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ABSTRACT

This study aimed to examine the associations of body mass index (BMI) across adult life with cognitive function in
2,637 participants aged 60 years or over from NHANES 2011-2014. The primary outcome was a composite score
based on test scores on word list learning, animal naming, and digit symbol substitution. Exposures of interest
included BMI at age 25, BMI 10 years before the survey, BMI at the survey (current BMI), and BMI burden
calculated from age 25 to age at survey. BMI at age 25 was inversely associated with the composite score (B=-
0.0271+0.0130 per kg/m?, P=0.038) and positively with low cognitive performance (odd ratio=1.04, 95% confidence
interval: 1.01-1.07, P=0.010), defined as below 20 percentile of the composite score. Similar results were observed
for BMI 10 years before the survey and BMI burden. Current BMI was positively associated with the composite
score (B=0.036910.0113, P=0.001) and inversely associated with low cognitive performance (odd ratio=0.96, 95%
confidence interval: 0.94-0.99, P=0.004). In conclusion, high BMI in early adult life is associated with low cognitive
function in late life, which underscores the importance of a healthy body weight across the life course. The
association between BMI and cognitive function at late life requires further investigation.

INTRODUCTION

As world populations are rapidly aging, healthy aging
has become a public health priority [1, 2]. An essential
component of healthy aging is cognitive health [3];
conversely, cognitive impairments are a major threat to
healthy aging. While older adults typically experience
declines in cognitive functioning, adults over the age of
65 may experience cognitive impairments that
compromise daily functions and undermine quality of
life. Compromised cognitive function may contribute to
or worsen other health conditions, and vice versa,

starting a sustaining vicious cycle. Many factors,
including but not limited to, age, race, education,
adverse environments, unhealthy lifestyle (smoking and
excessive  drinking), early life exposure to
cardiometabolic risk factors, including obesity, and
chronic conditions, contribute to an accelerated decline
in cognitive function in later life [2, 4, 5].

Obesity has a wide range of health consequences.
However, evidence on the association between obesity
and cognitive function in adults is inconsistent. Some
studies support an inverse association between different
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obesity measures and cognitive function in young and
middle-aged adults [6, 7], including individuals with
normal weight obesity [8], while others support a
positive association between BMI and cognitive
function among older adults [9-12]. The Baltimore
Longitudinal Study of Aging reported that obesity is
associated with poorer performance in a variety of
cognitive domains but enhanced performance on tests of
attention and visuospatial ability [13].

The United States has experienced an obesity epidemic
during the last four decades [14]. Hence, individuals
living through the obesity epidemic since its onset are
adults aged 60 years and older. Among these older
adults, the influence of weight history across adult life
with cognitive function late in life is not yet known.
Such information is important for early prevention of
late life cognitive impairment [15]. In this study, we
aimed to examine the associations between body mass
index (BMI) at different periods in adult life with
cognitive function in late life among adults aged 60 or
older from the National Health and Nutrition
Examination Surveys (NHANES) 2011-2014.

RESULTS

Table 1 describes the study sample by sex. Among
2,637 participants, 50.5% were female. Overall, 37.8%
of the participants had obesity; of the BMI values at
different times, current BMI was, on average, the
highest among both men and women. Moreover,
women tended to have higher cognitive function scores
than men in CERAD Word Learning, CERAD Delayed
Recall, and Digital Symbol Substitution, but not the
Animal Fluency test.

In the unadjusted model, BMI at age 25, BMI 10 years
before the survey, and BMI burden were inversely
associated with cognitive function, whereas current
BMI was positively associated with cognitive function
(Supplementary Table 2). In multiple regression
analyses, BMI at age 25 (P=0.042), BMI 10 years
before the survey (P=0.056), and BMI burden (P=0.046)
were inversely associated with the composite score after
adjusting for covariates and current BMI (Table 2).
Similarly, they tended to be associated with low
cognitive performance, with increase in BMI associated
with increased odds of low cognitive performance
(Figure 1).

