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1 | INTRODUCTION

Objective: Evidence on simultaneous changes in body mass index (BMI) and cognitive
decline, which better reflect the natural course of both health phenomena, is limited.
Methods: We capitalized on longitudinal data from 15,977 initially non-demented
elderly from the Alzheimer’s Disease Centers followed for 5 years on average. Changes
in BMI were defined as (1) last minus first BMI, (2) mean of all follow-up BMIs minus
first BMI, and (3) standard deviation of BMI change from baseline and all follow-up vis-
its (representing variability).

Results: Participants with significant changes in BMI (increase or decrease of >5%),
or who had greater variability in BMI, had faster cognitive decline. This pattern was
consistent irrespective of normal (BMI < 25; N = 5747), overweight (25 < BMI < 30;
N = 6302), or obese (BMI > 30; N = 3928) BMI at baseline.

Conclusions: Stability in BMI predicts better cognitive trajectories suggesting clinical
value in tracking BMI change, which is simple to measure, and may point to individuals

whose cognition is declining.
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nitive impairment and dementia with greater BMI in old age,”® but

some have found no associations, or even lower dementia risk in obese

Progressive loss of cognition is common in older adults and its preven-
tion and treatment is a major public health priority. The aging research
community has successfully identified diverse risk factors for late-life
cognitive impairment. Consistent evidence associates body mass index
(BMI), the most common measure of global adiposity, in midlife, with
poor cognitive outcomes in late life.1~3 Individuals who were obese in
midlife have a 2- to 3-fold higher dementia risk in old age compared to

individuals who were non-obese.* We and others showed more cog-

older adults.2*” In addition, losing weight has also been associated
with higher dementia risk.8

Despite the relevance of BMI to the risk of incident cognitive impair-
ment and the subtle but consistent decrease in BMI that accompanies
old age,’ there is limited evidence on the simultaneous changes in BMI
and cognitive decline, %11 which better reflect the natural course of
both health phenomena. There is evidence indicating that BMI stabil-
ity over time is associated with less frailty, disability, and mortality in
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late life.1213 However, whether BMI stability is associated with bet-
ter cognitive trajectories is essentially unknown. To address this gap
in knowledge, we exploited longitudinal clinical data from ~16,000 ini-
tially non-demented older adults participating in the Alzheimer’s Dis-
ease (AD) Centers (ADCs) across the United States to examine associa-
tions of changes in BMI over time with changes in cognition, investigate
whether both increases and decreases of BMI are related to cognitive
decline, and if these associations are consistent in those who have nor-
mal, overweight or obese BMI at baseline.

2 | METHODS

2.1 | Data source and sample derivation

Data are drawn from the National Alzheimer’s Coordinating Center
(NACC), which maintains the Uniform Data Set (UDS) of participants
enrolled in ADCs funded by the National Institute on Aging (NIA).14-17
The study included all participants who were enrolled in NACC-UDS
between September 2005 (UDS start date) and the December 2019
data freeze (N = 42,022). To be eligible for the current study, at base-
line, participants had to be >60 years of age, without a diagnosis of
dementia as determined by clinician consensus, have a Clinical Demen-
tia Rating (CDR) of 0 or 0.5, and have at least one annual follow-up
visit. The sample selection steps are presented in Figure 1. Recruit-
ment methods vary between ADCs; therefore NACC-UDS should not
be considered a population-based sample. Written informed consent
was provided by all participants and their informants and approved
by local institutional review boards (IRBs). Research using the NACC
database was approved by the University of Washington IRB.

2.2 | Measures

2.2.1 | Global cognition and cognitive domains
All participants were administered a standardized neuropsychologi-
cal battery at each study visit. We categorized the neuropsychological

18: memory (Wechsler Memory Scale

tests into the following domains
- Revised [WMS]-R Logical Memory Immediate and Delayed Recall),
attention/working memory (WMS-R Digit Span forward and backward,
Trail Making Test [TMT] Part A), language (category fluency [mean of
animals and vegetables], Short Form of the Boston Naming Test [BNT]),
and executive function (TMT Part B).18 For all neuropsychological tests
except TMT A and B, higher scores indicate better cognition. TMT A
and B scores were reversed so that higher scores also indicate better
cognition. Cognitive composite scores were computed using previously
published methods.1? First, a baseline z-score for each test was com-
puted. A baseline composite domain was constructed by averaging the
z-scores for each test in that domain, and a baseline global cognitive z-
score was calculated by averaging the z-scores from all tests. Missing
values for individual tests were allowed. However, the domain score
was set to missing if more than half of the tests in that domain were

