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Abstract

Background and Objectives

There are disparities in the prevalence of obesity by race, and the relationship between obesity and
cognitive decline is unclear. The objective of this study was to determine whether obesity is
independently associated with cognitive decline and whether the association between obesity and
cognitive decline differs in Black and White adults. We hypothesized that obesity is associated
with greater cognitive decline compared with normal weight and that the effect of obesity on
cognitive decline is more pronounced in Black adults compared with their White counterparts.

Methods

We pooled data from 28,867 participants free of stroke and dementia (mean, SD: age 61 [10.7]
years at the first cognitive assessment, $5% female, 24% Black, and 29% obese) from 6 cohorts.
The primary outcome was the annual change in global cognition. We performed linear mixed-
effects models with and without time-varying cumulative mean systolic blood pressure (SBP)
and fasting plasma glucose (FPG). Global cognition was set to a t-score metric (mean 50, SD
10) at a participant’s first cognitive assessment; a 1-point difference represents a 0.1 SD
difference in global cognition across the 6 cohorts. The median follow-up was 6.5 years (25th
percentile, 75th percentile: 5.03, 20.15).

Results

Obese participants had lower baseline global cognition than normal-weight participants (dif-
ference in intercepts, —0.36 [95% CI, —0.46 to —0.17]; p < 0.001). This difference in baseline
global cognition was attenuated but was borderline significant after accounting for SBP and
FPG (adjusted differences in intercepts, —0.19 [95% CI, —0.39 to 0.002]; p = 0.05). There was
no difference in the rate of decline in global cognition between obese and normal-weight
participants (difference in slope, 0.009 points/year [95% CI, —0.009 to 0.03]; p = 0.32). After
accounting for SBP and FPG, obese participants had a slower decline in global cognition
(adjusted difference in slope, 0.03 points/year slower [95% CI, 0.01 to 0.05]; p < 0.001). There
was no evidence that race modified the association between body mass index and global
cognitive decline (p = 0.34).

Discussion
These results suggest that obesity is associated with lower initial cognitive scores and may
potentially attenuate declines in cognition after accounting for BP and FPG.
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Glossary

ARIC = Atherosclerosis Risk in Communities; BMI = body mass index; BP-COG = Blood Pressure-Cognition; CARDIA =
Coronary Artery Risk Development in Young Adults; CHS = Cardiovascular Health Study; CID = cognitive impairment
and dementia; eGFR = estimated glomerular filtration rate; FPG = fasting plasma glucose; LDL = low-density lipoprotein;
SBP = systolic blood pressure; WC = waist circumference; WHO = World Health Organization.

Obesity prevalence has risen considerably over the past few de-
cades. Cross-sectional data from the National Health and Nu-
trition Examination Survey indicate that 42% of adults were obese
in 2018, up from 31% in 2000." Obesity is associated with an
increased risk of mortality, cardiovascular disease, stroke, diabetes,
and cancer.” Race, a proxy for socioeconomic status and allostatic
load, may contribute to differences in obesity prevalence.”* Na-
tional studies show that the prevalence of obesity in non-Hispanic
Black adults is 50%, compared with 42% in non-Hispanic White
adults." Disparities in obesity prevalence and its associated car-
diometabolic outcomes have been linked to lower levels of ed-
ucation, literacy, and financial adequacy—risk factors for
cognitive impairment and dementia (CID).> Older Black adults
have a 2-fold higher risk of CID than their White counterparts.®

The relationship between obesity and CID is unclear. Some
studies show no association or a mildly increased risk between
midlife obesity and CID and no or decreased risk of late-life
obesity with CID, likely due to the prodromal weight loss
phenomenon that occurs up to 10 years before dementia
diagnosis.” ' Less is known about differences in the relationship
between obesity and CID in Black and White adults, and lon-
gitudinal studies with racial diversity are particularly sparse.
Studies have found that the effect of vascular risk factors on the
brain might differ between Black and White adults."" In partic-
ular, increases in body mass index (BMI) over time were asso-
ciated with lower total brain volumes in Black adults, but no
evidence of an association in White adults.'” Furthermore,
whether racial differences in obesity prevalence explain dispar-
ities in CID is uncertain, and whether the association of obesity
and cognitive decline is independent of obesity’s effect on blood
pressure (BP) and glucose levels has not been well elucidated.

This analysis leverages 6 diverse, well-characterized,
population-based cohort studies with repeated objective mea-
sures of cognition to examine whether obesity independently
confers an increased risk of cognitive decline and whether race
alters the association of obesity with cognitive trajectories. We
hypothesized that obesity is associated with greater cognitive
decline compared with normal weight and that the effect of
obesity on cognitive decline is more pronounced in Black adults
compared with their White counterparts.

Methods

Study Design
The report follows the STROBE reporting guidelines for
cohort studies.'> This meta-analysis examined individual
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participant data from well-characterized American pro-
spective cohort studies from 1971 to 2017: Atherosclerosis
Risk in Communities (ARIC) study,'* Coronary Artery Risk
Development in Young Adults (CARDIA) study,'® Cardio-
vascular Health Study (CHS),"® Framingham Offspring Study
(FOS),"” Multi-Ethnic Study of Atherosclerosis (MESA),"®
and Northern Manhattan Study (NOMAS)'® (eMethods,
links.Iww.com/WNL/C411).

Standard Protocol Approvals, Registrations,
and Patient Consents

The University of Michigan Institutional Review Board ap-
proved this study (Blood Pressure-Cognition ). Participating
institutions approved the cohort studies. Participants pro-
vided written informed consent.

