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Abstract

Objective

Increasing evidence supports an association between midlife cardiovascular risk factors
(CVREFs) and risk of dementia, but less is known about whether CVRFs influence cognition in
midlife. We examined the relationship between CVRFs and midlife cognitive decline.

Methods

In 2,675 black and white middle-aged adults (mean age 50.2 + 3.6 years, 57% female, 45%
black), we measured CVRFs at baseline: hypertension (31%), diabetes mellitus (11%), obesity
(43%), high cholesterol (9%), and current cigarette smoking (15%). We administered cognitive
tests of memory, executive function, and processing speed at baseline and 5 years later. Using
logistic regression, we estimated the association of CVRFs with accelerated cognitive decline
(race-specific decline >1.5 SD from the mean change) on a composite cognitive score.

Results

Five percent (n = 143) of participants had accelerated cognitive decline over S years. Smoking,
hypertension, and diabetes mellitus were associated with an increased likelihood of accelerated
decline after multivariable adjustment (adjusted odds ratio [AOR] 1.6S, 95% confidence in-
terval [CI] 1.00-2.71; AOR 1.87, 95% CI 1.26-2.75; AOR 2.45, 95% CI 1.54-3.88, re-
spectively), while obesity and high cholesterol were not associated with risk of decline. These
results were similar when stratified by race. The likelihood of accelerated decline also increased
with greater number of CVRFs (1-2 CVRFs: AOR 1.77, 95% CI 1.02-3.05; >3 CVRFs: AOR
2.94,95% CI 1.64-5.28) and with Framingham Coronary Heart Disease Risk Score >10 (AOR
2.29,95% CI 1.21-4.34).

Conclusions

Midlife CVRFs, especially hypertension, diabetes mellitus, and smoking, are common and
associated with accelerated cognitive decline at midlife. These results identify potential mod-
ifiable targets to prevent midlife cognitive decline and highlight the need for a life course
approach to cognitive function and aging.
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Glossary

AOR = adjusted OR; ARIC = Atherosclerosis Risk in Communities; CARDIA = Coronary Artery Risk Development in Young
Adults; CI = confidence interval; CVRF = cardiovascular risk factor; DSST = Digit Symbol Substitution Test; OR = odds ratio;

RAVLT = Rey Auditory Verbal Learning Test.
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Hypertension, dyslipidemia, and diabetes mellitus, as well as
smoking and obesity, are recognized as key cardiovascular risk
factors (CVRFs) for cognitive impairment and decline."
Some previous studies have focused primarily on late-life
cognitive outcomes, with the most consistent evidence sup-
porting a relationship between midlife CVRF exposure and
greater rates of cognitive decline and dementia in late life.*
However, the process of cognitive aging takes place over
decades,” and data are sparse regarding CVRF effects on
cognitive outcomes earlier in the life course, including in
midlife.

Longitudinal studies indicate that declines on several cogni-
tive domains, including processing speed and executive
function, may begin to emerge as early as midlife.® Midlife is
also a critical time period for CVRFs with greater acceleration
in the prevalence of hypertension, diabetes mellitus, and
dyslipidemia compared to young adulthood,”*" but it is un-
clear whether midlife CVRFs contribute to early changes in
cognition during midlife. An expanded focus on the influence
of CVRFs on cognitive outcomes across the life course could
contribute to a more comprehensive understanding of cog-
nitive decline, improve stratification of those at high risk for
dementia, and inform the development and design of targeted
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Midlife CVRFs, especially hypertension, diabetes, and
smoking, are linked to increased risk of accelerated
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interventions for healthy cognition.'*”'* Furthermore, rigor-
ous evidence on modifiable risk factors for cognitive decline
across the life course is particularly limited in racially and
ethnically diverse cohorts."®

As part of the ongoing Coronary Artery Risk Development in
Young Adults (CARDIA) study, we sought to determine
whether CVRFs are associated with increased risk of accel-
erated cognitive decline in middle-aged black and white
adults. We hypothesized that CVRFs such as hypertension,
diabetes mellitus, high cholesterol, obesity, and current
smoking will be associated with increased likelihood of midlife
accelerated cognitive decline.

