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Abstract
INTRODUCTION—Examine associations between midlife cardiovascular health (CVH) and 20year cognitive decline among Blacks and Whites.
METHODS—Midlife CVH metrics (American Heart Association’s Life’s Simple 7; LS7) were
calculated and examined in relation to midlife and 20-year change in cognitive function among
13,270 Whites and Blacks from the Atherosclerosis Risk in Communities Cohort Study. We used
linear mixed models to estimate adjusted associations of midlife CVH with midlife cognitive
status and change.
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RESULTS—Higher midlife (LS7) scores and individual metrics, particularly blood pressure and
glucose, were associated with better midlife cognition and reduced 20-year decline. Midlife CVH
20-year neuroprotection was more pronounced among Whites than Blacks.
DISCUSSION—Better midlife CVH was associated with higher midlife and reduced decline in
cognitive function 20-years later. However, the benefits of midlife CVH on cognition were
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stronger for Whites than for Blacks. Our findings suggest that improved midlife CVH may
promote enduring cognitive health.
Keywords
Epidemiology; cognition; neurocognition; cardiovascular health; African Americans; Caucasians;
Whites

INTRODUCTION

Author Manuscript

Cardiovascular disease (CVD) risk factors are modifiable determinants of heart disease and
stroke,1 and are increasingly recognized as modifiable risks for cognitive decline and
dementia in later life.2 This recognition stems from several population-level studies that have
reported that midlife CVD risks (i.e., from medical histories) are associated with cognitive
decline and dementia in later-life.3–8 A recent large randomized clinical trial reported that
non-demented, but at-risk older Finnish adults maintained or improved cognitive function
with 2-years of exercise, lifestyle (e.g., diet) and cognitive training interventions.9 Less is
known from long-term cohort studies that examine how cardiovascular health and health
behaviors in midlife shape cognitive function, decline and disorders into later life.10–12 This
study uses a prospective cohort data to examine how cardiovascular health and health
behaviors measured in midlife relate to cognitive function in later in life among African
Americans and non-Latino Whites.
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In 2010, the American Heart Association’s set goals to improve cardiovascular health
(CVH) and reduce morbidity and mortality from CV disease by 20%. This comprehensive
set of goals include seven behavioral (e.g., diet) and biomarker (e.g., cholesterol)
components (aka Life’s Simple 7™; LS7) that can be combined to yield a CVH score.13
Higher LS7 scores are indicative of better CVH and are associated with reduced CVD
incidence and other adverse health outcomes.14–16 Higher LS7 that are indicative of better
CVH have been associated with more favorable cognitive function and lower incident
cognitive impairment in diverse populations.17–19 Recently, higher LS7 was linked to lower
rates of stroke and dementia among Whites.12 As such, it is possible that initiatives, like
LS7, may have favorable by-products for cognitive health.
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In this study, we examine cognitive function in relation to CVH among African Americans
and Whites over a 20-year span of the Atherosclerosis Risk in Communities (ARIC) study.
We hypothesized that higher midlife CVH (i.e., LS7 scores) would be associated with
healthier brain function (i.e., cognitive performance) at midlife and across 20-years of ARIC
follow-up.

METHODS
Participants/Data
A detailed description of the ARIC study has been published elsewhere.20 Briefly, ARIC is a
prospective epidemiologic study conducted in four U.S. communities beginning in 1987.
ARIC recruited 15,792 men and women aged 45-64 years, approximately 4,000 at each of
four communities in the US from probability samples: Forsyth County, NC; Jackson, MS
Alzheimers Dement. Author manuscript; available in PMC 2019 May 01.
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(African-Americans only); selected suburbs of Minneapolis, MN; and Washington County,
MD. ARIC was designed as an observational longitudinal study of cardiovascular disease
risk factors and sequelae. Batteries of cognitive assessments were administered for the ARIC
cohort at Exam 2 (1990–1992; n=14,040), for a subset at exam 3 undergoing magnetic
resonance imaging (MRI) (1994–1995: n=2,066), for the exam 4 cohort (1996–1999:
n=11,027), for subsets of participants at two ancillary studies (Brain MRI: 2003–2006;
n=1,121 and Carotid MRI: 2005–2006; n=2,013) and for the exam 5 cohort (2011–2013:
n=6,199). Cognitive measures at each of these visits included the Delayed Word recall
(DWR), Digit Symbol Substitution (DSS) test from the Wechsler Adult Intelligence Scale –
Revised, and phonemic Word Fluency (WF). Detailed information about these cognitive
tests has been previously published.21
Outcome Variables
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In line with previous longitudinal work from ARIC,22–25 z-scores for each cognitive test
were created at each testing occasion by scaling to their mean and standard deviation (SD) at
baseline (1990–1992). The baseline means and standard deviations (SD) for DWR, DSS, and
WF were 6.6 (1.5), 45.1 (14.1), and 33.4 (12.4), respectively. The means and standard
deviations in the original metric as well as the standardized scores are presented in
Supplemental Table 17. Consistent with previous studies in this cohort, the average of these
3 test-specific z scores was used to create a global longitudinal composite score that was
then scaled to its baseline SD. A one-unit decrease in this global z-score measure is thus
interpreted as a full SD decline in cognition from the baseline.26
Primary Predictor
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Individual CVH indicators were measured at ARIC Exam 1 (1987–1989) and coded to
reflect American Heart Association (AHA) specifications for Ideal CVH.13 A description is
provided in Supplemental Table 1 with additional details for the diet variable provided in
Supplemental Table 2.27 Briefly, each LS7 measure was coded as a three-category indicator
that grouped individuals’ scores as meeting Ideal (2 points), Intermediate (1 point), or Poor
(0 points) criteria. Participants’ LS7 criterion scores were then summed (range 0–14) with
higher scores indicating better CVH. The LS7 indicators included three behavioral (diet,
physical activity, and smoking) and four biological (body mass index (BMI), blood pressure
(BP), total cholesterol, and fasting blood glucose) markers.
Covariates

