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Abstract
The relationship between body weight changes in late life and cognitive function is controversial.
We investigated whether weight gain or loss in late life affected cognitive function in community-dwelling older adults over a 3-year

period.
Our study used data from the Survey of Living Conditions andWelfare Needs of Korean Older Persons and included 3859 subjects

(aged ≥65 years) with normal cognition at baseline. At baseline and the 3-year follow-up, body weight and height were measured,
and cognitive function was assessed using the mini-mental state examination. Based on their body mass index (BMI) at baseline and
follow-up, we divided the subjects into 4 groups: weight gain (baseline BMI <23kg/m2 and follow-up BMI ≥23kg/m2); weight loss
(baseline BMI ≥23kg/m2 and follow-up BMI <23kg/m2); stable overweight/obese (BMI ≥23kg/m2 at both visits); and stable non-
overweight/obese (BMI <23kg/m2 at both visits). Incidence rates (IRs) of cognitive impairment per 100 persons and IR ratios (IRRs)
were calculated for each group and adjusted for confounding variables.
At the 3-year follow-up, 610 cases of cognitive impairment (15.8%) were identified. The stable overweight/obese group had the

lowest IR (14.0, 95% confidence interval [CI] 12.45–15.71) and was therefore used as the reference group when calculating IRRs for
cognitive impairment. When men and women were evaluated separately, IRs between groups were significantly different only for
women. The stable non-overweight/obese group (IRR 1.65, 95% CI 1.22–2.22) and the weight gain group (IRR 1.93, 95% CI 1.24–
3.01) had higher IRs than those in the stable overweight/obese group. As a gain or loss of adiposity, the IR of the weight gain group
(IRR 1.17, 95%CI 0.74–1.84) was not different from that of the stable non-overweight/obese group. Also, the IR of weight loss group
(IRR 1.09, 95% CI 0.71–1.67) was not significantly different from that of the stable overweight/obese group.
We suggest that overweight or obese older women at baseline had cognitive benefits. However, additional gain or loss of adiposity

in late life did not affect the risk of cognitive impairment.

Abbreviations: BMI= bodymass index, GDS= geriatric depression scale, IR= incidence rate, IRR= incidence rate ratio, MMSE-
KC = mini-mental state examination-Korean version.
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1. Introduction

Dementia is a major health problem in aging populations, and its
prevalence increases rapidly with age, with 20% to 25% of
people aged ≥85 years being affected worldwide.[1] Several
studies have investigated the association between changes in body
weight in late life and cognitive function. The population-based
prospective Mayo Clinic Study of Aging found that a marked
decrease in body mass index (BMI) per decade triggered mild
cognitive impairment.[2] An elderly African-American cohort
study reported that subjects with incident dementia or mild
cognitive impairment had a greater decline in BMI than those
with normal cognitive function.[3] A cohort study of African-
Americans with hypertension correlated decreases in BMI in late
life with lower cognitive Z-scores but found no association
between increases in BMI and cognitive Z-scores.[4] The
Women’s Health Initiative Study of Cognitive Aging reported
similar findings; an association was observed between weight loss
and cognitive impairment in older women but not between
weight gain or stable weight and cognition.[5] On the other hand,
the Longitudinal Assessment of Women Study in Australia
associated both weight loss and gain (compared with stable
weight) with poor visual delayed index scores in middle-aged and
older women.[6]

In contrast to previous studies that reported that weight loss in
late life adversely affected cognitive function, intentional weight
loss through diet was associated with cognitive improvement in
obese elderly patients with mild cognitive impairment.[7] Based
on existing research findings, the effect of weight gain or loss in
late life on cognitive function remains unclear.
Because body weight can change with age and is modifiable,[8]

determining how such changes affect cognitive function is
important for developing appropriate weight management
strategies for older adults. Furthermore, most studies examining
the relationship between changes in body weight and cognitive
function were performed inWestern countries, with no studies on
Asian populations who have lower BMI thresholds for
overweight (23kg/m2) and obesity (25kg/m2) than Western
populations.[9] Although a Korean longitudinal study showed
that middle-aged and elderly subjects with baseline obesity had a
lower risk of cognitive decline,[10] it did not consider changes in
body weight.
In this regard, we investigated whether body weight at baseline

and weight gain or loss considering the BMI threshold for
overweight or obesity in late life affected cognitive function in
community-dwelling Korean older adults over a 3-year period.
2. Methods