Methods

Study design and sample

CARDIA is a multicenter longitudinal study designed to
measure risk factors for coronary artery disease in a cohort of
black and white women and men (n = §,115) initially 18 to 30
years of age and healthy at enrollment in 1985 to 1986.
CARDIA participants were recruited from 4 US cities (Bir-
mingham, AL; Chicago, IL; Minneapolis, MN; and Oakland,
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CA). Community-based sampling was performed in Bir-
mingham, Chicago, and Minneapolis, while Oakland partic-
ipants were sampled from the membership of a large
integrated health care system. The participant composition of
each site was approximately balanced by sex, age, race, and
education.

To assess the effect of CVRF exposure on cognitive changes
during midlife, we included participants who completed
cognitive testing at year 25 (2010-2011), our study baseline,
and S years later (follow-up mean [SD] 5.02 (0.34) years,
range 3.90-6.11 years). Participants with self-reported stroke
(n = 69) at baseline were excluded. The final analytic cohort
consisted of 2,675 participants. Compared to those in the final
analytic cohort, participants who did not have complete
cognitive testing at both baseline and follow-up were less
likely to be white, had a lower level of education, and drank
less alcohol (p < 0.05), but they did not differ on age, sex, or
physical activity.

Standard protocol approvals, registrations,
and patient consents

At each visit, participants provided written informed consent,
and study protocols were reviewed by institutional review
boards from each study site, the CARDIA Coordinating
Center at the University of Alabama, Birmingham and the
University of California, San Francisco; further details of the
study are available elsewhere.'®'”

CVRF measurement

At baseline, we defined measures for current cigarette
smoking, obesity, diabetes mellitus, hypertension, and high
cholesterol. Current cigarette smoking was based on self-
reported definition of smoking at least 5 cigarettes per week
almost every week. We used examination data on height
and weight to calculate body mass index, and defined
obesity as a body mass index >30 kg/m?. Diabetes mellitus
was defined as fasting plasma glucose >126 mg/dL, oral
glucose tolerance test >200 mg/dL, glycosylated hemo-
globin >6.5%, or use of medications. We defined high
cholesterol as total cholesterol >240 mg/dL or use of
medications. We used examination data on blood pressure
measurements and defined hypertension as systolic
blood pressure >140 mm Hg, diastolic blood pressure
>90 mm Hg, or use of medications.

To estimate the extent of CVRF exposure at baseline, the
number of risk factors present was summed for a score of 0 to
S. Because few participants (<10%) had >3 CVRFs, the
number of CVRFs was categorized as 0, 1 or 2, and >3. In
addition, we calculated the Framingham Coronary Heart
Disease Risk Score, a sex-specific algorithm based on age, total
cholesterol, high-density lipoprotein cholesterol, systolic and
diastolic blood pressures, smoking, and diabetes mellitus,'®
and defined intermediate or higher 10-year heart disease risk
as having a Framingham Coronary Heart Disease Risk
Score >10.
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Cognitive function assessment

At baseline and the S-year follow up, interviewers who un-
derwent a centralized training administered a battery of 3
cognitive tests: the Digit Symbol Substitution Test (DSST) to
assess processing speed and executive function, with higher
scores for digits correctly substituted indicating better func-
tion'’; the Stroop Test to assess executive function, with
lower interference scores indicating better function (the in-
verse of this score was used such that higher scores indicate
better performance)*”*'; and the Rey Auditory Verbal
Learning Test (RAVLT) to assess verbal memory, with higher
scores after a 10-minute delay indicating better function.”> We
computed composite cognitive function scores at baseline and
S years later. We estimated S-year change in the composite
cognitive z scores, and given that there were significant dif-
ferences in baseline cognitive scores and change in score by
race, we defined accelerated cognitive decline as a race-
specific decline >1.5 SD from the mean change on the com-
posite cognitive score derived from the 3 tests.”**

