses, we controlled for age (in years), sex,
education, alcohol consumption, and APOE ε4 allele. Stata 14.0 for Windows (StataCorp LLC., College Station, TX, USA)
was used for all analyses. Two-tailed p<0.05 was considered to be statistically significant.
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Results
Characteristics of Study Participants
The mean age of the 4980 participants was 71.56 years (SD, 5.29), 57.23% were women, and 39.60% had no formal schooling
education. Compared with those in the young-old group (65–74 years, n = 3753), people in the old–old group (≥75 years, n =
1227) were less educated (p < 0.001), had higher proportions of ideal smoking status, ideal BMI, ideal physical activity, and ideal
FBG, had lower proportions of ideal blood pressure and total cholesterol (all p < 0.01), and weremore likely to drink alcohol (p <
0.001) (Table 1). As expected, people in the old–old group were more likely to have dementia than those in the young-old group
(11.25% vs 2.98%, p < 0.001).

Table 1 Characteristics of Study Participants by Age Groups

Characteristics Total Sample
(n = 4980)

Age <75 Years
(n = 3753)

Age ≥75 Years
(n = 1227)

p-value

Age (years), mean (SD) 71.56 (5.29) 69.08 (2.72) 79.12 (3.90) <0.001
Female sex, n (%) 2850 (57.23) 2148 (57.23) 702 (57.21) 0.989

Education, n (%) <0.001

Illiterate 1972 (39.60) 1372 (36.56) 600 (48.90)
Primary school 2198 (44.14) 1739 (46.34) 459 (37.41)

Middle school or above 810 (16.27) 642 (17.11) 168 (13.69)

APOE ε4 allelea, n (%) 765 (15.36) 594 (15.83) 171 (13.94) 0.124
Smoking, n (%) 0.004

Poor 1038 (20.84) 821 (21.88) 217 (17.69)
Intermediate 353 (7.09) 271 (7.22) 82 (6.68)

Ideal 3589 (72.07) 2661 (70.90) 928 (75.63)

Body mass index, n (%) <0.001
Poor 963 (19.34) 790 (21.05) 173 (14.10)

Intermediate 1902 (38.19) 1480 (39.44) 422 (34.39)

Ideal 2115 (42.47) 1483 (39.52) 632 (51.51)
Physical activity, n (%) <0.001

Poor 1759 (35.32) 1407 (37.49) 352 (28.69)

Intermediate 605 (12.15) 454 (12.10) 151 (12.31)
Ideal 2616 (52.53) 1892 (50.41) 724 (59.01)

Blood pressure, n (%) 0.002

Poor 3121 (62.67) 2300 (61.28) 821 (66.91)
Intermediate 1467 (29.46) 1142 (30.43) 325 (26.49)

Ideal 392 (7.87) 311 (8.29) 81 (6.60)

Fasting blood glucose, n (%) <0.001
Poor 435 (8.73) 368 (9.81) 67 (5.46)

Intermediate 1137 (22.83) 857 (22.84) 280 (22.82)

Ideal 3408 (68.43) 2528 (67.36) 880 (71.72)
Total cholesterol, n (%) 0.009

Poor 508 (10.20) 360 (9.59) 148 (12.06)

Intermediate 1523 (30.58) 1131 (30.14) 392 (31.95)
Ideal 2949 (59.22) 2262 (60.27) 687 (55.99)

Alcohol consumption, n (%) <0.001

Never 3065 (61.55) 2283 (60.83) 782 (63.73)
Former 482 (9.68) 343 (9.14) 139 (11.33)

Current 1433 (28.78) 1127 (30.03) 306 (24.94)

All-cause dementia, n (%) 250 (5.02) 112 (2.98) 138 (11.25) <0.001
Alzheimer’s disease, n (%) 165 (3.37) 65 (1.75) 100 (8.41) <0.001

Vascular dementia, n (%) 75 (1.56) 40 (1.09) 35 (3.11) <0.001

Note: aInformation was missing in 153 persons for APOE ε4 allele.
Abbreviations: APOE, apolipoprotein E gene; CVH, cardiovascular health; SD, standard deviation.
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Associations of Individual CVH Metric Components with Dementia, AD, and VaD
Having ideal physical activity (OR = 0.74) or ideal FBG (OR = 0.38) was significantly associated with a reduced
likelihood of all-cause dementia, but no smoking, ideal BMI, ideal blood pressure, and ideal total cholesterol were not
significantly associated with dementia (Table 2). In addition, having ideal physical activity was significantly associated
with a lower likelihood of VaD, but not with AD. Of note, having an ideal FBG was significantly associated with lower
likelihoods of both AD and VaD (Table 2).