Author Manuscript

Analyses controlled for sex and baseline age in years, a combined race/study site composite
indicator (for examining any potential study site confounding effects), and educational
attainment (basic, intermediate, and advanced). Basic education was defined as less than
high school graduate; intermediate education was defined as having a high school degree;
and advanced education as having some college education or higher.
Statistical analysis
This study focuses on n=13,270/14,040 (92%) Exam 2 participants (10,272 White and 2,998
Black) with midlife cognitive tests and CVH (excluding 308 with no cognitive tests and 534
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without CVH). We also excluded n=223 participants reporting a stroke prior to Exam 2, and
n=13 participants missing educational achievement information. The inclusion criteria and
sample exclusion numbers as well as the final analytical sample size are included in
Supplemental Table 16. This study protocol was reviewed and approved by institutional
review boards of participating sites. All participants provided written informed consent.
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Data analyses were conducted in four steps. First, we calculated descriptive statistics for the
LS7 score, its individual items, and the model covariates by racial grouping. Second, we
present a detailed characterization of the distribution of the LS7 score by racial grouping
(Supplemental Table 3). Third, we fit a series of linear mixed models28,29 with random
intercepts and robust Huber-White variance estimates to examine the relationships between
cognitive function over the study period and 1) our primary exposure (LS7 score), and 2)
each of the individual LS7 items.29 Mixed models are elegant for these data as they include
inherent missing at random (MAR) assumptions, which allow missingness by dropout or
design to be addressed via appropriate inclusion of terms in the design matrix. We examine
potential non-MAR effects in the sensitivity analyses below. Time-in-study vs. attained-age
time-scales in longitudinal and survival models have received considerable attention in the
literature.30–33 In our analysis, we used the number of years since Exam 2 as the
longitudinal metric for time following standard ARIC analysis protocol. In all models we
allowed for race-specific covariates effects by including race by education, age, and sex
interactions. In models where the effects of individual LS7 items were considered, we used a
dummy variable for “ideal” and set the reference to the non-ideal group. To account for
nonlinear cognitive change trajectories over the course of the study we used linear splines
with knots at 6 and 12 years to characterize nonlinear decline trajectories, similar to previous
ARIC cognitive analyses. Knot placement was informed by Akaike information criterion
(AIC) and sensitivity analyses to knot placement yielded similar results. We include more
technical details on the fitted models as a supplementary appendix (SA1) for interested
readers. Fourth, to examine the within racial group relationships between LS7, and its
component items, and cognitive change all models detailed above were refit in race stratified
analyses. To facilitate interpretation, and for each analytic set, we present 1) the estimated
marginal effects, their 95% confidence intervals, and calculated p-values for the total LS7
score and its component items, 2) the predicted marginal means at pre-specified LS7 scores
(LS7=10 and LS7=6) and component item groups (Ideal and Non-Ideal), and 3) the
difference (attenuation) in predicted marginal means between these pre-specified values. All
estimated marginal effects and predicted values are presented with respect to the 1) midlife
cognitive status, 2) the overall (0–20 years) of change in cognitive status, and 3) cognitive
status after 20 years. Additionally, to facilitate the interpretation of our results we include
forest plots that combine the 1) estimated attenuations (and their 95% confidence intervals)
in cognitive decline slopes for each cognitive test (Figure 2), and 2) the difference in
cognitive status at 20 years for each LS7 component item (Figure 3).
Sensitivity analyses
We conducted two sensitivity analyses (available from authors). In the first, we refit the
models, detailed in step 3 above, to include simultaneous adjustments for all LS7 items.
Second, to investigate possible bias in our results due to informative dropout during the

Alzheimers Dement. Author manuscript; available in PMC 2019 May 01.

González et al.

Page 5

Author Manuscript

study period, we reran our analyses, as detailed in step 3 above, using joint modeling of
longitudinal and survival data (SA1 includes a brief explanation and technical details).34,35
All data were analyzed using Stata 14.1 (Stata Corp, College Station, TX) and SAS 9.4
(SAS Institute, Cary, NC).