2.1. Study population

For our study, we used the data obtained in the Survey of Living
Conditions and Welfare Needs of Korean Older Persons, which
was conducted by the Korea Institute for Health and Social
Affairs. The quality of the survey data was approved by Statistics
Korea, a service of the Korean Government.[11] The survey,
which began in 2008, is performed at 3-year intervals on a
representative sample of non-institutionalized elderly Korean
subjects. A stratified, 2-stage, cluster-sampling design was used.
Face-to-face interviews were conducted by trained interviewers.
The survey collected sociodemographic and health-related
information, including functional disabilities, history of chronic
diseases, cognitive function, geriatric depression scale (GDS)
score, health behaviors, and body weight and height.
2

The first-wave survey in 2008 included 15,146 subjects, among
whom 3984 were lost to follow-up and 1159 were admitted to a
hospital or nursing home (and hence were no longer eligible) or
died. We excluded subjects who were aged<65 years (n=1078);
had dementia or cognitive impairment (n=1417); were frail,
disabled, or had cancer (n=2160); or were missing body weight,
height, or cognitive function data (n=544). The remaining 4804
subjects were included in the second-wave survey in 2011; those
with missing anthropometric or cognitive function data were
excluded from our study (n=945). Finally, 3859 subjects (all≥65
years of age) constituted our study population (Fig. 1). All
subjects provided informed consent before participation in the
study, either by themselves or (in cases of decision-impaired
adults) a legally authorized representative. The current study was
approved by the Institutional Review Board of Hallym University
Sacred Heart Hospital (approval number, 2018-04-028).

2.2. Measurements

At baseline and the 3-year follow-up, anthropometric informa-
tion was collected from subjects wearing light clothes and no
shoes. Height was measured to the nearest one-tenth of a
centimeter; weight was measured to the nearest one-tenth of a
kilogram in the upright position. If subjects refused or could not
be measured, self-reported data were used; the validity of the self-
reported data was assessed by checking the health records of
community health centers or hospitals.[11] Body weight in
kilograms was divided by height in square meter to determine
BMI.
In accordance with the guidelines of the World Health

Organization for Asian Pacific populations, BMI of 23kg/m2

was the threshold for overweight in Asian populations.[10] Unlike
previous studies, which did not consider BMI cut-off points for
changes in body weight,[2,4–6] we used BMI ≥23kg/m2 as the
threshold at which increased health risks required medical
intervention. Based on changes in BMI over a 3-year period, the
subjects were divided into 4 groups: weight gain (n=294,
baseline BMI<23kg/m2, follow-up BMI ≥23kg/m2); weight loss
(n=487, baseline BMI ≥23kg/m2, follow-up BMI <23kg/m2);
stable overweight/obese (n=1750, BMI≥23kg/m2 at both visits);
and stable non-overweight/obese (n=1328, BMI <23kg/m2 at
both visits).
At baseline and follow-up visits, cognitive function was

evaluated using the Korean version of the mini-mental status
examination (MMSE-KC). Trained interviewers administered
the MMSE-KC in an isolated area where the subjects would not
be disturbed for about 10 minutes. The MMSE-KC uses the
Korean language and has been standardized; the scores range
from 0 to 30. Cognitive impairment was defined as anMMSE-KC
score <1.5 standard deviations from the age-, sex-, and
education-adjusted norm for elderly Koreans.[12]

The demographic variables recorded were age, sex, education-
al level, and household income. Smoking status was classified as
never-smoker, ex-smoker, or current smoker. Alcohol drinking
status was classified as non-drinker, moderate drinking, and
high-risk drinking. High-risk alcohol consumption was defined
as drinking alcohol ≥2d/wk and ≥7 (men) or ≥5 (women)
standard-sized drinks/drinking day.[13] Physical activity was
classified as adequate if >150min/wk of exercise was
reported.[14] Disease history (hypertension, diabetes mellitus,
dyslipidemia, and depression) was considered as a covariate.
The short version of the GDS contains 15 questions, which we

translated into Korean. GDS scores range from 0 to 15, with



[15]

Excluded 

Missing data for body weight, height, MMSE (n=945) 

3,859 subjects were included in this study 

15,146 subjects were included in first-wave survey (2008) 

4,804 subjects were included in second-wave survey (2011) 

