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INTRODUCTION

Background: Weight change is a known risk factor for mortality. Previous Korean studies only
considered mortality consequences of weight change between two time points over relatively
short periods. This study investigated whether body mass index (BMI) trajectory patterns were
associated with all cause-mortality based on continuous BMI observations during a 10-year fol-
low-up period among Korean older adults. Method: This study analyzed data from the 2006-
2016 Korean Longitudinal Study of Aging database. The participants included in this study were
3,478 people aged 65 years or older who have measured BMI more than once. A trajectory model
was developed to classify different homogeneous trajectory subgroups according to BMI, and Cox
proportional hazards models were used to investigate the association of BMI trajectory with all-
cause mortality. Result: We identified four trajectory groups: obese (0G); overweight (OWG); high
normal weight (HNWG); and low normal weight (LNWG). The LNWG and HNWG experienced
continuous weight loss during the study period. Trajectories with higher BMI were associated
with lower mortality. The adjusted hazard ratios (95% confidence intervals) for all-cause mortali-
ty in the LNWG, HNWG, and OWG were 2.40 (1.69-3.40), 1.75 (1.26-2.45), and 1.38 (0.99-1.96),
respectively, compared with those in the OG. Conclusion: We found that the lower the BMI of
the weight trajectory group, the higher the mortality over 10 years in Korean older adults. This
result suggested that baseline obesity status and degree of weight loss during follow-up contrib-
uted to mortality in later life.
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Weight change is an important risk factor for mortality. The associ-
ation of weight change with mortality is frequently shown as a re-
verse J-shaped curve.”” Weight loss in overweight or obese people
and weight gain in underweight people have beneficial effects on
health.” However studies have reported conflicting results de-
pending on ethnicity and age groups. While some studies reported
that weight loss and weight gain increased mortalit}r,3'4> others
found no associations.”

Instead of using baseline body mass index (BMI) as in previous

studies,”” some studies used body weight change as a predictor of
mortality in Korea."”” Thus, weight status changes throughout a
lifetime should be considered.”"” However, most studies have fo-
cused only on the mortality consequences of weight (or BMI)
changes between two time points during the study period.]’g) Be-
cause there is a limit to defining an individual’s subgroup based on
short-term weight or BMI changes, this approach obscures hetero-
geneity in weight changes that occur after the second time point, as
well as weight fluctuations.” In particular, the dynamic measures
of BMI may better predict mortality in older adults.""?

Several studies have performed repeated observations of weight
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at regular intervals over a period longer than 10 years to evaluate
the associations between weight changes and mortality in older
adults. However, the study using data from the Health and Retire-
ment Study by Zheng et al.’ Y included a relatively young popula-
tion with mostly white ethnicity. Many non-western societies have
varying distributions of body weight from the United States;”
thus, studies of older Asian adults are needed.

Therefore, this study followed up BMI changes over 10 years
among community-dwelling Korean adults aged 65 years or older
and investigated the effects of these changes on mortality using
data from the Korean Longitudinal Study of Aging (KLoSA). A
trajectory model was developed to classify different subgroups ac-
cording to BMI.

MATERIALS AND METHODS

Data and Study Sample

The KLoSA is a nationwide longitudinal panel survey of 10,254
randomly sampled Koreans aged 4S years or older (born before
1961), excluding residents of Jeju Island. Since 2006, a biennial ba-
sic survey has been conducted, with a total of six follow-up surveys
completed by the time of the present study. The sample retention
rate of the existing panel showed a stable trend of 78% as of the 6th
follow-up survey, with a total of 6,618 valid samples available for
analysis.

The questionnaire used in this study was conducted using com-
puter-assisted personal interviewing, a computer-based interper-
sonal interview method. The survey comprised a wide range of
questions, including those on household background, human attri-
butes, family, health, employment, income and consumption, as-
sets, subjective expectations, and quality of life. The KLoSA also
includes data on deaths. Since 2008, deaths have been reported at
2-year intervals, with data collected on the date, cause, and place of
death and the medical history of the dead. The information related
to the death was obtained by asking family members about their
pre-death situation. All participants provided written informed
consent, and the survey protocol was approved by the Institudinal
Review Board of Wonkwang University Sanbon Medical Center
(No. WMCSB 202006-42).