RESULTS
Sociodemographic and health characteristics
Descriptive statistics for ARIC participants at midlife by racial groups are provided in Table
1. Blacks were more likely to be female (64% vs. 53% for Whites), slightly younger (53.3
vs. 54.3 years), and more than twice as likely to report basic education (<12 years) (38% vs.
16%).
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LS7 profiles
Blacks had higher average midlife BMI, systolic and diastolic BP, and fasting glucose levels
(all p<0.001), but did not differ from Whites on average total cholesterol (p=0.27) (Table 1).
Blacks were also less likely to satisfy criteria for ideal physical activity (22% vs. 43%),
more likely to report never smoking (49% vs. 41% for Whites) and being current smokers
(27% vs. 23% respectively), and slightly less likely (but statistically significantly so) to
satisfy criteria for ideal diet (5% vs. 6%).
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Very few participants satisfied Ideal criteria on all 7 measures (0.2%; Supplemental Table 3).
The distribution of the LS7 score was largely normal with both the mean and median scores
estimated at 8 (range 0–14; interquartile interval 6–10). Blacks had a significantly (p<0.001)
lower LS7 score (Mean= 6.8, SD=2.2) compared to Whites (Mean=8.4, SD=2.3).
Midlife association between cognitive scores and LS7
Results from linear mixed models indicated positive, significant, and consistent associations
between midlife LS7 and midlife cognitive status (Table 2). A one-unit higher LS7 score
was associated with 0.03 (p<0.001), 0.02 (p<0.001), 0.03 (p<0.01), and 0.03 (p<0.001)
standard deviation (SD) higher score in midlife global cognitive functioning, DWR, DSS,
and WF, respectively. Stated differently, the differences in average midlife cognitive
performance status between participants with an LS7 score of 10 and a score of 6 (LS7
quartiles) was equivalent to 0.10, 0.06, 0.14, and 0.11 SD for the global cognition, DWR,
DSS, and WF, respectively (all p<0.01).
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To facilitate clinical translation of these results we focus on global cognition and place the
estimates in the context of the derived age effect on baseline global cognition (B=−0.027 for
1-year increase in age). As such, the effect of a 1-unit increase in LS7 score on baseline
global cognition (B=0.026) is equivalent to protection from one additional year of aging, and
the effect of a 4-unit increase in LS7 score on baseline cognition provides cognitive
protection equivalent to 4 years of aging.
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We observed largely positive and significant associations between the LS7 components and
each of the cognitive measures (Supplemental Tables 4, 5, 6, and 7). Differences in midlife
global cognitive scores between Ideal and non-Ideal groups varied between Δ=0.11 SD
(p<0.001) for smoking and Δ=−0.02 (p=0.027) for cholesterol. Blood pressure groupings
were not statistically distinct on their midlife cognitive scores. We found differences in
midlife DWR with respect to BMI and smoking, but less so for the other indicators.
Differences in DSS midlife scores between Ideal and non-Ideal groups varied between
Δ=0.17 SD (p<0.001) for smoking and Δ=0.03 (p<0.001) for BP. Neither ideal diet nor
cholesterol were significantly associated with the DSS. Finally, we found significant
differences (Ideal vs. non-Ideal) in midlife WF scores with respect to BMI Δ=0.06 SD,
smoking Δ=0.06 SD, and physical activity Δ=0.12 SD; all p<0.001.
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Association between cognitive change and LS7
Overall, participants with higher LS7 scores at midlife maintained consistently higher
cognitive function two decades later. (Table 2) More importantly, higher LS7 scores at
midlife had small but positive protective effects on the course of cognitive change over the
study period. A one-unit higher score in the LS7 index at midlife attenuated cognitive
decline over the study period by 0.02 (p<0.001), 0.04 (p<0.001), and 0.01 (p<0.001), and
0.02 (p<0.001) SDs on the global cognitive, DWR, DSS, and WF scores, respectively. Stated
differently, these estimated differences correspond to amelioration in cognitive change for
participants with an LS7 score of 10 at midlife (relative to those with a score of 6) equivalent
to 0.08 (p<0.001), 0.14 (p<0.001), and 0.04 (p<0.001), and 0.06 (p<0.001) SDs over and
above their advantageous midlife differences.
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As with above we focus on global cognition and place the estimates in the context of the
derived age effect on baseline global cognition (B=−0.027 for 1-year increase in age) to
facilitate clinical translation of these results. The effect of a 1-unit increase in LS7 score on
global cognitive decline (b=0.019) is equivalent to about three-quarters of a year of aging,
and the effect of a 4-unit increase in LS7 score on cognitive decline equates to roughly 3
years of aging over the course of 20-years. Estimates of midlife scores and trajectories of
change for global cognition by LS7 groups are presented in Figure 1.
Time splines
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Our time-differentiated, splines-based results provided little evidence to suggest that
substantive differences in the effects of better CVH at midlife are stronger for shorter-term,
relative to longer-term, cognitive benefits. This was true for all four cognitive measures
where positive attenuations of midlife LS7 scores were evident (Supplemental Tables 4–7.)
Association between cognitive change and LS7 components
Item specific analyses (Figure 2) showed similarly positive protective effects on global
cognition for the four Ideal compared to non-Ideal biological markers: BMI (0.068;
p<0.001), BP (0.091; p<0.001), total cholesterol (0.073; p<0.001) and fasting glucose
(0.084; p<0.001). However, we found that better behavioral profiles at midlife led to more
accentuated decline in global cognition over the study period; equivalent to −0.063 SD
Alzheimers Dement. Author manuscript; available in PMC 2019 May 01.