Excluded 

Death, admission to hospital or nursing home (n=1,159) 

Loss of follow-up (n=3,984) 

Subjects aged < 65 years (n=1,078) 

Dementia, cognitive impairment (n=1,417) 

Frailty, disabled, cancer (n=2,160) 

Missing data for body weight, height, MMSE (n=544) 

Figure 1. Flowchart showing the process of selecting the study population.
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scores ≥8 indicating depression. Nutritional status was
assessed using 7 questions from the Nutrition Screening Initiative
DETERMINE checklist. The total score ranged from 0 to 7, with
higher scores indicating poorer nutritional status. Physical
performance was assessed by asking patients whether they could
run around a playground (400m); walk around a playground
(400m); climb 10 stairs without rest; bend their body, squat, and
sit with bent knees; and stretch their arms to place something
above their heads. The possible answers were “can do it easily”
(4 points), “can do it but slightly difficult” (3 points), “can do it
but very difficult” (2 points), and “cannot do it” (1 point). The
scores were summed and graphed using a 100-point scale.
2.3. Statistical analysis

For general characteristics, we calculated means with standard
deviation or frequencies (percentages). The assumption of
normality of the data was evaluated by the Shapiro–Wilk test,
and a P-value> .05 indicated that the observed distribution of a
variable was not significantly different from the normal
distribution. MMSE-KC was log-transformed because it did
not fit a normal distribution.We used the analysis of variance test
to compare the continuous variables and the chi-squared test to
3

compare the categorical variables among the 4 BMI groups. The
incidence rate (IR) of cognitive impairment per 100 persons over
a 3-year period was calculated and adjusted for demographic
factors such as age, sex, household income, and marital status in
Model 1. Health behaviors (smoking, alcohol consumption, and
exercise), nutritional status, physical performance, and GDS
score were added as adjusted variables inModel 2. Comorbidities
and the number of medications were added as adjusted variables
in Model 3. Finally, the baseline MMSE-KC score in 2008 was
added as an adjusted variable in Model 4.
To assess the risk of cognitive impairment, IR ratios (IRRs)

were estimated by dividing the IR of a particular group by that of
the reference group (the stable overweight/obese group) via
generalized linear models. Because there were sex differences
among the BMI groups, we performed an additional analysis
after stratifying for sex. All tests were 2-sided, and the
significance level was set at P< .05. All analyses were performed
using SAS software (version 9.3; SAS Institute, Cary, NC).
3. Results

The general characteristics of the 4 BMI groups are shown
in Table 1. The weight loss group had the highest mean age

http://www.md-journal.com


Table 1

Characteristics of the study subjects according to the body mass index groups.

Group
∗

Stable non-overweight/obesity Weight loss Weight gain Stable overweight/obesity

(n=1328) (n=487) (n=294) (n=1750) P-value

Age, yr 75.1 (5.5) 75.2 (5.4) 74.1 (5.2) 73.1 (4.9) <.001
Gender <.001
Men 671 (49.0%) 202 (41.5%) 116 (39.5%) 680 (38.9%)
Women 677 (51.0%) 285 (58.5%) 178 (60.5%) 1070 (61.1%)

Education attainment .032
Less than middle school 916 (69.0%) 353 (72.5%) 221 (75.2%) 1188 (67.9%)
Middle-high school and higher 412 (31.0%) 134 (27.5%) 73 (24.8%) 562 (32.1%)

Household income .003
1st quintile 320 (24.1%) 140 (28.7%) 65 (22.1%) 369 (21.1%)
2nd quintile 304 (22.9%) 105 (21.6%) 65 (22.1%) 335 (19.1%)
3rd quintile 259 (19.5%) 93 (19.1%) 68 (23.1%) 382 (21.8%)
4th quintile 255 (19.2%) 84 (17.2%) 53 (18.0%) 354 (20.2%)
5th quintile 190 (14.3%) 65 (13.3%) 43 (14.6%) 310 (17.7%)

Marital status .254
Single/widowed/divorced 459 (34.6%) 193 (39.6%) 106 (36.1%) 621 (35.5%)
Married 869 (65.4%) 294 (60.4%) 188 (63.9%) 1129 (64.5%)