missing. The global score was set to missing if more than half of all tests

RESEARCH IN CONTEXT

1. Systematic review: Literature searches using PubMed

were conducted to ascertain original and review arti-

» o« »

cles, using keywords including “BMI,” “adiposity,” “trajec-
tories,” and “cognitive decline.” These articles suggested
an association of baseline BMI with cognitive decline,
with some suggesting that in old age, higher BMI may be a
protective factor. PubMed search did not identify studies
reporting on the long-term simultaneous changes in BMI
and cognitive decline.

2. Interpretation: Our study provides new evidence that
greater changes in BMI over time are associated with a
faster rate of cognitive decline, suggesting that in initially
non-demented older adults, stability in BMI predicts a
better cognitive trajectory.

3. Future directions: These results suggest a potential clin-
ical value in tracking BMI change, a simple, non-invasive
measure, as it may point to individuals whose cognition
is declining. Further work is needed to identify mecha-
nisms underlying departures from stable BMI in old age
and their contribution to cognitive decline.

Enrollment
Assessed for eligibility
(N=42022)
l «Age <60 (N=4840)
*Baseline dementia dx (N=12901)
Exclusion 'EDIIYHI G .
| *No follow up visits (N=
(M=260%5) ‘BMI< 15 (Np:7) (N )
l *BMI>50 (N=28)
*Missing BMI (N=1397)
Analysis
(N=15977)

FIGURE 1 Sample selection steps. Abbreviation: dx, Diagnosis;
CDR, Clinical Dementia Rating Scale; BMI, body mass index.

were missing. Requiring complete data on all tests did not change study
results. Mean and standard deviation (SD) from the baseline scores
were used to construct corresponding z-scores for each domain and
global cognition.

222 | BMI

BMI was calculated based on measured weight and height (weight in
kilograms [kg] divided by squared height in centimeters) at baseline
and at each follow-up visit. For descriptive analyses, each participant’s
baseline BMI (BMIy,) was categorized into three groups based on the
World Health Organization (WHO) classification? of underweight or
normal (<25 kg/m2), overweight (25 < BMI <30 kg/m2), and obese
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(>30 kg/m2). Few participants were underweight (<18.5 kg/m?2) and
therefore were combined with the normal weight group. BMI outside
the range of 15 to 50 kg/m? were treated as biologically unlikely and
were dropped.

2.2.3 | Change in BMI
Change in BMI was measured in three ways: (1) difference between
BMI at last visit and BMIy,; (ABMl|,s:.51) @s commonly used in clinical

21,22 (9) difference between mean BMI across all

trials for weight loss,
follow-up visits and BMIy (ABMl ean-b1)- For (1) and (2), changes in
BMI were categorized as significant increase (>5% increase), stable
(<5% change), or significant decrease in BMI (>5% decrease), as a 5%
change is defined as clinically significant by the UUS) Food and Drug
Administration (FDA).23 Finally, (3) we also constructed a variable for
within-person variability, that is, SD of BMI change from baseline and

all follow-up visits (ABMI-SD), categorized into quartiles®

2.24 | Demographics and clinical characteristics

Demographic characteristics included age, sex, race (White, Black,
vs. Other), ethnicity (Hispanic/Latino vs. Other), years of education,
and years of follow-up. Cardiovascular risk factors included history
of diabetes, hypertension, and hypercholesterolemia, ascertained by
self-report or clinician assessment. Baseline diagnosis included cogni-
tively normal (CN) and mild cognitive impairment (MCI). Participants’
function was measured using the CDR scale,?42° based on reports
by the participant and study partner, and the Functional Assessment
Questionnaire (FAQ) reported from study partners interviews.26:27
Depressive symptoms were measured using the 15-item Geriatric
Depression Scale (GDS-15).2829 Number of medications a participant
is taking was used as a proxy for overall health status.° Apolipoprotein
E (APOE) genotype for participants who are willing to provide samples
was reported by the ADCs. We constructed an indicator variable for
any APOE e4 allele and an indicator for missing APOE information.
Except for APOE, missing values were relatively rare (from no missing
values for age, sex, education CDR, and diagnosis to a maximum of
3.3% missing values for the FAQ). Because results were unchanged
when we applied mean substitution to missing values, observations

with missing values were dropped in the present analyses.