Higher current BMI was associated with a higher value
of the composite score of cognitive function (P=0.001),
after adjusting for BMI burden and other covariates.
Current BMI was also inversely associated with low
cognitive performance, and each unit increase in current
BMI was associated with 4% decrease in odds of low

performance (Figure 1). Thus, lower BMI at age 25, 10
years before the survey, or lower cumulative burden,
and higher current BMI was linked with higher
cognitive functioning. Those who had BMI at age 25
below the median and current BMI above the median
had the highest composite score; conversely, those who
had BMI at age 25 above the median and current BMI
below the median had the lowest composite score.

In sensitivity analyses, excluding those who were
underweight or had extremely high BMI did not change
the pattern of associations. Sex or age group differences
were not observed.

DISCUSSION

Our study demonstrates that current and historical
accounts of BMI were linked with cognitive function in
late life. That is, BMI at age 25 years, BMI 10 years
before the survey, and cumulative burden across adult
life were inversely associated with cognitive function in
late life. Current BMI was positively associated with
cognitive function, such that those who had higher BMI
(above median) in early adult life and lower BMI
(below median) in late life had the lowest level of
cognitive function. Findings from the population-based
sample reinforces the fact that exposure to obesity
across the life course adversely influences cognitive
function in late life.

As expected, we observed inverse associations of
cognitive function with BMI at age 25 years, BMI 10
years before the survey, and cumulative burden. These
observations are consistent with prior studies in young
and midlife adults [8, 16, 19-21]. The mechanisms
underlying the inverse associations between BMI across
adult life and cognitive function in late life cannot be
addressed by a cross-sectional study. There are,
however, plausible mechanisms that may explain the
observed associations. It is well established that obesity
leads to significantly increased risk of cardiometabolic
disorders, including insulin resistance/hyperglycemia,
hypertension,  dyslipidemia, sleep apnea, and
inflammation [22-25]. These disorders, in turn, may
accelerate cognitive declines and contribute to cognitive
impairments in older adults [26—-30]. Obesity over time
also leads to increased risk of heart disease, stroke, liver
disease, and type 2 diabetes, which can accelerate
cognitive function decline [31-35].

The observed inverse associations of BMI in early adult
life have important implications in preventing cognitive
impairment in late life. As the global population is
rapidly aging, medical and social burdens associated
with declines in cognitive function will continue to rise.
Preventing excessive body weight during young
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Table 1. Characteristics of the study sample by sex: National Health and Nutritional Examination Survey (2011-2014).

Variable Male Female
n 1,307 1,330
Age group (%)

60<age<70 years 54.3 53.5
70<age<80 years 29.5 30.0
>80 years 16.2 16.5
Race

Mexican American 8.9 7.2
Other Hispanic 9.1 9.2
Non-Hispanic White 47.3 51.9
Non-Hispanic Black 25.2 22.8
Other Race - Including Multi-Racial 9.5 8.9
BMI (kg/m?)

At survey 28.6%5.6 29.4+6.9
1 year ago 28.1+5.6 28.3£7.0
10 years ago 27.5%5.1 27.4+6.3
At age 25 years 23.8+3.9 22.1+3.9
BMI burden from age 25 years to current 25.5+4.1 24.8+4.7
Obesity (%) 33.6 42.0
Average drinks per week 5.91£9.6 3.247.2
Education

Less Than 9th Grade 11.2 7.9
9-11th Grade 13.2 135
High School Grad/GED or Equivalent 22.9 24.3
Some College or AA degree 26.2 32.7
College Graduate or above 26.5 21.6
Smoking (%) 15.1 10.6
Moderate recreational activity (%) 42.2 39.6
Vigorous recreational activity (%) 11.1 8.5
Asthma (%) 12.1 15.8
Congestive heart failure (%) 7.3 6.8
Stroke (%) 6.3 7.1
Cogpnitive function

CERAD Word Learning 17.7£4.7 19.445.0
CERAD Delayed Recall 5.3+2.5 6.1+2.6
Animal Fluency Test 16.9+5.5 16.8+5.4
Digit Symbol Substitution Test 43.9+16.0 49.6+17.4

CERAD: the Consortium to Establish a Registry for Alzheimer’s Disease.

adulthood by promoting a healthy lifestyle, including
sufficient physical activity, sleep, and a healthy diet,
will mitigate the likelihood of cognitive functional
impairment in late life. On the other hand, Hartanto et
al. reported that the association between cognitive
function and obesity is bidirectional, suggesting
cognitive health-improving measures may prevent
obesity and disrupt the vicious cycle between obesity
and poor cognitive function [6]. It is known that BMI
tracks over time from childhood to adult life [36] and
that obesity in early life links to cognitive function in
both early life and midlife [37, 38]. Therefore,
prevention of obesity beginning in childhood should
have long-term, multi-faceted benefits in reducing

health burdens caused by cardiometabolic disorders and
cognitive impairment in late life.