Study Population

We required >1 measurements of cognition and >1 mea-
surements of BMI before the first measurement of cognition.
We excluded participants reporting a baseline history of
stroke and those with incident stroke (because stroke can alter
cognitive trajectories ) or cohort-defined incident dementia
at or before the first cognitive assessment.”’

Measurement of BMI

BMI was measured closest to, but not after, the first cognitive
assessment using participants weight in kilograms divided by
height in square meters.

Measurement of Race/Ethnicity

We excluded participants who reported race other than Black
or White (n = 3,385) because there were few other races,
which precluded examining the association between other
race and the dependent variable. We excluded participants
reporting Hispanic ethnicity from the MESA and NOMAS
because other cohorts did not collect information on Hispanic
ethnicity or had few participants reporting Hispanic ethnicity,
making it difficult to separate the effect of the MESA and
NOMAS cohorts from the effect of Hispanic ethnicity.*"

Cognitive Function Assessments

Trained cohort staff administered cognitive function tests
longitudinally in person to participants using tests validated in
Black and White adults*>*® and consistent with the Vascular
Cognitive Impairment Harmonization Standards.”* In 3 co-
horts (ARIC study, NOMAS, and CHS), trained staff ad-
ministered global cognitive function tests (but not memory or
executive function tests) by telephone for participants unable
to attend some of the examination visits in person. Cognitive
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tests can be measured reliably and precisely over the tele-
phone in adults with comparable results.”>*

To make inferences about cognitive domains instead of in-
dividual cognitive test items, and to resolve the challenge of
different cognitive tests administered across cohorts, we
cocalibrated available cognitive test items into factors repre-
senting global cognition (global cognitive performance),
learning and memory (learning and delayed recall/
recognition), and executive function (complex and/or speed
cognitive functions) using item response theory methods that
leverage all available cognitive information across cohorts and
test items unique to particular cohorts.””*® Cognitive factor
scores, estimated using the regression-based method in
Mplus,zg’30 were set to a t-score metric (mean 50, SD 10 at a
participant’s first cognitive assessment); a 1-point difference
represents a 0.1 SD difference in the distribution of cognition
across the 6 cohorts. Higher cognitive scores indicate better
performance (eMethods, links.Iww.com/WNL/C411). The
primary outcome was change in global cognition. Secondary
outcomes were change in executive function and memory.>®

Covariates

We used covariates measured closest to, but not after, the first
cognitive assessment. Demographics included age, sex, edu-
cation, and cohort study. Vascular risk factors included cur-
rent cigarette smoking, physical activity, low-density
lipoprotein (LDL) cholesterol, and history of atrial fibrilla-
tion. Cohorts measured current hypertension medication use
by evidence of medication bottles and self-report. Each cohort
study measured BP and fasting plasma glucose (FPG) at in-
person visits using standard protocols and equipment.”'

Statistical Analysis

Following a prespecified analysis plan, we compared partici-
pant characteristics by standard World Health Organization
(WHO) BMI categories (normal weight: 18.5 to <25 kg/m?,
overweight: >25 to <30 kg/mz, and obese: >30 kg/m2)31
using analysis of variance, Kruskal-Wallis test, or X2 test as
appropriate. Underweight participants (BMI <18.5 kg/mz)
were excluded from this analysis to minimize reverse causa-
tion from smoking or preexisting illness. Linear mixed-effects
models estimated changes in each continuous cognitive out-
come over time by BMI category and other covariates. Time
was treated as a continuous covariate and defined as years
since the first measurement of each cognitive outcome. Be-
cause the pooled data involved a small number of cohorts
(n = 6), we associated a fixed effect with cohorts.*' To esti-
mate differences in cognitive decline by BMI category, models
included a BMI factor X follow-up time interaction term. The
models included covariates in Table 1, interaction terms for
age at the time of the first cognitive assessment X follow-up
time, sex X follow-up time, race X follow-up time, and subject-
specific random effects for intercepts and slopes. All contin-
uous covariates were centered at the overall median, except
cumulative mean systolic BP (SBP), which was centered at
120 mm Hg. FPG, LDL cholesterol, and SBP values were
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divided by 10 so that parameter estimates reflect a 10-unit
change in the variables. For each outcome, all available cog-
nitive observations were used in the primary analysis except
those after adjudicated incident stroke during follow-up be-
cause incident stroke alters the cognitive trajectory.”*® Pre-
vious studies found no evidence of nonlinear effects of
covariates on cognitive trajectories.

Cumulative mean SBP and FPG are likely confounders of the
association between obesity and cognitive function. There-
fore, to examine whether obesity is a risk factor for cognitive
decline independent of BP and FPG, model A included
covariates and aforementioned interaction terms without
time-varying cumulative mean SBP and FPG, whereas model
B included time-varying cumulative mean SBP, cumulative
mean SBP X follow-up time, time-varying cumulative mean
FPG, and cumulative mean FPG x follow-up time.

To address whether race modifies the association of BMI and
cognitive decline, a race X BMI x follow-up time interaction
term was added to model B. We examined the effect modi-
fication of the BMI-cognitive decline association by age be-
cause studies have suggested a positive association of midlife
obesity and dementia, but opposite associations in late life.®
We found no evidence of a significant age x BMI x follow-up
time interaction on global cognition trajectories. We found
evidence of a significant age X BMI (intercept) interaction
(p < 0.001) and improved model fit, so the interaction term
was included in the final models (eTable 1, links.lww.com/
WNL/C411). Statistical significance for all analyses was set as
p < 0.0S (2 sided). Analyses were conducted using SAS ver-
sion 9.4 (SAS Institute, Cary, NC) and Stata, IC version 16.0
(StataCorp LP, College Station, TX).

