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Abstract: Preserving physical and cognitive function becomes an

important issue as people age. A growing number of studies have found

that the correlation between body mass index (BMI) and cognitive

function changes in different age groups. It is obvious that higher

educational status is linked to higher cognitive function in terms of

numerous risk factors that influence cognitive function. This study

aimed to investigate the interplay between obesity and cognitive func-

tion categorized by different educational status.

This study included 5021 participants aged 20 to 59 years who

completed 3 neurocognitive function tests, including a simple reac-

tion time test (SRTT), a symbol digit substitution test (SDST), and a

serial digit learning test (SDLT) as reported in the National Health

and Nutrition Examination Survey (NHANES) III database. The

associations between neurocognitive function and BMI were ana-

lyzed using multivariate linear regression while controlling for

confounders.

After adjusting for pertinent covariates in mode 3, the b coeffi-

cients in the female participants with more than 12 years of education

(interpreted as change of 3 neurocognitive function tests for each

increment in BMI) comparing obesity groups to those with normal

BMI were 16.2 (P< 0.001 for SRTT), 0.14 (P< 0.05 for SDST), and

0.9 (P< 0.05 for SDLT). Male participants with more than 12 years of

education and female participants with fewer than 12 years of edu-

cation demonstrated increased impairment as their BMI increased.

However, this association was not significant after adjustments.

Obese individuals had worse neurocognitive function than those of

normal weight or overweight, especially in women with a high
o-Chun Peng, MD w, MD,
en Chang, MD, and Wei-Liang Chen, MD

Abbreviations: BMI = body mass index, NES2 = Neurobehavioral

Evaluation System 2, NHANES = National Health and Nutrition

Examination Survey, SDLT = serial digit learning test, SDST =

symbol digit substitution test, SRTT = simple reaction time test.

INTRODUCTION

R ecent research suggests that increased adiposity is associ-
ated with poor cognitive performance independent of

associated medical conditions.1,2 A consistent finding across
a lifespan has been that obesity is associated with cognitive
impairments, especially in executive function, in children,3,4

adolescents,5 and adults.6–8 Nevertheless, as evidenced by
differing reports, the association between obesity and cognition
is inconsistent in the elderly.9–11

Emerging evidence has demonstrated a sex difference in 3
cognitive function tests that had been previously analyzed.
Edward et al found that men had a lower average mean reaction
time in simple reaction time test (SRTT), a higher average mean
total latency in symbol digit substitution test (SDST), and a
lower average number of trials to criterion than women in the
National Health and Nutrition Examination Survey (NHANES)
III study.12 The interactions among sex, education level, and
race-ethnicity were statistically significant.12 The differences in
the hemispheric lateralization of function may explain the
differences between men and women.13

Level of education is thought to be a protective factor
against the decline of cognitive function.14,15 Many studies have
shown that a low education level is associated with high
prevalence of cognitive impairment. In patients with Alzheimer
disease, a possible educational reserve in cognitive decline has
also been proposed.16,17

Previous studies have attempted to demonstrate the
relationship between body mass index (BMI) and decline of
cognitive function. However, the effect of educational status on
the relationship between BMI and cognitive function has not
been determined. In this study, we examined the relationship
between BMI, education, and cognitive function in the
NHANES program in the United States.

MATERIALS AND METHODS

Study Population
The NHANES was a cross-sectional study conducted with

people from different populations since the 1960s in the United
States. The NHANES III study included 33,994 persons ages 2
months and older selected from households in 81 counties
across the United States. This represented the total civilian
noninstitutionalized population from 1988 to 1994. The survey
consisted of 2 phases of equal lengths and sample sizes. Both
om samples of the U.S. population living
rotocol included standardized medical
samples, and testing. The cognitive
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function tests were administered to a random half-sample of all
adults 20 to 59 years of age if their identification number ended
in an odd digit. All of the protocols and data were published
online on the NHANES website.18 In our study, we enrolled
participants who were 20 to 59 years old and had completed 3
cognitive function tests as described later from the NHANES III
database. The NHANES study was approval by the National
Center for Health Statistics (NCHS) Institutional Review Board,
and informed consents were obtained from participants prior to
starting the study.