2.2.5 | Statistical analyses

Baseline characteristics were reported as N (percent) or mean (SD)
as appropriate by BMIy, groups. Our primary outcome measure was
change in global cognition from baseline (Azcog). The main indepen-
dent variables in the analyses were time, change in the respective BMI
measures (ABMlzst.pi, ABMlpeanp, and ABMI-SD), and their inter-
action with time. All models were adjusted for covariates that have

been associated with cognitive decline and dementia including age,
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sex, race/ethnicity, years of education, years of follow-up, baseline
diagnosis (CN vs. MCI), FAQ, GDS, APOE genotype, number of med-
ications (reflecting co-morbidities), and indicators for history of dia-
betes, hypertension, and hypercholesterolemia. All models were esti-
mated using linear mixed models (LMMs) and included participant
level random intercept and linear slope to allow participants to dif-
fer in their overall rate of change over time. A random effect for ADC
was also included. Changes in the cognitive domain of memory, atten-
tion/working memory, language, and executive functions were exam-
ined separately. Finally, because BMI changes in old age differ in men

3132 \ye tested the interaction of each of the BMI measures

and women,
with sex on cognitive decline. All analyses were performed using Stata

13.0.%3

3 | RESULTS

3.1 | Baseline sample characteristics

Table 1 describes the characteristics of the sample at baseline. Partici-
pants were ~74 years of age, included a majority of women (59%) and
White participants (81%), and had an average of 15.6 + 3.6 years of
education; 15.8% were MCI, with average Mini-Mental Status Exam
(MMSE) score of 28.4 + 2.0, consistent with a sample that does not
have dementia baseline. FAQ was 1.2 + 2.8, reflecting little impairment
in activities of daily living; GDS was 1.6 + 2.2, indicating relatively lit-
tle clinical depression. About 13% had diabetes, 52% had hyperten-
sion, and 53% had high cholesterol. Of those who agreed to have APOE
genotyping (83% of the sample), 29% had at least one APOE ¢4 allele.
Between-group differences were statistically significant at P < .01 for
all variables except for proportion of participants with missing APOE
status (P = .37), years of follow-up (P = .40), CDR score (P =.10), and
FAQ score (P = .11). Finally, on average, participants had 5.2 + 3.1 in-
person visits (initial visit + 4 annual follow-up visits) and there was no
difference in attrition rate between baseline BMI groups.

Thirty-six percent of the participants had normal weight, 39.4%
were overweight, and 24.6% were obese, which is consistent with
the reported rates of overweight and obesity in this age group in
the general US population.®* As shown in Table 2, 26.7% of the sam-
ple decreased from the first to the last BMI measure by 5% or more
(in initially normal, overweight, and obese group, 20.9%, 27.1%, and
34.6%, respectively), 55.8% remained stable in BMI over time (<5%
BMI change; in initially normal, overweight, and obese group, 57.7%,
56.7%, and 51.8%, respectively), and 17.5% increased 5% or more in
BMI (in initially normal, overweight, and obese group, 21.5%, 16.3%,
and 13.6%, respectively).

3.2 | Associations of changes in BMI with changes
in global cognition

For descriptive purposes, unadjusted means (SD) of change in global

cognition and in specific cognitive domain scores for each of the three
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TABLE 1 Baseline characteristics by baseline BMI group
Normal Overweight (25 < Obese (BMI

