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Objective
To determine the joint role of ideal cardiovascular health (CVH) and genetic risk on risk of
dementia.
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Methods
We categorized CVH on the basis of the American Heart Association Ideal CVH Index and
genetic risk through a genetic risk score (GRS) of common genetic variants and the APOE e4
genotype in 1,211 Framingham Heart Study (FHS) oﬀspring cohort participants. We used
multivariable Cox proportional hazards regression models to examine the association between
CVH, genetic risk, and incident all-cause dementia with up to 10 years of follow-up (mean 8.4
years, 96 incident dementia cases), adjusting for age, sex, and education.
Results
We observed that a high GRS (>80th percentile) was associated with a 2.6-fold risk of dementia
(95% conﬁdence interval [CI] of hazard ratio [HR] 1.23–5.29; p = 0.012) compared with
having a low GRS (<20th percentile); carrying at least 1 APOE e4 allele was associated with a
2.3-fold risk of dementia compared with not carrying an APOE e4 allele (95% CI of HR
1.49–3.53; p = 0.0002), and having a favorable CVH showed a 0.45-fold lower risk of dementia
(95% CI of HR 0.20–1.01; p = 0.0527) compared to having an unfavorable CVH when all 3
components were included in the model. We did not observe an interaction between CVH and
GRS (p = 0.99) or APOE e4 (p = 0.16).
Conclusions
We observed that both genetic risk and CVH contribute additively to dementia risk.
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Glossary
AD = Alzheimer disease; AHA = American Heart Association; CI = conﬁdence interval; CVH = cardiovascular health; DSMIV = Diagnostic and Statistical Manual of Mental Disorders, 4th edition; FHS = Framingham Heart Study; GRS = genetic risk
score; HR = hazard ratio; MMSE = Mini-Mental State Examination; SNP = single nucleotide polymorphism.

Both genetic and environmental risks for Alzheimer disease
(AD) and dementia have been identiﬁed. The APOE e4 allele
is the strongest established genetic risk factor for sporadic AD,
associated with an ≈50% increase in risk of AD.1 Furthermore,
genome-wide association studies have identiﬁed >20 single
nucleotide polymorphisms (SNPs) associated with late-onset
AD.2,3 A genetic risk score (GRS) of these SNPs is associated
with an ≈16% increase in the late-onset, sporadic form of
AD.4–6
There is increasing evidence that cardiovascular health
(CVH) is associated not only with cardiovascular outcomes but also with late-life neurologic diseases, including
dementia and AD.7–9 However, studies that have associated CVH with dementia and AD have not considered the
full set of genetic risk factors. In addition, there is a need to
identify target populations (e.g., those with a high genetic
risk) in whom prevention eﬀorts may have the greatest
impact on reducing dementia burden. Our goals were to
determine the joint relationship of genetic risk and CVH
on risk of dementia and to determine whether having an
ideal CVH mitigates the risk of dementia in those at high
genetic risk.
e1342

Neurology | Volume 95, Number 10 | September 8, 2020

Methods
Standard protocol approvals, registrations,
and patient consents
All participants provided written informed consent. Study
protocols and consent forms were approved by the institutional
review board at the Boston University Medical Center.
Framingham Heart Study
The Framingham Heart Study (FHS) is a community-based,
longitudinal cohort study that was initiated in 1948. The
original cohort comprised 5,209 residents of Framingham, MA,
and these participants have undergone up to 32 examinations,
performed every 2 years, that have involved detailed history
taken by a physician, a physical examination, and laboratory
testing.10 In 1971, a total of 5,124 oﬀspring of the participants
in the original cohort and the spouses of these oﬀspring were
enrolled in an oﬀspring cohort. The participants in the oﬀspring cohort have completed up to 9 quadrennial examinations,11 with the latest examination cycle ending in 2014. We
leveraged individuals in the FHS oﬀspring cohort to investigate
the joint association of CVH and genetic burden on 10-year
risk of dementia.
Neurology.org/N
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Table 1 Characteristics of 1,211 individuals from the FHS at examination 5 contributing to the study
Incident dementia
cases (n = 96)