Definition of Obesity
Obesity was defined according to the World Health Organ-

ization definition, which is a BMI greater than or equal to 30 kg/
m2. Overweight was defined as a BMI greater than or equal to
25 kg/m2. The normal group was defined a BMI range from 18.5
to 25 kg/m2.19 The BMI was calculated as a person’s weight in
kilograms divided by the square of height in meters (kg/m2).
Participants who were underweight (BMI below 18.5 kg/m2)
were excluded due to the possibility of illness-induced weight
loss or reverse causation.

Assessment of Cognitive Function
Cognitive function was assessed from a short version of the

Neurobehavioral Evaluation System 2 (NES2) developed by
Baker and Letz in the 1980s.20 The NES2 is a computerized test
designed as a noninvasive tool to evaluate the functional
integrity of the nervous system. The short version included 3
central nervous system tests from the NES2: SRTT, SDST, and
serial digit learning test (SDLT). All of the test procedures and
instructions were published online.18 The SRTT was performed
by measuring the motor response time when a visual stimulus
appeared. The SDST was performed by scoring the correct
digits to the corresponding symbols. The SDLT was performed
by recording trials of remembering and matching the digits to
the corresponding numbers and scoring the numbers of the
wrong digits in each trial. These tests are widely used as a
presentation of neurocognitive function, and reflect psychomo-
tor speed and control, learning, and attention.

Covariables
Demographic variables such as age, sex, and ethnicity

(Mexican-American, non-Hispanic white, and non-Hispanic
black) were included. Hypertension, congestive heart failure,
diabetes mellitus, and stroke were clinical comorbidities that
were related to impaired cognitive function;21–23 these were
quantified by systolic blood pressure, fasting serum glucose
level, and questions including ‘‘Has a doctor ever told you that
you had congestive heart failure?,’’ ‘‘Have you ever been told
you have sugar/diabetes?,’’ and ‘‘Has a doctor ever told you that
you had a stroke?.’’ Smoking was included as a lifestyle variable
and was categorized into 2 groups from the question ‘‘Have you
smoked at least 100 cigarettes during your entire life?’’ Studies
have shown smoking to be a single risk factor for impaired
cognitive function.24 In addition, C-reactive protein was also
adjusted as a biomarker of inflammation with a positive linear
relationship with impaired cognitive function.25 Educational
status, which was linked to cognitive function, was recorded by
the item ‘‘the number of years of education attended and
completed’’ from the household family questionnaire; this

Ho et al
was divided dichotomously into those with the equivalent of
a high school education (�12 years) and those with more than a
high school education (>12 years) based on the 12-year public

2 | www.md-journal.com
education system in the United States. We tested for effect
modification by BMI groups and gender by including inter-
action terms in the models for the NES2. In addition, there was
significant interaction between sex and education for SDST
(P¼ 0.002). Based on the significant findings of the interaction
testing, we performed further stratified analyses.

Statistical Analysis
All statistical analyses were performed using SPSS (stat-

istical package for social science, Version 18.0 for Windows,
SPSS, Inc., Chicago, IL) for all analyses. Descriptive results
were expressed as the means� SD for continuous variables and
as number and percentage for categorical variables. Analysis of
variance (ANOVA) was used to test the difference among 3 BMI
groups. We used the Pearson Chi-square test to analyze the
differences among the 3 BMI groups in terms of race-ethnicity,
education, smoking, and past medical history (diabetes, con-
gestive heart failure, and stroke). The characteristics of the 3
BMI groups (normal BMI, overweight, and obese) were com-
pared. In the regression mode, the subjects with normal weight
were regarded as the reference group. The linear regression
model was used to find the relationship between different
educational status, BMI, and each cognitive test. An
extended-model approach was utilized for the adjustment of
covariates: Model 1¼ unadjusted model; Model 2¼ age, gen-
der, race, and educational level; Model 3¼Model 2þ diabetes,
congestive heart failure, systolic blood pressure, serum glucose,
and serum C-reactive protein. A P-value <0.05 was used to
identify statistically significant differences.