Variables Total Sample (BMI < 25 kg/m?) BMI < 30 kg/m?) >30 kg/m?2)
N (%) 15,977 5,747 (36) 6,302 (39.4) 3,928 (24.6)
Age, mean (SD) 73.5(7.6) 74.5(8.0) 73.8(7.5) 717 (6.9)
Female (%) 59.2 66.8 50.6 62.0
Hispanic (%) 6.9 5.0 7.4 9.0
White (%) 80.9 86.1 82.7 70.5
Black (%) 14.7 7.9 13.8 26.0
Other (%) 4.4 6.0 35 35
Years of education, mean (SD) 15.6 (3.6) 16.1(3.0) 15.7 (3.2) 14.9 (3.4)
Years of follow-up, mean (SD) 5.2(3.1) 5.3(3.1) 5.2(3.1) 5.1(3.0)
BMI, mean (SD) 27.2(5.0) 22.5(1.8) 27.2(1.4) 34.1(3.8)
MMSE (range O to 30), mean (SD) 28.4(2.0) 28.4(2.0) 28.4(2.0) 28.3(2.0)
FAQ (range O to 30), mean (SD) 1.2(2.8) 1.3(2.9) 1.3(2.9) 1.2(2.8)
Hypertension (%) 52.1 39.3 53.4 68.7
Hyperlipidemia (%) 534 44.8 56.4 61.3
Diabetes (%) 12.8 6.4 11.6 23.9
GDS (range O to 15), mean (SD) 1.6(2.2) 1.5(2.1) 1.6(2.1) 1.8(2.3)
APOE ¢4 (%) 28.8 30.3 28.8 26.5
Number of medications, mean (SD) 57(4.1) 5.1(5.8) 5.7(4.1) 6.6 (4.5)
MCI (%) 15.8 16.0 15.3 16.3
CDR at baseline (%) 0 62.1 61.7 60.9 64.5

0.5 37.9 38.3 39.1 35.5

Abbreviation: SD, standard deviation; BMI, body mass index; MMSE, Mini Mental State Exam; FAQ, Functional Activities Questionnaire; GDS, Geriatric
Depression Scale; APOE, Apolipoprotein E; MCI, mild cognitive impairment; CDR, Clinical Dementia Rating scale.

TABLE 2 Changein BMI between baseline and last visit: total sample and by baseline BMI group

Overweight (25 <
Total sample Normal (BMI < 25 kg/m?) BMI < 30 kg/m?) Obese(BMI >30 kg/m?)
Mean Mean Mean Mean
N % change(SD) N % change(SD) N % change(SD) N % change (SD)
Significant decrease, 4,200 26.7 -3.12(1.93) 1,179 208 -2.23(1.10) 1,680 27.1 -295(1.59) 1,341 34.6 —4.13(1.93)
change in BMI >5%
Stable, change in 8,775 558 —-0.04(0.72) 3,262 57.7 -001(0.590 3510 56.6 -0.03(0.72) 2003 518 —0.11(0.90)
BMI <5%
Significant increase, 2,752 175 2.63(1.51) 1215 215 2.38(1.43) 1,010 163 2.65(1.50) 527 13.6 3.18(1.59)

change in BMI >5%

Abbreviation: BMI, body mass index; SD, standard deviation.

BMI change measures are shown in Table S1. There were significant
group differences in change in global cognition and in the specific cog-
nitive domains (all P < .01) for each of the BMI change measures such
that the stable group/s had less cognitive decline.

LMMs were applied to test the associations of Azcog with the three
BMI change measures and are presented in Table 3. Greater changes
in ABMl|,st-p1 @nd in ABMl yean-p (both increases and decreases of 5%
or more in BMI) were associated with a faster rate of cognitive decline
(Table 3; Figure 2A and 2B, respectively). Similarly, the interaction of

ABMI-SD (categorized into quartiles) with time on global cognition
was significant—greater SD (representing greater changes in BMI over
time, both increase and decrease)—was associated with a faster rate of
global cognitive decline (Table 3; Figure 2C).

To exemplify the differences in rate of decline according to the
estimations for ABMI .1, we calculated the proportion of cognitive
decline in >5% change in BMI compared to the stable BMI group. The
predicted decline in the global cognition z-score for the stable group
averaged 0.16 (see Table S1) over the period of the study. In contrast,
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TABLE 3 Associations of changes in BMI with changes in global cognition and cognitive domains