After excluding individuals aged under 65 years, a total of 4,164
individuals remained. We further excluded individuals with only
one BMI measurement during follow-up (n=663) and those with
errors in the dataset (n=23). Finally, 3,478 participants aged 65
years or older, comprising 1,467 men (42.2%) and 2,011 women
(57.8%), were included in the analysis of the association between
BMI and all-cause mortality (Fig. 1).

Measurements

The covariates in this study can be broadly divided into sociode-
mographic factors, behavioral factors, and factors related to the
current health status of the participants. The sociodemographic
and behavioral factors included age, sex, marital status, educational
level, smoking and drinking history, and regular exercise. Regular
exercise was defined as at least one exercise per week, while others
classified as “non-exercise”. Smokers were classified into non-smok-
ers, former smokers, and current smokers. Former smokers were
defined as people who had not smoking at present but had experi-
enced smoking more than five packs (100 cigarettes) in total. Par-
ticipants who had smoked less or had not smoked in the past were
considered “non- smokers”. Drinkers were divided into non-drink-
ers and current drinkers, with those who drink sometimes or fre-
quently or those who had drunk recently classified as “current
drinkers”. Others, including former drinkers, were classified as
“non-drinkers”.

Health status was assessed based on chronic disease status,
self-rated health, and functional status. The six chronic diseases in-
cluded in this study were hypertension (HTN), diabetes mellitus
(DM), chronic lung disease, chronic liver disease, heart disease,
and stroke. Self-rated health was classified into five categories—
namely, 1 (very good), 2 (good), 3 (normal), 4 (bad), and S (very
bad)—as described in the Survey of Health, Ageing and Retire-
ment in Europe (SHARE) study, and they were reclassified into

All participants
(n=10,254)

6,090 excluded
(under the age of 65)

A 4

Participants 65 years or older
(n=4,164)

663 excluded
(measured BMI only once during follow-up)

\ 4

Participants who have measured
BMI more than once (n=3,501)

23 excluded
(with error in the dataset)

A 4

Included participants
(n=3,478)

N

Male participants
(n=1,467)

Female participants
(n=2,01)

Fig. 1. Flow chart of study population selection. BMI, body mass
index.
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good, moderate, and bad in the present study. The functional sta-
tus of the participants was assessed based on activities of daily liv-
ing (ADL) values. ADL was scored based on whether a person re-
quires assistance to perform activities, including dressing, wash-
ing/brushing, bathing/showering, eating, leaving the room, using
the toilet, and controlling the stool. The value was “1” for partici-
pants requiring partial or full help with the activity and “0” if they
did not require help. All values were summed and indexed.

Handgrip strength was measured as part of the physical function
measurement. The grip strength of both hands was measured
twice using a dynamometer (Hand Grip Meter Blue 6103; Tanita
Co., Tokyo, Japan) and expressed as the total mean value of the
grip strength values for the left and right hands. The 10-item Cen-
tre for Epidemiological Studies Depression Scale (CES-D10) and
Korean version of Mini-Mental State Examination (K-MMSE)
were used to assess the mental and cognitive status of the partici-
pants. In the depression scale, the questionnaire was assigned a val-
ue of “1” or “0”, and all values were summed.

This study analyzed four BMI trajectory subgroups. BMI is ex-
pressed as the ratio of the weight in kilograms to the square of
height in meters. We used the classifications from the 2018 guide-
lines of the Korean Society for the Study of Obesity, in which
BMI of 25 kg/ m’ or higher is categorized as obesity, 23-24.9 kg/ m’
as pre-obesity (overweight or risk weight), 18.5- 22.9 kg/m” as
normal weight, and less than 18.5 kg/ m’ as underweight.