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(p=0.033) for diet, −0.036 SD (p<0.001) for physical activity, and −0.039 SD (p=0.001) for
smoking. The estimated differences in cognitive scores after 20-years are presented in Figure
3. Both the change (slopes; Figure 2) and endpoint (Figure 3) results were consistent across
the three individual cognitive tests.
Race specific associations between midlife LS7 and cognitive change
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Similar results were evident in race-stratified analyses with respect to global neurocognition
(Table 3). At midlife the magnitudes of the effects of the LS7 index on cognitive tests were
more pronounced among Blacks compared to Whites. Specifically, the effects of a unit
increase in the LS7 index on midlife global cognitive, DWR, DSS, and WF scores were,
respectively, 1.8, 2.6, 1.4, and 2.0 times larger among Blacks compared to Whites. However,
the protective effects of midlife LS7s over time were more prominent among Whites and not
statistically evident among Blacks. The race specific effects of the individual LS7 items
largely mirrored the overall sample findings and showed principal consistencies across both
race groups, despite larger confidence intervals among Blacks (Supplemental Figures 2 and
3). Detailed presentations of these estimates, and those resulting from the splines-based
models are included in Supplemental Tables 8–11 for Whites, and 12–15 for Blacks.
Sensitivity Analyses
Results similar to the primary findings, as reported in Tables 2 and 3, were evident when we
adjusted for all ideal LS7 components in the fitted models. Results from the joint models
showed slight accentuation of cognitive differences for higher LS7 scores, but did not
qualitatively change conclusions from our primary analyses.
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DISCUSSION
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Among ARIC participants, we found that higher midlife LS7 CVH scores were associated
with better cognitive function in middle-age, and that LS7-related higher cognitive function
was maintained over 20 years. Overall, our translation of the study estimates indicate that,
for example, the aggregate benefit, through better midlife cognitive performance and
protection against decline over time, from each unit increase in LS7 scores equates to about
2-years of protection against global cognitive aging over the course of 20-years.
Additionally, we found that individual Ideal LS7 components including biomarkers (BMI,
blood pressure, cholesterol, glucose levels) and behavioral measures (diet, physical activity,
and non-smoking) were consistently associated with better midlife cognitive function. Ideal
biomarkers (BMI, blood pressure, cholesterol, glucose levels) and to a lesser extent
behavioral measures, particularly physical activity and non-smoking, were also linked to
better cognitive function 20-years later. The relationships between LS7 components and
cognitive decline were more varied. Only Ideal baseline biomarkers (BMI, blood pressure,
cholesterol, glucose levels) were associated with less cognitive decline. It is noteworthy that
the reductions in cognitive decline we found were apparent for all ARIC participants, but the
CVH effects were notably stronger for Whites than among Blacks. Our results were not
explained by study dropout or death.
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Our findings are consistent with a previous report suggesting that LS7 CVH in young
adulthood may have cognitive benefits for Blacks and Whites in midlife.18 Our longitudinal
findings extend this previous work to suggest that midlife CVH may have enduring 20-year
benefits that may reduce cognitive decline.17–19 Without known cures for Alzheimer’s
disease and related dementias, even modest reductions in cognitive decline, such as those
found here in ARIC, can have a significant impact by forestalling dementia-related
impairment and disease burden. Modest reductions in cognitive decline and compression of
morbidity to later years could delay personal suffering and significantly lower the disease
burden of dementias.36
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In ARIC, the total Ideal LS7 and each individual Ideal component were associated with
higher midlife cognitive functioning. The total Ideal CVH and individual LS7 biological
components (e.g., cholesterol) were related to attenuated cognitive decline, but the
behavioral components (e.g., diet) were not. Midlife elevated systolic blood pressure,
hypercholesterolemia and obesity have been reported to be associated with late-life cognitive
function and ADRD, which is consistent with our findings.3–8 However, midlife CVH
behaviors (i.e., leisure activity and smoking) in relation to late-life cognition have received
less attention. Higher midlife leisure-time physical activity has been associated with better
cognition, but not midlife smoking.11,37 In our study, we included self-reported diet,
physical activity and smoking status at midlife, but none of these health behavior indices
were clearly protective against cognitive decline. Our results, overall, provide evidence to
argue that optimal behavioral measures provide an edge for healthier cognitive aging (those
with better behavioral outcomes started higher and ended higher as well), yet the
mechanisms of cognitive maintenance require more research and better data. We offer three
conjectures to help clarify the curious associations between the behavioral components and
the slope of cognitive decline. First, we believe that the advantageous behavioral factors are
more unstable and harder to maintain over time compared to midlife biological measures. As
such, any cognitive reserves initially created at baseline by these factors are likely to be lost
as individuals age in comparison to those that do not have these advantages. Second, it is
possible that residual confounding remains uncontrolled in the model. It is hard to speculate
about the nature and mechanism of the confounding given available data, but factors linked
to both survival and lower cognitive function (e.g. stroke) might be at play. We reasoned that