Smoking <.001
Never smoker 708 (53.3%) 302 (62.0%) 188 (63.9%) 1171 (66.9%)
Ex-smoker 399 (30.0%) 124 (25.5%) 67 (22.8%) 421 (24.1%)
Current smoker 221 (16.6%) 61 (12.5%) 39 (13.3%) 158 (9.0%)

Alcohol drinking .011
No 842 (63.4%) 336 (69.0%) 185 (63.1%) 1145 (65.4%)
Moderate drinking 395 (29.7%) 126 (25.9%) 101 (34.5%) 515 (29.4%)
High risk drinking 91 (6.9%) 25 (5.1%) 7 (2.4%) 90 (5.1%)

Physical exercise .116
No 1005 (75.7%) 364 (74.7%) 228 (77.6%) 1269 (72.5%)
Adequate exercise 323 (24.3%) 123 (25.3%) 66 (22.4%) 481 (27.5%)

Nutritional status <.001
Good 728 (54.8%) 248 (50.9%) 175 (59.5%) 1081 (61.8%)
Not good 600 (45.2%) 239 (49.1%) 119 (40.5%) 669 (38.2%)

Physical performance .820
1st tertile 392 (29.5%) 134 (27.5%) 89 (30.3%) 511 (29.2%)
2nd tertile 440 (33.1%) 158 (32.4%) 88 (29.9%) 588 (33.6%)
3rd tertile 496 (37.3%) 195 (40.0%) 117 (39.8%) 651 (37.2%)

GDS .001
GDS <8 977 (73.6%) 336 (69.0%) 214 (72.8%) 1358 (77.6%)
GDS ≥8 351 (26.4%) 151 (31.0%) 80 (27.2%) 392 (22.4%)

Comorbidities
Hypertension 564 (42.5%) 250 (51.3%) 155 (52.7%) 1078 (61.6%) <.001
Diabetes mellitus 188 (14.2%) 98 (20.1%) 48 (16.3%) 412 (23.5%) <.001
Dyslipidemia 88 (6.6%) 58 (11.9%) 30 (10.2%) 295 (16.9%) <.001
Depression 41 (3.1%) 18 (3.7%) 5 (1.7%) 48 (2.7%) .405

Body mass index in 2008 20.7 (1.7) 24.4 (1.4) 21.7 (1.3) 26.1 (2.2) <.001
Body mass index in 2011 20.4 (1.8) 21.7 (1.3) 24.4 (1.7) 25.7 (2.1) <.001
Cognitive impairment in 2011 .008
No 1087 (81.9%) 417 (85.6%) 240 (81.6%) 1505 (86.0%)
Yes 241 (18.1%) 70 (14.4%) 54 (18.4%) 245 (14.0%)

Numbers of medications 1.8 (1.5) 2.0 (1.5) 1.9 (1.4) 2.1 (1.5) <.001
MMSE-KC in 2008 25.4 (3.2) 24.9 (3.2) 25.6 (3.1) 25.7 (3.0) .001
MMSE-KC in 2011 24.1 (4.1) 24.0 (4.3) 24.0 (3.9) 24.8 (3.7) <.001
Change in MMSE-KC �1.3 (3.6) �0.9 (3.7) �1.6 (3.7) �0.9 (3.4) .001

Data are mean± standard deviation or frequencies (%), as appropriate.
GDS=geriatric depression scale, MMSE-KC=mini-mental state examination (Koran version).
∗
The subjects were categorized into 4 groups using cut off of body mass index (BMI) 23 kg/m2 in 2008 and 2011; stable non-overweight/obesity: BMI<23kg/m2 in 2008 and 2011, weight loss: 23kg/m2� BMI

in 2008 and BMI <23kg/m2 in 2011, weight gain (becoming overweight or obesity): BMI <23kg/m2 in 2008 and 23kg/m2� BMI in 2011, stable overweight/obesity: 23 kg/m2� BMI in 2008 and 2011.
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(75.2±5.4 years), and the stable non-overweight/obese group
had the highest percentage of men (49.0%). The stable
overweight/obese group had the highest education level and
household income and the lowest percentage of current smokers,
poor nutritional status, and higher GDS score (≥8) indicating
4

depression. The stable non-overweight/obese had the highest
percentage of high-risk drinking, and the weight gain group had
the highest percentage of moderate drinking. Marital status,
physical exercise, physical performance, and history of depres-
sion did not differ significantly among the 4 groups. The



Table 2

Cognitive impairment incidence rates (IRs) and incidence rate ratios (IRRs) of in the body mass index groups
∗
.