Statistical Analysis

Analysis of covariance and ¥’ tests were used to assess baseline char-
acteristics of each trajectory group for continuous and categorical
variables, respectively. Values are expressed as mean + standard devi-
ation or as percentages. All participants were divided into trajectory
subgroups using the Traj command in STATA, which is based on
the group-based trajectory modeling method proposed by Naginls)
and employs a two-stage model selection process. The number of
trajectory groups was determined in the first stage, while the best
polynomial trajectory function was determined and the Bayesian
Information Criteria (BIC) value was calculated in the second
stage. As recommended, the best-fitting model was chosen based
on BIC scores and an examination of 95% confidence interval
(CI).I(’) This approach allowed us to derive a relatively homoge-
neous cluster of four groups. To evaluate trajectory model fit, we
used the average group posterior probability (AvePP), odds of cor-
rect classification (OCC), difference between estimated group
probabilities (1), and proportion P assigned to the group using the
maximum probability rule. When a model fit the data well, these
and P values were similar.

‘We used Cox proportional hazards models to calculate the rela-
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tive mortality risk for each trajectory. The proportional hazards as-
sumption was tested using a non-zero slope in a generalized linear
regression of the scaled Schoenfeld residuals on time. The assump-
tion was tested using the estat phtest command in STATA
(p=0.88).

Participants with more than one BMI measurement were in-
cluded in the trajectory group analysis to avoid a reduction in pow-
er. Traj assumes a missing-at-random mechanism, and no imputa-
tion was made in trajectory modeling.

For participants satisfying the inclusion criteria, a complex sam-
ple file was constructed by applying weights to the sample, and a
complex Cox regression analysis was then performed. We designed
two additional Cox proportional hazards regression models to ad-
just for various confounding factors. Model 1 was adjusted for age,
sex, chronic diseases (HTN, DM, cancer, chronic lung disease,
chronic liver disease, heart disease, stroke), and self-rated health.
Model 2 was adjusted for the same variables as Model 1 plus the
level of education, marital state, smoking, alcohol, regular exercise,
handgrip strength, ADL, MMSE, and depression. The results were
expressed as hazard ratio (HR) with 95% CI. All analyses were
conducted using STATA (Stata/MP 13.1 for Windows). p-values
less than 0.05 were considered statistically significant.

RESULTS

Trajectory Model Development

The participants were divided into four trajectory groups according
to the degree of BMI. The four-group model was refined to achieve
the lowest absolute BIC value."” While the five-group model had
the lowest BIC value, the sample sizes in each group were small
(<5%). Subject-specific judgment combined with BIC has been
suggested to determine the number of groups. Together with other
criteria such as reasonable sample size for each group membership
(e, reasonably large group size >5%),"” we identified four dis-
tinct trajectories, namely the low normal weight, decreasing trajec-
tory group (LNWG: baseline BMI, 19.4 + 1.92 kg/m’; linear slope,
-0.15; 95% CI, -0.19 to -0.12); high normal weight, decreasing tra-
jectory group (HNWG: baseline BMI, 22.0+1.64 kg/ m’; linear
slope, -0.01; 95% CI, -0.12 to -0.08); overweight, stable trajectory
group (OWG: baseline BMI, 24.5+ 1.72 kg/ m’; linear slope, -0.0S;
95% CI, -0.03 to 0.02); and obesity, stable trajectory group (OG:
baseline BMI, 28.1 +2.16 kg/ m’; linear slope, -0.05; 95% CI, -0.10
to 0.01). BMI decreased over time in the LNWG and HNWG but
did not change in the OWG and OG. The BIC value for this model
was -36552.88 and had the best fit among all other four-group
models (Supplementary Table S1). BMI was measured as a mean
of 4.78 times among participants during the six survey waves. The
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response rates of BMI at baseline and 2nd waves were 96.6%, and
95.2%, respectively, and they deceased in the following waves at
89.7% (3rd wave), 87.1% (4th wave), 87.9% (Sth wave), and
87.4% (6th wave).