Associations of Composite CVH Metrics with Dementia, AD, and VaD
Compared with people with poor global CVH metrics, those with an ideal level of global CVH metrics had a significantly
reduced likelihood of dementia (OR = 0.65) after controlling for demographic and other potential confounders (Table 3).
Regarding subtypes of dementia, the ideal global CVH metrics were significantly associated with the decreased
likelihood of VaD (OR = 0.31), but not for AD (OR = 0.88) (Table 3). In addition, compared with poor CVH metrics,
having an intermediate or ideal level of behavioral and biological CVH metrics was not significantly associated with

Table 2 Associations of Individual Cardiovascular Health Metrics with Dementia, Alzheimer’s Disease, and Vascular Dementia (n =
4980)

CVH Metrics No. of
Subjects

All-cause Dementia (n = 250) Alzheimer’s Diseasea (n = 165) Vascular Dementiaa (n = 75)

n OR (95% CI) n OR (95% CI) n OR (95% CI)

Smoking
Poor 1038 31 1.00 (reference) 15 1.00 (reference) 14 1.00 (reference)

Intermediate 353 15 1.20 (0.62, 2.33) 9 1.77 (0.73, 4.26) 5 0.71 (0.25, 2.05)

Ideal 3589 204 0.95 (0.57, 1.57) 141 0.96 (0.47, 1.95) 56 0.96 (0.46, 2.00)
p for trend 0.810 0.832 0.937

Body mass index

Poor 963 33 1.00 (reference) 18 1.00 (reference) 13 1.00 (reference)
Intermediate 1902 101 1.50 (0.99, 2.26) 63 1.70 (0.99, 2.92) 35 1.33 (0.70, 2.54)

Ideal 2115 116 1.26 (0.84, 1.90) 84 1.67 (0.98, 2.85) 27 0.74 (0.37, 1.46)

p for trend 0.575 0.125 0.175
Physical activity

Poor 1759 96 1.00 (reference) 55 1.00 (reference) 38 1.00 (reference)
Intermediate 605 36 0.95 (0.63, 1.44) 22 0.95 (0.56, 1.61) 12 0.88 (0.45, 1.72)

Ideal 2616 118 0.74 (0.55, 0.99)* 88 0.98 (0.69, 1.40) 25 0.39 (0.23, 0.66)‡

p for trend 0.037 0.930 <0.001
Blood pressure

Poor 3121 154 1.00 (reference) 102 1.00 (reference) 48 1.00 (reference)

Intermediate 1467 74 1.13 (0.84, 1.51) 47 1.11 (0.77, 1.60) 24 1.11 (0.67, 1.82)
Ideal 392 22 1.23 (0.76, 1.98) 16 1.45 (0.82, 2.54) 3 0.50 (0.15, 1.61)

p for trend 0.299 0.216 0.538

Fast blood glucose
Poor 435 38 1.00 (reference) 22 1.00 (reference) 15 1.00 (reference)

Intermediate 1137 54 0.42 (0.27, 0.66)‡ 33 0.42 (0.23, 0.74)† 17 0.38 (0.18, 0.78)†

Ideal 3408 158 0.38 (0.26, 0.57)‡ 110 0.43 (0.26, 0.71)‡ 43 0.29 (0.16, 0.53)‡

p for trend <0.001 0.015 <0.001

Total cholesterol

Poor 508 29 1.00 (reference) 26 1.00 (reference) 3 1.00 (reference)
Intermediate 1523 77 1.05 (0.66, 1.66) 43 0.68 (0.40, 1.15) 31 3.65 (1.10, 12.08)*
Ideal 2949 144 1.15 (0.74, 1.77) 96 0.96 (0.60, 1.55) 41 2.49 (0.75, 8.19)

p for trend 0.456 0.575 0.759

Notes: The model was adjusted for age, sex, education, alcohol consumption, and APOE ε4 allele. aParticipants with other types of dementia (n = 10) were excluded from
this analysis. *p<0.05, †p<0.01, ‡p<0.001.
Abbreviations: CVH, cardiovascular health; CI, confidence interval; OR, odds ratio.
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dementia and AD. The ideal level of behavioral CVH metrics, as compared with the poor level, was significantly
associated with a lower likelihood of VaD (OR = 0.41), but not ideal biological CVH metrics.

Associations of Composite CVH Metrics with Dementia, AD, and VaD by Age Groups
There were no statistical or marginally statistical interactions of CVH metrics with age groups (65–74 versus ≥75 years)
on the likelihood of dementia and the main subtypes of dementia. However, we detected a marginally statistical
interaction between age strata and biological CVH metrics based on the likelihood of all-cause dementia and VaD
(p for interactions < 0.10). Further analysis stratified by age strata showed that the association of the ideal biological
CVH metrics with a lower likelihood of all-cause dementia (OR = 0.52, 95% CI: 0.28–0.95) (Figure 1A) and VaD (OR =
0.21, 95% CI: 0.06–0.77) (Figure 1C) was stronger in the young–old than old–old groups. However, biological CVH
metrics were not significantly associated with AD in either age group (Figure 1B).