In contrast to the inverse associations between reported
BMI at earlier ages and cognitive function, a positive
association was observed between current BMI and
cognitive function. The association was not confounded
by poor cognitive function among underweight
individuals because excluding underweight participants
did not change the results. Similar observations of a
positive association have been reported in older adults
[9-12, 36, 37]. Of note, in a longitudinal study of 2,134
older adults (mean age = 77.9 years), lower baseline
BMI was associated with faster cognitive decline six
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Table 2. Associations of different cognitive functions with BMI at different times in adult life.

Outcome BMI at age 25 BMI 10 years ago BMI burden Current BMI
B+SE P p+SE P p+SE P B+SE P

Composite -0.0271+0.0130 0.042 -0.0228+0.0120 0.056  -0.0320+0.0159 0.046 0.0369+0.0113 0.001

Score

CERAD Word  -0.0095+0.0047 0.059 -0.0071+0.0043 0.163 -0.0111+0.0057 0.089 0.0021+0.0029 0.058

Learning

CERAD -0.0071+0.0048 0.178 -0.0067+0.0044 0.180 -0.0088+0.0059 0.184 0.0101+0.0042 0.005

Delayed Recall

Animal Fluency -0.0065+0.0047 0.200 -0.0054+0.0043 0.139 -0.0076+0.0057 0.151 0.0096+0.0029 0.002

Test

Digit Symbol -0.0057+0.0046 0.190 -0.0054+0.0040 0.197 -0.0071+0.0057 0.204 0.0127+0.0040 0.068

Substitution Test

CERAD: the Consortium to Establish a Registry for Alzheimer’s Disease.

P values were adjusted for age, race, sex, education, alcohol drinking, smoking, moderate recreational activity, vigorous
recreational activity, language used for the interview, asthma, congestive heart failure, and stroke.

Composite score was calculated as the sum of the individual scores that were standardized to z scores by inverse normal

transformation.

years later [10]. Even fat mass, assessed by dual-energy
X-ray absorptiometry, showed similar associations with
cognitive function [37]. It seems that the association
between obesity and cognitive function changes across
life course, as high BMI was protective for cognitive
impairment only in adults 65 years or older, but not in
adults 45-65 years in the same study [12]. It should be
noted that not all studies reported positive associations
in the elderly [38].

Several reasons may contribute to the apparently
paradoxical associations with current BMI versus BMI

1.2 1

11t
P=0.010

=

1.040

P=0.081

1.025

during early adult life. Hormonal factors, such leptin
and adiponectin, may contribute to the positive
associations, as suggested by Gunathilake et al. [9].
Survival bias is also possible, but not likely, as
associations were similar across the three age groups in
the current study. Due to the cross-sectional nature of
the study, understanding direct, causal effects between
current BMI and cognitive function is not feasible. In
the Health and Retirement Study, high baseline BMI in
adults (average age of 58 years) was protective for
cognitive impairment at follow-up [39]; however, low
cognitive function predicted weight loss in the same

1.044

QOdds ratio for low cognitive function

0.9 = BMI at 25

1.0 +

BMI 10 years before

0.961

P=0.004

BMI Burden Current BMI

Figure 1. Odds ratios and corresponding 95% confidence intervals for BMI at different times in adult life. P values were
adjusted for age, race, sex, education, physical activity, smoking, alcohol drinking, marital status, language used, and presence of major

chronic diseases.
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study, suggesting a reverse causation [39]. It is also
possible that low BMI reflects muscle loss in the
elderly, which may contribute to the positive association
observed in this study [40]. Similarly, low BMI might
be an indication of frailty, a contributor to cognitive
decline in the elderly [41, 42]. Additional research is
needed to clarify the causal relationship between BMI
and cognitive function in older adults.