Sensitivity Analyses

We repeated analyses including participants’ cognitive ob-
servations after the time of incident stroke and after adding
kidney function (estimated glomerular filtration rate [eGFR]**)
and history of myocardial infarction because they may be on the
causal pathway.26 We also examined the interaction of BMI and
APOE &4 genotype on cognitive decline.*

Although the use of BMI for the measurement of overweight
and obesity is advantageous because of its widespread use in
research and clinical practice and its association with many
cardiovascular risk factors, it has limitations. BMI is not a
perfect indicator of visceral adiposity and does not consider
differences in body composition with aging. We repeated
analyses using WC categories and added race x WC x
follow-up time interaction terms to models. We also ana-
lyzed BMI and WC as continuous measures, and both ex-
posures were included in models. To minimize the effect of
reverse causality, we repeated analyses excluding participants
aged >6S years. We examined the unadjusted association
between global cognition and BMI category and whether
baseline BMI or cognition was associated with fewer cog-
nitive assessments.

Neurology.org/N
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Table 1 Characteristics of 28,867 Participants at the First Cognitive Assessment by Body Mass Index Category: Blood
Pressure-Cognition Collaborative Study, 1971-2017

Variable Normal weight (n = 9,136) Overweight (n = 11,439) Obese (n = 8,292) p Value
Age at the first cognitive assessment, y 60.0 (52.1, 69.0) 60.1 (52.9, 68.5) 58.1 (52.0, 66.1) <0.001
Women, no. (%) 5,186 (56.7) 5,546 (48.4) 5,037 (60.7) <0.001
Black, no. (%) 1,365 (14.9) 2,541 (22.2) 3,101 (37.4) <0.001
Waist circumference, cm 84.0(77.0, 90.0) 96.5(91.0, 101.6) 110.0 (103.5, 118.0) <0.001
SBP, mm Hg 131.2(120.8, 145.0) 135.0(124.4, 148.0) 137.0(127.0, 150.0) <0.001
FPG, mg/dL 94.0 (88.6, 101.0) 98.0 (91.6, 106.0) 101.4, (94.0, 113.6) <0.001
LDL cholesterol, mg/dL 120.0 (98.0, 144.4) 127.0 (104.8, 151.0) 125.0 (102.0, 150.0) <0.001
eGFR, mL/min/1.73 m? 72.2(61.8, 85.1) 70.4 (60.4, 82.8) 73.8(62.3, 88.8) <0.001
Education, No. (%)
Eighth grade or less 537 (5.9) 773 (6.8) 648 (7.8) <0.001
Grade 9-11 770 (8.4) 1,149 (10.0) 1,015 (12.2) <0.001
High school 2,635 (28.8) 3,275 (28.6) 2,439 (29.5) <0.001
Some college 1,581 (17.3) 2025 (17.7) 1,618 (19.5) <0.001
College graduate 3,613 (39.6) 4,217 (36.9) 2,572 (31.0) <0.001
Cohort, no. (%)
ARIC study 3,975 (43.5) 5,257 (46.0) 3,796 (45.8) <0.001
CARDIA study 945 (10.3) 1,132(9.9) 1,294 (15.6) <0.001
CHS 1897 (20.8) 2083 (18.2) 990 (11.9) <0.001
FOS 1,191 (13.0) 1,417 (12.4) 836 (10.1) <0.001
MESA 792 (8.7) 1,149 (10.0) 1,101 (13.3) <0.001
NOMAS 336 (3.7) 401 (3.5) 275 (3.3) <0.001
Any physical activity, no. (%) 7,630 (83.5) 9,293 (81.2) 6,239 (75.2) <0.001
Current cigarette smoking, no. (%) 2023 (22.1) 1987 (17.4) 1,142 (13.8) <0.001
History of atrial fibrillation, no. (%) 156 (1.7) 198 (1.7) 98 (1.2) 0.004
History of myocardial infarction, no. (%) 297 (3.3%) 442 (3.9%) 281 (3.4) 0.043
Antihypertensive medication use, no. (%) 2094 (22.9) 3,707 (32.4) 3,696 (44.6) <0.001
Cognitive scores at the first assessment, median (IQR)
Global cognitive performance 52.9 (47.6, 58.7) 52.2 (46.8, 57.4) 51.6 (45.8, 56.7) <0.001
Executive function 54.5 (47.8, 59.3) 52.7 (46.9, 58.0) 49.9 (45.2, 56.4) <0.001
Memory 52.4 (48.3, 55.9) 51.8 (45.8, 55.9) 49.9 (45.7, 55.4) <0.001

No. of cognitive assessments

Global cognitive performance 3(2,5) 3(2,5) 22,4 -
Executive function 2(1,4) 2(1,4) 2(1,3) -
Memory 2(0,2) 2(0,2) 2(0,2) -

Abbreviations: ANOVA = analysis of variance; ARIC = Atherosclerosis Risk in Communities; CARDIA = Coronary Artery Risk Developmentin Young Adults; CHS =
Cardiovascular Health Study; eGFR = estimated glomerular filtration rate; FOD = Framingham Offspring Study; FPG = fasting plasma glucose; LDL = low-
density lipoprotein; MESA = Multi-Ethnic Study of Atherosclerosis; NOMAS = Northern Manhattan Study; SBP = systolic blood pressure.
For continuous variables, the Shapiro-Wilk test was used to assess for normality. p Values for median were obtained using the Kruskal-Wallis test and means
using ANOVA. For categorical variables, x? tests were used. Results are reported as median and interquartile range (25th percentile, 75th percentile) or mean

and SD.
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Data Availability

Anonymized data from the cohort studies used in this analysis
were available from each study’s respective coordinating
centers. Specific policies governing each study’s data and the
process to access data can be found online (ARIC study: sites.
csccunc.edu/aric/; CARDIA study: cardia.dopm.uab.edu/;
MESA: mesa-nhlbi.org/; CHS: chs-nhlbi.org/; FOS: fra-
minghambheartstudy.org/; and NOMAS: columbianomas.
org/study.html).

