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Abstract
The prevalence of obesity as well as cognitive impairment increases with age. Previous studies showed that obesity is associated with
an increased risk of cognitive impairment and dementia. Body composition changes occur as part of the aging process; therefore, the
assessment of obesity in elderly populations should include body composition as well as body weight. This study investigated the
relationship between body mass index (BMI), body composition, and cognitive function in a community-dwelling elderly Korean
population.
This cohort-based cross-sectional analysis included 2386 elderly participants aged between 70 and 84years from the Korean

Frailty and Aging Cohort Study for 2016 to 2017. To investigate the relationship between body composition and cognitive function in
community-dwelling individuals, BMI and body composition, including total and trunk fat mass and fat-free mass, were measured by
dual-energy X-ray absorptiometry. Fat mass index (FMI), trunk fat mass index (TFMI), and fat-free mass index (FFMI) were used to
represent the body composition. A short form of the Korean version of the Consortium to Establish a Registry for Alzheimer disease
was used to assess cognitive function. To evaluate the relationship between variables, simple and fully adjusted multivariable
analyses were performed using generalized linear regression models.
Themean ages were 76.8years for males and 76.1years for females. The BMI of male participants was significantly lower than that

of females (23.9±2.89 vs 24.7±3.02kg/m2, P< .001). Among body composition parameters, the differences in FMI (6.44±1.97 vs
9.29±2.3kg/m2), TFMI (3.68±1.33 vs 5.03±1.43kg/m2), and FFMI (17.4±1.64 vs 15.3±1.39kg/m2) were statistically significant.
In linear regression analyses, BMI, FMI, and TFMI showed significant positive correlations with mini-mental state examination in the
Korean version of the CERAD assessment packet; wordlist memory, recall, and recognition; and frontal assessment battery only in
males. The significant positive correlations persisted even after fully adjusting for age, education periods, location of residence,
depression, marriage, annual income, presence of diabetes mellitus, dyslipidemia, and hypertension. However, no significant
correlations in either sex were observed between FFMI and cognitive functions in the fully adjusted models.
In this study, BMI, and fat mass-related indexes including FMI and TFMI showed a positive linear correlation with cognitive

functions but not FFMI. Moreover, the findings were significant only in men. Besides the difference between sexes, the results of this
study showed a more apparent correlation in fat mass than in fat-free mass that comprises body weight.

Abbreviations: AD = Alzheimer disease, BMI = body mass index, CERAD-K = Korean version of the Consortium to Establish a
Registry for Alzheimer Disease, FAB = frontal assessment battery, FFMI = fat-free mass index, FMI = fat mass index, KFACS =
Korean Frailty and Aging Cohort Study, MMSE-KC =mini-mental state examination in the Korean version of the CERAD assessment
packet, TFMI = trunk fat mass index, TMT = trail making test.
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1. Introduction

Due to prolonged life expectancy, the elderly population is
increasing. In 2017, the proportion of the elderly aged 65years
and over in Korea was 14%, making it an aging society; by 2026,
this proportion is expected to increase to 20%, making it an
extremely aging society.[1] With an increased elderly population,
the prevalence of cognitive impairment also increases[2];
degenerative changes in the brain are part of the aging process
that decreases memory and other global cognitive functions in the
elderly.[3] This cognitive impairment can lead to dementia and is
one of the most critical diseases among elderly health
challenges.[4] Therefore, identifying the risk factors for cognitive
impairment is necessary in the context of public health.
In the elderly, not only cognitive impairment but also the

prevalence of obesity increases.[5] Obesity is a well-known risk
factor for cardiovascular diseases, type 2 diabetes, and some
cancers and has also been associated as a risk factor for cognitive
decline, including dementia and AD.[6] Several pathological
changes associated with obesity, such as insulin resistance,
chronic inflammation, and mitochondrial dysfunction, are
associated with the pathological processes of dementia.[7] As
the easiest parameter to measure obesity, body mass index (BMI)
is widely used. However, in the aging process, muscle mass
decreases and fat mass increases, resulting in body composition
changes; thus, BMI is not accurate for evaluating obesity in the
elderly population.[8] Increased body fat due to obesity could be a
risk factor for metabolic syndrome, including hypertension,
diabetes, hypercholesterolemia, which is the major cause of
cerebrovascular disease due to intracranial artery-wall thicken-
ing, stiffness, and endothelial dysfunction. Furthermore, obesity
is also highly associated with vascular dementia.[6,9–11] Recently,
interest in obesity as a correctable risk factor for cognitive
impairment or dementia has been increasing; however, the
association between body fat and incident dementia remains
unclear and the results are conflicting depending on the age of
study population. Previous studies showed that obesity in midlife
is associated with an increased risk of dementia in the elderly,
especially Alzheimer disease (AD). In a prospective study over 21
years, Kivipelto et al reported that participants with a BMI over
>30kg/m2 had a high risk of dementia and AD even after
adjusting for sociodemographic variables.[12] In an magnetic
resonance imaging study to identify the changes in midlife
patients with mild cognitive impairment and dementia, those
with higher BMI showed increased frontal, temporal, parietal,
and occipital lobe problems with brain volume as well as atrophy
findings.[13] In contrast, in the elderly population over 65years of
age, higher BMI in late life was associated with a reduced risk of
dementia.[14,15]

