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Abstract

BACKGROUND/OBJECTIVES: The purpose of this study was to: (1) examine relationships
between body mass index (BMI) stability and cognitive decline in older African Americans; and
(2) investigate differences in the relationships between women and men.

DESIGN: The present study is a secondary data analysis of the Minority Aging Research Study,
which is a longitudinal, cohort study of risk factors for cognitive decline and Alzheimer’s disease
among older African Americans living in the Chicago, IL, area. The study entails annual clinical
evaluations, including measures of 19 neuropsychological tests that represent five cognitive
domains, including episodic, semantic, and working memory, perceptual speed, and visuospatial
ability.

PARTICIPANTS: Participants (n = 671; mean age = 73.5 years; standard deviation = 6.2 years)
were included in the present analysis if they were dementia free at baseline and completed at least
two clinical evaluations, on average 1 year apart, that included valid cognitive and BMI
assessments.

RESULTS: Mixed-effects models showed higher baseline BMI was related to slower global
cognitive decline, whereas changes in BMI (instability) were related to faster global cognitive
decline. These effects were the same for four of five cognitive domains and remained after
controlling for various health characteristics. However, women and men did not differ in any of the
relationships.
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CONCLUSION: Higher BMI is related to slower cognitive decline in older African Americans,
but greater BMI instability is related to faster decline. Stability of BMI should be considered in the
cognitive aging of African Americans. J Am Geriatr Soc 68:2662-2667, 2020.
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INTRODUCTION

Obesity or adiposity has become a “public health crisis” in the United States.! One in three
adults is overweight,2 whereas nearly 40% are obese.! Overweight/obesity is linked to
increased risk for numerous chronic conditions, including cardiovascular diseases, such as
atrial fibrillation, congestive heart failure, and stroke.3 Interestingly, obesity leads to more
detrimental health effects in midlife than in old age. This has led some to refer to an “obesity
paradox,”* where there is an apparent “protective” effect of high adiposity for health,
including cognitive decline, in late life.>-8 Obesity is most often measured by body mass
index (BMI), and several studies have demonstrated being overweight (BMI = 25-29 kg/m?)
or obese (BMI = 30 kg/m?) in midlife is related to faster cognitive decline®1% compared with
overweight/obese in late life, which shows an inconsistent association with cognition. For
example, some studies have demonstrated overweight/obesity is related to faster decline over
time,10.11 slower decline in late life,>7 or no relationship at all.12

African Americans are, on average, more likely to experience overweight/obesity. As a
whole, African Americans are 1.4 times more likely to be obese relative to non-Latino White
Americans.!2 Statistics also show African American women have the highest rates overall,
with 80% being overweight/obese.13 Despite the prevalence of obesity among African
Americans, particularly African American women, few studies have examined the
relationship between obesity and cognitive decline in this population. Among the
longitudinal studies that have focused on race, most examine race differences’-12:14 between
African Americans and non-Latino Whites and show that lower baseline BMI is related to
faster cognitive decline’ or incidence of mild cognitive impairment and dementia.1* We are
aware of one study that did not find a longitudinal effect of overweight and obesity on
cognitive decline in a biracial population; rather, they reported better performance only at
baseline and only among African Americans.12 One possible explanation for the discrepant
results overall is the inattention to dynamic changes in weight and BMI over time that may
influence cognitive status. Another consideration is the effect of sex, which is known to be
associated with overweight/obesity. For example, men and women exhibit significant
differences in obesity,1> with women having a larger prevalence of obesity than men, and
studies that examine racial/ethnic differences in BMI and BMI change demonstrate that
variation in weight changes exist primarily among women.16-18 However, despite known
differences between men and women in BMI/obesity and changes in weight, we are unaware
of any studies that examined the intersection of race and sex relating to cognitive decline in
longitudinal analyses of dynamic weight changes.
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The current study had two aims. First, we examined whether person-specific BMI
fluctuations over several time points of BMI collected for each participant explain, in part,
the paradoxical relationship between overweight/obesity and cognition, with a particular
focus on older African Americans who disproportionately experience the overweight/obesity
epidemic. Focusing exclusively on one of the cohorts from our previous report,” we
hypothesized that BMI stability, despite being overweight or obese, compared with dramatic
changes in weight (i.e., rapid weight gain or loss) would explain the positive association of
high BMI in late life with cognitive decline. Second, we investigated whether sex modifies
the relation between BMI, BMI stability, and cognitive decline. We hypothesized that the
relationship between BMI and decline would be stronger for women than men in this
sample. Specifically, overweight/obese women would have slower cognitive decline than
men after controlling for demographic and other relevant covariates. We also predicted that
the relationship between BMI stability and cognitive decline would be stronger for women
than men, with instability in BMI related to faster cognitive decline for women.