The current study has several strengths and limitations.
The study sample was a population-based sample with a
relatively large sample size. NHANES data were
collected with rigorous quality assurance/control
protocols. Despite the cross-sectional study design, our
study examined longitudinal associations between early
life exposure to increased body weight and cognitive
function in late life. We also used a composite score as
the primary outcome, which covered multiple domains
of cognitive function (Table 2). Nevertheless, we
recognize that body weight during different periods in
adult life was self-reported, introducing a potential for
recall bias. It is important to mention, however, that
recall bias, if existed, was more likely to be non-
differential which would have biased the associations
toward the null. Further, our exposure variable, BMI,
does not differentiate fat mass from lean mass, and does
not specify fat distribution. However, waist
circumference, a measure of central obesity, produced
similar results.

In conclusion, higher BMI in early and middle adult life
is associated with poor cognitive function in later life.
As obesity during adult and late adult life continues to
rise, the inverse associations detected in our study
underscores the importance of controlling body weight
across the life course. The underlining reason for the
paradoxical positive association between current BMI
and cognitive function should be investigated in future
studies with longitudinal data.

MATERIALS AND METHODS
Study samples

NHANES is a series of continuous surveys of national
representative samples of the non-institutionalized general
population of the United States, conducted by the
National Center for Health Statistics (NCHS), to assess
the health and nutritional status of adults and children
(http://www.cdc.gov/nchs/nhanes.htm). Demographic,
socioeconomic, dietary, and health-related data were
collected by personal interviews. Information on weight
history in adult life, including body weight at age 25
years, 10 years and one year before the interview, and
height at age 25 years was obtained by the personal
interview. Between 2011 and 2014, participants who were

aged 60 years or older were eligible for cognitive function
assessment. Those who had complete data on all cognitive
function tests and on covariates (described later) were
included in the study (n=2,637). The National Centers for
Health Statistics Institutional Review Board reviewed and
approved the study protocol (Protocol #2011-17) for the
2011-2014 surveys.

Cognitive function tests

Details of the tests for cognitive function assessment
have been described previously [4]. In brief, the
CERAD Word Learning subtest (CERAD W-L)
assesses immediate and delayed learning ability for new
verbal information (memory sub-domain) and consists
of three consecutive learning trials, and a delayed recall
[16]. Immediately after reading aloud 10 unrelated
words, participants tried to recall as many words as
possible; the delayed word recall occurred after the
other two cognitive exercises (to be described later)
were completed (approximately 8-10 minutes from the
start of the word learning trials). The number of word
intrusions (incorrect words that were not on the list) for
each word learning trial and the delayed word recall
was also recorded. The Animal Fluency test examines
categorical verbal fluency, a component of executive
function [17]. Participants were asked to name as many
animals as possible in one minute, with one point given
for each named animal. The Digit Symbol Substitution
test (DSST), a performance module from the Wechsler
Adult Intelligence Scale (WAIS I1II), relies on
processing speed, sustained attention, and working
memory [18]. Participants were asked to copy in 2
minutes as many number-corresponding symbols as
possible in 133 boxes on paper with keys at the top
containing 9 numbers paired with symbols. The score
corresponds to the total number of correct matches.

Covariates

We included age, race, sex, education, alcohol use,
smoking, physical activity, language used for the
interview, and chronic conditions, which were all self-
reported except for language used for the interview.
Age was categorized in three groups: 60-69, 70-79, and
80 and over. Race/ethnicity was categorized into
Mexican Americans, other Hispanic, Non-Hispanic
White, non-Hispanic black, and other. Educational
levels were categorized in less than 9th grade, 9-11th
grade (including 12th grade with no diploma), high
school graduate/GED or equivalent, some college or an
associate degree, and college graduate or above.
Engaging moderate or vigorous recreational physical
activity was separately recorded as a dichotomous
variable. Moderate recreational activity was defined as
any moderate-intensity sports, fitness, or recreational