Characteristic changes in body composition differ between
men and women as aging progresses.[16] According to a 10-year
prospective study in the elderly with an initial age of 60.7years,
the changes in body composition included a 1.2-kg body weight
increase in women, mostly body fat and a 1.2-kg gain in body fat
with no change in body weight men.[14] The changes in body
composition due to aging are characterized by increased fat in the
abdominal cavity, muscle, and liver without any change in body
weight.[17] Also, as the height decreases and the body composi-
tion changes with aging, questions are raised regarding whether
BMI should be used as a diagnostic standard for obesity in the
elderly.[18] A previous study demonstrated that BMI was not
adequate for measuring underlying changes in body fat mass and
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fat-free mass during aging.[19] BMI is useful for evaluating the
body weights of individuals of different heights. Similarly, the fat
mass index (FMI), trunk fat mass index (TFMI), and fat-free mass
index (FFMI) are useful parameters to evaluate body composition
by effectively eliminating differences in height.[20,21] Moreover,
there are differences in body composition as a sex hormonal effect
between sex, for example, females generally have a higher
percentage of total body fat and less lean (muscle and bone) mass
than males.[22] Therefore, the assessment of obesity in elderly
populations also requires evaluations of body composition
depend on sex.
The present cross-sectional study investigated the relationship

between BMI, body composition including FMI, TFMI, FFMI,
and cognitive impairment in community-dwelling elderly
Koreans using baseline data from the Korean Frailty and Aging
Cohort Study (KFACS). We hypothesized that there was a
correlation between BMI, FMI, TFMI, FFMI, and cognition.
Because of the body composition difference between sex, we
evaluated these parameters based on sex.
2. Methods

2.1. Data and study population

We performed cohort-based cross-sectional study 2016 to 2017
data from the KFACS to investigate the relationship between
body composition and cognitive function in community-dwelling
individuals aged between 70 and 84years. The goal of the KFACS
is to identify the risks and preventive measures for side effects in
frail community dwellers.[23] Among the 3014 participants, 628
were excluded for dementia, severe cognitive impairment,
Parkinson disease, history of cerebrovascular disease, inability
to complete the cognitive tests, andwithout complete dual-energy
X-ray absorptiometry (DXA) data. A total of 2386 participants
(1131 males and 1255 females) were recruited from 10 centers
including 8 medical centers and 2 public health centers across
Korea. Trained researchers interviewed the participants individ-
ually. The collected data were social-demographic variables
including age, education period (less than 6, 7–12, and over 13
years), marriage status, and monthly income (less 1, 1 to 3, and
over than 3 million Korean won; 1 million won is approximately
900 US dollars), location of residence, and items related to
lifestyles such as drinking habits (drinking alcohol at least once a
week) and smoking (smoking more than 1 cigarette per week).
Chronic comorbidities such as hypertension, diabetes, hyperlip-
idemia, osteoarthritis, and depression were also evaluated.
During their visit, the participants’ body weight and height were
measured, and their BMI calculated as body weight in kilograms
divided by height squared in meters (total weight [kg]/height
[m]2). The KFACS protocol was approved by the Institutional
Review Board of the Clinical Research Ethics Committee of
Kyung Hee University Medical Center and all participants
provided written informed consent (IRB number: 2020-10-012).
2.2. Cognitive function

Cognitive function was evaluated using the Korean version of the
Consortium to Establish a Registry for Alzheimer disease
(CERAD). The CERAD was originally an English-American
version of the clinical and comprehensive neuropsychological
assessment batteries for AD. It was initially developed to
diagnose AD but was later extended for the diagnosis of other
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dementia diseases such as vascular dementia, Lewy body
dementia, Parkinson disease, and frontotemporal dementia.
The CERAD includes 8 tests: verbal fluency, Boston naming,
mini-mental state exam (MMSE), word list learning, construc-
tional praxis, word list recall, word list recognition, and
constructional praxis recall. This study used the Korean version
of the CERAD.[24,25] To reduce time and cost, we applied a short
form of the CERAD-K; among the eight tests to evaluate global
cognitive function, memory, processing performance, executive
function, we used the MMSE in the Korean version of the
CERAD assessment packet (MMSE-KC), the Wordlist memory/
recall/recognition, digit span (forward, backward), trail making
test-A (TMT-A), and frontal assessment battery.
The MMSE-KC, widely used as a screening test for global

cognitive function, comprises 5 domains: direction (10 points),
memory (6 points), attention (5 points), language ability (6
points), and comprehension and judgment (3 points). The total
score is 30 points, with higher scores reflecting better cognitive
status.[24] The word list memory test is an immediate memory test
for new information. Participants read 10 familiar words and
instantly recall as manywords as possible in 90seconds. The total
score is 30 points, with higher scores reflecting better immediate
memory. The word list recall test evaluates short-term memory.
After 15 minutes, participants recall 10 words from the word list
memory test in 90seconds. The total score is 10 points.[26] The
Digit Span test is widely used to measure short-term memory,
working memory, and attention. Participants hear numbers and
then recall the number sequence forward (range 3–9) and
backward (range 2–8).[27] The TMT-A is a neuropsychological
test that evaluates visual attention, scanning, speed of processing,
mental flexibility, and executive functions. Participants draw
lines to connect the numbered circles in ascending order from 1 to
25. The maximum time given to complete the test is 300seconds,
with a longer time indicating poor test performance.[26] The FAB
is used to assess executive functions such as planning, working
memory, mental flexibility, and inhibition. The FAB comprises 6
tasks: similarities (conceptualization), lexical verbal fluency
(mental flexibility), motor series (programming), conflicting
instructions (sensitivity to interference), Go–Nogo (inhibitory
control), and prehension behavior (environmental autonomy).
The total score is 18, with higher scores indicating better frontal
lobe function.[28]
2.3. Body composition