selective attrition might have contributed to these findings, but our sensitivity analyses did
not lead to drastically different conclusions. Third, health behaviors used in this study were
based on self-report, which may be subject to recall and response biases. Objective health
behavior measures (e.g., accelerometry) could improve the precision of measurements and
estimates.38 It is also worth noting that the LS7 criteria for diet are very stringent such that
only about 1% of the ARIC and other cohort studies reported Ideal LS7 diet.14,39
Better midlife CVH was associated with higher benefit for midlife cognitive function for
Blacks, than Whites. However, the midlife CVH-cognitive benefits we estimated were
notably lower for Blacks later in life. Early morbidity did not explain the Black-White
differences in cognitive decline. As we suggested above, behavioral LS7 or other
components (e.g., BP) may be less stable over 20-years that might contribute to this
difference in CVH-cognitive benefit. If CVH-related benefits to cognitive health at the
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population level are to be realized, then understanding the nuances of the racial differences
in CVH benefits on 20-year neurocognition we observed in ARIC merit additional attention.
The findings of this study are clinically relevant for practitioners whose aging patients
express their concerns about developing Alzheimer’s disease and are seeking advice on
ways to maintain their cognitive health. In the absence of effective therapies to prevent
ADRD, encouraging patients to properly maintain their cardiovascular health in midlife will
lower their CVD risk and perhaps, as we suggest, may be able to better maintain their
cognitive health. Lower stroke risk is one direct mechanism by which improved midlife
cardiovascular health is associated with maintaining cognitive health.15,40 Additionally,
there is emerging evidence that suggests that CVD has an important neurovascular role in
the development of ADRD.41
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The Alzheimer’s Association has recently initiated a public health program that promotes
CVH and increasing mental stimulation (e.g., puzzles; http://www.alz.org/brain-health/
brain_health_overview.asp). The AHA’s LS7 2020 goals to reduce cardiovascular morbidity
and mortality overlap considerably with the Alzheimer’s Association’s Brain Health
program. The LS7 program has precise and prescriptive goals for improving CVH, but does
not include mental stimulations. As such, we suggest that combining the LS7 and Brain
Health efforts could be an effective and efficient way to join resources for combating two
leading causes of disease burden, namely heart disease, and cognitive decline, dementia, and
related disorders. Given revitalized acceptance and new understanding that midlife
cardiovascular disease contributes to its etiology and, therefore, may be a means for delaying
or preventing dementias.36
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Our study had several strengths worth highlighting for readers. First, this is the largest study
to have examined a well-defined, comprehensive and empirically based cardiovascular
health initiative (LS7) in relation to cognitive function. The AHA LS7 national initiative that
began in 2010 has clearly defined 10-year goals for reducing cardiovascular morbidity and
mortality, an initiative that has the potential for improving cognitive aging as well.13
Secondly, our study extended over 20-years from midlife to older age. Thirdly, we accounted
for biases (e.g., sensitivity analyses) and used sophisticated analytic techniques and methods
to ensure our study results estimates were robust and reproducible. Finally and to our
knowledge, this is the first study to have included African Americans and Whites. Previous
studies of CVH and cognition from northern Europe and the US did not include racially
diverse populations. In an increasingly diverse US, it is vital to public health to ensure that
heart and brain health benefits impact diverse populations.
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Limitations
There are important caveats worth considering when evaluating our findings. First, LS7s
were assessed at midlife, and our current analyses did not consider changes in adherence to
CVH guidelines. Second, although statistically significant, the LS7 effects on cognitive
function were moderate in the overall sample and small among African Americans. These
racial “differences” in effect sizes may be due to the smaller sample of Blacks rather than
“true” difference between groups. Third, we relied on midlife self-reported of cardiovascular
health behaviors, which may have introduced biases that affected our estimates in relation to
Alzheimers Dement. Author manuscript; available in PMC 2019 May 01.
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cognitive function. Fourth, the cognitive test battery that we reported was limited. An
expanded test battery could reveal other associations with cardiovascular health. Fifth, we
examined only non-institutionalized persons in targeted ARIC communities, which limits
study generalizability. Finally, our focus was on time change in cognitive scores. Modeling
diagnoses measures, such as Mild Cognitive Impairment that occurred over the study period,
were outside the scope of this work and not accounted for in the analyses. Future work
should examine the associations between LS7 and its components and onset of cognitive
disorders.
Conclusions
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Cardiovascular health is vital for healthy heart and brain function and aging. Without cures
for dementias on the near horizon, public health means for reducing risk for cognitive
decline and dementias are being sought. Healthy cardiovascular lifestyles are increasingly
recognized as cognitively beneficial and may provide neuroprotection and resilience to
impairment.17,18 If so, improving population-level cognitive health through modifiable CVD
risk factors has the potential to mitigate the looming public health burden of Alzheimer’s
disease and other dementias, especially among those at increased risk for these disorders.42