Attention/working

Global cognition Episodic memory memory Language Executive functions
Independent variables Coef.(SE) P-value Coef.(SE) P-value  Coef.(SE) P-value  Coef.(SE) P-value  Coef. (SE) P-value
Last BMI - Baseline  Time —0041 <001  —0001 .739 -0046 <001  -0059 <001  -0073 <.001
(Agm:mm (0.002) (0.003) (0.002) (0.002) (0.003)
reference group:  Decrease 5% 0.030 .001 0041 017 —0012 .292 0.039  .001 -0017 .323
BMI change < 5%) (0.009) (0.017) (0.011) (0.012) (0.017)
Increase >5%  0.029 .005 —0012 541 0016  .205 0025 076 —0.032 .109
(0.010) (0.020) (0.013) (0.014) (0.020)
Decrease >5%» —0.026 <001  —-0033 <001  —-0014 <001  —-0027 <001  —0.163 <.001
time (0.0030) (0.004) (0.003) (0.004) (0.004)
Increase >5%» —0.025 <001  -0024 <001  -0017 <001  -0036 <001  —0010 .051
time (0.003) (0.005) (0.003) (0.004) (0.005)
Average BMI - Time —0.046 <001  —0006 .013 -0049 <001  -0066 <001  -0076 <.001
ezl (0.002) (0.003) (0.002) (0.002) (0.003)
(ABMlmean-bi»
referencegroup:  Decrease 25% 0.029 .003 0074 <001  —-0016 .177 0.034 011 —-0.016 .402
BMI change < 5%) (0.010) (0.019) (0.012) (0.013) (0.019)
Increase >5%  0.026 025 0018 405 0028  .047 0010 522 —0.003 881
(0.012) (0.022) (0.014) (0.016) (0.023)
Decrease >5%» —0.273 <001  -0040 <001  —-0015 <001  —-0028 <001  —0018 <001
e (0.003) (0.005) (0.003) (0.004) (0.004)
Increase >5%» —0.017 <001  —0017 .003 —0015 <001  -0013 .007 —0.008 .147
dline (0.004) (0.006) (0.004) (0.005) (0.006)
Quartilesof SDof ~ Time —0040 <001 0006  .166 —0044 <001  -0059 <001  -0067 <001
(AéI?/I[\II-HSD, erence (0.003) (0.004) (0.003) (0.003) (0.004)
group: lowest Quartile 2 0.019 099 0032  .163 0022 121 0.005 778 0013  .548
quartile of SD) (0.012) (0.023) (0.015) (0.016) (0.022)
Quartile 3 0.008 496 0017 447 0.009  .531 0.003  .872 0029  .193
(0.012) (0.023) (0.015) (0.016) (0.022)
Quartile 4 0.031 .008 0011  .622 0023 121 0018  .249 0039  .086
(0.012) (0.023) (0.015) (0.016) (0.023)
Quartile 2+ time —0.007 069 -0.016 .003 —0.005 .144 -0.007 .125 —-0.003 .508
(0.004) (0.006) (0.004) (0.005) (0.005)
Quartile 3+time —0.015 <001 0028 <001  —-0.011 .002 —0016 001 —0017 001
(0.004) (0.006) (0.004) (0.005) (0.005)
Quartile 4 time —0.027 <001  —0.030 <001  -0022 <001  -0026 <001  -0031 <001
(0.004) (0.006) (0.004) (0.005) (0.005)

Note: Covariates included age, sex, race/ethnicity, years of education, years of follow-up, baseline diagnosis (CN vs. MCI), FAQ, GDS, APOE genotype, number
of medications (reflecting comorbidities), and indicators for history of diabetes, hypertension, hypercholesterolemia.
Abbreviation: BMI, body mass index; Coef, Coefficient; SE, standard error.

in the group with >5% decrease in BMI, the predicted decline in the 3.3 | Associations of changes in BMI with changes
global cognition z-score was 0.27 and 0.26 points for thosewitha>5%  in specific cognitive domains

increase in BMI. This represents a 64% and 62%, respectively, faster

decline in global cognition in the groups with changes in BMI compared We repeated analyses using the three BMI change variables for the

to the stable group. specific cognitive domains (Table 3). Both declines and increases of
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FIGURE 2 Associations of changes in BMI (last minus first BMI, average BMI at follow-up minus first BMI, quartiles of standard deviation) with

decline in global cognition. Abbreviation: BMI, Body Mass Index; Avg, Average; SD, standard deviation; decr, decrease; inc, increase.

5% or more from first to last BMI, and from mean BMI to first BMI,
compared to stable BMI (<5% change) were associated with faster
decline in all cognitive domains; for executive functions, those whose
BMI increased did not reach statistical significance. When comparing
the highest quartiles of SD to the lowest SD quartile, the second quar-
tile was associated only with a faster rate of episodic memory decline.
The third and fourth quartiles, representing greater variability, were

associated with afaster rate of decline in all cognitive domains (Table 3).