Body composition including total and trunk fat mass and fat-free
mass were measured by DXA (GE Medical Systems Lunar,
Madison, WI). FMI and TFMI were used to represent total fat
mass and trunk fat mass according to height, total fat, and trunk
fat mass in kilograms divided by height meter squared,
respectively (fat mass [kg]/height [m]2).[20,29] FFMI was defined
as the total weight minus total fat mass in kilograms divided by
height meter squared (fat-free mass [kg]/height [m]2).[21]
2.4. Statistical analysis

The demographic characteristics were analyzed based on the sex
of the participants using Chi-square test and t-test for categorical
and continuous variables, respectively. The results are presented
as means ± standard deviation or numbers (%) according to the
characteristics of the variables. Simple and multivariable analyses
were performed using generalized linear regressionmodels. These
3

examined the associations between BMI, each body composition
as an independent variable, and each cognitive function test as the
dependent variable. Multiple linear regression analyses were fully
adjusted for multiple correlations between cognitive function and
other potential confounders. Potential confounder variables and
risk factors for cognitive decline and dementia such as age,
education periods, location of residence, depression, marriage,
annual income, presence of diabetes mellitus, dyslipidemia, and
hypertension were fully adjusted in multiple regression analy-
sis.[30] Body composition parameters showed multicollinearity,
with variance inflation factor value over 10. Since there may be
mutual interaction among the body composition parameters, the
same analyses were repeated using each BMI, FMI, TFMI, and
FFMI as independent covariate variables. Coefficients were
indicated in 95% confidence intervals.
Since the body composition differs between men and women

and significant differences were observed in the results of
cognitive function assessments between the 2 groups, the
statistics divided into sex groups.
The collected data were analyzed using IBM SPSS Statistics for

Windows, version 23.0 (IBM Corp., Armonk, NY). P-values
< .05 were considered statistically significant.
3. Results

The baseline characteristics of the participants based on sex are
presented in Table 1. The 2386 community-dwelling participants
recruited in the current study included 1131 male participants
and 1255 female participants. The mean age in the men (76.8
years) was significantly higher than that in women (76.1years).
The BMI of the male participants was significantly lower than
that of the females (mean ± standard deviation, 23.9±2.89 vs
24.7±3.02kg/m2, P< .001). Among body composition param-
eters in male and female participants, the differences in FMI (6.44
±1.97 vs 9.29±2.3kg/m2), TFM (I3.68±1.33 vs 5.03±1.43kg/
m2), and FFMI (17.4±1.64 vs 15.3±1.39kg/m2) were statisti-
cally significant. The baseline social characteristics differed
significantly between the sexes in education years (P< .001),
marriage (P< .001), income per month (P< .001), location of
residence (P< .001), and smoking habit (P< .001). The preva-
lence of comorbidities between sexes differed for hypertension
(P= .013), dyslipidemia (P< .001), depression (P= .01), and
osteoarthritis (P< .001). Due to the demographic difference
between sexes, we analyzed the data according to sex.
Table 2 shows the baseline cognitive function test results by

sex. The MMSE-KC was significantly higher in males (26.28±
2.88) than that in females (25.29±3.33) (P< .001). The results of
the TMT-A (64.09±41.45 vs 95.056±77.48, P< .001), Digit
span. (11.88±3.52 vs 10.14±3.69, P< .001), and FAB (14.26±
2.68 vs 13.12±3.0, P< .001) were also significantly better in
males, while female participants showed better Wordlist memory
results (16.52±4.09 vs 17.26±4.3, P< .001).
The results of simple and multiple linear regression analyses of

cognitive function scores according to BMI are shown in Table 3.
In simple linear regression, significant positive correlations were
observed for the MMSE-KC, wordlist memory, recall, recogni-
tion, TMT-A, and FAB in males. Even after fully adjusting for
age, education periods, location of residence, depression,
marriage, annual income, presence of diabetes mellitus, dyslipi-
demia, and hypertension, MMSE-KC (P= .016), wordlist
memory (P= .002), recall (P< .001), recognition (P= .003),
and FAB (P= .014), the significant positive correlations persisted.
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Table 1

Baseline demographic characteristics of KFACS participants by sex.