Results

The study sample included 28,867 participants. The mean age
of study participants at the first cognitive assessment was 61
years; 55% were women, 24% were Black, and 29% were
obese. Figure 1 shows the derivation of the meta-cohort.
Table 1 presents characteristics by BMI category measured at
or before the first cognitive assessment. During a median
follow-up of 6.5 years (25th, 75th percentile, 5.0-20.1), the
median number of global cognition assessments was 3 (25th,
75th percentile, 2-5) for normal-weight and overweight
adults and 2 for obese adults (25th, 75th percentile, 2-4). The
median number of executive function assessments was 2
(25th, 75th percentile, 1-4) for normal-weight, overweight,
and obese adults. The median number of memory assess-
ments was 2 (25th, 75th percentile, 0-2) for all BMI cate-
gories. Compared with their normal-weight counterparts,
obese participants were more likely to be female, Black, and
have a higher SBP and FPG. Obese participants were less
likely to smoke or engage in physical activity and had lower
mean baseline global cognition, executive function, and
memory scores compared with normal-weight participants.

Differences in Baseline and Slope of

Global Cognition

Table 2 and Figure 2 describe the adjusted association of
global cognition with BMI category. Overweight (difference in
intercepts, —0.17 [95% CI, —0.35 to —0.003]; p = 0.0S; model A)

and obese (difference in intercepts, —0.39 [95% CI, —0.56 to
—0.17]; p < 0.001; model A) participants had lower baseline
global cognition compared with normal-weight participants.
This difference in baseline global cognition in overweight
(adjusted differences in intercepts, —0.09 [95% CI, —0.26 to
0.09; p = 0.3]; model B) and obese (adjusted differences in
intercepts, —0.19 [95% CI, —0.39 to 0.002]; p = 0.05; model B)
participants was attenuated after adjusting for time-varying
cumulative mean SBP and FPG. Before adjusting for time-
varying cumulative mean SBP and FPG, there was no difference
in the slopes of global cognition in overweight (difference in
slope, —0.006 points/year; [95% CI, —0.02 to 0.01; p = 0.42];
model A) and obese (difference in slope, 0.009 points/year
[95% CI, —0.009 to 0.03]; p = 0.3; model A) participants
compared with their normal-weight counterparts. However,
after adjustment for time-varying cumulative mean SBP and
FPG, obese participants had slower decline in global cognition
(adjusted differences in slope, 0.03 points/year slower [95%
CI, 0.01 to 0.05]; p < 0.001; model B). There was no difference
in the slope of global cognition in overweight participants
compared with normal-weight participants after adjusting for
SBP and FPG. Black participants had faster decline in global
cognition compared with their White counterparts (adjusted
differences in slope, 0.03 points/year faster [95% CI, —0.05 to
-0.01]; p < 0.001 model A]). Race did not modify the asso-
ciation of BMI on the intercept (p = 0.33) and slope (p = 0.34)
of global cognition.

Differences in Baseline and Slope of

Executive Function

Table 3 describes the association of executive function with
BMI category. There was no significant difference in baseline
executive function in overweight participants (adjusted differ-
ences in intercepts, —0.12 [95% CI, —0.29 to 0.05]; p =0.17;
model A) compared with normal-weight participants. Obese
participants had lower baseline executive function compared
with normal-weight participants (adjusted differences in in-
tercepts, —0.56 [95% CI, —0.76 to —0.37]; p < 0.001; model A).
This difference in baseline executive function in obese

Figure 1 Derivation of the Cohort

Cohort participants in
pooled sample
(N =41,046)

Excluded (n=12,179):
+» No cognitive data (5,536)

A 4

first cognitive assessment (1,271)

first cognitive assessment (102)

» One or more missing covariates (982)
A

» No BP measurement before first cognitive assessment (903)
+ Hispanic ethnicity or race other than Black or White (3,385)
+ History of stroke at cohort's baseline or incident stroke before

+ History of dementia at cohort’s baseline or incident dementia before

Categories for missing data on covariates are
not mutually exclusive. Missing data include
body mass index (n = 40), glucose (n =351), waist
circumference (n = 118), smoking (n = 8), physi-
cal activity (n = 50), LDL cholesterol (n = 350),

Total after exclusions
(n =28,867)

education (n = 189), antihypertensive medica-
tion (n = 26), history of atrial fibrillation (n = 1),
and history of myocardial infarction (n=1). BP =
blood pressure; LDL = low-density lipoprotein.
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Table 2 Association of Global Cognitive Performance With Body Mass Index Category Over Time: Blood
Pressure-Cognition Study, 1971-2017

Model B: Time-varying cumulative mean

Model A: Basic (n = 28,867) SBP and FPG added to model A (n = 28,867)
Coefficient Estimate (95% Cl) p Value Estimate (95% Cl) p Value
Difference in intercept per 10-year increase in age at -2.77 (-2.90 to -2.64) <0.001 -2.57 (-2.70 to -2.44) <0.001
the first cognitive assessment
Difference in intercept between Black race and -5.76 (-5.94 to -5.57) <0.001 -5.66 (-5.84 to -5.47) <0.001
White race at the first cognitive assessment
Difference in intercept between overweight and -0.17 (-0.35to -0.003)  0.05 -0.09 (-0.26 to 0.09) 0.33
normal weight at the first cognitive assessment
Difference in intercept between obese and normal -0.36 (-0.56 to -0.17) <0.001 -0.19 (-0.39 to 0.002) 0.05
weight at the first cognitive assessment
Difference in slope per 10-year increase in age at the -0.11 (-0.12 to —-0.10) <0.001 -0.11 (-0.12 to -0.10) <0.001
first cognitive assessment, per year
Slope difference between Black race and White race, -0.03 (-0.05 to -0.01) <0.001 -0.008 (-0.03 to 0.01) 0.38
per year
Difference in slope between overweight and normal weight, -0.006 (-0.02 to 0.01) 0.42 0.005 (-0.01 to 0.02) 0.53
per year
Difference in slope between obese and normal weight, 0.009 (-0.009 to 0.03) 0.32 0.03 (0.01 to 0.05) <0.001
per year

