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Abstract

Background: Obesity and weight loss are associated with increased mortality. Understanding the association between weight change
and mortality is critical and can help inform effective prevention and intervention strategies. Therefore, this study aimed to investi-
gate the association between weight change and mortality based on body mass index (BMI) intervals using data from a 12-year fol-
low-up survey in Korea.

Methods: We used data from the Korean Longitudinal Study of Aging from 2006 to 2018. Individuals aged 45-69 years without a
history of malignancy and chronic obstructive pulmonary disease at baseline were selected. Cox regression analysis was used to com-
pare mortality based on body mass index and weight change.

Results: Compared with individuals with a body mass index of 20.0-25.0 kg/m® and an increase in body weight of <5 kg, mortality
was 3.8 times higher in the group with a body mass index of <20.0 kg/m’ and a weight loss of <5 kg, two times higher in the group
with a body mass index of 20.0-25.0 kg/m* and weight loss of >10 kg, and 4.3 times higher in the group with a body mass index of
>25.0 kg/m* and weight gain of =10 kg.

Conclusions: Weight loss in underweight or normal-weight individuals and weight gain in individuals with obesity increased the
mortality rate compared with individuals with normal weight and less weight change. This suggests that body weight and the chang-
es in the weight of individuals are crucial, and weight loss in patients with underweight and weight gain in patients with obesity are
closely related to increased mortality.
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INTRODUCTION

Obesity is a chronic disease increasing worldwide, and its prev-
alence has doubled since 1980 in more than 70 countries and
has continued to rise across other nations [1]. Obesity is a risk
factor for other chronic diseases such as hypertension, diabetes,
hyperlipidemia, cardiovascular disease, and various cancers [2-

4]. Therefore, many countries have emphasized the research on
their obesity rates and implementing policies to reduce them.
Currently, obesity is classified based on body mass index
(BMI) (weight in kilograms divided by the square of height in
meters). According to the World Health Organization (WHO),
overweight in adults is defined as a BMI of >25 kg/m” and obe-
sity as a BMI of >30.0 kg/m” [5]. In contrast, overweight in the
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adult population of the Asia-Pacific region is defined as a BMI
of >23.0 kg/m’ and obesity as a BMI of >25.0 kg/m” [6]. This
lower categorization in the Asia-Pacific region is due to a higher
prevalence of chronic diseases in individuals who are classified
as overweight based on the WHO BMI definition. Additional-
ly, underweight is defined as a BMI of <18.5 kg/m’, and this is
based on data indicating a slight increase in comorbidities in
this BMI population [6]. Notably, criteria for obesity or under-
weight to date have been based on the presence of comorbidi-
ties.

Studies examining the association between BMI and mortal-
ity have revealed different results. A meta-analysis reported the
lowest mortality in individuals with a BMI of 27.0-27.9 kg/m’
in Europe and America [7]. However, in Asia, the lowest mor-
tality rate was reported for individuals with a BMI of 23.0-24.9
kg/m” [8,9]. According to the Asian standards, a BMI between
23.0 kg/m” and 24.9 kg/m’ is considered overweight. The data,
therefore, suggest that people who are overweight or obese are
less likely to die than those of normal weight.

Although the association between BMI and increased mortal-
ity risk is well established, intentional and unintentional weight
loss and weight gain have been associated with higher mortality
rates, thus indicating that weight change is related to mortali-
ty. In a meta-analysis of 26 prospective studies, unintentional
weight loss was associated with higher mortality (risk ratio, 1.22;
95% confidence interval, 1.09-1.37; P=0.001) [10]. In another
meta-analysis, increased risk for all-cause mortality was 67%
with weight loss, 21% with weight gain, and 53% with weight
fluctuation among adults 60 years and older [11]. In a Korean
study, weight loss hazard ratio (HR)= 1.68 (1.65-1.72) and
weight gain HR=1.10 (1.07-1.13) were compared with stable
weight [12].