WWW.aging-us.com 9348

AGING


http://www.cdc.gov/nchs/nhanes.htm

activities that caused a small increase in breathing or
heart rate such as brisk walking, bicycling, swimming,
or golf for at least 10 minutes continuously. Vigorous
recreational activity was defined as any vigorous-
intensity sports, fitness, or recreational activities that
caused large increases in breathing or heart rate like
running or basketball for at least 10 minutes
continuously. The average number of alcohol drinks per
week was used as a continuous variable. Smoking was
coded as current vs. non-current smokers. Language
used for the interview included English, Spanish, and
other languages. We explored the following chronic
conditions included in the medical conditions
questionnaire as potential covariates: hypertension,
diabetes, asthma, anemia, psoriasis, celiac disease,
arthritis, gout, congestive heart failure, coronary heart
disease, angina pectoris, heart attack, stroke,
emphysema, thyroid problem, chronic bronchitis, liver
condition, and cancer. Only asthma, heart failure, and
stroke were included as covariates because only these
three variables were associated with cognitive functions
(P<0.05).

Statistical analyses

The primary outcome variable was a composite
cognitive function score derived from 4 individual
scores according to the tests performed: CERAD word
recall, CERAD delayed recall, the Animal Fluency test,
and the DSST. The secondary outcomes included the
scores from the individual tests. Scores for word recall
and delayed recall were penalized by the number of
word intrusions (the original score minus the number of
word intrusions) before further manipulation. Each
score of the individual tests was converted to a z-score
by inverse-normal transformation. The composite
cognitive function score was then calculated as the sum
of the four z-scores. The exposure variables included
BMI at age 25, BMI 10 years before the survey, and
BMI burden across adult life. BMI burden was
calculated as the total area of trapezoids, defined by
BMIs at age 25, 10 years before the survey, 1 year
before the survey, current BMI, and BMI at maximum
and age at maximum when age at maximum was 25 or
later, divided by the number of years (age at the survey
minus 25). We did not include BMI one year before the
survey as an exposure variable because it was closely
correlated to current BMI (r=0.881; Supplementary
Table 1). General linear models were used to examine
the associations of outcomes with BMI at different
times after adjusting for covariates. Logistic regression
models were used to examine the associations of low
cognitive function with exposures, adjusted for
covariates; low cognitive function was defined as in the
lowest 20" percentile of the composite score. In models
with BMI at age 25, BMI 10 years before the survey, or

BMI burden as the exposure, current BMI was included
in the model; in the model with current BMI was the
exposure of interest, we adjusted for BMI burden. We
also performed the following sensitivity analyses: 1)
excluding those who were underweight (BMI<18.5
kg/m?) or had extremely high BMI (BMI>40kg/m?); 2)
sex differences; and 3) age group differences (60-69,
70-79, and 80 or above). All analyses were performed
with SAS Enterprise Guide 7.12 (SAS Institute Inc.,
Cary, NC).
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SUPPLEMENTARY MATERIALS

Supplementary Tables

Supplementary Table 1. Correlations of BMI across different time points.

BMI at 25 BMI 10 years before survey  BMI 1 year before survey  BMI burden
BMI 10 years before survey 0.560
BMI 1 year before survey 0.492 0.796
BMI burden 0.779 0.950 0.828
Current BMI 0.395 0.727 0.881 0.732
P<0.00001 for all correlation coefficients.
Supplementary Table 2. Correlations of BMI across different time points with cognitive function measures.
BMI at age 25 BMI 10 years before BMI burden Current BMI
Outcome Correlation Correlation Correlation Correlation
coefficient coefficient coefficient coefficient
Composite Score -0.049 0.011 -0.025 0.199 -0.029 0.143 0.046 0.018
CERAD Word 0057  0.003 0018 0.350 0028  0.150 0.036  0.068
Learning
EfciﬁD Delayed 0037 0054 0001 0.970 0006  0.750 0.054  0.005
Animal Fluency Test 0.002 0.923 -0.003 0.892 0.005 0.815 0.050 0.010
Digit Symbol -0.062  0.002 -0.057  0.004 0.060  0.002 0004  0.824
Substitution Test
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