Abbreviations: BMI = body mass index; FPG = fasting plasma glucose; LDL = low-density lipoprotein; NA = not applicable; SBP = systolic blood pressure.
Interpretative key: Global cognition measures global cognitive performance. All cognitive measures are set to a T-score metric (mean 50, SD 10) at a
participant's first cognitive assessment; a 1-point difference represents a 0.1 SD difference in the distribution of cognition across the 6 cohorts. Higher
cognitive scores indicate better performance.

Linear mixed-effects models included time since the first cognitive assessment and baseline values measured before or at the time of the first cognitive
assessment of sex, race, age, cohort study, education, current cigarette smoking, BMI (normal, overweight, and obese), waist circumference, physical activity,
LDL cholesterol, time-dependent cumulative mean SBP and FPG, use of antihypertensive medication, history of atrial fibrillation, age x time, sex x time, BMI x
time, and race x time. To consider correlation between longitudinal cognitive measures, we included random intercept and slope effects associated with
subjects. All continuous covariates were centered at the overall median, except cumulative mean SBP, which was centered at 120 mm Hg. FPG, LDL
cholesterol, and SBP values were divided by 10 so that the parameter estimates refer to a 10-unit change in the variables. To estimate differences in cognitive
decline by BMI category, models included a BMI x follow-up time interaction term. Model A: adjusts for demographics, education, and vascular risk factors.
Model B: includes model A covariates and time-varying cumulative mean SBP and FPG.

participants compared with their normal-weight counterparts  differences in changes in executive function over time between
was slightly attenuated after adjusting for camulative mean SBP  obese and normal-weight participants (differences in slope,
and FPG (adjusted differences in intercepts, —0.38 [95% CI,  0.00S points/year [95% CI, —0.008 to 0.02]; p = 0.46; model A).
-0.58 to -0.19]; p < 0.001; model B). There were no  After adjustment for cumulative mean SBP and FPG, obese
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Table 3 Association of Executive Function With Body Mass Index Category Over Time: BP-COG Collaborative Study,

1971-2017
Model B: Time-varying cumulative mean
Model A: Basic (n = 27,120) SBP and FPG added to model A (n = 27,120)
Coefficient Estimate (95% Cl) p Value Estimate (95% Cl) p Value
Difference in intercept per 10-year increase in age at -1.44 (-1.64 to —-1.25) <0.001 -1.49 (-1.68 to —1.30) <0.001
the first cognitive assessment
Difference in intercept between Black race and -6.20 (-6.38 to —6.02) <0.001 -6.10 (-6.28 to —5.91) <0.001
White race at the first cognitive assessment
Difference in intercept between overweight and -0.12 (-0.29 to 0.05) 0.17 -0.04 (-0.21 t0 0.14) 0.69
normal weight at the first cognitive assessment
Difference in intercept between obese and normal -0.56 (-0.76 to -0.37) <0.001 -0.38 (-0.58 to -0.19) <0.001
weight at the first cognitive assessment
Difference in slope per 10-year increase in age at the -0.01 (-0.02 to -0.01)  <0.001 -0.02 (-0.02 to -0.01) <0.001
first cognitive assessment, per year
Slope difference between Black race and White race, 0.09 (0.08-0.10) <0.001 0.10 (0.09t0 0.11) <0.001
per year
Difference in slope between overweight and normal weight, 0.0001 (-0.01 to 0.01) 0.99 0.006 (-0.005 to 0.02) 0.29
per year
Difference in slope between obese and normal weight, 0.005 (-0.008 to 0.02) 0.46 0.02 (0.006 to 0.03) 0.004

per year

Abbreviations: BMI = body mass index; FPG = fasting plasma glucose; NA = not applicable; SBP = systolic blood pressure.

Interpretative key: Executive function measures complex and/or speed cognitive functions. All cognitive measures are set to a T-score metric (mean 50, SD 10)
at a participant’s first cognitive assessment; a 1-point difference represents a 0.1 SD difference in the distribution of cognition across the 6 cohorts. Higher
cognitive scores indicate better performance.

Linear mixed-effects models included time since the first cognitive assessment and baseline values measured before or at the time of the first cognitive
assessment of sex, race, age, cohort study, education, current cigarette smoking, BMI (normal, overweight, and obese), waist circumference, physical activity,
LDL cholesterol, time-dependent cumulative mean SBP and FPG, use of antihypertensive medication, history of atrial fibrillation, age x time, sex x time, BMI x
time, and race x time. To consider correlation between longitudinal cognitive measures, we included random intercept and slope effects associated with
subjects. All continuous variables were centered at the overall median, except cumulative mean SBP, which was centered at 120 mm Hg. FPG, LDL cholesterol,
and SBP values were divided by 10 so that the parameter estimates refer to a 10-unit change in the variables. To estimate differences in cognitive decline by
BMI category, models included a BMI x follow-up time interaction term. Model A: adjusts for demographics, education, and vascular risk factors. Model B:
includes model A covariates and time-varying cumulative mean SBP and FPG.

participants had slower cognitive decline in executive function
(adjusted differences in slope, 0.02 points/year slower [95% CI,
0.006 to 0.03]; p = 0.004; model B). There was no difference in
the slope of executive function in overweight participants
compared with normal-weight participants. Black participants
had slower decline in executive function compared with their
White counterparts (adjusted differences in slope, 0.10 points/
year slower [95% CI, 0.09 to 0.11]; p < 0.001 model A). Race
modified the association of BMI on the intercept (p = 0.02), but
not slope (p = 0.76) of executive function.