Other covariates

Covariates were used from baseline unless otherwise noted.
Demographic characteristics, including age, sex, race, and
education, were based on self-report. We measured physical
activity with the CARDIA Physical Activity History ques-
tionnaire, which queries time spent in physical activities in the
past 12 months>® and produces a total physical activity score
in exercise units, which we used to compare participants with
scores >300 and <300 exercise units, approximating the cutoff
for recommended levels of physical activity.*® We assessed
depressive symptoms with the Center for Epidemiologic
Studies Depression scale.”” Alcohol use (standardized for
different types of alcohol as drinks per week) was assessed
by self-report, and APOE €4 phenotype was determined
by CARDIA year 7 blood samples using standard
techniques.”®*’

Data analysis

Participants with and without accelerated cognitive decline
were compared with descriptive statistics. We ran unadjusted
and adjusted logistic regression models to examine the odds
associated with accelerated cognitive decline S years after
CVREF exposure. Adjusted models included demographics
(age, race, sex, and education), depressive symptoms, APOE
€4 status, and alcohol use, and we also stratified by race and
examined possible interactions between race and the effects of
each CVRF on accelerated decline on the cognitive score. We
determined the odds associated with accelerated cognitive
decline for those with 1 or 2 and >3 CVRFs (compared to
those with 0 exposures) and the odds of decline for partic-
ipants with Framingham Coronary Heart Disease Risk Score
>10 compared to those with lower risk (Framingham Coro-
nary Heart Disease Risk Score <10). We also conducted
several sensitivity analyses, including accelerated decline on
the 3 individual cognitive tests, accelerated decline based on
the whole cohort (not race-specific cutoffs), and accelerated
decline defined with a different cutoff of >1.0 SD from the
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Table 1 Baseline characteristics of the 2,675 CARDIA participants by midlife cognitive change

Cognitive change

Characteristic Nonaccelerated (n = 2,532) Accelerated (n = 143) p Value
Age,y 50.2 (3.6) 50.3 (3.5) 0.52
Female sex, n (%) 1,439 (56.8) 89 (62.2) 0.20
White, n (%) 1,405 (55.5) 74 (51.7) 0.38
Education, y 15.2 (2.8) 14.7 (2.5) 0.02
Depressive symptoms, n (%) 9.0(7.3) 11.3(9.3) 0.01
Physical activity, 2300 exercise units, n (%) 1,185 (46.8) 63 (44.1) 0.52
Alcohol, drinks/wk, median (IQR) 4 (0-10) 3(0-8) <0.001
APOE €4, n (%) 670 (29.9) 29 (23.0) 0.09
Baseline cognitive performance

DSST score 71.1 (15.7) 70.8 (18.0) 0.87

RAVLT score 8.5(3.2) 9.1 (3.4) 0.02

Stroop score -22.5(10.6) -21.1(11.4) 0.15

Abbreviations: CARDIA = Coronary Artery Risk Development in Young Adults; DSST = Digit Symbol Substitution Test; RAVLT = Rey Auditory Verbal Learning

Test.
Values are mean (SD) when appropriate.

mean change on the composite cognitive score. In a final
sensitivity analysis, we examined the effects of CVRFs on
accelerated decline, excluding participants who developed
adjudicated clinical vascular events such as stroke, myocardial
infarction, heart failure, or atrial fibrillation by the end of the
follow-up period. Tests of statistical significance were 2 tailed,
with values of p < 0.05 considered significant. Analyses were

conducted with R version 3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria).30

Data availability

Anonymized data are available from the CARDIA Co-
ordinating Center (cardia.dopm.uab.edu/contact-cardia). A
description of the National Heart, Lung, and Blood Institute

Figure Multivariable-adjusted® odds of developing accelerated cognitive decline 5 years after cardiovascular risk factor
exposure in midlife among the 2,675 CARDIA participants

CARDIA = Coronary Artery Risk Development in
Young Adults; Cl, confidence interval. *Adjusted
for age, race (in models of the total cohort), sex,