3.4 | Associations of BMI changes with cognitive
decline stratified by baseline BMI

To explore whether the pattern of association of greater BMI change
over time with faster cognitive decline is specific to a particular
baseline BMI group (for example, participants who were obese), we
repeated all analyses stratifying by baseline BMI group. Overall, results
remained the same, that is, in each of the BMI groups, greater changes
(either increases or decreases) of BMI over time were associated with
afaster rate of cognitive decline (Table S2 and Figure S1-S3).

We performed a sensitivity analysis using cut-off points of increases
and decreases of 10% or more in BMI for ABMlI, 4. and ABMlean-bi-
Results were essentially unchanged (Table S3). Finally, none of the
interactions of the BMI measures with sex on cognitive decline were

significant.

4 | DISCUSSION

This study followed ~16,000 well-characterized community-dwelling
older adults without dementia at baseline for an average of 5 years and

provides new evidence that greater increases, decreases, or variabil-

ity in BMI over time are associated with an accelerated rate of cogni-
tive decline after adjusting for a broad range of potential sociodemo-
graphic, clinical, and functional confounders. Furthermore, this pattern
is consistent, irrespective of whether a person has normal, overweight,
or obese BMI at baseline. As shown in Figure 2, all groups had some
degree of decline including the group with stable BMI. However, the
rate of decline in the non-stable groups was over 60% faster than the
rate of decline in the stable BMI group. These results suggest a poten-
tial clinical value in tracking BMI in annual medical visits, which is sim-
ple, non-expensive, non-invasive, and quick to measure, as it may point
to individuals whose cognition is declining and allow for early interven-
tion. Further work is needed to identify the biological causes underly-
ing departures from stable BMI in old age and their contribution to cog-
nitive decline.

The current study extends prior work in several important ways.
First, we assessed changes in BMI over time, measured in several dif-
ferent ways, and their associations with cognitive decline. Second, the
large sample size and the relatively long follow-up permitted investi-
gation of the association of both increase and decrease in BMI with
cognitive decline. An increase and decrease of 5% or more in BMI was
used, as it is well-accepted as clinically significant.23 Third, because
obese individuals have a greater range for BMI decline while normal-
weight individuals have a greater range for BMI increase, we examined
whether the associations of changes in BMI and cognitive decline dif-
fer by baseline BMI category (based on the World Health Organiza-
tion [WHQ] BMI categorization), and showed that these associations
are consistent regardless of BMI category. These results indicate that
in old age, the stability of BMI may confer protection against cognitive
decline, irrespective of the initial BMI of the individual. Finally, anal-
yses of the individual cognitive abilities used to construct global cog-
nition, showed that changes in BMI over time were associated signifi-

cantly with accelerated decline in episodic memory, attention/working
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memory, and language but not with executive function, suggesting that
changes in BMI may be associated differentially with some dimensions
of cognitive abilities more than others.

We and others have shown that the negative effects of a higher BMI
on brain and cognition persist through late-life.323> However, there
is scarce research on changes in BMI in old age; most studies pro-
vide evidence suggesting that decreasing BMI is associated with poor
health outcomes including congestive heart failure and mortality.3¢:37
Our study showed that a decline in BMI over time was associated
with accelerated cognitive decline. Consistent with our results, a 1-
unit annual decline in BMI was associated with about a 35% increase
in the risk of AD compared with a person experiencing no change in
BMI in older adults,'© suggesting that loss of BMI may reflect patho-
logic processes that contribute to the subsequent development of AD.
Furthermore, weight loss during 1 year was associated with a faster
clinical progression of MCI.1! Although decline in BMI may represent
a true risk factor for cognitive decline, it is also possible that it repre-
sents reverse causality, that is, that brain changes related to dementia
affect BMI earlier than cognition.32 Of interest, polymorphisms in FTO,
PPARG, PPARA, and APOE genes,3® implicated in AD,37C are significant
predictors of BMI variability,*! suggesting a common cause. An alter-
native explanationis that both BMl variability and cognitive decline are
manifestations of an underlying morbidity and are not causally related.

It is important to note that in studies examining associations of
change in BMI with health outcomes, including cognitive impairment,
the comparison is typically to individuals who had a stable BMI.
Because in our study we showed that both decrease and increase
in BMI over time were associated with accelerated cognitive decline,
irrespective of the BMI at baseline, it is plausible that conceptually,
in old age, BMI stability over time is associated with reduced risk of
poor cognitive outcomes. The mechanisms underlying the potential
health benefits of BMI stability are unknown. Aging leads to numer-
ous physiological, endocrine, and metabolic changes, which manifest in
changes in body composition, reflected in loss of bone, loss of muscle
mass and strength, and increased body fat and fat redistribution.? 4243
These changes are accompanied by an increased low-grade chronic
inflammation,*#~4¢ which has been consistently associated with poor

health outcomes?’48

and with poor cognitive outcomes and incident
dementia.*?*% Indeed, BMI stability over time is associated with fewer
comorbidities in late life.!213 Our results suggest that BMI stability is
also associated with a healthier cognitive trajectory.