Differences in Baseline and Slope of Memory

Table 4 describes the association of memory with BMI cate-
gory. Overweight (difference in intercepts, —0.05 [95% CI,
-0.27 to 0.17]; p = 0.67; model A) and obese (difference in
intercepts, —0.23 [95% CI, —0.48 to 0.02]; p = 0.07; model A)
participants did not have lower baseline memory scores
compared with normal-weight participants. This difference in
baseline memory scores in overweight (adjusted differences in
intercepts, —0.04 [95% CI, —0.26 to —0.18]; p = 0.7; model B)
and obese (adjusted differences in intercepts, —0.23 [95% CI,
-0.49 t0 0.02]; p = 0.07; model B) participants compared with
their normal-weight counterparts was not attenuated after
adjusting for cumulative mean SBP and FPG. Compared with
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normal-weight participants, overweight participants had faster
decline in memory (difference in slope, —0.03 points/year faster
[95% CI, —0.0S to —0.003]; p = 0.03; model A), but this differ-
ence in memory decline was attenuated after adjusting for SBP
and FPG (adjusted differences in slope, —0.03 to 0.009; p = 0.26;
model B). There was no statistically significant difference in
memory decline in obese participants before (differences in
slope, —0.01 points/year [95% CI, —0.04 to 0.01]; p = 0.36;
model A) and after (adjusted differences in slope, —0.01 to 0.04;
p = 0.27; model B) adjustment for SBP and FPG. Black partic-
ipants had faster decline in memory compared with their White
counterparts (adjusted differences in slope, 0.07 points/year
faster [95% CI, —0.09 to —0.05]; p < 0.001 model A). Race did
not modify the association of BMI on the intercept (p = 0.11)
and slope (p = 0.46) of memory scores.

Sensitivity Analyses

Results were similar in sensitivity analyses including partici-
pants’ cognitive observations after the time of incident stroke
and adding eGFR and history of myocardial infarction as
covariates (eTables 1-3, links.lww.com/WNL/C411). In-
dependent of waist circumference (WC), higher BMI was
associated with slower declines in global cognition (eTables
4-5). Replacing BMI with WC as a continuous or categorical
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Table 4 Association of Memory With Body Mass Index Category Over Time: Blood Pressure-Cognition Study, 1971-2017

Model B: Time-varying cumulative mean

Model A: Basic (n = 20,020) SBP and FPG added to model A (n = 20,020)

Coefficient Estimate (95% Cl) p Value  Estimate (95% Cl) p Value
Difference in intercept per 10-year increase in age at -2.93 (-3.06 to —2.80) <0.001 -2.73(-2.90 to -2.60) <0.001
the first cognitive assessment

Difference in intercept between Black race and -2.93 (-3.13to0 -2.73) <0.001 -2.96 (-3.16 to —=2.75) <0.001
White race at the first cognitive assessment

Difference in intercept between overweight and —-0.05 (-0.27 t0 0.17) 0.67 -0.04 (-0.26 t0 0.18) 0.71
normal weight at the first cognitive assessment

Difference in intercept between obese and normal -0.23 (-0.48 t0 0.02) 0.07 -0.23 (-0.49 to 0.02) 0.07
weight at the first cognitive assessment

Difference in slope per 10-year increase in age at the —-0.20 (-0.21 to -0.18) <0.001 -0.18 (-0.19 to -0.16) <0.001
first cognitive assessment, per year

Slope difference between Black race and White race, -0.07 (-0.09 to -0.05) <0.001 -0.04 (-0.07 to -0.02) <0.001
per year

Difference in slope between overweight and normal weight, -0.02 (-0.05 to -0.003)  0.03 -0.01 (-0.03 to 0.009) 0.26
per year

Difference in slope between obese and normal weight, -0.01 (-0.04 to 0.01) 0.36 0.01 (-0.01 to 0.04) 0.27

per year

Abbreviations: BMI = body mass index; FPG = fasting plasma glucose; LDL = low-density lipoprotein; NA = not applicable; SBP = systolic blood pressure.
Interpretative key: Memory measures learning and delayed recall/recognition. All cognitive measures are set to a T-score metric (mean 50, SD 10) at a
participant’s first cognitive assessment; a 1-point difference represents a 0.1 SD difference in the distribution of cognition across the 6 cohorts. Higher
cognitive scores indicate better performance.