Characteristic Male (n=1131) Female (n=1255) Total (n=2386) P

Age, mean (yr, SD) 76.87 (3.91) 76.12 (3.84) 76.47 (3.8) <.001
BMI (kg/m2, SD) 23.9 (2.89) 24.7 (3.02) 24.40 (2.99) <.001

∗

Fat mass (kg, SD) 17.54 (5.5) 21.48 (5.56) 19.61 (5.87) <.001
∗

Trunk fat mass (kg, SD) 10.01 (3.64) 11.62 (3.37) 10.86 (3.59) <.001
∗

FMI (kg/m2, SD) 6.44 (1.97) 9.29 (2.30) 7.94 (2.58) <.001
∗

TFMI (kg/m2, SD) 3.68 (1.33) 5.03 (1.43) 4.39 (1.54) <.001
∗

FFMI (kg/m2, SD) 17.4 (1.64) 15.37 (1.39) 16.33 (1.82) <.001
∗

PBF (%. SD) 26.56 (6.04) 37.22 (5.86) 32.1 (7.9) <.001
∗

SBP (mm Hg, SD) 132.25 (16.55) 133.34 (17.13) 132.8 (16.8) .113
DBP (mm Hg, SD) 78.93 (9.79) 78.19 (9.89) 78.54 (9.85) .65
Education years (n, %) <.001

∗

Less than 6 294 (26.0) 718 (57.2) 1,012 (42.4)
7–12 484 (42.8) 413 (32.9) 897 (37.6)
Over than 13 353 (31.2) 124 (9.9) 477 (20.0)

Marriage (n, %) <.001
∗

Married 1038 (91.8) 814 (64.9) 534 (22.4)
Bereavement, separation, divorced, single 93 (8.2) 441 (35.1) 1,852 (77.6)

Income per month (n, %) <.001
∗

More than 3 million won 218 (19.3) 230 (18.3) 448 (18.8)
1–3 million won 564 (49.9) 460 (36.7) 1,024 (42.9)
Less than 1 million won 349 (30.9) 565 (45.0) 914 (38.3)

Residency (n, %) <.001
∗

Urban 884 (78.2) 1059 (84.4) 1,943 (81.4)
Rural 247 (21.8) 196 (15.6) 443 (18.6)

Current smoker (n, %) 741 (65.5) 23 (1.8) 764 (32.0) <.001
∗

Alcohol use (n, %) 674 (59.6) 730 (58.2) 1404 (58.8) .480
HTN (n, %) 607 (53.7) 744 (59.3) 1,351 (56.6) .013
Dyslipidemia (n, %) 278 (24.6) 510 (40.6) 788 (33.0) <.001

∗

DM (n, %) 275 (24.3) 255 (20.3) 530 (22.2) .062
Depression (n, %) 21 (1.9) 44 (3.5) 65 (2.7) .01
OA (n, %) 124 (11) 404 (32.2) 528 (22.1) <.001

∗

WBC (103/mL, SD) 5.89 (1.55) 5.77 (1.63) 5.83 (1.5) .058
Hb (gm/dL, SD) 14.12 (1.38) 12.86 (1.15) 13.4 (1.4) <.001

BMI=body mass index, DBP=diastolic blood pressure, DM=diabetes mellitus, FFMI= fat-free mass index, FMI= fat mass index, Hb=hemoglobin, HTN=hypertension, KFACS=Korean Frailty, and Aging
Cohort Study, OA= osteoarthritis, PBF=percent of body fat, SBP= systolic blood pressure, TFMI= trunk fat mass index, WBC=white blood cell.
1 million won = approximately 900 USD.
∗
P< .05.
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However, the positive correlation in TMT-A was attenuated in
the adjusted model (P= .053). The cognitive function scores
according to BMI showed no significant correlations in the female
participants (Table 3).
Table 4 shows the results of simple and multiple linear

regression analyses of cognitive function scores according to FMI
Table 2

Baseline cognitive function in KFACS participants by sex.

Cognitive function Male (n=1131) Fem

MMSE-KC (SD) 26.28 (2.88) 2
Wordlist: memory (SD) 16.52 (4.09) 1
Wordlist: recall (SD) 5.55 (2.04)
Wordlist: recognition (SD) 8.61 (1.83)
TMT-A (SD) 64.09 (41.45) 9
Digit span (SD) 11.88 (3.52) 1
FAB (SD) 14.29 (2.68) 1

TMT-A showed time second, the longer number indicates poor test performance.
FAB= frontal assessment battery, KFACS=Korean Frailty and Aging Cohort Study, MMSE-KC=MMSE in t
packet, TMT= trail making test.
∗
P< .05.

4

based on sex. Similar to the results in BMI, the unadjusted models
showed significant positive correlations for MMSE-KC, wordlist
memory, recall, recognition, TMT-A, and FAB inmales. The fully
adjusted models also showed persisting significant positive
correlations for MMSE-KC (P= .016), wordlist memory
(P< .001), recall (P< .001), recognition (P= .003), TMT-A
ale (n=1255) Total (n=2386) P

5.29 (3.33) 25.76 (3.1) .042
∗

7.26 (4.30) 16.91 (4.2) <.001
∗

5.60 (2.12) 5.57 (2.0) .612
8.60 (1.84) 8.60 (1.8) .894
5.05 (77.48) 80.37 (64.8) <.001

∗

0.14 (3.69) 10.97 (3.7) <.001
∗

3.12 (3.00) 13.67 (2.9) <.001
∗

he Korean version of the Consortium to Establish a Registry for Alzheimer disease (CERAD) assessment



Table 4

Simple and multiple linear regression analyses between cognitive functions and FMI based on sex.