METHODS

Procedure

The Minority Aging Research Study (MARS) is a longitudinal cohort study of risk factors
for cognitive decline and Alzheimer’s disease in older adults who self-identify as African
American and live in the metropolitan Chicago, IL, area. Details regarding the study design
of MARS have been published previously.1®

Participants

The present analytic sample included 671 participants who were dementia free at baseline
and completed at least two cognitive assessments to examine change. Baseline sample
characteristics are presented in Table 1. The Institutional Review Board of Rush University
Medical Center approved the study, and all participants provided written informed consent.

Clinical Evaluations

Clinical evaluations were conducted at baseline and thereafter on an annual basis. Annual
follow-up evaluations were identical to the baseline evaluation in all essential details. These
evaluations included a physical examination (including direct measurements of height,
weight, and muscle strength), a detailed medical history, and neuropsychological assessment
using a battery of 19 neuropsychological tests.1® After review of all clinical data, a clinician
with expertise in the evaluation of persons with dementia classified each person with respect
to dementia status, as previously described.”:20

Assessment of BMI

Height and weight were measured and recorded at each annual evaluation. BMI values were
calculated by dividing weight (kilograms) by median height (meters) squared (kg/m?2). BMI
category group was defined based on Centers for Disease Control and Prevention criteria
(2017): underweight BMI = 18.5 kg/m?2; normal weight BMI = 18.6 to 24.9 kg/m?;
overweight BMI = 25 to 29.9 kg/m?; and obese BMI = 30 kg/m? or greater. To examine if
departures from stable body mass over time contribute to changes in cognitive performance,
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we used the several time points of BMI data for each participant and calculated each person-
specific BMI range.?! A range of person-specific BMI equal to zero represents a stable body
mass, and values above zero represent departures from stable body mass.

Assessment of Cognitive Function

A battery of 19 cognitive function tests was administered annually to all participants. From
the neuropsychological assessment, composite measures of global cognition and five
cognitive domains were derived. There were seven tests of episodic memory, three tests of
semantic memory, three tests of working memory, four tests of perceptual speed, and two
tests of visuospatial ability. Both the global composite and the five domains were created by
converting raw test scores to z scores using the baseline mean and standard deviation for the
entire cohort. The z scores of individual tests were then averaged to yield each of the
composite scores, as previously described.22

Demographic Variables and Relevant Covariates

Race was self-reported using 1990 U.S. Census categories. Age (years based on date of
birth), sex (male or female), and self-reported years of education were collected at baseline.

Vascular risk factors (i.e., the sum of hypertension, diabetes mellitus, and smoking history)
were assessed via a combination of self-report questions, clinical evaluation, and medication
inspection. Each risk factor was given a score of 0 or 1 (absence vs presence) and summed
to form a composite variable, resulting in a total score from 0 to 3. Higher scores indicated
greater burden of vascular risk, as previously described.20

Depression symptoms were measured with the modified 10-item version of the Center for
Epidemiological Studies Depression Scale.?3 The 10-item version asks whether participants
have experienced any of 10 depressive symptoms (e.g., | felt depressed; my sleep was
restless) within the past week. The total score was a sum of the number of depressive
symptoms and ranged from 0 to10. Two items were reverse coded (i.e., | was happy; |
enjoyed life) to be consistent with depressed mood.

Motor hand strength was calculated as a composite score derived from two motor function
tests: grip strength and pinch strength. Both measures (in pounds of pressure) were taken
bilaterally using the Jamar Hydraulic Hand and Pinch Dynamometers (Lafayette
Instruments). Participants were assessed twice with each hand, and the average of all four
trials was computed. These scores were then transformed into z scores (separately for men
and women) and included as a covariate in the analyses, as previously described.2

Statistical Analyses

Mixed-effects models were conducted to examine the relation of BMI to cognitive decline
(global cognition and the five separate cognitive domains). The core models included terms
for time on study, baseline BMI (centered at the mean value of 30 kg/m?2), range of person-
specific BMI (stability), and covariates (age, education, and sex), and all terms included
interactions with time. Next, we conducted models that included a term for the interaction of
sex and baseline BMI and the three-way interaction of sex, baseline BMI, and time, as well
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as interaction terms for sex by BMI range and sex by BMI range by time. These interaction
terms were included to examine sex differences in the association of BMI and BMI range
with cognitive performance and decline. Finally, we examined whether adjusting for
vascular risk factors, depressive symptoms, or motor hand strength modified results.
Analytic programming was done in SAS version 9.4 (SAS Institute Inc). Models were
validated graphically and analytically.