Individuals who did not develop
dementia (n = 1,115)

HR (95% CI)

p Value

Dementia type, n (%)
AD

67 (69.8)

Other

29 (30.2)

Age, y

66.69 ± 5.68

61.42 ± 5.54

1.18 (1.14–1.22)

<0.0001

Female, n (%)

60 (62.5)

581 (52.1)

1.33 (0.88–2.01)

0.17

High school education, n (%)

84 (87.5)

1,051 (94.3)

0.44 (0.24–0.80)

0.007

Current smoker, n (%)

8 (8.3)

150 (13.5)

0.93 (0.45–1.93)

0.84

27.0 ± 4.4

27.6 ± 4.6

0.99 (0.95–1.04)

0.73

Total cholesterol, mg/dL

216.1 ± 34.0

212.0 ± 37.3

1.00 (1.00–1.01)

0.86

Physical activity index scorea

34.6 ± 7.4

34.6 ± 6.0

1.02 (0.99–1.05)

0.27

Diet scoreb

1.5 ± 0.9

1.7 ± 0.9

0.82 (0.65–1.04)

0.10

DBP, mm Hg

74 ± 11

74 ± 9

1.01 (0.99–1.03)

0.22

SBP, mm Hg

137 ± 20

130 ± 18

1.01 (1.00–1.02)

0.07

Hypertension, n (%)

85 (88.5)

833 (74.7)

1.88 (0.99–3.54)

0.05

Type 2 diabetes mellitus

50 (52.1)

425 (38.1)

1.65 (1.10–2.48)

0.02

BMI, kg/m

2

CVH, n (%)

0.05

Favorable

7 (7.3)

181 (16.2)

0.38 (0.17–0.86)

Intermediate

50 (52.1)

594 (53.3)

0.76 (0.50–1.15)

Unfavorable

39 (40.6)

340 (30.5)

Reference

32 (33.3)

244 (21.9)

2.31 (1.50–3.55)

APOE «4 carrier status, n (%)
GRS category, n (%)

0.0001
0.04

High

22 (22.9)

220 (19.7)

2.56 (1.24–5.28)

Intermediate

63 (65.6)

664 (59.6)

2.03 (1.07–3.86)

Low

11 (11.5)

231 (20.7)

Reference

Abbreviations: BMI = body mass index; CI = confidence interval; CVH = cardiovascular health; DBP = diastolic blood pressure; FHS = Framingham Heart Study;
GRS = genetic risk score; HR = hazard ratio; SBP = systolic blood pressure.
Continuous variables are reported as mean ± SD; categorical variables are reported as number (percentage). HRs, 95% CIs, and p value were calculated with
Cox proportional hazards regression adjusted for age and sex. HRs are per unit of continuous predictor variables.
a
Physical activity was calculated with the following formula as per a pervious FHS publications8,19: 1 × sleep hours/day + 1.1 × sedentary hours/day+ 1.5 ×
slight activity hours/day + 2.4 × moderate activity hours/day + 5 × heavy activity hours/day. The top quartile of this score was used to indicate ideal physical
activity, which corresponds qualitatively to the definition used by the American Heart Association.17
b
Diet scores were adapted from the American Heart Association guidelines,17 consistent with a previous FHS publication.8,19

We assessed CVH as deﬁned below from examination cycle 5
data collected between 1991 and 1995 (mean age 55 years).
Follow-up for dementia began at examination cycle 7
(1998–2001). This allowed us to assess CVH before the onset
of symptoms for dementia and to begin follow-up for dementia
≈7 years after the assessment of CVH. CVH before the start of
follow-up (examination cycle 5) was previously shown to be
associated with risk of incident dementia after examination
cycle 7.8
Of the 5,124 FHS oﬀsprings, 3,539 individuals attended
examination cycle 7. We excluded participants <60 years of
Neurology.org/N