Male Female

Coefficient (SE) 95% CI P Coefficient (SE) 95% CI P

MMSE KC
Unadjusted +0.143 (0.043) 0.058–0.228 .001

∗
+0.119 (0.041) 0.039–0.199 .004

∗

Fully adjusted +0.105 (0.043) 0.020–0.189 .016
∗

+0.041 (0.038) �0.033 to 0.115 .277
Wordlist: memory
Unadjusted +0.258 (0.061) 0.137–0.378 .000

∗
+0.122 (0.053) 0.019–0.226 .021

∗

Fully adjusted +0.238 (0.06) 0.12–0.355 <.001
∗

+0.033 (0.05) �0.065 to 0.131 .508
Wordlist: recall
Unadjusted +0.116 (0.031) 0.056–0.176 .000

∗
+0.026 (0.026) �0.025 to 0.078 .312

Fully adjusted +0.122 (0.03) 0.062–0.182 <.001
∗ �0.002 (0.025) �0.052 to 0.047 .922

Wordlist: recognition
Unadjusted +0.08 (0.028) 0.026–0.134 .004

∗
+0.017 (0.023) �0.028 to 0.061 .464

Fully adjusted +0.085 (0.029) 0.029–0.141 .003
∗

+0.001 (0.023) �0.045 to 0.046 .981
TMT-A
Unadjusted �1.581 (0.624) �2.805 to �0.357 .011

∗ �4.33 (0.943) �6.179 to �2.48 .000
∗

Fully adjusted �1.277 (0.603) �2.461 to �0.093 .034
∗ �2.152 (0.855) �3.83 to �0.474 .012

∗

Digit span
Unadjusted �0.014 (0.053) �0.118 to 0.09 .794 +0.101 (0.045) 0.012–0.19 .026
Fully adjusted �0.040 (0.053) �0.143 to �0.063 .447 �0.012 (0.041) �0.092 to 0.069 .780
FAB
Unadjusted +0.141 (0.04) 0.061–0.22 .001

∗
+0.152 (0.037) 0.05–0.224 .000

∗

Fully adjusted +0.109 (0.038) 0.034–0.185 .005
∗

+0.079 (0.034) 0.014–0.145 .018
∗

Unless otherwise indicated, data are reported as relative risk (95% confidence interval). Fully adjusted analyses have been adjusted for age, education, alcohol use, current smoker, depression, marriage, annual
income, residence location, presence of osteoarthritis diabetes mellitus, dyslipidemia, and hypertension.
CI= confidence interval, FAB= frontal assessment battery, FMI= fat mass index, MMSE-KC=MMSE in the Korean version of the CERAD assessment packet, TMT= trail making test.
∗
P< .05.

Table 3

Simple and multiple linear regression analyses between cognitive functions and BMI based on sex.

Male Female

Coefficient (SE) 95% CI P Coefficient (SE) 95% CI P

MMSE KC
Unadjusted +0.096 (0.026) 0.038–0.154 .001

∗
+0.011 (0.031) �0.05 to 0.073 .713

Fully adjusted +0.07 (0.029) 0.013–0.126 .016
∗

+0.012 (0.028) �0.044 to 0.067 .684
Wordlist: memory
Unadjusted +0.164 (0.042) 0.082–0.246 .000

∗
+0.036 (0.04) �0.043 to 0.115 .376

Fully adjusted +0.123 (0.04) 0.044–0.202 .002
∗

+0.039 (0.038) �0.035 to 0.113 .300
Wordlist: recall
Unadjusted +0.092 (0.21) 0.052–0.133 .000

∗ �0.003 (0.02) �0.042 to 0.036 .888
Fully adjusted +0.082 (0.02) 0.041–0.122 .000

∗
+0.005 (0.019) �0.033 to 0.042 .798

Wordlist: recognition
Unadjusted +0.062 (0.019) 0.025–0.099 .001

∗ �0.003 (0.017) �0.037 to 0.031 .876
Fully adjusted +0.058 (0.019) 0.02–0.095 .003

∗
+0.005 (0.017) �0.029 to 0.039 .792

TMT-A
Unadjusted �0.999 (0.425) �1.832 to �0.167 .019

∗ �0.588 (0.724) �2.008 to 0.831 .416
Fully adjusted �0.785 (0.404) �1.578 to 0.009 .053 �0.514 (0.646) �1.782 to 0.753 .426
Digit span
Unadjusted �0.021 (0.036) �0.92 to 0.05 .569 0.021 (0.034) �0.047 to 0.089 .540
Fully adjusted �0.038 (0.035) �0.107 to 0.031 .285 0.016 (0.031) �0.045 to 0.077 .603
FAB
Unadjusted +0.075 (0.028) 0.021–0.129 .007

∗
0.018 (0.019) �0.037 to 0.074 .511

Fully adjusted +0.064 (0.026) 0.013–0.114 .014
∗

0.025 (0.025) �0.024 to 0.075 .315

Unless otherwise indicated, data are reported as relative risk (95% confidence interval). Fully adjusted analyses were adjusted for age, education, alcohol use, current smoker, depression, marriage, annual
income, residence location, presence of osteoarthritis diabetes mellitus, dyslipidemia, and hypertension.
TMT-A showed time second, the longer number indicates poor test performance.
BMI=body mass index, CI= confidence interval, FAB= frontal assessment battery, MMSE-KC=MMSE in the Korean version of the Consortium to Establish a Registry for Alzheimer disease (CERAD) assessment
packet, TMT= trail making test.
∗
P< .05.
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Table 5

Simple and multiple linear regression analyses between cognitive functions and TFMI based on sex.