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Research in Context
Systematic review
We reviewed the existing research literature on cardiovascular health and healthy
cognitive aging.
Interpretations
Our findings that that multiple facets of midlife cardiovascular health (e.g., diet and blood
pressure) are related to better cognitive function 20-years later contribute to a growing
body of evidence that healthy brain aging begins in midlife.
Future directions
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In this study, the effect sizes of midlife cardiovascular health on cognitive function 20years later were small; however, at the population level these small effects can yield
appreciable results. The longterm effects of midlife cardiovascular health were less
discernible among African Americans relative to Whites suggesting that additional
attention may be needed for diverse populations to reduce health disparities.
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Figure 1.
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Estimates of Global cognitive function (z-scores) trajectories over time by American Heart
Association Life Simple 7s (LS7; range=0-14) scores for the pooled (n=13,270) and
stratified samples of Black (n=2,998) and White (n=10,272) participants from the 1987-2013
Atherosclerosis Risk in Communities (ARIC) data.
Note: The global longitudinal composite (Global Z) score is based on the average of 3 testspecific z scores (Delayed Word recall; Digit Symbol Substitution test from the Wechsler
Adult Intelligence Scale – Revised; phonemic Word Fluency) and is scaled to its baseline
SD.
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Figure 2.

Author Manuscript

Estimated differences in 20-years average change (slope) in cognitive function between
respondents satisfying Ideal and non-Ideal criteria on Life Simple 7 (LS7) components.
Results are based on a pooled sample (n=13,270) of Black and White participants from the
1987-2013 Atherosclerosis Risk in Communities (ARIC) data.
Note 1: Cognitive measures at each of the visits included the Delayed Word recall (DWR),
Digit Symbol Substitution (DSS) test from the Wechsler Adult Intelligence Scale – Revised,
and phonemic Word Fluency (WF). Z-scores for each 0f these tests were created at each
testing occasion by scaling to their mean and standard deviation (SD) at baseline (1990–
1992). The average of these 3 test-specific z scores was used to create a global longitudinal
composite (Global Z) score that was then scaled to its baseline SD.
Note 2: Bars around the estimates represent 95% confidence intervals.
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Figure 3.

Author Manuscript

Estimated differences in average cognitive function at 20-years between respondents
satisfying Ideal and non-Ideal criteria on Life Simple 7 (LS7) components. Results are based
on a pooled sample (n=13,270) of Black and White participants from the 1987-2013
Atherosclerosis Risk in Communities (ARIC) data.
Note 1: Cognitive measures at each of the visits included the Delayed Word recall (DWR),
Digit Symbol Substitution (DSS) test from the Wechsler Adult Intelligence Scale – Revised,
and phonemic Word Fluency (WF). Z-scores for each 0f these tests were created at each
testing occasion by scaling to their mean and standard deviation (SD) at baseline (1990–
1992). The average of these 3 test-specific z scores was used to create a global longitudinal
composite (Global Z) score that was then scaled to its baseline SD.
Note 2: Bars around the estimates represent 95% confidence intervals.
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Descriptive characteristics of overall (n=13,270), Black (n=2,998) and White (n=10,272) participants from the
Atherosclerosis Risk in Communities (ARIC) cognitive baseline data.
Participants’ Characteristics

All Participants

Whites

Blacks

P-value

Female, N (%)

7397 (56%)

5467 (53%)

1930 (64%)

<0.001

Age, years, Mean (SD)

54.06 (5.72)

54.29 (5.69)

53.30 (5.74)

<0.001

Basic Education, N (%)

2739 (21%)

1596 (16%)

1143 (38%)

Intermediate Education, N (%)

5572 (42%)

4711 (46%)

861 (29%)

Advanced Education, N (%)

4959 (37%)

3965 (39%)

994 (33%)

Education

<0.001

Body Mass Index, kg/m2, Mean (SD)

Author Manuscript

27.58 (5.24)

26.95 (4.77)

29.74 (6.13)

<0.001

Systolic Blood Pressure, mm Hg, Mean (SD)

120.26 (17.93)

118.21 (16.76)

127.31 (19.91)

<0.001

Diastolic Blood Pressure, mm Hg, Mean (SD)

73.27 (10.84)

71.52 (9.93)

79.28 (11.64)

<0.001

3803 (29%)

2531 (25%)

1272 (42%)

<0.001

214.99 (41.67)

214.77 (40.47)

215.73 (45.53)

0.265

380 (3%)

339 (3%)

41 (1%)