age (n = 1,288), those with prevalent dementia at examination cycle 7 (n = 8), and those with no follow-up for
dementia (n = 87), which left 1,367 individuals. We in addition excluded individuals missing education level (n = 33)
or genetic data (n = 123) leaving 1,211 participants available
for analysis (table 1).
Definition of dementia
The surveillance methods and dementia tracking for the FHS
have been published.12–14 In brief, cognitive status has been
monitored at each examination cycle with the use of the MiniMental State Examination (MMSE).15 The MMSE was used to
Neurology | Volume 95, Number 10 | September 8, 2020
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Table 2 SNPs and weights from van der Lee et al.5 contributing to the genetic risk score
Chr

rsid

Gene

Weight

REF

ALT

FHS ALT FREQ

FHS r2

1

rs6656401

CR1

−0.157

A

G

0.820

0.999

2

rs35349669

INPP5D

0.066

C

T

0.471

0.927

2

rs6733839

BIN1

0.188

C

T

0.371

0.855

4

rs13113697

HS3ST1

−0.067

T

G

0.715

0.990

5

rs190982

MEF2C

0.08

G

A

0.600

0.845

6

rs10948363

CD2AP

0.098

A

G

0.269

0.996

6

rs9271192a

HLA-DRB1/5

−0.108

C

A

0.743

0.686

6

rs75932628

TREM2

0.889

C

T

0.002

0.629

7

rs11771145

EPHA1

−0.102

G

A

0.331

0.829

7

rs1476679

ZCWPW1

0.078

C

T

0.698

0.756

7

rs2718058

NME8

−0.07

A

G

0.363

0.973

8

rs28834970

PTK2B

0.096

T

C

0.349

0.984

8

rs9331896

CLU

0.146

C

T

0.582

0.891

10

rs7920721

ECHDC3

−0.067

A

G

0.387

0.736

11

rs10792832

PICALM

0.13

A

G

0.633

0.992

11

rs10838725

CELF1

0.075

T

C

0.319

0.997

11

rs11218343

SORL1

−0.27

T

C

0.044

0.999

11

rs983392

MS4A6A

−0.108

A

G

0.417

0.998

14

rs10498633

SLC24A4-RIN3

−0.104

G

T

0.223

0.951

14

rs17125944

FERMT2

0.122

T

C

0.082

0.999

17

rs2732703b

KANSL1

−0.151

T

G

0.189

0.860

19

rs4147929

ABCA7

−0.135

A

G

0.826

0.615

20

rs7274581

CASS4

−0.139

T

C

0.088

0.975

Abbreviations: ALT = alternative allele; Chr = chromosome; FHS = Framingham Heart Study; FHS ALT FREQ = alternative allele frequency in FHS; FHS r2 =
imputation quality in FHS; REF = reference allele; rsid = SNP identifier; SNP = single nucleotide polymorphism.
Weight is for the ALT allele from van der Lee et al.5 supplemental table 1.
a
rs111418223 as reported by van der Lee et al.5 was merged with rs9271192 in the Single Nucleotide Polymorphism Database.
b
rs118172952 as reported in van der Lee et al.5 was merged with rs2732703 in the Single Nucleotide Polymorphism Database.