Male Female

Coefficient (SE) 95% CI P Coefficient (SE) 95% CI P

MMSE KC
Unadjusted +0.184 (0.064) 0.059–0.31 .004

∗
+0.108 (0.065) �0.02 to 0.236 .099

Fully adjusted +0.130 (0.063) 0.006–0.254 .040
∗

+0.041 (0.060) �0.076 to 0.158 .495
Wordlist: memory
Unadjusted +0.339 (0.091) 0.161–0.517 .000

∗
+0.099 (0.085) �0.067 to 0.265 .243

Fully adjusted +0.310 (0.087) 0.138–0.481 <.001
∗

+0.026 (0.079) �0.130 to 0.181 .747
Wordlist: recall
Unadjusted +0.17 (0.045) 0.081–0.259 .000

∗ �0.004 (0.042) �0.086 to 0.077 .914
Fully adjusted +0.177 (0.045) 0.089–0.264 <.001

∗ �0.023 (0.040) �0.102 to 0.056 .565
Wordlist: recognition
Unadjusted +0.100 (0.041) 0.021–0.018 .014

∗
+0.015 (0.036) �0.056 to 0.086 .677

Fully adjusted +0.100 (0.042) 0.019–0.182 .016
∗

+0.010 (0.036) �0.062 to 0.081 .790
TMT-A
Unadjusted �2.077 (0.921) �3.883 to �0.271 .024

∗ �5.654 (1.514) �8.624 to �2.685 .000
∗

Fully adjusted �1.726 (0.882) �3.456 to 0.004 .051 �3.674 (1.354) �6.331 to �1.017 .007
∗

Digit span
Unadjusted �0.001 (0.078) �0.155 to 0.153 .989 +0.098 (0.072) �0.044 to 0.241 .175
Fully adjusted �0.025 (0.077) 0.175 to �0.126 .747 �0.008 (0.065) �0.137 to 0.120 .898
FAB
Unadjusted +0.209 (0.06) 0.093–0.326 .000

∗
+0.178 (0.059) 0.063–0.294 .003

∗

Fully adjusted +0.179 (0.056) 0.069–0.289 .001
∗

+0.118 (0.053) 0.014–0.222 .026
∗

Unless otherwise indicated, data were reported as relative risk (95% confidence interval). Fully adjusted analyses were adjusted for age, education, alcohol use, current smoker, depression, marriage, annual
income, residence location, presence of osteoarthritis diabetes mellitus, dyslipidemia, and hypertension.
CI= confidence interval, FAB= frontal assessment battery, MMSE-KC=MMSE in the Korean version of the CERAD assessment packet, TFMI= trunk fat mass index, TMT= trail making test.
∗
P< .05.
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(P= .034), and FAB (P= .005). The female participants showed
significant positive correlations for TMT-A (P= .012) and FAB
(P= .018) in the fully adjusted models.
The results of the analysis of TFMI and cognitive functions

based on sex are shown in Table 5. In males, both unadjusted and
fully adjusted models showed that TFMI was significantly
correlated with MMSE-KC (P= .04), wordlist memory (P
< .001), recall (P< .001), recognition (P= .016), and FAB
(P= .001). Like the correlations in FMI, the female participants
showed significant positive correlations for TMT-A (P= .007)
and FAB (P= .026) in fully adjusted models.
Table 6 shows the results of simple and multiple linear model

analyses of cognitive function scores according to FFMI based on
sex. Unlike fat-related mass indexes such as FMI and TFMI,
multiple linear regression correlations in Wordlist recall and
recognition attenuated the positive correlations in the male
participants and MMSE-KC, TMT-A, digit span, and FAB in the
female participants. No significant correlations were observed
between FFMI and cognitive functions in the fully adjusted
models.
4. Discussion

The present study assessed the cognitive functions and body
composition bymeasuring total fat mass and trunk fat mass using
DXA. Using DXA, we evaluated body composition over two
thousand participants aged 70 to 84. The correlations between
cognitive functions and body composition showed positive in
some parameters. These results also showed a difference
depending on sex and body composition parameters. In previous
studies evaluating BMI and cognitive functions in old age, the
relationship was unclear and mixed results were reported.[31–33]
6