Evaluation of the Model Fit

The model fit was evaluated using several diagnostics as suggested
by Nagin."” For all four trajectory groups, the lowest average posteri-
or probability was 0.91, far greater than the recommended value of
0.7. This means that the model assigned participants to different tra-
jectory groups with little ambiguity. Furthermore, the lowest OCC
value was 13.4, which is also greater than the recommendation of 5
as a general guideline."” In addition, the probability of group mem-
bership () and the proportion assigned to each group using the
maximum probability rule (P) were almost identical for each group.
This indicates that the model assigned participants to different tra-
jectory groups with high certainty (Supplementary Table S2).

Demographic and Comorbidity Characteristics of the
Trajectory Groups

The baseline characteristics of the four trajectory subgroups are
shown in Table 1. The proportions of participants in the four tra-
jectory groups were 19.0%, 41.5%, 31.0%, and 8.5% in the LNWG,
HNWG, OWG, and OG, respectively. The higher the group’s
mean BMI, the lower the mean age (p < 0.001) and the higher the
proportion of women (p <0.001). Participants in groups with a
higher mean BMI tended to exercise more regularly and were less
likely to be current smokers (p <0.001), and their prevalence of
DM and HTN was higher (p <0.001). In addition, the MMSE
score was significantly higher with increasing mean BMI.

Fig. 2 shows the changes in BMI with age for each trajectory
group. Almost 60% of the participants were within the normal
weight range at baseline. The LNWG lost weight to almost under-
weight levels during the 10-year follow-up period, while the other
groups showed weight changes within their original category. The
overweight and obesity groups remained within the same BMI

categories.

Cox Proportional Hazard Ratio of All-Cause Mortality
according to BMI Trajectories in Participants

Table 2 shows the Cox proportional hazard ratios of all-cause mor-
talities among groups, with the trajectory of the OG set as the ref-
erence. The participants were adjusted for confounding variables
(age, sex, chronic disease, self-rated health, level of education, mar-
ital state, smoking, alcohol, regular exercise, handgrip strength,
ADL, MMSE, and depression). As shown in Table 2, the other
three trajectories are associated with an excess risk of death com-

pared to the OG. The crude HRs (95% CI) of the LNWG and
HNWG compared with those of the OG were 2.61 (1.92-3.57)
and 1.96 (1.46-2.66), respectively, while the adjusted ratios were
2.40 (1.69-3.40) and 1.75 (1.26-2.45), respectively. Among the
confounding variables analyzed in Model 2, the variables related to
mortality were age, sex (male), DM, chronic lung disease, stroke,
and smoking. In addition, the results confirmed that the lower the
individual’s MMSE score, the lower the cognitive function and the
higher the probability of death.

The Kaplan—Meier survival curves presented in Fig. 3 show a
better overall survival probability in the group with higher BMIL
While the obesity and overweight group initially showed similar

survival rates, the gap gradually increased over time.

Subgroup and Sensitivity Analyses

After stratifying participants with respect to sex, we selected sep-
arate four-group trajectory models in men and women using the
same method described above (Supplementary Fig. S1). After ad-
justing for confounding variables, the HRs (95% CI) of mortality
in the LNWG, HNWG, and OWG compared with those in the
OG were 1.91 (1.01-3.98), 1.60 (0.90-2.87) and 1.35 (0.79—
2.32), respectively, in men and 2.99 (1.44-6.24), 1.92 (1.04-3.54)
and 1.40 (0.81-2.42), respectively, in women (Supplementary Ta-
bles S3, S4, and Fig. S2).

Compared with participants included in the analysis, those ex-
cluded during enrollment or who dropped out during the study
period were older, less obese, likely to be living alone, more de-
pressed, showed more cognitive decline, had more chronic diseas-
es, and had lower handgrip strength (Supplementary Table S5).