ﬂag participants for dementia review if performance fell below
education-based cutoﬀ scores at any examination, a decline of
>3 points was observed between consecutive examinations, or a
decline of >5 points was observed from the participant’s highest
obtained MMSE score. In addition, participants were screened
for dementia in response to referrals or concern from participants, their family, their doctor, or other health professional. A
dementia review panel, which includes a neurologist and a
neuropsychologist, reviews possible cognitive decline and dementia. The panel determines whether a person had dementia,
the dementia subtype, and the date of diagnosis using data from
multiple sources.12 After a participant dies, a medical panel
reviews medical and nursing records up to the date of death and
includes an assessment of whether the participant might have
had cognitive decline since his or her last examination.16 This
e1344
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medical panel refers any participants who might have had
cognitive decline to the dementia review panel for postmortem
review. A diagnosis of dementia is made in accordance with
DSM-IV.
We considered a maximum of 10 years of follow-up from examination cycle 7. We focused our analysis on dementia given
the limited sample size and observed number of cases of AD. A
sensitivity analysis was performed with AD as the outcome.
Ideal CVH
The American Heart Association (AHA) Life’s Simple 717,18
highlights the following 7 components to CVH: physical activity, cholesterol, healthy diet, blood pressure, healthy
weight, blood glucose, and smoking status.
Neurology.org/N
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Ideal CVH score was calculated by summing together 7 optimal levels of CVH according to the AHA guidelines at examination 5. One point was added for each of the following
optimal levels of the CVH score components: current selfreported nonsmoker, body mass index <25 and >18.5 kg/m2,
adequate physical activity, a healthy diet, untreated total
cholesterol <200 mg/dL, untreated resting blood pressure
<120/<80 mm Hg, and fasting blood glucose <100 mg/dL.
All factors were obtained from the FHS clinic except diet and
physical activity, which were measured with the use of a validated food frequency and physical activity index questionnaire, respectively. Physical activity was calculated with the
following formula as per previous FHS publications8,19: 1 ×
sleep hours/day + 1.1 × sedentary hours/day + 1.5 × slight
activity hours/day + 2.4 × moderate activity hours/day + 5 ×
heavy activity hours/day. The top quartile of this score was
used to indicate ideal physical activity, which corresponds
qualitatively to the deﬁnition used by the AHA.17 Diet scores
were adapted from the AHA guidelines,17 consistent with a
previous FHS publication.8,19 Blood pressures were measured
twice at the same examination by a physician, with the averaged systolic and diastolic values used in the ideal CVH score.
The ideal CVH score ranged from 0 to 7 and was used to
deﬁne 3 categories9,19 of CVH: unfavorable CVH (0–2 optimal levels), intermediate CVH (3–4 optimal levels), and
favorable CVH (≥5 optimal levels).
Genetics
FHS participants had DNA extracted and provided consent
for genotyping in the 1990s. All available eligible participants
were genotyped at Aﬀymetrix (Santa Clara, CA) through an
National Heart, Lung, and Blood Institute–funded SNPHealth Association Resource project using the Aﬀymetrix

GeneChip Human Mapping 500K Array Set and 50K Human
Gene Focused Panel. Genotypes were imputed to the Haplotype Reference Consortium SNPs with the use of Mach/
Minimac as done previously.2 In addition, APOE e4 genotypes were obtained.
Twenty-three SNPs, not including APOE, have previously
been aggregated into a GRS and shown to be associated with
AD (table 2).5 We used these SNPs and their corresponding
weights to deﬁne our GRS. We created a weight GRS for each
23
individual i as GRSi = +s = 1 GENOTYPEsi × betas . All SNPs
had imputation quality >0.6 in our data.
We categorized individuals has having high genetic risk if they
were above the 80th percentile of the GRS, as intermediate
genetic risk if they were in the middle 60th percentile of the GRS
distribution (20th–80th percentiles), and as low genetic risk if
they were below the <20th percentile of the GRS distribution.
We looked at APOE e4 genotypes separately from the GRS.
Statistical analysis
We used multivariable Cox proportional hazards regression
models to examine the association of ideal CVH and genetic risk with incident all-cause dementia using up to 10
years of follow-up. We present hazard ratios (HRs) accompanied by 95% conﬁdence intervals (CIs). In addition,
we calculated cumulative hazards of dementia over 10
years. We examined the assumption of proportionality of
hazards using statistical tests and graphic diagnostics based
on scaled Schoenfeld residuals. We adjusted all models for
age at examination 5, sex, and education (coded as at least
high school degree [1] or not [0]). Genetic principal
components of ancestry are routinely used to adjust for
population structure in genetic analyses.20,21 These are well

Table 3 CVH and genetics on risk of dementia
Single predictor models

Jointly modeled

Parameter

HR (95% CI)

p Value

HR (95% CI)

p Value

APOE «4 carrier

2.30 (1.49–3.54)

0.0002

2.29 (1.49–3.53)