—@- CARDIA cohort (n =2,675)
- Black (n =1,196)
4 -®- White (n =1,479)
= 31 T
v ®
X ©
L -
A, 27 .
o
2 Y
e
% e
Sl ) (O
B R ettt EE e e e T T e T T e PR L TR R SL CE SR PP PEES 51| N K
9 ]
o O
=
je]
2 ali
Cholesterol Diabetes Hypertension Obesity Smoking

education, depressive symptoms, APOE ¢4, and
alcohol use.
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policies governing the data and describing access to the data
can be (cardia.dopm.uab.edu/study-in-
formation/nhlbi-data-repository-data).

found online

Results

Of the 2,675 participants, the mean (SD) age at baseline was
50.2 + 3.6 years, 57.1% (n = 1,528) were female, 55.3% (n =
1,479) were white, and the mean education was 15.2 (2.6)
years. Prevalence of CVRFs at baseline was 30.9% (n = 826)
for hypertension, 10.9% (n =290) for diabetes mellitus, 42.5%
(n = 1,133) for obesity, 9.3% (n = 248) for high cholesterol,
and 15.0% (n = 701) for current smoking.

At follow-up, mean (SD) cognitive change on each test for
black and white participants, respectively, was as follows: for
DSST, -3.00 (9.40) and -2.09 (9.17), p = 0.01; for Stroop,
~0.09 (11.26) and -0.12 (6.88), p > 0.05; and for RAVLT,
0.01 (2.65) and 0.31 (2.51), p = 0.001. Five percent (n = 75
black and 69 white) of participants met the criteria for ac-
celerated cognitive decline. Table 1 shows the baseline char-
acteristics of CARDIA participants by accelerated cognitive
decline. Compared to participants with nonaccelerated cog-
nitive decline, those with accelerated cognitive decline had
lower education, had greater mean Center for Epidemiologic
Studies Depression scale score, and drank less alcohol (p <
0.001). Participants did not differ in age, sex, physical activity,
or APOE &4 status.

In unadjusted models, the odds of developing accelerated
cognitive decline over S years was associated with hyperten-
sion (7.5% vs 4.3%, odds ratio [OR] 1.79, 95% confidence
interval [CI] 1.27-2.52), diabetes mellitus (10.3% vs 4.7%,
OR 2.33, 95% CI 1.53-3.56), and smoking (7.7% current
smokers vs 4.3% never smokers, OR 1.87,95% CI 1.21-2.90).
For high cholesterol and obesity, no significant effect was
observed (high cholesterol: 6.9% vs 5.2%, OR 1.35, 95% CI
0.80-2.28; obesity: 6.1% vs 4.8%, OR 1.29, 95% CI
0.92-1.82). The figure shows the results of these associations
(for the cohort as a whole and stratified by race) after

Table 2 Likelihood of accelerated midlife cognitive
decline by cumulative number of CVRFs

OR (95% Cl)

Accelerated cognitive

CVRFs?  decline, n (%) Unadjusted Adjusted®

0 19/700 (2.7) 0 (Reference) 0 (Reference)
1o0r2 71/1,381 (5.1) 1.94 (1.16-3.25) 1.77 (1.02-3.05)
23 53/594 (8.9) 3.51 (2.05-6.00) 2.94 (1.64-5.28)

Abbreviations: Cl = confidence interval; CVRF =cardiovascular risk factor;
OR = odds ratio.

2 CVRFs included obesity, current smoking, hypertension, diabetes mellitus,
and high cholesterol.

® Adjusted for age, race, sex, education, depressive symptoms, APOE ¢4, and
alcohol use.

Neurology.org/N

multivariable adjustment for age, sex, race (in models for the
total cohort), education, depressive symptoms, APOE, and
alcohol use. In the overall cohort, the associations for hy-
pertension (adjusted OR [AOR] 1.87,95% CI 1.26-2.75) and
diabetes mellitus (AOR 2.4S, 95% CI 1.54-3.88) remained
significant and for smoking (AOR 1.65, 95% CI 1.00-2.71)
remained borderline significant. The pattern of CVRF asso-
ciations with accelerated decline was similar when stratified by
race (figure), and there was no evidence of an interaction
between CVRFs, race, and associations with accelerated
cognitive decline for the composite cognitive score (p for
interaction > 0.05 for all).