IRs per 100 persons (95% confidence interval)
Crude Model 1 Model 2 Model 3 Model 4

Stable non-overweight/obesity 18.15 (16.17, 20.31) 18.32 (16.15, 20.72) 18.98 (16.06, 22.29) 18.34 (13.57, 24.30) 18.53 (13.72, 24.54)
Weight loss 14.37 (11.53, 17.78) 14.93 (11.90, 18.56) 15.33 (11.88, 19.57) 14.88 (10.36, 20.90) 14.96 (10.42, 21.01)
Weight gain 18.37 (14.35, 23.21) 19.50 (15.16, 24.71) 20.31 (15.39, 26.31) 19.61 (13.44, 27.69) 19.93 (13.67, 28.12)
Stable overweight/obesity 14.00 (12.45, 15.71) 14.50 (12.79, 16.41) 14.91 (12.5, 17.69) 14.50 (10.66, 19.44) 14.68 (10.79, 19.67)

IRRs (95% confidence interval)

Crude Model 1 Model 2 Model 3 Model 4 P-value

Stable non-overweight/obesity 1.36 (1.12, 1.65) 1.32 (1.08, 1.61) 1.34 (1.09, 1.64) 1.32 (1.08, 1.63) 1.32 (1.07, 1.63) .008
Weight loss 1.03 (0.77, 1.37) 1.03 (0.77, 1.38) 1.03 (0.77, 1.38) 1.03 (0.77, 1.38) 1.02 (0.76, 1.37) .883
Weight gain 1.38 (0.99, 1.91) 1.43 (1.03, 1.98) 1.45 (1.04, 2.03) 1.44 (1.03, 2.01) 1.45 (1.04, 2.02) .030
Stable overweight/obesity 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Model 1 includes age, sex, household income, and marital status. Model 2 includes the Model 1 variables plus smoking status, alcohol drinking, physical exercise, nutritional status, physical performance, and
GDS. Model 3 includes the Model 2 variables plus comorbidities, and numbers of medications. Model 4 includes the Model 3 variables plus MMSE-KC in 2008.
∗
Four groups using cut off of body mass index (BMI) 23 kg/m2 in 2008 and 2011; stable non-overweight/obesity: BMI<23kg/m2 in 2008 and 2011, weight loss: 23kg/m2� BMI in 2008 and BMI<23kg/m2 in

2011, weight gain (becoming overweight or obesity): BMI <23kg/m2 in 2008 and 23 kg/m2� BMI in 2011, stable overweight/obesity: 23kg/m2� BMI in 2008 and 2011.
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prevalence of chronic diseases, such as hypertension, diabetes
mellitus, and dyslipidemia, was highest in the stable overweight/
obese group.
At the 3-year follow-up, 610 subjects (15.8%) had cognitive

impairments. Cognitive impairment was the highest in the weight
gain group (18.4%) and the lowest in the stable overweight/obese
group (14.0%). The stable overweight/obese group had
the highest MMSE-KC score both at baseline and the 3-year
follow-up (25.7±3.0 and 24.8±3.7, respectively), whereas the
weight loss group had the lowest scores at both visits (24.9±3.2
and 24.0±4.3, respectively). The MMSE-KC score over 3 years
declined the most in the weight gain group (�1.6±3.7,
P-value= .001).
The IRs and IRRs of cognitive impairment in the 4 BMI groups

over the 3-year period are presented in Table 2. The stable
Table 3

Cognitive impairment incidence rates (IRs) and incidence rate ratios
IRs p

Crude Model 1

Men
Stable non-overweight/obesity 20.58 (17.65, 23.86) 21.45 (17.77, 25.66)
Weight loss 18.81 (14.00, 24.80) 20.26 (14.77, 27.13)
Weight gain 19.83 (13.55, 28.08) 20.86 (14.05, 29.81)
Stable overweight/obesity 19.56 (16.75, 22.71) 20.41 (16.84, 24.51)

Women
Stable non-overweight/obesity 15.81 (13.25, 18.75) 17.54 (14.46, 21.12)
Weight loss 11.23 (8.05, 15.45) 12.45 (8.84, 17.27)
Weight gain 17.42 (12.52, 23.70) 19.58 (14.00, 26.71)
Stable overweight/obesity 10.47 (8.77, 12.45) 11.36 (9.32, 13.80)