<0.001

Antihypertensive Medication Use, N (%)
Total Cholesterol, mg/dL, Mean (SD)
Antihypercholesterolemia Medication Use, N (%)
Ideal Diet, N (%)
Fasting Glucose, mg/dL, Mean (SD)
Antidiabetic Medication Use, N (%)

724 (5%)

587 (6%)

137 (5%)

0.015

107.21 (36.68)

104.63 (29.54)

116.06 (53.52)

<0.001

583 (5%)

295 (3%)

288 (12%)

<0.001

5104 (38%)

4447 (43%)

657 (22%)

<0.001

Never-smoker, N (%)

5710 (43%)

4242 (41%)

1468 (49%)

Former-smoker, N (%)

4358 (33%)

3649 (36%)

709 (24%)

Current-smoker, N (%)

3202 (24%)

2381 (23%)

821 (27%)

8.00 (2.37)

8.37 (2.29)

6.75 (2.19)

13270

10272

2998

Ideal Physical Activity, N (%)
Smoking Status

<0.001
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Life’s Simple Seven Score, 0-14 Scale, Mean (SD)
Sample Size
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Estimates of neurocognitive baseline scores (Exam 2) and longitudinal changes in adjusted scores associated
with Exam 1 American Heart Association Life Simple 7s (LS7; range 0–14) scores. Results are based on a
pooled sample (n=13,270) of Black and White participants from the 1987–2013 Atherosclerosis Risk in
Communities (ARIC) data.

LS7 = 10

Δ 4-Units (LS7=10 vs LS=6)

Δ 1-Unit

After 20-Years

0.098***

−0.614***

−0.516***

(0.085,0.111)

(−0.630,−0.598)

(−0.533,−0.498)

−0.007

−0.688***

−0.695***

(−0.020,0.007)

(−0.709,−0.668)

(−0.716,−0.674)

0.104***

0.075***

0.179***

(0.087,0.122)

(0.051,0.099)

(0.154,0.204)

0.026***

0.019***

0.045***

(0.022,0.030)

(0.013,0.025)

(0.039,0.051)

0.071***

−0.958***

−0.887***

(0.051,0.092)

(−0.992,−0.925)

(−0.918,−0.856)

0.008

−1.102***

−1.094***

(−0.013,0.028)

(−1.144,−1.060)

(−1.134,−1.055)

0.064***

0.144***

0.207***

(0.037,0.091)

(0.094,0.193)

(0.162,0.253)

0.016***

0.036***

0.052***

(0.009,0.023)

(0.023,0.048)

(0.040,0.063)

0.121***

−0.721***

−0.599***

(0.106,0.137)

(−0.736,−0.706)

(−0.616,−0.582)

−0.015

−0.762***

−0.777***

(−0.030,0.001)

(−0.781,−0.744)

(−0.797,−0.757)

0.136***

0.042***

0.178***

(0.116,0.157)

(0.019,0.064)

(0.153,0.203)

0.034***

0.010***

0.044***

(0.029,0.039)

(0.005,0.016)

(0.038,0.051)

0.092***

−0.183***

−0.092***

(0.072,0.111)

(−0.202,−0.165)

(−0.115,−0.069)

−0.016

−0.245***

−0.261***

(−0.036,0.003)

(−0.267,−0.222)

(−0.287,−0.235)

0.108***

0.061***

0.169***

Delayed Recall
LS7 = 10

LS7 = 6

Δ 4-Units (LS7=10 vs LS=6)

Δ 1-Unit

Author Manuscript

20-Year Change

Global Z

LS7 = 6

Author Manuscript

At NC Baseline

Digit Symbol Substitution
LS7 = 10

LS7 = 6

Δ 4-Units (LS7=10 vs LS=6)

Δ 1-Unit

Word Fluency

Author Manuscript

LS7 = 10

LS7 = 6

Δ 4-Units (LS7=10 vs LS=6)
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At NC Baseline

20-Year Change

After 20-Years

(0.081,0.134)

(0.034,0.088)

(0.136,0.201)

0.027***

0.015***

0.042***

(0.020,0.034)

(0.008,0.022)

(0.034,0.050)

Note 1: Z-scores for each 0f the cognitive tests were created at each testing occasion by scaling to their mean and standard deviation (SD) at
baseline (1990–1992). The average of these 3 test- specific z scores was used to create a global longitudinal composite (Global Z) score that was
then scaled to its baseline SD.
Note 2: Confidence Intervals are included in parentheses.

***
**

p<0.001;

p<0.01;

*

p<0.05

Author Manuscript
Author Manuscript
Author Manuscript
Alzheimers Dement. Author manuscript; available in PMC 2019 May 01.

Author Manuscript

Author Manuscript

Author Manuscript

Alzheimers Dement. Author manuscript; available in PMC 2019 May 01.