0.0002

APOE «4 noncarrier

Reference

GRS
High

2.64 (1.27–5.45)

0.009

2.55 (1.23–5.29)

0.01

Intermediate

2.16 (1.13–4.11)

0.02

2.09 (1.10–3.99)

0.03

Low

Reference

CVH
Favorable

0.41 (0.18–0.91)

0.03

0.45 (0.20–1.01)

0.05

Intermediate

0.80 (0.52–1.23)

0.31

0.80 (0.53–1.23)

0.34

Unfavorable

Reference

Abbreviations: CI = confidence interval; CVH = ideal cardiovascular health; GRS = genetic risk score; HR = hazard ratio.
All models are adjusted for age, sex, and education (at least high school or not).

Neurology.org/N
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deﬁned and have been used previously in genetic analyses
within the FHS. We observed that none of the top 5
principal components were associated with dementia status
and did not include them in our models. We determined
the absolute risk increase/reduction and the number
needed to harm/treat using methods appropriate for Cox
models.22,23
We considered results statistically signiﬁcant if p < 0.05. We
conducted all analyses in SAS 9.3 (SAS Institute Inc, Cary,
NC) or R-3.3.1 (R Foundation for Statistical Computing,
Vienna, Austria).
Data availability
Data are available through database of Genotypes and Phenotypes (accession No. phs000007.v30.p11).

Results
Of the 1,211 persons with dementia at follow-up, 96 (7.9%)
developed dementia within 10 years (mean follow-up 8.4
years). Of the 96 cases of dementia, 67 were clinically consistent with AD. We observed that cases with dementia were
older at examination cycle 5 (67 vs 61 years old), were more
likely to be women (63% vs 52%), and were less likely to have
a high school education (88% vs 94%) compared with those
who did not develop dementia. Cases with incident dementia
also had a higher rate of type 2 diabetes mellitus (52% vs 38%)
compared with those who did not develop dementia after
adjustment for age and sex (table 1). We found that 10% (24)
of the sample had both a favorable CVH and a high GRS, with
23 of these 24 not developing dementia. On the other hand,
we found that 28% (68) of the sample had an unfavorable

Figure 1 Hazards of dementia by GRS and CVH

(A) Cumulative hazards of dementia over 10 years
of follow-up by genetic risk score (GRS) category (1
= low [dotted line], 2 = intermediate [dashed line],
and 3 = high [solid line]) and cardiovascular health
(CVH) category (favorable [pink], intermediate
[green], and unfavorable [blue]). (B) Cumulative
hazard estimates at 5 years of follow-up (middle of
maximum follow-up) by GRS and CVH. Error bars
represent 95% confidence interval of estimated
cumulative hazards at 5 years.

e1346
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CVH and a low GRS, which was 36% of those with dementia
and 28% of those without dementia.
We ﬁrst associated CVH and genetic risk (both APOE e4
carriers and a GRS) individually with dementia. We observed
that after adjustment for age, sex, and education, having a high
GRS was associated with a 2.6-fold hazard of dementia
compared with having a low GRS (95% CI 1.27–5.45; p =
0.009) and carrying at least 1 APOE e4 allele was associated
with a 2.3-fold higher hazard of dementia compared with not
carrying an APOE e4 allele (95% CI 1.49–3.54; p = 0.0002)
(table 3). We observed that the absolute risk increase of
having a high GRS is 1.5% with a number needed to harm of
65 compared to having a low GRS at 5 years, while the absolute risk increase of having an APOE e4 allele is 5.7% with a
number needed to harm of 18 at 5 years. On the other hand, a

favorable CVH showed a 0.41-fold lower hazard of dementia
(95% CI 0.18–0.91, p = 0.03) compared to an unfavorable
CVH. We observed that the absolute risk reduction of having
a favorable CVH is 1.4% with a number needed to treat of 70
at 5 years. We observed that when we included genetic risk
factors (both APOE e4 carriers and a GRS) and CVH in the
same model, the eﬀect estimates remained consistent with the
eﬀect estimates seen when the factors were analyzed separately (table 3).
In a sensitivity analysis with incident AD as the outcome (67
cases and 1,144 individuals who did not develop AD), we
observed that having a high GRS was associated with a 4.3-fold
higher hazard of AD compared with having a low GRS (95% CI
1.39–13.29; p = 0.01), carrying at least 1 APOE e4 allele was
associated with a 3.0-fold higher hazard of AD compared with