Participants who died or were censored during the study period
tended to be older and current smokers and have more morbidity
(more chronic diseases, more depressed, lower ADL, MMSE, and
handgrip strength) compared with those who survived (Supple-
mentary Table SS).

To reduce potential causation bias between weight loss and
mortality such as smoking, cancer, and cardiovascular disease
(CVD), we performed sensitivity analyses, excluding smokers and
those with cancer and CVD. The weight loss patterns and HRs of
each weight group in the sensitivity analyses were similar to the
main results. The respective adjusted HRs (95% CI) of mortality
in the LNWG, HNWG, and OWG compared with those in the
OG were 2.39 (1.57-3.64), 1.86 (1.26-3.64), and 1.32 (0.88-
1.98), respectively, in non-smokers; 2.41 (1.69-3.43), 1.71 (1.23-
2.40), and 1.32 (0.93-1.87), respectively, in the no-cancer group;
and 2.14 (1.49-3.08), 1.63 (1.15-2.29), and 1.26 (0.88-1.81), re-
spectively, in the no-CVD group (Supplementary Table S6).
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Table 1. Participant characteristics of according to BMI trajectory

LNWG (n=652) HNWG (n=1458) OWG (n=1,074) 0G (n=294) p-value”
Age (y) 73.1+£5.96 73.0+6.24 71.9+5.74 71.7+5.49 <0.001
Sex, female 352 (54.0) 807 (55.4) 648 (60.3) 204 (69.4) <0.001
Baseline BMI (kg/m”) 1940+1.92 22.00+ 1.64 24.50+1.72 28.10+2.16 <0.001
Chronic diseases
HTN 159 (24.4) 535(36.7) 504 (47.0) 185 (62.9) <0.001
DM 73(11.2) 230(15.8) 182 (17.0) 71(24.2) <0.001
Cancer 19(2.9) 33(23) 29 (2.7) 8(2.7) 0.810
Chronic lung disease 36(5.5) 443 (3.0) 26 (24) 11(3.7) 0.005
Chronic liver disease 8(1.2) 23(1.6) 14(1.3) 6(2.0) 0.740
Heart disease 42(6.4) 85(5.8) 101 (9.4) 28(9.5) 0.002
Stroke 27 (4.1) 59 (4.1) 52(4.8) 16 (5.4) 0.725
Number of chronic diseases 0.80+0.93 1.00£0.98 1.20£1.03 1.60£1.17 <0.001
Education 0.020
Elementary school or less 508 (77.9) 1,055 (72.5) 747 (69.6) 202 (68.7)
Middle school 55(84) 145 (10.0) 110(10.3) 34(116)
High school 56 (8.6) 186 (12.8) 147 (13.7) 40 (13.6)
University or above 33(s.1) 707 (4.8) 69 (6.4) 18(6.1)
Marital state 0.040
Living with spouse 425(65.2) 961 (65.9) 678 (65.0) 168 (57.1)
Not living with spouse 227(34.8) 497 (34.1) 376 (35.0) 126 (42.9)
Self-rated heath 0.020
Good 114 (17.5) 296 (20.3) 235(21.9) 57(19.4)
Moderate 201 (30.8) 514(35.3) 361 (33.6) 86 (29.3)
Bad 337(51.7) 648 (44.4) 478 (44.5) 151(51.3)
Smoking <0.001
Non-smoker 421 (64.5) 1,049 (72.0) 836 (77.8) 238(81.0)
Former smoker 82 (12.6) 178 (12.2) 110 (10.9) 25(8.5)
Current smoker 149 (22.9) 231(15.8) 121 (11.3) 31(10.5)
Alcohol 0.020
No 463 (71.0) 1,005 (68.9) 785(73.1) 226 (76.8)
Yes 189 (29.0) 453 (31.1) 289 (26.9) 68(232)
Regular exercise <0.001
Yes 165(25.3) 484(332) 359(334) 108 (36.7)
No 487 (74.7) 974 (66.8) 715 (66.6) 186 (63.3)
Depression (CES-D score) 3.90+£2.92 3.60+2.81 3.60+2.80 3.70£2.89 0.220
ADL score 0.33+1.27 0.24+1.03 0.22+1.03 020+ 1.02 0.150
MMSE score 22.50+6.30 22.80+6.05 23.30+5.92 24.00+5.37 0.001
Hand grip strength (kg) 21.00+7.45 22.00+7.62 22.40+8.06 21.80+7.71 0.008

Values are presented as meantstandard deviation or number (%).