LS7 = 6

LS7 = 10

Digit Symbol Substitution

Δ 1-Unit

Δ 4-Units (LS7=10 vs LS7=6)

LS7 = 6

LS7 = 10

Delayed Recall

Δ 1-Unit

Δ 4-Units (LS7=10 vs LS7=6)

LS7 = 6

LS7 = 10

Global-Z

−0.850***
(−0.873,−0.828)

0.267***
(0.248,0.286)

(0.029,0.057)

(0.005,0.019)

(−0.809,−0.778)

0.043***

0.012**

(0.376,0.407)

(0.116,0.228)

(0.018,0.078)

−0.794***

0.172***

0.392***

(−1.213,−1.111)

0.048**

(0.016,0.029)

(0.018,0.027)

(0.085,0.134)

0.022***

0.022***

−1.162***

(0.063,0.116)

(0.070,0.109)

0.110***

0.090***

0.089***

(−1.025,−0.956)

(−0.761,−0.713)

(0.145,0.176)

(0.137,0.179)

−0.737***

0.160***

−0.990***

(−0.664,−0.631)

(0.236,0.263)

0.158***

−0.647***

20-Year Change

0.250***

At NC Baseline

(−0.609,−0.559)

−0.584***

(−0.420,−0.384)

−0.402***

(0.042,0.068)

0.055***

(0.169,0.271)

0.220***

(−1.100,−1.004)

−1.052***

(−0.865,−0.800)

−0.832***

(0.038,0.052)

0.045***

(0.151,0.207)

0.179***

(−0.602,−0.551)

−0.576***

(−0.415,−0.379)

−0.397***

After 20-Years

Whites

(−0.959,−0.905)

−0.932***

(−0.807,−0.715)

−0.761***

(0.015,0.047)

0.031***

(0.060,0.188)

0.124***

(−0.344,−0.269)

−0.306***

(−0.244,−0.121)

−0.182***

(0.030,0.050)

0.040***

(0.120,0.200)

0.160***

(−0.564,−0.518)

−0.541***

(−0.419,−0.343)

−0.381***

At NC Baseline

(−0.522,−0.462)

−0.492***

(−0.526,−0.433)

−0.480***

(−0.019,0.036)

0.008

(−0.078,0.144)

0.033

(−1.014,−0.869)

−0.941***

(−1.008,−0.809)

−0.908***

(−0.008,0.019)

0.005

(−0.033,0.075)

0.021

(−0.582,−0.511)

−0.547***

(−0.574,−0.478)

−0.526***

20-Year Change

(−1.456,−1.392)

−1.424***

(−1.291,−1.191)

−1.241***

(0.014,0.065)

0.039**

(0.055,0.259)

0.157**

(−1.316,−1.179)

−1.248***

(−1.184,−0.998)

−1.091***

(0.031,0.060)

0.045***

(0.124,0.238)

0.181***

(−1.125,−1.051)

−1.088***

(−0.959,−0.854)

−0.907***

After 20-Years

Blacks

Estimates of neurocognitive baseline scores (Exam 2) and longitudinal changes in adjusted scores associated with Exam 1 American Heart Association
Life Simple 7s (LS7; range 0–14) scores. Results are based on stratified samples of Black (n=2,998) and White (n=10,272) participants from the 1987–
2013 Atherosclerosis Risk in Communities (ARIC) data.
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(−0.192,−0.153)
−0.248***
(−0.276,−0.220)
0.075***
(0.045,0.106)
0.019***
(0.011,0.027)

0.107***
(0.083,0.131)
0.089***
(0.059,0.119)
0.022***
(0.015,0.030)

(0.008,0.020)

(0.026,0.037)

(0.176,0.216)

0.014***

0.031***

−0.173***

(0.032,0.082)

(0.102,0.148)

0.196***

0.057***

0.125***

(0.032,0.050)

0.041***

(0.128,0.201)

0.164***

(−0.173,−0.109)

−0.141***

(−0.000,0.047)

0.023

(0.039,0.052)

0.045***

(0.154,0.210)

0.182***

After 20-Years

(0.031,0.060)

0.045***

(0.123,0.238)

0.180***

(−0.427,−0.363)

−0.395***

(−0.271,−0.158)

−0.215***

(0.031,0.054)

0.043***

(0.124,0.218)

0.171***

At NC Baseline

(−0.015,0.014)

−0.000

(−0.061,0.058)

−0.001

(−0.286,−0.215)

−0.250***

(−0.309,−0.194)

−0.251***

(−0.009,0.015)

0.003

(−0.037,0.062)

0.013

20-Year Change

(0.027,0.062)

0.045***

(0.109,0.249)

0.179***

(−0.686,−0.604)

−0.645***

(−0.532,−0.400)

−0.466***

(0.032,0.059)

0.046***

(0.129,0.238)

0.184***

After 20-Years

p<0.01;

p<0.001;

p<0.05

*

**

***

Note 2: Confidence Intervals are included in parentheses.

Note 1: Z-scores for each 0f the cognitive tests were created at each testing occasion by scaling to their mean and standard deviation (SD) at baseline (1990–1992). The average of these 3 test-specific z
scores was used to create a global longitudinal composite (Global Z) score that was then scaled to its baseline SD.
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