BMI and Global Cognitive Decline

For global cognition, higher baseline BMI was related to slower cognitive decline (estimate
= 0.002; standard error (SE) = 0.001; £=.0051), whereas higher person-specific BMI range
was related to faster cognitive decline (estimate = —0.010; SE = 0.002; £<.0001). As shown
in Figure 1, the additive effect of low BMI level at baseline and high BMI oscillation on
global cognitive decline is illustrated for participants with low and high BMI level at
baseline and person-specific ranges at the first and third quartiles. Estimates are from a
linear mixed effect model that included terms for BMI and BMI range, controlling for age,
sex, and education, and their interactions with time from baseline. These findings suggest
that starting with a higher BMI at baseline offered protective benefit, whereas person-
specific fluctuations in BMI were related to faster global cognitive decline (Table 2).

Next, we controlled for the effects of health covariates known to be associated with BMI and
cognition: motor hand strength, depressive symptoms, and vascular risk factors. Adjusting
for each of these factors separately did not change results for either baseline BMI or BMI
range. Finally, in a sensitivity analysis to determine the robustness of the results, we used
person-specific standard deviation of BMI instead of range. In this analysis, fluctuations of
BMI with cognitive decline remained significant.

BMI and Separate Cognitive Domains

To determine whether BMI and BMI range were related to decline in certain cognitive
domains but not others, we assessed change in five different cognitive domains (episodic
memory, semantic memory, working memory, visuospatial ability, and perceptual speed).
There were similar patterns of findings for each domain as with global cognition, except
perceptual speed and visuospatial ability (Table 2). In these cases, baseline BMI was not
significantly related to cognitive decline (perceptual speed estimate = 0.001; SE = 0.001; P
=.1481; visuospatial ability estimate = 0.001; SE = 0.001; P=.1771).

BMI and Cognitive Decline as a Function of Sex

Next, we examined potential sex by BMI interaction effects by adding interaction terms that
included sex to the core models. For global cognition, there were no significant three-way
interactions between sex, baseline BMI, and time, or between sex, BMI range, and time
(Table 2). That is, the effects of BMI and BMI range on global cognitive decline did not
differ among women and men for the global composite (Table 2).
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Regarding specific cognitive domains, sex did not modify the association of BMI or BMI
range with decline in any domains (data not shown).

DISCUSSION

The purpose of this study was to examine relationships between BMI range or stability and
cognitive decline and investigate differences by sex among a longitudinal sample of older
African Americans. In support of our first hypothesis, results showed BMI stability was
related to slower global cognitive decline. Contrary to our second hypothesis, sex did not
significantly reduce the persistent protective effect of higher BMI on global cognitive
decline or decline in any of the individual cognitive domains.

Previous literature on BMI and cognition has been mixed, with findings showing both
detrimental and protective influences of overweight/obesity on cognition and other health
outcomes.”:? With regard to cognition, BMI has been associated with worse cognition in
middle age,®19 whereas in later life, associations have been more inconsistent: BMI in the
overweight/obese ranges is often linked with better cognition.5—8 Given the importance of
obesity for health in African Americans, we sought to fill gaps in the literature by focusing
on this population, accounting for BMI stability, as well as testing interactions with sex.
Among the few longitudinal studies examining racial differences between African American
and White participants, one longitudinal study found a curvilinear relationship between BMI
and cognitive performance.12 Being underweight was related to lower baseline cognitive
scores, whereas being overweight and obese were related to better baseline cognitive
performance, although among African American participants only.12 Further, higher BMI
was related to slower cognitive decline over 6 years2; however, after excluding individuals
with Mini-Mental State Examination scores of less than 24, the effect was no longer
statistically significant. Another study, which included many participants in this study,
showed that lower baseline BMI was related to faster cognitive decline.” This previous study
combined the MARS sample with the Rush Memory and Aging Project (predominately
White) and found no racial differences in relations between BMI and cognitive decline.
Given the persistent race-related health disparities in obesity and dementia in the United
States, we wanted to understand within-group variability among the MARS sample.