BMI, body mass index; LNWG, low normal weight, decreasing group; HNWG, high normal weight, decreasing group; OWG, overweight, stable group; OG,
obese, stable group; HTN, hypertension; DM, diabetes mellitus; CES-D, Center for Epidemiological Studies-Depression scale; ADL, activities of daily living;
MMSE, Mini-Mental State Examination.

“p-value from analysis of covariance.

DISCUSSION population in Korea. The participants were classified into obesity,

overweight, high-normal, and low-normal groups, all of which
This is the first study to identify the heterogeneity of BMI trajecto- ~ showed a slight decrease in BMI over a 10-year period. BMI de-
ries and demonstrate its association with mortality in the older  creased with age in the LNWG and HNWG but was stable in the
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Fig. 2. Body mass index (BMI) trajectories of the participants during
study period. BMI decreased with age in the low normal weight and
high normal weight groups, but it was stable in the overweight and

obesity groups.

Table 2. Cox proportional hazard ratio of all-cause mortality according
to BMI trajectories in participants

Crude Model 17 Model 2”

LNWG 2.61(1.91-3.57) 2.74(1.99-3.77) 2.40 (1.69-3.40)
HNWG 1.96 (1.46-2.66) 191 (1.41-2.60) 1.75(1.26-2.45)
OWG 142 (1.04-1.95) 1.60 (1.16-2.19) 1.38(0.99-1.96)
oG 1 1 1

Male - 207 (1.76-2.42) 2.89(2.25-3.71)
Age - 112 (1.11-1.13) 1.11(1.10-1.13)
HTN - 0.94(0.82-1.08) 1.04 (0.89-1.21)
DM - 1.68 (1.43-1.99) 1.69 (1.41-2.04)
Cancer - 1.18 (0.83-1.69) 1.29 (0.85-1.95)
Chronic lung disease - 1.41 (1.04-1.90) 1.47 (1.05-2.06)
Stroke - 2.06 (1.62-2.62) 1.75(1.28-2.40)
Smoking - - 142 (1.15-1.74)
Alcohol - - 0.89 (0.75-1.06)
MMSE - - 0.98 (0.96-0.99)

Values are presented as hazard ratio (95% confidence interval) and analyzed
using Cox-proportional hazards regression models.

BMI, body mass index; LNWG, low normal weight, decreasing group;
HNWG, high normal weight, decreasing group; OWG, overweight, stable
group; OG, obese, stable group; HTN, hypertension; DM, diabetes mellitus;
MMSE, Mini-Mental State Examination.

a)Adjustecl for age, gender, HTN, DM, cancer, chronic lung disease, chronic
liver disease, heart disease, stroke, self-rated health.

a)Adjusted for factors in Model 1 + education, marital state, smoking,
alcohol, regular exercise, handgrip strength, activities of daily living, MMSE,
depression.

OWG and OG. Of the four trajectory groups, the group with high-
er BMI was younger, had better cognition, and exercised regularly
compared with the group with lower BMI. However, the group

1.004
=
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o
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0 200 . 400 600
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Fig. 3. Kaplan-Meier survival curves stratified by body mass index
(BMI) for all participants. As a result, overall survival probability is
better in groups with higher BMI.

with a lower BMI had a relatively lower prevalence of HTN and
DM and included more male and current smokers. As shown in
Model 2 (Table 2), after adjusting for confounding variables, the
group with lower BMI had a consistently higher risk of all-cause
mortality.