Figure 2 Hazards of dementia by APOE e4 and CVH

(A) Cumulative hazards of dementia over 10 years
of follow-up by APOE e4 status (APOE4+ [solid line]
and APOE4− [dotted line]) and cardiovascular
health (CVH) category (favorable [pink], intermediate [green], and unfavorable [blue]). (B)
Cumulative hazard estimates at 5 years of followup (middle of maximum follow-up) by APOE e4
status and CVH category. Error bars represent 95%
confidence interval of estimated cumulative hazards at 5 years.

Neurology.org/N
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not carrying an APOE e4 allele (95% CI 1.81–4.96; p <
0.0001), and having a favorable CVH was associated with a
nonsigniﬁcant decreased hazard of AD compared to an unfavorable CVH (HR 0.47, 95% CI 0.18–1.24; p = 0.13). Furthermore, we found similar eﬀects of the GRS, APOE e4, and
CVH on risk of dementia when maternal family history was
included in a model with a sample of 479 individuals (26 with
dementia) with information on maternal dementia status by 80
years of age (results not shown).
We next calculated the cumulative hazards of dementia over
10 years and at the 5-year point by genetic risk and CVH.
Individuals with a high GRS and unfavorable CVH had the
highest cumulative hazards of dementia, followed by those
with intermediate GRS and unfavorable CVH (ﬁgure 1A). On
the other hand, those with low GRS and favorable CVH had
the lowest cumulative hazards of dementia, followed by those
with low GRS and intermediate CVH. We observed that individuals with a high genetic risk have a greater reduction in
5-year cumulative hazards when moving from an unfavorable
to favorable CVH (reduction of 0.016) compared to individuals with a low genetic risk (0.0063) (ﬁgure 1B). A similar
pattern can be seen with cumulative hazards by APOE e4
status and CVH (ﬁgure 2). APOE e4–positive individuals with
either unfavorable or intermediate CVH had the highest cumulative hazards of dementia, while APOE e4–positive individuals with a favorable CVH had a lower cumulative hazards
than individuals who were e4 negative with unfavorable CVH
(ﬁgure 2).
We did not ﬁnd an interaction between CVH categories and
GRS groups (p = 0.99) or APOE e4 status (p = 0.16), indicating that CVH does not appear to modify the association
of genetic risk on dementia. We calculated the least detectable
eﬀect of an interaction using Quanto 1.2.4 given our data and
the observed eﬀects for CVH and APOE e4 on dementia. We
assumed a population dementia frequency of 5% and set α =
0.05, power of 80%, case n = 96, and a control:case ratio of
11.61. Under these parameters, the least detectable odds ratio
for the interaction was 3.5. Therefore, we were powered to
detect only a strong interaction.

Discussion
In a large community-based sample, we show that both genetics and modiﬁable CVH are independently associated with
risk of dementia. We did not ﬁnd a statistically signiﬁcant
interaction between CVH categories and GRS groups or
APOE e4 status, although we were underpowered to detect
such eﬀects. Our results suggest that CVH and genetic factors
additively contribute to AD risk.
Both genetic and cardiovascular risk factors for dementia have
been described. Estimates suggest that ≈35% of cases of dementia may be attributable to modiﬁable risk factors, including
CVH.13 Indeed, the AHA Ideal CVH guidelines have been
e1348