Overall, our pattern of results supports the documented “obesity paradox,” where higher
BMI and weight status may offer cognitive benefits, especially in later life.25> One
explanation offered is that BMI does not reliably capture health effects due to differences in
adiposity and lean muscle mass.26 For instance, an individual may have a BMI in the obese
range due to high lean muscle mass, which is related to better health status, but not have fat
mass. To test this possibility, we controlled for motor hand strength in our models. However,
upper extremity strength, at least as measured in this study, did not explain the effect of
BMI. We also explored depressive symptoms and vascular risk factors, known to be
associated with obesity and cognitive outcomes; however, controlling for these factors did
not account for the effect of BMI on cognitive decline either.

An additional goal was to explore alternative explanations for the “obesity paradox” among
African Americans, because so few studies have included and focused on this population for
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this line of research. One explanation we tested was the extent to which fluctuations in a
person’s weight status might account for the relationship of BMI to cognitive changes. We
did this by calculating the range of person-specific BMI, defined as the difference between
the average highest BMI and the average lowest BMI2 (e.g., a difference of “zero”
represents stability). Previous studies have used BMI as a continuous or categorical variable,
or both; however, our study appears to be the first to also account for the range of BMI in the
same model with baseline BMI. Stability of BMI was important in the sample, as BMI
instability was related to faster cognitive decline, independent of baseline BMI.

Alternatively, the effect of BMI on cognitive decline may be driven by sex differences.
Surprisingly, there is a dearth of research focusing on sex differences among cohorts 65
years and older. Women are on average heavier than men in late life, and African American
women have the highest BMI overall among their race/sex counterparts.13 Women also tend
to have greater variations in weight change.14-16 Despite these known differences in BMI
and change in BMI between women and men, we did not find that sex modified the
association of either with cognitive decline or decline in specific cognitive domains. But our
sample had more women than men, a typical pattern in studies of aging because of
differences in longevity between men and women, and power to detect sex differences could
be limited. Future studies with higher numbers of African American men are needed to
investigate sex differences in the effects of BMI on cognitive change.

Study Strengths and Limitations

This study has important strengths. First, these data are from a large, longitudinal cohort
with comprehensive data across five separate cognitive domains. Second, BMI was
objectively measured annually, allowing us to conduct mixed effects models that reliably
measured changes in BMI over an average of 6 years. Third, we included data on muscle
strength and vascular risks shown in previous studies to be associated with BMI and
cognition. It is also important to note study limitations. First, the only available adiposity
variable was BMI, which may not be as sensitive to cognitive changes as central adiposity
measurements (i.e., waist circumference and waist/hip ratio). Central adiposity measures
tend to be more sensitive than BMI, especially for older adults.2” Second, we did not
examine frailty in the study. Given that hypertension, diabetes mellitus, and prediabetes
(glucose intolerance), when coupled with diminishing grip strength and unintentional weight
loss, may be indicative of a frailty syndrome, we were likely underpowered to examine
frailty due to low numbers of persons who were underweight or progressed to underweight.
Finally, like other aging cohorts, the sample was predominantly female, potentially limiting
power to detect sex differences in the relation of BMI and BMI range with cognitive decline.

Conclusions and Future Study

Overall, the present study suggests higher BMI is related to slower cognitive decline, but
greater BMI fluctuations are related to faster cognitive decline among an older cohort of
African Americans. These results extend the previous literature in important ways, including
examining BMI as a time-varying predictor to model the effects of weight changes. As this
study focused on cognitive function, future research should investigate how dynamic
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changes in BMI relate to the clinical syndromes of mild cognitive impairment and dementia
among African Americans. Future investigation may also consider unintentional weight loss,
regardless of baseline weight, as weight loss is a feature of dementia. Clinicians may choose
to monitor weight stability for early detection of changes and possible recommendations to
patients about setting healthy weight goals and other measures to maintain brain health.
Furthermore, future research should take a lifespan approach to understand the nature of
BMI as a risk for cognitive decline, considering the evidence for midlife obesity increasing
the risk of future dementia. By investigating these questions, this line of work will help
address persistent health disparities in obesity and dementia outcomes that affect African
American adults.
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Figure 1.
Relations between high and low body mass index (BMI) at baseline and BMI stability at first