IRR

Crude Model 1

Men
Stable non-overweight/obesity 1.07 (0.82, 1.39) 1.07 (0.81, 1.40) 1.0
Weight loss 0.93 (0.64, 1.42) 0.99 (0.66, 1.49) 1.0
Weight gain 1.02 (0.62, 1.67) 1.03 (0.62, 1.70) 1.0
Stable overweight/obesity 1 (reference) 1 (reference)

Women
Stable non-overweight/obesity 1.61 (1.21, 2.13) 1.66 (1.24, 2.22) 1.6
Weight loss 1.08 (0.71, 1.64) 1.13 (0.74, 1.72) 1.1
Weight gain 1.80 (1.17, 2.55) 1.84 (1.19, 2.85) 1.9
Stable overweight/obesity 1 (reference) 1 (reference)

Model 1 includes age, sex, household income, and marital status. Model 2 includes the Model 1 variables
GDS. Model 3 includes the Model 2 variables plus comorbidities, and numbers of medications. Model
∗
Four groups using cut off of body mass index (BMI) 23 kg/m2 in 2008 and 2011; stable non-overweight/ob

2011, weight gain (becoming overweight or obesity): BMI <23kg/m2 in 2008 and 23 kg/m2� BMI in

5

overweight/obese group had the lowest IR (14.0; 95% confidence
interval [CI] 12.45–15.71) and was therefore used as the
reference group when calculating IRRs. The fully adjusted IRs
were significantly higher in the stable non-overweight/obese
group (IRR 1.32, 95% CI 1.07–1.63) and weight gain group
(IRR 1.45, 95% CI 1.04–2.02) than in the reference group
(Model 4). However, the IR of the weight loss group was not
significantly different from that of the reference group (IRR 1.02,
95% CI 0.76–1.37).
Given the sex differences among the 4 BMI groups (Table 1),

we performed a sex-stratified analysis (Table 3). Among women,
the crude IR of cognitive impairment was the lowest in the stable
overweight/obese group (10.47, 95% CI 8.77–12.45) and the
highest in the weight gain group (17.42, 95% CI 12.52–23.70).
Using the stable overweight/obese group as the reference, fully
(IRRs) of in the body mass index groups
∗
according to sex.

er 100 persons (95% confidence interval)
Model 2 Model 3 Model 4

24.43 (19.77, 29.78) 24.63 (15.42, 36.94) 24.85 (15.58, 37.21)
23.58 (17.03, 31.70) 23.56 (13.72, 37.40) 23.62 (13.77, 37.47)
24.29 (16.29, 34.60) 24.31 (13.53, 39.73) 24.48 (13.65, 39.93)
23.44 (18.93, 28.64) 23.34 (14.62, 35.14) 23.54 (14.76, 35.36)

17.99 (10.46, 29.16) 16.84 (8.92, 29.51) 17.00 (9.00, 29.77)
12.44 (6.63, 22.13) 11.84 (5.81, 22.63) 11.91 (5.84, 22.76)
20.02 (10.81, 34.07) 19.00 (9.41, 34.65) 19.34 (9.57, 35.22)
11.46 (6.40, 19.69) 10.93 (5.59, 20.27) 11.07 (5.66, 20.53)

s (95% confidence interval)

Model 2 Model 3 Model 4 P-value

6 (0.80, 1.40) 1.07 (0.80, 1.43) 1.07 (0.80, 1.44) .629
1 (0.67, 1.52) 1.01 (0.67, 1.53) 1.00 (0.66, 1.52) .982
5 (0.63, 1.74) 1.05 (0.63, 1.76) 1.05 (0.63, 1.76) .844
1 (reference) 1 (reference) 1 (reference)

9 (1.26, 2.27) 1.65 (1.22, 2.23) 1.65 (1.22, 2.22) .001
0 (0.72, 1.68) 1.09 (0.71, 1.68) 1.09 (0.71, 1.67) .707
3 (1.24, 3.00) 1.91 (1.23, 2.98) 1.93 (1.24, 3.01) .004
1 (reference) 1 (reference) 1 (reference)

plus smoking status, alcohol drinking, physical exercise, nutritional status, physical performance, and
4 includes the Model 3 variables plus MMSE-KC in 2008.
esity: BMI<23kg/m2 in 2008 and 2011, weight loss: 23kg/m2� BMI in 2008 and BMI<23kg/m2 in
2011, stable overweight/obesity: 23kg/m2� BMI in 2008 and 2011.
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3,859 subjects  