Linear mixed-effects models included time since the first cognitive assessment and baseline values measured before or at the time of the first cognitive
assessment of sex, race, age, cohort study, education, current cigarette smoking, BMI (normal, overweight, and obese), waist circumference, physical activity,
LDL cholesterol, time-dependent cumulative mean SBP and FPG, use of antihypertensive medication, history of atrial fibrillation, age x time, sex x time, BMI x
time, and race x time. To consider correlation between longitudinal cognitive measures, we included random intercept and slope effects associated with
subjects. All continuous variables were centered at the overall median, except cumulative mean SBP, which was centered at 120 mm Hg. FPG, LDL cholesterol,
and SBP values were divided by 10 so that the parameter estimates refer to a 10-unit change in the variables. To estimate differences in cognitive decline by
BMI category, models included a BMI x follow-up time interaction term. Model A: adjusts for demographics, education, and vascular risk factors. Model B:
includes model A covariates and time-varying cumulative mean SBP and FPG.

variable yielded similar results (eTables 6-7), but there was
evidence of a significant race x WC (continuous) X time in-
teraction on the slope (p = 0.009), but not intercept (p = 0.5) of
global cognition (eTable 6). Black participants with elevated
WC (>80 cm in women and >94 cm in men) had higher
baseline and slower decline in global cognition than Black
participants with normal WC (<80 cm in women and <94 cm
in men). In contrast, there was no difference in global cognition
slopes in White participants with normal WC compared with
White participants with elevated WC (eFigure 1). Participants
with 1 or 2 APOE &4 alleles (moderate to high risk®*) had lower
baseline global cognition scores and faster cognitive decline
compared with participants without an APOE &4 allele (low
risk). There was no evidence of a significant APOE €4 x BMI
(categorial) x follow-up time interaction (eTable 8). Excluding
participants aged >65 years did not change results (eTable 9).
Being overweight was associated with fewer cognitive assess-
ments in global cognition and executive function but not
memory after accounting for demographic, education, and
vascular risk factors. Obesity was associated with fewer cogni-
tive assessments in memory (eTable 10-14). Obesity was as-
sociated with lower baseline cognitive performance compared
with normal weight (difference in intercepts, —1.7 [95% CI,
-19 to —1.5]; p < 0.001), but not faster cognitive decline
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(differences in slope, 0.01 points/year [95% CI, —0.006 to
0.03]; p = 0.2) in unadjusted models (eFigure 2).

Discussion

In this biracial meta-analysis of 28,867 middle-aged and older
adults from 6 community-based cohort studies across the
United States, we found that obesity, compared with normal
weight, was associated with lower baseline performance in
global cognition and executive function but not memory.
Contrary to our hypothesis, obese adults, compared with
normal-weight adults, had slower declines in global cognition
and executive function but not memory. The obesity-related
differences in cognitive decline were only supported after
inclusion of the time-varying cumulative SBP, FPG, and re-
lated time interaction terms.

There is conflicting evidence regarding the association of
midlife and late-life obesity and cognitive decline. Studies
have shown that being obese in midlife is associated with
an increased risk of decline in executive function and de-
mentia compared with being normal weight8‘35; however,
other studies have shown improved cognition and decreased
dementia risk associated with late-life obesity.>* Several
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hypotheses have been posited regarding these findings seen in
observational studies. First, previous studies indicate that
dementia-related weight loss begins several years before di-
agnosis,m and therefore, underestimation of cognitive decline
associated with obesity may be due to attrition of participants
with dementia-associated weight loss over the study duration.
Second, weight loss in older age is associated with worsening
health status and increased mortality.37 Together, these hy-
potheses may suggest an epidemiologic distortion rather than
a true biological effect of obesity on cognitive function. Our
results provide additional evidence that midlife and late-life
obesity potentially attenuated declines in cognition given that
our results persisted after excluding underweight participants
and participants aged >65 years (eTable 15, links.lww.com/
WNL/C411). This finding is consistent with the studies
suggesting that maintenance of lean mass via higher BMI is
associated with a lower risk of cognitive impairment.*®

The results of this study provide evidence suggesting that
higher BP and FPG typically seen in obesity-associated met-
abolic syndrome might contribute to the differences in initial
cognitive scores between obese and normal-weight partici-
pants. One study found that higher cumulative mean SBP is
associated with faster decline in global cognition, executive
function, and memory.26 Another study showed that elevated
FPG, even among adults without diabetes, was associated with
higher dementia risk.** Despite a body of evidence linking the
cardiovascular and metabolic complications of obesity to CID,
biological mechanisms of obesity and cognitive decline are
not fully understood. There is growing evidence of increased
levels of proinflammatory cytokines (interleukin-l[3)40 in the
brain that are associated with obesity, which may explain the
persistence of a statistically significant association between
obesity and initial executive function scores and a borderline
association between obesity and initial global cognition scores
after adjusting for SBP and FPG. Furthermore, one study
showed that obesity in early old age was associated with
smaller cortical thickness.*" Altogether, these studies suggest
that obesity and its cardiometabolic sequelae are linked to
increased microvascular brain injury and neuroinflammatory
events that can lead to cognitive dysfunction.

Vascular risk factors typically affect executive function,** whereas
memory deficits are considered signs of Alzheimer disease.*’
Our study examined multiple domains of cognition to un-
derstand obesity’s potential differential effect. Our results are
consistent with one study that showed that obesity-associated
metabolic syndrome is linked to lower initial executive function
scores but not memory.** Another explanation for these findings
is that memory indicators may be less sensitive than global
cognition and executive function to detect differences in baseline
cognitive scores by BMI category. We were surprised by slower
declines in global cognition and executive function but not
memory after adjustment for cumulative mean SBP and FPG.
However, fewer cognitive assessments of memory (Table 1) and
the variable quality of memory assessments across cohorts may
likely have reduced the precision of memory estimates.
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Studies examining how the association between adiposity and
CID varies by race often lack a sufficient sample of Black adults
to detect significant effect modification. Race is a proxy for dif-
ferences in socioeconomic status and allostatic load that vary
across populations and are associated with obesity.>* Black
adults have lower initial cognitive scores and faster declines in
global cognition, executive function, and memory compared
with their White counterparts after adjusting for age, sex, edu-
cation, and vascular risk factors.”® Our study, which comprised a
large sample of Black adults, did not find evidence that the
association between BMI and slopes of global cognition, mem-
ory, and executive function varied by race. Surprisingly, we found
that elevated WC was associated with slower decline in global
cognition and executive function, but not memory, in Black
adults but not in White adults ( eFigure 1, links.lww.com/WNL/
C411). This finding is not consistent with one study showing
lower brain volumes in Black adults compared with White adults
with increasing adiposity.'> There is insufficient evidence in our
study and the literature to explain the Black-White differences in
the association of WC, a marker of visceral adiposity, and cog-
nitive decline. We recommend a cautious interpretation of this
finding without additional confirmation and more methodo-
logical approaches to address the limitations in the current study.