A meta-analysis of prospective studies reported that weight loss
was related to an increased risk of all-cause mortality in mid-
dle-aged populations.m However, as the relationship between
body weight and mortality appears to vary by age,"" it is important
to investigate whether the association between weight change and
mortality persists in older populations.

Many studies have reported the association between BMI and
mortality in Korea."" Several large cohort studies have been con-
ducted based on baseline BMI in patients aged over 65 years re-
ceiving regular health checkups.”” These studies reported higher
mortality risks in the group with lower baseline BMI. Park et al?
investigated the association of BMI change with mortality in addi-
tion to baseline BMI. Their subgroup analysis showed that BMI
change better predicted mortality than a single measure. Using the
National Health Insurance System health checkup data, Kim et al”
reported the association between weight change and subsequent
mortality, demonstrating a reverse J-shaped all-cause mortality
curve for weight change; furthermore, weight loss was associated
with a higher risk of mortality than was weight gain. However,
these studies measured BMI just twice (at baseline and later) in a
short period and included a relatively young population. In con-
trast, the current study attempted to classify BMI subgroups by re-
petitive measurement of BMI through long-term follow-up and by
using a trajectory model.

Several studies have explored the relationship between BMI tra-
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jectories and mortality. Using data from the Health and Retire-
ment Study for older Americans, Zheng et al."” defined six linear
trajectories (overweight stable, normal weight downward, normal
weight upward, overweight obesity, class I obese upward, and class
11/111 upward). The normal weight downward and class II/IIT
obese upward group had high mortality risk, while the overweight
stable group had the lowest mortality. In our study, the weight tra-
jectories of the LNWG and HNWG showed a decreased pattern
during the study period and those of the OWG and OG were rela-
tively stable. The OG had the highest survival rate, while the
LNWG showed a higher risk of mortality. Although Zheng et al."
analyzed a younger population (S1-61 years), the differences were
more likely due to racial differences. Since racial/ethnic differences
in obesity status, body composition, and weight management be-
haviors have been reported, weight change and its association with
life span may vary across racial/ ethnic groups.4)

However, our results are similar to those of one Japanese study
by Murayama et al."” They identified four distinct BMI trajectories
in a 19-year follow-up of older Japanese adults and reported that
adults who were overweight but stable had the highest survival
rate. Thus, older East Asians may differ from older Americans in
terms of weight distribution and patterns of weight change over
time.

Compared with short-term (within S years) weight changes re-
ported previously,m weight changes in the four trajectory groups
were small. However, body weight can fluctuate substantially over
the adult lifetime; thus, weight changes measured at multiple
points over an extended time (approximately 10 years) may pro-
vide additional information."” Moreover, while previous studies
categorized weight change groups using arbitrary criteria such as
5% gain or loss from baseline body weight,l) these approaches did
not provide precisive individual classifications into the various
bodyweight groups.”” Our trajectory modeling method can more
precisely define weight change groups of real older populations,
even if the changes are small.

People with low BMI are more likely to have less muscle and
bone mass and increased body fat. Reduced muscle and bone mass
increase the likelihood of osteoporosis and fractures and decrease
body function, which in severe cases, leads to frailty and disabili-
ty."””” Low muscle mass in the low BMI population causes deteri-
oration of lung function and makes it difficult to withstand cata-
bolic stress in respiratory crisis situations.”” In some studies, un-
derweight people were more susceptible to respiratory disease and
showed higher mortality rates.”” In contrast, high BMI suggests
that muscle and body fat, which serve as energy and nutrient re-
serves, are likely to be sufficient.”” Underweight people could be