Overweight/obesity (n=2,237, BMI ≥23 kg/m 2 in 2008) 

Weight gain  

(n= 294, BMI ≥23 kg/m2 in 2011) 

Stable non-overweight/obesity  

(n= 1,328, BMI <23 kg/m2 in 2011) 

Stable overweight/obesity  
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Figure 2. Comparisons between adjusted IRs of cognitive impairment in the body mass index groups according to sex. IRs= incidence rates.
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adjusted IRRs for cognitive impairment in the weight gain and
stable non-overweight/obese groups were 1.93 (95% CI 1.24–
3.01) and 1.65 (95% CI 1.22–2.22), respectively (Model 4). As a
loss of adiposity, the IR of weight loss group (IRR 1.09, 95% CI
0.71–1.67) was not significantly different from that of the stable
overweight/obese group. Also, as a gain of adiposity, the IR of
weight gain group (IRR 1.17, 95% CI 0.74–1.84) was not
different from that of the stable non-overweight/obese group. In
men, there was no significant difference in the fully adjusted IRR
in the weight gain group (1.05, 95% CI 0.63–1.76), stable non-
overweight/obese group (1.07, 95% CI 0.80–1.44), and weight
loss group (1.00, 95%CI 0.66–1.52) using the stable overweight/
obese group as the reference. As a gain of adiposity, the IR of
weight gain group (IRR 0.98, 95% CI 0.59–1.63) was not
different from that of the stable non-overweight/obese group.
In Figure 2, we present the comparisons between the adjusted

IRs of cognitive impairment in the BMI groups according to sex
(Fig. 2).

4. Discussion

In this nationally representative prospective study, we found that
there were sex differences in the relationship between obesity and
cognitive function. Older women with baseline adiposity had a
lower risk of cognitive impairment than those who were not
overweight/obese. However, additional gain or loss of adiposity
considering the BMI threshold in late life did not affect the risk of
cognitive impairment in women. In older men, no relationship
was found between cognitive function and baseline body weight
or changes in body weight.
Previous studies have described the obesity paradox, which

proposes that late-life obesity reduces the risk of dementia.
However, the relationship between obesity and dementia is
somewhat controversial. On one hand, a large retrospective
cohort study in the UK found that underweight individuals (BMI
<20kg/m2) had a 34% higher risk of dementia than did normal
weight individuals (20–25kg/m2), whereas very obese individuals
(>40kg/m2) had a 29% lower risk.[16] On the other hand, the
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TREVISO LONGEVA study equated a higher baseline BMI with
cognitive decline in an elderly population.[17] Moreover, in an
unadjusted prospective analysis in the US, middle-aged and older
women who were overweight (BMI=25–30kg/m2) or obese
(≥30kg/m2) had a significantly higher risk of cognitive
impairment than did their normal weight counterparts (18.5–
25kg/m2); however, the significance was lost after multivariate
adjustment.[18]

Only a few studies have examined the effects of weight on
cognitive function in Asian populations, which have lower BMI
thresholds for overweight (≥23kg/m2) and obesity (≥25kg/
m2).[19] A Chinese cross-sectional study found no association
between overweight or obesity, as defined by BMI, although
subjects with central obesity were at risk for cognitive
impairment.[20] A Korean longitudinal study showed a reduced
risk of cognitive decline in middle- and older-aged adults with
baseline obesity (BMI ≥25kg/m2).[10] In addition, our previous
cross-sectional study associated a large fat mass, as measured via
dual-energy X-ray absorptiometry, with a relatively low risk of
cognitive impairment in older women.[21] Unlike previous Asian
studies, which focused on the effects of baseline adiposity on
future cognitive function, our current study considered changes
in BMI in late life.
In this study, we found that there were sex differences in the

relationship between obesity and cognitive function. The
differential effects between regional fats, such as subcutaneous
fat and visceral fat, on cognitive function might explain our
results. Kim et al reported that brain cortical thickness correlated
positively with the percentage of body fat and negatively with the
waist-hip ratio.[22] In the AGES-Reykjavik study, subcutaneous
fat accumulation was associated with a decreased risk for
dementia, whereas visceral fat accumulation was not associated
with dementia.[23]