In the overall sample, 26.2% (n = 700) of participants had
0 CVRF exposures, 25.9% (n = 692) had 1, 25.8% (n = 689)
had 2, and 22.0% (n = 594) had >3. Table 2 presents the
association between cumulative number of CVRF exposures
and the likelihood of accelerated decline. The odds of ac-
celerated cognitive decline increased with a greater number
of CVRFs. Compared with 0 CVRF exposures, the OR was
greater with 1 to 2 CVRFs (OR 1.94,95% CI 1.16-3.25) and
even greater with >3 CVRFs (OR 3.51, 95% CI 2.05-6.00).
After multivariable adjustment, the association of having 1
to 2 and >3 CVRFs with accelerated cognitive decline
remained significant. We also evaluated associations cate-
gorized by Framingham Coronary Heart Disease Risk
Score. Overall, 153 (5.7%) participants had Framingham
Coronary Heart Disease Risk Score >10, the cutoff for in-
termediate risk, and compared to those with lower risk, the
odds of accelerated cognitive decline was 2 times higher in
those with at least an intermediate risk score (OR 2.29, 95%
CI 1.21-4.34).

We conducted several additional analyses investigating the
relationship between CVRFs and accelerated decline on in-
dividual cognitive tests. We found that the pattern of associ-
ation with CVRFs and accelerated decline was similar for the
DSST and Stroop as observed for the composite measure, but
CVRFs were not significantly associated with decline on the
RAVLT. In a sensitivity analysis, we repeated our main anal-
ysis by defining cognitive decline on the basis of the whole
cohort’s cognitive changes rather than those stratified by race
and found almost identical results for CVRF associations with
cognitive decline (table e-1, doi.org/10.7272/Q64J0C9D).
Similar to our main analysis, the interactions between CVRFs,
race, and accelerated cognitive decline were not significant (p
for interaction > 0.05 for all). Given that there is no standard
clinical cutoff for accelerated cognitive decline in middle-aged
adults, we also evaluated these associations using a less
stringent cutoff of race-specific decline >1.0 SD from the
mean, and the results were similar in direction and pattern,
but the CIs were wider (table e-2, doi.org/10.7272/
Q64J0C9D) Finally, the strength of these associations was
similar and remained significant when we excluded partic-
ipants who developed clinical vascular events by the end of the
follow-up period (n = 80 with stroke, myocardial infarction,
chronic heart failure, or atrial fibrillation).
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Discussion

In a diverse cohort of middle-aged adults, we found that
CVRFs, including hypertension, diabetes mellitus, and
smoking, were each associated with increased odds of accel-
erated cognitive decline 5 years later. In addition, participants
who had a greater number or risk score of midlife CVRFs were
more likely to develop accelerated decline.

Our results align with a substantial literature on the contri-
bution of midlife CVRFs to risk of late-life cognitive decline
and dementia"*'>*"** and with a small but growing literature
demonstrating the importance of CVRFs for cognitive per-
formance in earlier stages of the life course. In a previous
CARDIA analysis, we observed an association between cu-
mulative exposure to elevated but subclinical levels of blood
pressure and glucose during young to middle adulthood and
cognitive performance in midlife.** The Young Finns Study also
focused on an earlier window of cumulative exposure to CVRFs,
early childhood to young adulthood, and found significant
associations between blood pressure, cholesterol, and smoking
and cognitive function at midlife.** In contrast, our investigation
concentrated more specifically on the midlife period, evaluating
midlife exposure to clinically defined CVRFs and accelerated
S-year cognitive decline. These results document an early
divergence of cognitive trajectories in black and white middle-
aged adults and could be especially important in that larger
cognitive changes in midlife may establish and strongly in-
fluence cognitive trajectories into late life. Furthermore, the
emergence of CVRFs such as diabetes mellitus and hyperten-
sion in midlife could be a critical period for education and
intervention to delay the process of accelerated decline.