undernourished, which reduces immune cell function, increasing
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these individuals’ susceptibility to infection.”” Underweight peo-
ple are reportedly susceptible to infectious diseases such as tuber-
culosis.” Studies have also shown higher probabilities of compli-
cations and mortality among individuals with chronic diseases, in-
cluding CVD, and among those with lower BML***” Chronic dis-
ease can result in a catabolic state that, in turn, leads to wasting
syndrome and metabolic stress situations with muscle, bone, and
body fat loss.”” Accordingly, people who lack sufficient energy and
nutrient reserves are intolerable. Moreover, insufficient nutrition
prolongs hospitalization and increases mortality in hospitalized
patients.”” Thus, high BMI may have a protective effect against
various deteriorating conditions, which may improve survival.
Several limitations should be considered when interpreting our
outcomes. In general, people overreport their height, and they (es-
pecially obese people) tend to underreport their weight, resulting
in under-estimated BMI. The present study used subject-reported
height and weight to calculate BMI, which could lead to biased re-
sults in BMI trajectory patterns. Second, there was the possibility
of selection bias. The participants of the KLoSA study were resi-
dents enrolled nationwide to form a nationally representative data-
base. Individuals in long-term care facilities were not included in
this study. Moreover, 16.5% of participants were excluded from the
analysis due to drop-out during the study period. Comparisons of
the characteristics of the included and excluded participants are
shown in Supplementary Table S4. In general, the excluded partic-
ipants were older and had more morbidity than the participants in-
cluded in the analysis. This difference means that more vulnerable
participants were more likely to drop out during the study period.
The sample admitted to long-term care facilities owing to chronic
diseases during follow-up may have been excluded from the main
panel data. The participants often have more functional limitations
and comorbidity than those who live at home. Therefore, this anal-
ysis of the effect of BMI on mortality could have a limitation
among people with high levels of frailty. Third, intentional and un-
intentional weight changes were not distinguished. As uninten-
tional weight loss has a higher mortality risk than intentional

weight Ioss,zg'm)

we adjusted for various underlying diseases and
functional limitations that could lead to unintentional weight
changes. Fourth, in determining the degree of obesity, BMI is not
an optimal indicator. Since BMI is calculated based on total weight,
it is not possible to directly measure the weight of body fat and
muscle composition. Moreover, this calculation does not reflect
the distribution of body weight. It is more advantageous to mea-
sure waist circumference when a person had central adiposity with
high levels of fat in the abdomen;"” however, the present study did
not adjust for waist circumference. Finally, only all-cause mortality
was assessed. The associations with cause-specific mortality, such
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as death from cardiovascular or other causes, should also be inves-
tigated in future studies.

Nevertheless, this study has some important strengths. Most previ-
ous studies adopted methods of classifying BMI change into predeter-
mined intervals arbitrarily, as defined by researchers. In contrast, this
study used a trajectory model to express BMI change more objectively
as a result, we identified four homogenous trajectory groups. More-
over, the relationship between BMI subgroup and mortality could be
more accurately demonstrated through continuous and repeated BMI
measurement over 10 years of follow-up. This study of data of the old-
er population extracted from the KLOSA database has the advantage
of a relatively large sample size and a prospective design. Physical as-
sessment was performed using validated measures, and variables relat-
ed to lifestyle and health were considered. Since this study included
healthy community-dwelling residents in Korea, the findings can be
generalized to the Korean population. Moreover, we performed the
analyses after adjusting for multiple sociodemographic and behavioral
variables (age, sex, marital status, educational level, co-morbidity,
smoking, drinking, and regular exercise).

In conclusion, the results of our study showed dynamic associations
between BMI and mortality among older adults in Korea. We identi-
fied a slight downward trajectory of BMI in the LNWG and HNWG
groups and a stable trajectory in the OWG and OG groups. These
findings are contrary to those in western populations, in which weight
gain in the obese group and weight loss in the normal weight group
were observed, but the findings are similar to those in Japan, where
weight loss was observed in all subgroups except for the OWG. The
OG group had the highest survival rate, while the LNWG group had a
higher risk of mortality. This research suggests that baseline obesity
status and degree of weight loss during the follow-up period contribut-
ed to mortality in later life. Further studies are needed to determine the
mechanism of these results in more detail.
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