Sex differences in fat distribution might lead to a sex-specific
association between obesity and cognitive function. Compared to
men, women have an increased amount of peripheral fat depots
(subcutaneous fat), whereas intra-abdominal fat depots (visceral
fat) are preferentially increased in men.[24] There are possible
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mechanisms by which obesity could have positive effects on
cognitive function in women. First, subcutaneous fat produces
leptin, which may improve learning and memory capacity,
increase grey matter volume in the hippocampus, and lower the
risk of dementia.[25,26] Second, the peripheral fat distribution in
women is associated with lower metabolic risk.[24] In contrast,
visceral fat causes insulin resistance and increased risk of
cerebrovascular disease and diabetes mellitus, which are potential
risk factors for vascular dementia[27] and brain atrophy.[28]

Third, in women, obesity may improve cognitive function by
increasing the amount of adipose tissue and consequently
estrogen levels. Estrogens protect against dementia by reducing
amyloid b-peptide production and promoting peptide clearance
via microglial phagocytosis and degradation.[29] They also
stimulate neurogenesis in various brain regions, such as the
dentate gyrus of the hippocampus.[30]

However, in elderly men, obesity may accelerate cognitive
decline,[31] in part by reducing the level of testosterone, which
protects against amyloid b toxicity and oxidative stress.[32,33]

In this study, despite the positive effect of adiposity at baseline
on cognitive function in women, a gain of adiposity considering
the BMI threshold in late life was not associated with the risk of
cognitive impairment. Our results suggest that there was a
differential effect of obesity on cognitive function with aging in
women. Aging is accompanied by a loss of leanmass and a shift to
central fat accumulation.[34] Weight gain in the elderly mainly
reflects fat gain, particularly visceral fat rather than subcutaneous
fat. The effect of visceral adiposity on brain function might be
different with aging and remains controversial. In healthymiddle-
aged adults, visceral fat was associated with lower brain volume
atrophy.[35] Yoon et al reported that visceral adiposity correlated
with poor cognitive function in Korean individuals aged <70
years but not in those aged ≥70 years.[36] Other study reported
that there was a negative correlation between visceral adipose
tissue and cerebellar function in young to mid-age adults (20–45
years of age), but not in older adults (65–70 years of age).[37] In
the AGES-Reykjavik study, visceral fat accumulation was not
associated with dementia in older adults (mean age 76 years).[23]

The relationship between visceral adiposity and cognitive
function seems to be prominent in relatively younger aged adults.
However, recent longitudinal prospective studies have revealed

that metabolic syndrome, which is characterized by abdominal
obesity, increases the risk of cognitive decline in older adults.
Insulin resistance or hyperglycemia in mid-life predicts cognitive
decline, and brain insulin resistance could be a triggering factor in
the development of Alzheimer disease.[38,39] In very older adults,
metabolic syndrome in late life, whichwas closely associated with
insulin resistance, could accelerate cognitive decline.[40,41] To
clarify the effect of weight gain in late life on cognitive function,
further large prospective studies are needed.
This study had 2 limitations. First, although it included many

health-related variables, it lacked laboratory data and blood
pressure measurements owing to their unavailability. Second,
body weights and heights were self-reported by subjects who
refused or could not be measured, as is commonly done in
community surveys. However, to improve the validity of self-
reported values, the health records of community health centers
and hospitals were examined.[11]

Despite these limitations, our study had several strengths. First,
we used a large nationally representative database of community-
dwelling older adults. Hence, our findings are applicable to older
Korean adults in general. Second, to our knowledge, this is the
first Asian-based longitudinal study that investigated the effect of
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changes in body weight in late life on cognitive function. Third,
we selected relatively healthy older adults without functional
limitations to minimize the effects of confounding factors on
body weight and cognitive function. We also adjusted for a wide
range of confounding factors, including health behaviors,
nutritional status, physical performance, comorbidities, and
the number of medications.
In conclusion, we found that older women with adiposity

before late life had a lower risk of cognitive impairment than
those who were not overweight/obese. However, gain or loss of
adiposity in late life did not affect the risk of cognitive
impairment. It suggests that there were differential effects of
obesity on a cognitive function related to life course in women.
Further prospective studies are needed to establish the optimal
age-related body weights for preventing cognitive decline.
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