RESULTS
This study included 5021 participants between 20 and 59

years of age. Of these, 2314 participants were men and 2707
were women. The mean age was 36.7� 10.9 years for men and
36.9� 10.9 years for women. Most men in this study were
normal BMI or overweight (normal BMI 42%, overweight
37.5%, and obese 20%). In women, most of participants were
normal BMI or obese (normal BMI 40%, overweight 27.7%,
and obese 32.2%). Table 1 shows the characteristics of the 3
BMI groups separated by gender.

The continuous variables of systolic blood pressure, fast-
ing serum glucose, and CRP level increased as the BMI
increased, reaching statistical significance (P< 0.001). In
men, most overweight and obese participants were Mexican-
American. In women, the ethnicity breakdown was different
than in men, with more non-Hispanic white individuals in the
overweight group and more non-Hispanic black individuals in
the obesity group. Most participants had fewer than 12 years of
education (men: 66.6%; women: 66.9%). The obese women
with fewer than 12 years of education made up the largest
proportion (P< 0.001) of all participants. The percentage of
diabetes mellitus was 3.6% in men and 5.5% in women, which
also increased as the BMI increased (P< 0.001). As the BMI
groups increased, the number of participants with congestive
heart failure and stroke increased correspondingly.

The 3 BMI groups were further separated by 2 different
education levels (more or less than 12 years of education); the
relationships between these separated groups are shown in
Table 2. In the women with more than 12 years of education,
the SRTT and SDST tests showed increased impairment in

Medicine � Volume 95, Number 5, February 2016
overweight and obesity groups compared with the normal BMI
group. There was statistical significance, especially in the
obesity group, for both tests (P< 0.001). After adjusting for
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tio
variables, there was still a statistically significant difference in
the obesity group (SRTT Model 2: 16.5� 3.7, P< 0.001; Model
3: 17.4� 4.1, P< 0.001; SDST Model 2: 0.2� 0.04, P< 0.001;
and Model 3: 0.2� 0.1, P< 0.05). The SDLT test also showed
significant impairment in the obesity group compared with the
normal BMI group. The significance of the SDLT-score per-
sisted after adjustment.

Among women with fewer than 12 years of education, the
trend of the 3 BMI groups and the SRTT and SDST tests was not
seen after adjusting for age and race-ethnicity. Neither SDLT-
trials nor SDLT-score showed significance after adjustment in
the obesity group. Nevertheless, in the overweight group,
statistical significance was found in the SDLT-score test after
all adjustments (P< 0.05).

In men with more than 12 years of education, compared to
the normal BMI group, there was increased impairment in the 3
cognitive tests as the 3 BMI groups increased. However, some
of these lacked statistical significance; moreover, the statistical
significance disappeared after adjustment in Model 2 and
Model 3.

DISCUSSION
In this study, we examined the relationship between

increased BMI groups and different educational status and
decline of cognitive function in the NHANES study from the
United States. Consistent with previous studies, a strong
association between cognitive function and BMI was observed
among obese women with more than 12 years of education. In
women with fewer than 12 years of education and men with
more than 12 years of education, there was a trend of increased
BMI groups with impaired cognitive function. However, the
trend lacked statistical significance after adjustment for
all covariates.

An influence of early life educational level on the neuro-
cognitive function test has been found in previous studies.26,27

In a study conducted by Sheridan and his colleagues, it is was
shown that the relationship between women’s education and
written SDMT score reached significance only when individ-
uals had 13 or more years of education.28 Emerging evidence
demonstrates that the protective effect of early life educational
status is linked to cognitive function in later life.29,30 Older
individuals with high educational attainment exhibit better
cognitive functioning and may tolerate higher levels of brain
pathology before clinical manifestations.31

In the Victoria Longitudinal Study of 1023 participants to
examine the effects of education on cognitive function, edu-
cation was related to cognitive performance but unrelated to
cognitive decline, thus supporting the hypothesis of passive
cognitive reserve with aging.32–34 In our studies, obese women
with more than 12 years of education had poorer neurocognitive
function compared with normal-weight women with more than
12 years of education. BMI is still an important impediment in
adult women’s cognitive performance.