These findings are likewise consistent with those reported by
the Atherosclerosis Risk in Communities (ARIC) study,
which examined midlife CVRFs and risk of cognitive decline
from late-middle age to late life* and found that both hyper-
tension and diabetes mellitus were associated with cognitive
decline over 6 years. Additional studies in more homoge-
neous, slightly older cohorts such as the Whitehall II and the
Doetinchem Cohort Study also support our finding of asso-
ciations for high blood pressure,35 diabetes mellitus,>***” and

. 8
smokmg3’3

with cognitive outcomes.

Our investigation also contributes to the field by including the
evaluation of CVRF composite profiles, particularly in middle
age.1’39’40 In the CARDIA cohort, the odds of accelerated
cognitive decline was 3 times higher in participants with >3
CVRFs compared to those without any CVRFs. Similarly, the
odds of accelerated decline was greater in those with at least
an intermediate Framingham Coronary Heart Disease risk
score. These results further reinforce current approaches to
prevent cognitive decline and dementia that are focused on
identifying those at highest risk and targeting multiple risk
factors to increase efficiency and effectiveness.'” Successes
from recent trials of modifiable risk factors for dementia, in-
cluding Systolic Blood Pressure Intervention Trial - Memory
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and Cognition in Decreased Hypertension for intensive blood
pressure control, highlight the potential impact of CVREF re-
duction*'; however, these trials have focused primarily on
older adults, and the implications for earlier stages of the life
course are uncertain. For middle-aged adults such as those in
CARDIA, the clinical significance of accelerated cognitive
decline over $ years has yet to be defined. Such changes may
be the beginning of an early trajectory leading to later-life
cognitive impairment, or this decline could be a mild but
mostly static change in midlife. Notably, we did not observe
a difference in accelerated decline in midlife by APOE status;
however, this is consistent with other studies that reported
that differences in cognitive trajectories by APOE are minimal
in middle age and become larger only in later life.*>*

Accumulating biomarker, genetic, and imaging data support
a crucial relationship between CVRFs and decline in cognitive
function.*> As expected, when we looked at individual cognitive
tests, associations were most robust for executive function and
processing speed and less robust for memory. CVRFs drive
ischemic and atherosclerotic processes, which can accelerate
brain aging, especially in subcortical frontal regions,> and
CVRE exposures have been connected to increased markers of
inflammation and stress.**~*¢ Neuropathologic and imaging
studies have suggested that CVRF exposure may also interact
with amyloid pathways, disrupting amyloid clearance and pro-
duction while increasing amyloid deposition and plaques.*”~*

CARDIA is a well-characterized longitudinal cohort study in
which we were able to evaluate the relationship of midlife
CVREF exposure with change in cognition. We also used
a population-based sampling method, accounted for several
potential confounders, and were able to examine midlife cog-
nitive changes in a diverse cohort of black and white adults.
However, there are also limitations to consider. We were un-
able to assess every cognitive domain but had sensitive tests for
memory, executive function, and processing speed, and there
may be bias due to loss to follow-up. Furthermore, one of our
aggregate measures of cardiovascular risk, the Framingham
Coronary Heart Disease Risk score, was developed in a more
homogeneous cohort. Finally, although the definition of clini-
cally significant cognitive decline, a decrease of >1.5 SD from
the mean, is standard in epidemiologic studies of older
adults,>**>° characterization of cognitive change in middle-
aged adults is not as well defined, and the clinical significance of
such decline this early in the life course is not yet clear.

Our findings link midlife CVRFs to increased risk of accel-
erated cognitive decline even just S years later in midlife.
While current public health prevention efforts focus on late
life, our study provides evidence for the need to investigate the
entire spectrum of cognitive performance. Middle-aged adults
with CVRFs, especially hypertension, diabetes mellitus, and
current smoking, or those with >1 CVRF may represent
critical subgroups for early monitoring and education. While
we found a similar pattern of CVRF effects in both black and
white participants, more work is needed to investigate
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whether CVRF incidence and treatment in young to middle
adulthood may underlie disparities in cognitive and brain
aging outcomes. Additional research is needed to improve the
early detection of those at highest risk of accelerated cognitive
decline and to determine effective intervention models to
prevent or delay cognitive decline across the life course.
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