In our study, we found that obesity was associated with lower
initial cognitive scores. If the observed differences between
obesity and normal weight in declines in global cognition and
executive function are causal, they would be clinically significant,
equivalent to 1-2 years of potentially slower declines in cognitive
aging. The slower declines in mean cognitive scores associated
with obesity can approximate equivalent changes in years of
brain or cognitive aging by calculating the ratio of slope coefh-
cients for obesity and baseline age on cognition. Experts have
defined clinically meaningful cognitive decline as a decline in
cognitive function of >0.5 SDs from baseline cognitive scores.¥
Obese adults will reach the threshold of a 0.5-SD decrease from
the baseline score more slowly than normal-weight adults: 0.74
years slower for global cognition, 1.89 years slower for memory,
and 1.0S years slower for executive function. (eTable 10, links.
Iww.com/WNL/C411). Our results suggest that any reductions
in the rate of obesity-associated cognitive decline are offset by
markedly lower baseline cognitive scores that are likely due to
obesity-associated cardiometabolic complications (e.g, in-
flammation, hypertension, and diabetes).

Our study has clinical implications. BMI as a risk factor is often
associated with paradoxical associations with different health
outcomes, particularly when comparing midlife with late life.
Although we found that obesity potentially attenuated declines
in cognition, our results also show that obese adults have lower
initial cognitive scores, likely due to the deleterious effects of
obesity and its cardiometabolic sequelae. Increased lean mass
through high-intensity resistance exercise has been shown to
promote better cognition in adults with mild cognitive im-
pairment while also protecting Alzheimer disease—vulnerable
hippocampal subfields from degeneration—reinforcing the
health benefits of continued physical activity in older
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adults.*®** Ultimately, however, further prospective studies,
and where possible randomized trials, will be needed to de-
termine definitively the benefits of exercise and weight modi-
fication on cognitive outcomes.

There are several strengths of this study. First, this is a lon-
gitudinal study of well-characterized middle-aged and older
adults from 6 geographically diverse communities in the
United States. Second, this study had repeated harmonized
measures of global cognition, memory, and executive function
and assessed clinically meaningful differences in cognitive
decline by BMI category. Third, this study had many Black
participants, which aided in the assessment of racial differ-
ences in the association of BMI and cognitive decline. Fourth,
we had measured and not self-reported anthropometric
measurements, which reduces the likelihood of systematic

bias. Finally, this study had 21 years of follow-up.

This study has several limitations. The standard WHO BMI
categories commonly used in clinical practice reflect the mass of
all tissues and not solely adiposity. In addition, measures of adi-
posity and their relationship with cognition may differ by adi-
posity depot.” However, the assessment of the association
between WC categories and cognitive function showed that high
WC potentially attenuates declines in cognition, similar to our
results using BMI. Although we excluded underweight partici-
pants and participants aged 65 years and older in sensitivity
analyses, we did not examine whether weight loss was associated
with attrition from the study and thus cannot completely rule out
reverse causation or attrition bias as partly contributing to the
paradoxical association of BMI and cognitive decline. Like other
longitudinal studies, the estimates of the effect of BMI and
cognitive decline may be distorted by survivor bias. Inclusion of
smokers in this study may result in residual confounding,

Although we adjusted for years of education, we were unable to
adjust for literacy, educational quality, or other socioeconomic
factors (income) due to the heterogeneity of data collection
among studies. However, studies have shown that socioeco-
nomic factors tend to influence baseline cognition (intercept)
rather than the change in cognitive scores over time (slope).47
Most participants in this study are older. Therefore, survivor
bias may contribute to the discrepant findings between the
baseline and slope measures in the association between obesity
and cognitive decline. Furthermore, educational attainment
may not reflect educational quality equally across race and
geographic location.*® Therefore, residual confounding cannot
be excluded and may bias effect estimates. In the ARIC study,
race and study center are confounded, and Black adults in the
CHS may not be representative of all Black participants as they
have higher socioeconomic status and are healthier.

Race was self-reported in this study. Black adults were more
likely to be excluded than White adults because of stroke or
dementia before the first cognitive assessment. This suggests that
our estimates of the Black-White differences in cognitive decline
seen in this study may be conservative. In addition, although we
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had many Black adults in this study, the smaller sample size and
fewer cognitive assessments may reduce the reliability of esti-
mates of cognitive decline in Black adults. This study did not
examine incident dementia because some cohort studies lacked
these data. We also did not adjust for the initial cognitive scores
at the first cognitive assessment” because some cohorts only
had 2 cogpnitive assessments over time. Having fewer cognitive
tests per cognitive domain in some cohorts might affect the
statistical validity of the summary estimate of the effect of obesity
on cognitive decline in the pooled cohort. Informative miss-
ingness and death of cognitively impaired participants may un-
derestimate the rate of cognitive decline in this study.’

This biracial pooled longitudinal study of middle-aged and
older adults demonstrates that obesity is associated with lower
baseline cognitive scores after accounting for BP and FPG
levels. Additional studies are needed to confirm whether
obesity potentially attenuates declines in cognition.
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