A meta-analysis of epidemiological studies reported that obesity
with high BMI in old age was associated with an increased risk of
dementia, especially AD.[34] In an 18-year prospective study of
392 Swedish participants aged 70 to 88years, Gustafson et al
reported that 93 participants were diagnosed with AD during the
follow-up period and a higher BMI at 70years was associated
with an increased risk of AD, especially in older women.[35]While
the study was meaningful as a prospective study with an extended
follow-up period, other studies showed that high BMI lowered
the risk of dementia or cognitive decline.
Among studies reporting the associationbetweenhigherBMIand

lower risk of cognitive decline, Dahl et al reported that participants
withhigherBMI scores showed lessdementia riskafter adjusting for
age, sex, education, diabetes, hypertension, dyslipidemia, cardio-
vascular disease, and smoking during an 8-year follow-up of 605
participants aged between 65 and 92years.[32] Luchsinger et al
reported that higher BMI decreased the risk of dementia in subjects
over 76years of age.[33] Large cohort studies inKorea have reported
that obese participantswith a BMI of 25kg/m2 ormore showed less
cognitive decline than those with normal weight. This relationship
also persisted after adjusting for confounding factors such as
socioeconomic factors or comorbidity.[36]

With the aging, body composition changes as muscle mass
decreases, and fat mass increases, BMI is not accurate for
evaluating obesity in the elderly population.[8] The present study
evaluated body composition, including fat mass, as well as BMI
reflecting total bodyweight. A population-based study conducted
in Italy assessed body fat mass and cognitive functions including
MMSE, reporting that subjects with higher BMI (over 29.4kg/
m2) and particularly higher body fat mass (BFM) (over 34.6kg)
showed better cognitive function.[37] However, in that study,
BFMwas calculated from skinfold thickness, according to Pineau



Table 6

Simple and multiple linear regression analyses between cognitive functions and FFMI based on sex.

Male Female

Coefficient (SE) 95% CI P Coefficient (SE) 95% CI P

MMSE KC
Unadjusted +0.077 (0.052) �0.025 to 0.179 .141 �0.21 (0.067) �0.342 to �0.078 .002

∗

Fully adjusted +0.052 (0.051) �0.048 to 0.152 .305 +0.013 (0.062) �0.109 to 0.136 .830
Wordlist: memory
Unadjusted +0.119 (0.074) �0.027 to 0.264 .109 �0.155 (0.087) �0.326 to 0.016 .075
Fully adjusted +0.028 (0.071) �0.111 to 0.167 .696 +0.113 (0.083) �0.050 to 0.275 .175
Wordlist: recall
Unadjusted +0.108 (0.037) 0.036–0.18 .003

∗ �0.087 (0.043) �0.172 to �0.003 .043
Fully adjusted +0.070 (0.036) 0.000–0.141 .052 +0.030 (0.042) �0.053 to 0.112 .481
Wordlist: recognition
Unadjusted +0.078 (0.033) 0.013–0.142 .019

∗ �0.045 (0.037) �0.118 to 0.029 .234
Fully adjusted +0.060 (0.034) �0.006 to 0.126 .076 +0.032 (0.038) �0.043 to 0.0106 .402
TMT-A
Unadjusted �0.673 (0.75) �2.144 to 0.798 .369 +8.424 (1.551) 5.382–11.466 .000

∗

Fully adjusted �0.479 (0.712) �1.876 to 0.917 .501 +2.678 (1.417) �0.103 to 5.458 .059
Digit span
Unadjusted �0.029 (0.064) �0.154 to 0.096 .653 �0.205 (0.075) �0.351 to �0.059 .006

∗

Fully adjusted �0.046 (0.062) �0.167 to 0.076 .462 +0.082 (0.068) �0.052 to 0.216 .228
FAB
Unadjusted +0.007 (0.049) �0.088 to 0.103 .881 �0.321 (0.06) �0.439 to �0.203 .000

∗

Fully adjusted +0.022 (0.045) �0.067 to 0.111 .630 �0.088 (0.055) �0.197 to 0.021 .114

Unless otherwise indicated, data are reported as relative risk (95% confidence interval). Fully adjusted analyses were adjusted for age, education, alcohol use, current smoker, depression, marriage, annual
income, residence location, presence of osteoarthritis diabetes mellitus, dyslipidemia, and hypertension.
CI= confidence interval, FAB= frontal assessment battery, FFMI= fat-free mass index, MMSE-KC=MMSE in the Korean version of the Consortium to Establish a Registry for Alzheimer disease (CERAD)
assessment packet, TMT= trail making test.
∗
P< .05.
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and Frey, which may be less accurate than DXA.[38] Noh et al
evaluated the correlation between MMSE and body composition
in 320 Koreans aged 65years and older, reporting that, in
females, the highest tertile fat mass group had a lower risk of
cognitive impairment compared to that in the lowest tertile
groups.[39] However, no correlation between cognitive im-
pairment and fat mass was observed in men. These findings
were not consistent with those of the present study, possibly due
to differences in statistical or evaluation methods. The previous
study calculated the relative risk of cognitive impairment, which
was different from our linear regression analysis, and the sample
size was relatively small.[39] Another population study including
5607 postmenopausal women with a mean age of 63.8years
evaluated the relationship between total and trunk fat mass, and
cognitive functions by DXA. In the multivariate logistic model,
the risk of cognitive impairment was lower in women in the
higher quartile of the fat mass group compared to those in the first
quartile (second quartile, 18%; third quartile, 32%; fourth
quartile, 48%).[40] That study also measured estradiol level,
which was positively correlated with fat mass, suggesting the
possible protective effects of increased fat mass and estradiol on
cognitive impairment.
In the present study, only males showed significant positive