In addition, there were statistically significant interactive effects of age strata with ideal behavioral CVH metrics on
the likelihood of all-cause dementia, AD, and VaD (p for all interactions <0.05). Further analysis stratified by age strata
showed that the associations of ideal composite behavioral CVH metrics with a decreased likelihood of all-cause
dementia (OR = 0.48, 95% CI: 0.26–0.89) and VaD (OR = 0.16, 95% CI: 0.06–0.43) were significant only among the
old–old group (Figure 1D and F), whereas the ideal behavioral CVH metrics was significantly associated with a higher
likelihood of AD in the young-old group (OR = 3.32, 95% CI: 1.14–9.66) (Figure 1E). Finally, the associations of
composite global CVH metrics with dementia, AD, and VaD were not significant in either age stratum.

Discussion
To the best of our knowledge, this is the first population-based study that investigates the associations of composite CVH
metrics with dementia and main subtypes of dementia in the elderly Chinese population. In this cross-sectional study of rural
residents aged 65 years and older, we found that ideal global CVH metrics (vs poor CVH metrics) were associated with
a lower likelihood of dementia and VaD, but not with AD. Furthermore, the reduced likelihoods of dementia and VaD

Table 3 Associations of Composite Cardiovascular Health Metrics with Dementia, Alzheimer’s Disease, and Vascular Dementia (n =
4980)

CVH Metrics No. of
Subjects

All-Cause Dementia (n = 250) Alzheimer’s Diseasea (n = 165) Vascular Dementiaa (n = 75)

n Odds Ratio (95% CI) n Odds Ratio (95% CI) n Odds Ratio (95% CI)

Global CVH metrics
Poor (≤5) 723 37 1.00 (reference) 19 1.00 (reference) 16 1.00 (reference)

Intermediate (6–7) 1770 87 0.72 (0.48, 1.09) 50 0.79 (0.45, 1.37) 35 0.73 (0.40, 1.36)

Ideal (≥8) 2487 126 0.62 (0.42, 0.93)* 96 0.88 (0.52, 1.48) 24 0.31 (0.16, 0.60)‡

p for trend 0.026 0.930 <0.001

Biological CVH metrics

Poor (≤2) 951 60 1.00 (reference) 40 1.00 (reference) 18 1.00 (reference)
Intermediate (3–4) 3023 145 0.76 (0.55, 1.05) 96 0.78 (0.53, 1.16) 45 0.75 (0.43, 1.31)

Ideal (≥5) 1006 45 0.77 (0.50, 1.17) 29 0.83 (0.49, 1.38) 12 0.58 (0.27, 1.23)

p for trend 0.188 0.414 0.146
Behavioral CVH metrics

Poor (≤2) 844 30 1.00 (reference) 12 1.00 (reference) 17 1.00 (reference)

Intermediate (3–4) 2390 114 0.97 (0.63, 1.48) 72 1.38 (0.73, 2.62) 37 0.64 (0.35, 1.17)
Ideal (≥5) 1746 106 0.95 (0.61, 1.49) 81 1.59 (0.83, 3.03) 21 0.41 (0.21, 0.81)*
p for trend 0.839 0.152 0.010

Notes: The model was adjusted for age, sex, education, alcohol consumption, and APOE ε4 allele. aParticipants with other types of dementia (n = 10) were excluded from
this analysis. *p<0.05, ‡p<0.001.
Abbreviations: CVH, cardiovascular health; CI, confidence interval.
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associated with ideal biological CVH were pronounced only among young–old adults, whereas the reduced likelihoods of
dementia and VaD in relation to ideal behavioral CVH metrics were evident mainly among the old–old adults.