Neurology | Volume 95, Number 10 | September 8, 2020

touted as a mechanism to promote optimal brain health and to
reduce the risk of cognitive impairment.8,9 In our study, having
a favorable, relative to unfavorable, CVH score was associated
with a 59% decrease in the risk of incident dementia. In a prior
publication,8 it was found that ideal CVH ≈7 years before
incident events was inversely associated with both incident allcause dementia (HR 0.80, p = 0.02) and clinical AD (HR 0.79,
p = 0.006) in 1,364 individuals in the FHS oﬀspring cohort.
Furthermore, in ≈6,600 older individuals (mean age 74 years),
ideal CVH was associated with lower risk of dementia and
lower rates of cognitive decline.10 Our results are consistent
with these ﬁnding for dementia. We ﬁnd that favorable CVH is
associated with lower risk of dementia (95% CI of HR
0.18–0.91, p = 0.03) without genetic factors in the model (table
3). When genetic factors are included in the model, the eﬀect
estimates remain consistent, but the CIs become slightly wider.
We in addition report how these hazards of dementia change
according to genetic risk factors. Due to the reduced sample
size when the genetic data were incorporated, we did not ﬁnd a
signiﬁcant association between favorable CVH and incident
AD, as was previously reported,8 but we observed similar eﬀect
sizes.
Beyond the eﬀects of age, carriage of the APOE e4 allele is the
strongest risk factor for late-onset dementia. Although several
other common genetic variants have small individual eﬀects,
their combination also modiﬁes the risk of incident dementia
over and above the eﬀects of APOE.5 Indeed, we conﬁrm that
both APOE e4 carriage and a polygenic risk score of common
genetic variants are associated with a higher risk of incident
dementia, particularly clinical AD.
Despite the available information on CVH and genetic variants
as dementia risk factors, the potential for CVH to modify high
genetic risk of dementia has not been well described. Genetic
risk factors have been shown to lower the age at dementia
onset24 and to associate with more rapid accumulation of AD
pathology.25 Therefore, enrichment of individuals with high
genetic risk is one strategy used to increase power in clinical
trials of emerging therapies.26 However, this enrichment
strategy would be viable for primary prevention trials only if
individuals with high genetic risk for AD had the potential for
dementia risk modiﬁcation. Our data suggest that this is indeed
the case because the potential for dementia prevention via
cardiovascular interventions is independent of genetic risk for
late-onset AD. Therefore, persons at highest genetic risk would
have the greatest absolute reduction in risk.
In the absence of curative treatment for dementia, there is
considerable interest in the risks and beneﬁts of disclosing
genetic information (e.g., APOE e4 status) to research
participants.27–29 Our data suggest that persons with high genetic risk, i.e., individuals with either an APOE e4 allele or a
high GRS, may gain by adopting healthy CVH behaviors. This
is consistent with observations suggesting that both APOE e4
and cardiovascular risk factors, in conjunction, aid in predicting
cognitive decline.30,31
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Our results are consistent with those previously reported,32
which looked at >196,383 participants from the UK Biobank
study. This study did not include data on body mass index, total
cholesterol, blood pressure, and glucose in their measurement of
the healthy lifestyle score, as we did here. In addition, they found
that a majority of UK Biobank participants followed a favorable
lifestyle, while a majority of the participants in our study had an
unfavorable or intermediate CVH proﬁle. Despite these diﬀerences, our results are consistent with those from the UK Biobank
study. The advantages of our study include careful and comprehensive adjudicated outcomes based on up to 10 years of
longitudinal follow-up. We used a validated measure of
CVH17–19 and CVH measured before the onset of symptoms of
dementia, which diminishes the impact that dementia has on
changes in CVH, limiting reversed causality.
Limitations of our study include, ﬁrst, that the FHS is composed of individuals of European descent; therefore, these
results may not be generalizable to non-European populations. Samples of European ancestry were used to derive
the weights for the GRS2; thus, the GRS is most appropriately
applied to a European ancestry sample. Second, we were
limited by our small sample size, which leads to large error
bars in the estimates of cumulative hazards. Third, some of the
genetic markers may inﬂuence both CVH and dementia, although we observed that including only 1 factor or both
factors in the model did not change the results.
In a community-based sample, we observed that both genetic
risk and CVH are additively associated with incident dementia. Further studies are needed to replicate these results in
larger and ethnically diverse samples.
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