and third quartiles on global cognitive decline. The additive effects of low BMI level at
baseline and high BMI oscillation on global cognitive decline are illustrated for participants
with a BMI level at baseline and person-specific range on the first and third percentiles.
Estimates are from a linear mixed effect model, controlling for age, sex, and education, and
their interaction with time from baseline. Black solid line: BMI level at baseline = 26.1
kg/m2 and BMI range = 1.5 kg/m?; red solid line: BMI level at baseline = 33.5 kg/m? and
BMI range = 1.5 kg/m?; black dashed line: BMI level at baseline = 26.1 kg/m? and BMI
range = 4.3 kg/m?; red dashed line: BMI level at baseline = 33.5 kg/m? and BMI range = 4.3
kg/mZ.
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Table 1.
Baseline Sample Characteristics by Sex
Characteristic Female (N =513) Male (N=158) Total (N =671)
Age, mean (SD), y 73.47 (6.34) 73.37 (5.76) 73.45 (6.20)
Education, mean (SD), y 15.08 (3.41) 14.86 (3.56) 15.03 (3.44)
BMI, mean (SD), kg/m?2 30.94 (6.89) 28.97 (4.98) 30.47 (6.54)
BMI range, mean (SD), kg/m? 3.27 (2.60) 2.91 (1.90) 3.18 (2.46)
Motor hand strength, mean (SD), Ibs of pressure 1.01 (0.25) 1.00 (0.27) 1.01 (0.25)
Vascular risk score, mean (SD) 1.50 (0.83) 1.66 (0.88) 1.54 (0.85)
CES-D (10-item) score, mean (SD) 1.37 (1.74) 0.96 (1.40) 1.27 (1.67)
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Note: BMI range = person-specific range average of the two largest values minus the average of the two lowest values during the study period.

Mean number of BMI assessments = 6.69; SD = 3.62.

Abbreviations: BMI, body mass index; CES-D, Center for Epidemiological Studies Depression Scale; SD, standard deviation.
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Table 2.

Page 12

Relations Between BMI, BMI Range, and Decline Among Global Cognition and Cognitive Domains

Global Episodic Semantic Working Perceptual speed  Visuospatial ability
cognition _memory _memory _memory estimate (SE), P estimate (SE), P
estimate (SE), P estimate (SE), P estimate (SE), P  estimate (SE), P value value
Variable value value value value
Age -0.030 (0.003), -0.037 (0.004), -0.024 (0.004), -0.012 -0.043 (0.004), -0.021 (0.004),
<.0001 <.0001 <.0001 (0.004), .0054 <.0001 <.0001
Sex -0.075 -0.233 0.113 0.042 -0.242 0.336 (0.114), .0033
(0.078), .3352 (0.097), .0169 (0.108), .2965 (0.117), .7195 (0.103), .0196
Education 0.063 0.045 (0.007), 0.082 (0.007), 0.061 (0.008), 0.077 (0.007), 0.061 (0.008),
(0.005), .0001 <.0001 <.0001 <.0001 <.0001 <.0001
BMI -0.000 0.000 -0.007 0.005 0.001 -0.007
(0.003), .8932 (0.004), .9192 (0.004), .1316 (0.005), .3424 (0.004), .7382 (0.005), .1151
BMI range 0.004 0.001 0.020 0.003 -0.012 0.005 (0.012), .6993
(0.008), .6397 (0.010), .6735 (0.011), .0781 (0.012), .8108 (0.011), .2673
Time -0.001 0.013 -0.005 0.012 -0.039 (0.007), -0.002
(0.008), .8558 (0.010), .1921 (0.010), .5921 (0.008), .1564 <.0001 (0.007), .8195
BMI x time 0.002 0.003 0.003 0.002 0.001 0.001 (0.001), .1771
(0.001), .0051 (0.001), .0055 (0.001), .0035 (0.001), .0173 (0.001), .1481
BMI range x -0.010 (0.002), -0.013 (0.002), -0.011 (0.002), -0.008 (0.002), -0.006 -0.003
time <.0001 <.0001 <.0001 <.0001 (0.001), .0001 (0.001), .0335
Sex x BMI x 0.003 0.003 0.003 0.002 0.003 0.000 (0.002), .8920
time (0.002), .1193 (0.002), .2412 (0.002), .2603 (0.002), .1723 (0.001), .0633
Sex x BMI 0.006 0.010 0.008 0.004 -0.002 -0.001
range x time (0.005), .2098 (0.006), .0930 (0.006), .1763 (0.005), .3900 (0.004), .6450 (0.004), .7866

Note: Mean number of cognitive assessments = 7.11; standard deviation = 3.67.

Abbreviations: BMI, body mass index; SE, standard error.
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