Biological homeostasis is the ability of the “normal” body to main-
tain equilibrium, balancing multiple factors—including blood pressure,
cholesterol, as well as body weight—at stable levels despite temporary
changes in life conditions.>> The progressive homeostatic imbalance

that occurs with aging®2->*

may be at least in part responsible for the
change in BMI observed among older adults,”*>¢ and facilitates delete-
rious processes that cause a myriad of cellular dysfunctions, including
neuronal death and neurodegeneration.’2>2 Stability in BMI over time
may represent less departure from homeostasis, possibly conferring
the preservation of neuronal health. Of interest, in the stratified anal-
ysis, among those who had initially normal BMI, the rate of decline in

cognition was nominally faster than among participants with baseline
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overweight or obesity, despite the lack of difference in numerous base-
line medical and sociodemographic characteristics. We speculate that
this may point to an adaptive process of the overweight and obese indi-
viduals to their higher BMI, reaching a new homeostatic balance,®”>?
and conferring a degree of protection against cognitive decline.

The study has limitations. The NACC data set is based on a con-
venience sample of participants approaching the ADCs in the United
States, rather than a community-based sample. Furthermore, the sam-
ple has 80% White participants with underrepresentation of ethnic
minorities. Thus caution must be applied when generalizing the results
to the whole population of older adults and the results should be repli-
cated in more diverse cohorts. The cohort includes significant major-
ity of women, which in some studies have shown different trajecto-
ries of BMI than men. However, the interaction of BMI changes with
sex was tested, and sex did not modify the associations we have found.
The cardiovascular risk factors are self-reported rather than directly
measured. The prevalence of diabetes and hypertension in our sam-
ple is less than that reported in national statistics (Table 1. 12.8% vs.
26.8% for diabetes®® and 52.1% vs. 70% for hypertension®!), whereas
hyperlipidemia percentage was close to national statistics (53.4% vs.
48%52). Overall there is likelihood that some of the confounding factors
were underreported in our sample. Our results remained robust after
adjusting for cardiovascular risk factors and diseases, and for depres-
sion and Activities of Daily Living (ADL), but other factors such as can-
cer may have affected BMI. Increased adiposity has been consistently
associated with higher levels of chronic inflammation markers, which
in turn have been related to AD.¢® However, inflammatory markers
are not available in the NACC data set. Because the study investigated
changes in BMI over time, which may be related to increasing morbid-
ity, we repeated the analyses replacing baseline number of medications
by changes in number of medications at last follow-up compared to first
follow-up, such that a greater number represented an increase in num-
ber of medications, suggesting growing morbidity. However, adjusting
for this covariate did not change any of the results (data not shown). It is
important to note that BMI may not be an optimal measure of adiposity
in older adults due to redistribution of body fat with age,®*~¢ indicat-
ing the need for more direct measures of adiposity in studies of older
adults, such as regional fat measures, and fat-related secreted factors.
Finally, overall, the rates of cognitive decline found in this study are rel-
atively small, possibly because participants with dementia at baseline
were excluded. Yet, the clinical hallmark of AD is the progressive loss
of cognitive function. A long-term extrapolation of a greater decline in
cognition of over 60% in the groups with BMI change compared to the
group with stable BMI may represent a progressive disease process.

Confidence in our findings is enhanced by several factors. Body
weight and height were directly measured (rather than self reported) at
every visit. A large number of male and female participants were exam-
ined annually for up to 14 years, with structured, validated, and harmo-
nized clinical measures of cognition permitting investigation of global
cognition as well as specific cognitive domains.

In conclusion, we found that stability in BMI over time, in contrast to
increases or decreases in BMI, is associated with a slower rate of cog-

nitive decline, both in global cognition and specific cognitive domains.
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Disentangling the biological pathways underlying different trajectories
of BMI in old age, and their contribution to brain health and disease, is
necessary to develop potential therapies.
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