Of the six examined CVH components, BMI, blood pressure, and total cholesterol have shown the age-dependent
associations with dementia in previous studies such that having high levels of these three factors in midlife or young-old
adults (eg, age <75 years) is associated with an increased risk of dementia, whereas having these risk factors in old–old
(eg, age ≥75 years) is not related to dementia or even associated with a reduced risk of dementia.31–33 This is partly
because neuropathological alterations of dementia or AD in the preclinical phase might affect levels of these factors. For
example, individuals with preclinical dementia may gradually lose body weight due to loss of appetite and reduced food
intake, and thus low body weight might be an early symptom of preclinical and clinical dementia.34,35 As a result, the
reversal causality favors the cross-sectional associations of ideal levels of these CVH metrics with an increased
likelihood of dementia. In this regard, the potential reverse causality might partly contribute to our observed associations
of ideal BMI and blood pressure with a non-significantly increased likelihood of dementia, and of AD in particular, as
well as the association of ideal total cholesterol with an increased likelihood of VaD (Table 2). By contrast, dementia,
even in the preclinical phase, might reduce person’s physical activity, which would favor the cross-sectional association
of ideal physical activity with a reduced likelihood of dementia. Notably, our data showed that having ideal physical
activity was significantly associated with a lower likelihood of VaD, but not with AD. This is plausible given that people
with VaD often had a history of clinical stroke in our study, which is a major cause of physical impairment and disability.
While the potential reversal causation of high blood glucose and smoking with dementia might be less profound than that
of BMI, blood pressure, total cholesterol, and physical activity, but selective survival might play a part, which might
favor their cross-sectional associations with dementia towards null. Indeed, ideal (low) blood glucose was associated with

Figure 1 Associations of composite biological (A–C) and behavioral (D–F) cardiovascular health metrics with all-cause dementia, Alzheimer’s disease, and vascular
dementia by age groups (65–74 and ≥75 years) (n = 4980). The models were adjusted for age, sex, education, alcohol consumption, and apolipoprotein E ε4 allele. *n/N
indicates the number of cases/number of participants.
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a reduced OR of dementia, AD, and VaD, whereas the lack of association of smoking status with dementia and subtype
dementia might be partly attributed to selective survival.

Similarly, the interpretations of composite CVH metrics in relation to dementia and subtype dementia need to take
into account the potential reverse causation of individual CVH metrics with dementia. For example, we found no
significant association of biological and behavioral CVH metrics with dementia, partly due to the potential reverse
causations of dementia with some CVH metric components, such that ideal blood pressure and BMI were associated with
a high likelihood of dementia, while ideal physical activity was associated with a reduced likelihood of dementia in older
people, as previously reported.17,36 We found associations of ideal composite biological CVH metrics with a lower
likelihood of dementia and VaD among young–old adults, but not in old-old people, partly because higher blood pressure
and serum total cholesterol were associated with a greater likelihood of dementia in the young-old (65–74 years) rather
than old–old adults, as previous studies suggested.37,38 In addition, we found that an ideal level of behavioral CVH
metrics was associated with a decreased likelihood of dementia and VaD in the old–old group but with an elevated
likelihood of AD in the young–old group. Indeed, an ideal BMI was associated with a higher likelihood of dementia
and AD both in young–old and old–old adults (supplemental Figure 2A and B), which is in line with previous findings
from the systematic review and meta-analysis of cross-sectional and prospective studies.17 In addition, in young–old
adults, most people with mild-to-moderate AD had relatively well-preserved physical function.39 Taken together, the
observed association of ideal composite behavioral CVH metrics with a higher likelihood of AD in young–old adults
needs to be interpreted in the context of the potential reverse causation of the cross-sectional association.

Strengths of this study include a community-based design that targets rural residents, a relatively large study
sample, and comprehensive assessments of CVH metrics. However, this study also has limitations. First, the causal or
temporal relationship between CVH metrics and dementia cannot be determined owing to the cross-sectional nature
of the study design. Thus, the study findings need to be carefully interpreted given the fact that the observed cross-
sectional associations might be affected by reverse causation or selective survival as we fully discussed above.
Furthermore, we used the modified AHA’s recommendations in defining CVH metrics due to a lack of dietary data,
which might underestimate the associations of optimal CVH metrics with dementia. Finally, the study participants
were derived from only one rural area of western Shandong Province, characterized by relatively low income and low
educational attainments, which should be kept in mind when generalizing the study findings to other rural
populations.

Conclusion
In summary, this large-scale community-based study of rural Chinese older adults shows that CVH metrics are cross-
sectionally associated with dementia, AD, and VaD. Furthermore, the CVH metrics–dementia associations vary with age
and by CVH metric components and dementia subtypes. While the cross-sectional nature of the study complicates the
interpretations of the observed associations of modifiable CVH metrics with dementia, future longitudinal studies may
help determine their potential causal relationships, which could provide solid evidence base for the development of
guidelines and recommendations for preventive interventions to delay dementia onset and maintain brain health in the
aging process.

Abbreviations
CVH, cardiovascular health; AHA, American Heart Association; BMI, body mass index; AD, Alzheimer’s disease; VaD,
vascular dementia; MIND-China, Multimodal Interventions to delay Dementia and disability in rural China; ChiCTR,
Chinese Clinical Trial Registry; FBG, fasting blood glucose; APOE, apolipoprotein E; OR, odds ratio; CI, confidence
interval.
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