The natural history of dynamic factors in relationship to
dementia, the disease of latest life, has been difficult to
understand because epidemiologic studies of adequate
duration and frequency are challenging and relatively rare.
BMI is a common measure of overweight and obesity and has
been related to dementia, including Alzheimer disease
(AD).35 Throughout the lifespan, BMI is dynamic and evolves

Medicine � Volume 95, Number 5, February 2016 Associa
in relation to physical growth, puberty and reproductive
status, nutritional health and adequacy, and aging. Because
BMI reflects, in a gross way, body adiposity, the evolution of

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
BMI represents an evolutionary metabolism, and as such, the
potential relationships between BMI and corresponding meta-
bolic factors with cognition and thus, cognitive impairments
and dementia, change overtime.

Obesity is an abnormal accumulation of body fat over an
individual’s body. It has become a critical issue worldwide due
to its association with increased risks of disease, disability, and
death. Diseases such as coronary heart disease, hypertension,21

diabetes,23 stroke, and cancer36 are associated with obesity;
some comorbidities directly induce cognitive impairment.
Although these diseases have complex impacts on cognitive
impairment, obesity itself may have some specific associations
with cognitive function. In an animal study, obese rats were
significantly and selectively impaired at performing long inter-
trial intervals where hippocampus-controlled memory function
was challenged.37 In humans, obese individuals develop resist-
ance to the cellular actions of insulin through several endocrine,
inflammatory, and neuronal pathways.38 Higher insulin resist-
ance corresponded to less hippocampal and prefrontal gray
matter in adolescents and young adults.39 The poor performance
in cognitive function is the result of these brain defects. Years of
education may be a surrogate for other factors that might
influence cognition, including social and occupational experi-
ences early in life, health habits, and the presence of chronic
disease. High workload has been shown to be associated with
increased body weight,40 which may increase insulin resistance
and abnormal lipid profiles by increasing cortisone levels and
stress-induced eating. However, determining a direct corre-
lation between high education and high workload will require
more study.

Childhood and adult obesity increase the risk of impair-
ment in multinomial cognitive performance. In children, early
childhood obesity retards both cerebellar and cognitive devel-
opment.41 In adults, higher BMI and obesity increase the risk of
incident dementia.42 Despite focusing on increased BMI in the
elderly for better cognitive function, evidence across the life-
span supports the great impact of obesity in cognitive impair-
ment. The influences of obesity may be greater impediments to
cognitive function independent of socioeconomic factors, and
chronic diseases.

The strength of this study is the large number of partici-
pants in the NHANES III study with trained group specialists
and several covariates for correction. However, there are still
many limitations, for example, the history of hypertension was
evaluated only by the single component of systolic blood
pressure. This may have underestimated the prevalence of
hypertensive participants and included those with poor hyper-
tension control. Other chronic illnesses such as diabetes, stroke,
and congestive heart failure were measured only by subjective
answers to the questionnaire. This may have decreased the
accuracy of estimating the impact of these covariates. Never-
theless, the population in our study was young, with an average
age of only 37 years old; the effect of chronic illness may be
smaller in this populations. Moreover, the 3 cognitive tests
assessed only parts of cognitive function, such as information
processing speed, concentration, immediate recall, and learn-
ing. Higher cognitive function, such as executive function,
episodic memory, comprehension, judgment, and problem sol-
ving, were not assessed here.

n of BMI and Neurocognitive Function in Different Educational Level
CONCLUSIONS
Our study highlighted that decline in cognitive function is

associated with increasing BMI, especially in overweight and

www.md-journal.com | 5



obese women with a high educational level. Previous studies
support a hypothesis of early life obesity and its relationship
with poor cognitive performance. Although more research is
needed to understand the mechanisms and relationship between
obesity and cognition, treatments aimed at correcting possible
deficits could be undertaken as a test of this hypothesis.
Furthermore, studies investigating possible mediators such as
inflammatory markers, insulin resistance, glucose, and lipid
profiles will help us to clarify the mechanisms between obesity
and cognitive deficits.
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