correlations between cognitive function and BMI, FMI, and
TFMI. Since there was also no association with FFMI, this
correlation could explain these results due to fat mass. We
propose the following hypothesis to explain the sex differences
and fat mass correlations. The relationship between fat mass and
cognitive function can be explained by increased aromatase
activity due to increased fat mass. The level of estradiol, the major
biologically active formula of estrogen, is increased in older men
7

due to increased aromatase activity and an age-related testoster-
one level decrease, which plays an important role in the
regulation of gonadotropin feedback, bone maturation, lipid
metabolism, regulation of bone resorption, and even brain
functions.[41] The aromatase activity increases with age and
obesity, mainly in fat and muscle tissue, although its increase in
other tissues including those in the brain, liver, reproductive
organs has also been reported.[42] Previous studies showed
positive correlations between endogenous estrogen and testos-
terone levels, and cognition in older men. Older men with high
serum estradiol levels performed better performance in working
memory,[43] visual memory,[44] verbal memory,[45] spatial
scan,[46] and global cognitive function.[47] Obesity and cognitive
function based on sex have been studied before, with other
studies also reporting differences between sexes. Previous 2 years
of community-dwelling elderly study in Korea, when obese in the
baseline, males showed a positive change in cognitive function
when increased obesity over time. In contrast, increased obesity
has also been reported to cause a cognitive decline in womenwith
normal weight at baseline.[48] These results suggest that the
“obesity paradox” hypothesis in the elderly regarding cognitive
function may only apply to men. The results of this study are
consistent with those of our study. Besides, in women, changes in
estrogen hormones have not shown to affect cognitive function.
In a large randomized controlled clinical trial of 4381
community-dwelling women aged 65years and older who
received postmenopausal hormone treatment, estrogen plus
progestin did not show correlation with cognitive function when
compared to that with placebo.[49] This result indicates that
obesity and estradiol have different effects on cognitive function
among elderly men and women, which supports our hypothesis.

http://www.md-journal.com
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Unfortunately, our study does not include the levels of estradiol
and testosterone; therefore, further studies are needed.
This study measured not only MMSE but also memory, recall,

recognition, performance speed, and executive functions to
evaluate the overall cognitive function, with meaningful results
obtained in various domains. To our knowledge, this study is the
first to evaluate memory, attention, and executive functions as
well as MMSE. Kuo et al studied the correlation between BMI
and global cognition, memory, reasoning, and speed of
processing in elderly aged over 65years, reporting that
overweight participants showed better reasoning and visuospa-
tial speed of processing results than those of normal-weight
participants.[50] In multiple regression analyses after adjusting for
confounders, Tikhonoff et al reported that higher body fat mass
was directly associated with better performance in clock drawing
test and TMT-A, representing executive and selective func-
tions.[37] The results of these studies are consistent with our
findings. However, other studies reported negative associations
between obesity and measures of memory and executive
functions, which were attributed to brain pathologies caused
by increased blood pressure facilitated by fat tissue.[51] Further
study is necessary to clarify the association between body fat mass
and memory, executive function, and attention function
association.
This study has several limitations. First, while this study is

cross-sectional, the results of the analysis of this large cohort with
over 1000 participants of each sex are still meaningful.
Furthermore, previous studies measured fat mass by skinfold
thickness and body impedance, which are less accurate than our
DXA results. Further prospective or randomized control studies
are warranted to strengthen our findings. Second, previous
studies reported a significant correlation between fat mass and
estradiol in both sexes; however, we did not measure estradiol
levels.[52–54] This factor may link the correlation between fat mass
and cognitive function; therefore, further research needs to study
biochemical markers including estradiol and testosterone levels.
Third, this study did not distinguish between visceral and
subcutaneous fats. These 2 fats secrete different adipocytokines,
such as adiponectin and leptin, which secreted from more in
subcutaneous than in visceral adipose tissue, which may affect
cognitive function.[55,56] Differences in cognitive function
according to these fats warrant further study. Fourth, this study
did not evaluate the nutrition status including diet and
polypharmacy; both of these factors could affect cognition.[57,58]

In other studies, consumption of a high fat diet induces
hippocampal and hypothalamic neuronal apoptosis and a
reduction in hippocampal weight. So, dietary could affect both
cognition and body composition.[59,60] Fifth, there is some
evidence that visceral fat related to cognition including executive
function.[61,62] Further studies will need to study these correla-
tions. Despite several limitations, our study is still meaningful to
assess executive functions, memory, attention, processing speed,
mental flexibility, and body composition simultaneously in 1
large cohort population.
5. Conclusions

This study investigated the association between BMI, body
composition, and cognitive functions in a community-dwelling
elderly population over 70years of age. Due to the difference in
body composition between the sexes, our study analyzed the 2
groups separately and obtained meaningful results. To our
8

knowledge, this is the first large-scale cohort study in Asia
including over 1000 participants of each sex. This study
measured not only BMI but also fat mass by DXA to study
the correlations between body composition based on FMI, TFMI,
and FFMI and various cognitive functions. These results were
more correlated with cognitive function in males than in females
and fat mass was more correlated with cognitive function than
fat-free mass constituting body weight. Additional studies are
needed to clarify the differences between sexes and hormonal
effects due to fat mass.
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