The relationship between weight change and mortality has
important implications for public health policy and clinical
practice, and the effects of weight gain in underweight and
weight loss in overweight on mortality are expected to be com-
plex. Understanding the association between weight change and
mortality according to BMI intervals can help inform effective
prevention and intervention strategies. Therefore, this study
aimed to investigate the effect of weight change on mortality
based on BMI intervals.

METHODS

We used the data from the Korean Longitudinal Study of Aging
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(KLoSA), which is a 12-year cohort survey that has been fol-
lowed up since 2006 to prepare for the aging population [13].
The survey was delivered to 10,254 individuals aged =45 years
residing in areas of South Korea other than Jeju Island. This
study was approved by the Institutional Review Board (IRB) of
the Keimyung University (IRB No: 2021-08-115). This survey
has been performed with the appropriate participants’ informed
consent in compliance with the Helsinki Declaration. Data were
collected through computer-assisted personal interviewing. In
this method, the interviewer brings a laptop computer, reads the
questions displayed on the computer screen to the participants,
and then directly inputs their responses using the keyboard or
mouse. In the survey, biological personal data, spouse informa-
tion, social information, family information, health and ecolog-
ical information, and medical insurance and labor information
were recorded over 83 variables. In cases of death, the date and
cause of death were investigated from the family members or
acquaintances. The survey participants were followed up every
2 years from 2006. The latest survey data published was after
the seventh follow-up in 2018.

We extracted data on death, BMI, medical history, exercise,
smoking, and alcohol consumption from the KLoSA data for
analysis. We selected individuals aged 45-69 years old with no
history of malignancy and chronic obstructive pulmonary dis-
ease at the beginning of the study.

Categorical variables were analyzed using the X’ test and pre-
sented as frequencies and percentages. Continuous variables
were analyzed using the independent t-test and presented as
means and standard deviations. Cox regression analysis was
used to compare mortality. Two-sided P<0.05 was considered
statistically significant. All statistical analyses were performed
using Statistical Package for the Social Sciences (SPSS) version
23.0 software (IBM Corp.).

RESULTS

A total of 7,205 participants aged 45-69 years without a history
of malignancy and chronic obstructive pulmonary disease in
2006 were included. The average age of the sample was 57 years,
with 3,244 male and 3,961 female. There were 167 underweight
participants with a BMI of <18.5 kg/m”, 427 participants with
a BMI of 18.5-19.9 kg/m®, 2,585 participants with a BMI of
20.0-22.9 kg/m?, 2,249 participants with a BMI of 23.0-24.9
kg/m®, 1,643 participants with a BMI of 25.0-29.9 kg/m’, and
134 participants with a BMI >30.0 kg/m”. Among those with
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a BMI of 18.5-19.9 kg/m’, the youngest participant was 56.0
years old, whereas among those with a BMI <18.5 kg/m®, the
oldest participant was 58.8 years old. The rates of hypertension,
diabetes, and heart disease were highest in individuals with a
BMI of >30.0 kg/m’, and cerebrovascular disease accounted for
the highest proportions in those with a BMI of <18.5 kg/m”.
The proportion of individuals who exercised regularly was the
highest among the BMI of 25.0-29.9 kg/m” group. The smoking
rate was the highest among those with a BMI of <18.5 kg/m’,
and the drinking rate was the highest among those with a BMI
of 23.0-24.9 kg/m” (Table 1).

A total of 830 individuals died during the follow-up period
through to 2018. Compared with the participants with a BMI of
23.0-24.9 kg/m’, mortality was 1.9 times higher for individuals
with a BMI of <18.5 kg/m’ and 1.5 times higher for those with
a BMI of 18.5-19.9 kg/m’ (Table 2). Mortality was 1.9 times

Table 1. General characteristics

higher in the group with a weight loss of >10 kg during the first
2 years than in the group with a weight gain of <5 kg. Addition-
ally, mortality was 1.5 times higher in the group with a weight
loss of 5.1-10 kg in the first 2 years than in the group with a
weight gain <5 kg (Table 3).

The HR according to BMI interval was highest in the group
with a BMI of <18.5 kg/m” and lowest in the group with a BMI of
23.0-24.9 kg/m’ (Fig. 1). Compared with the group with a BMI of
20.0-25.0 kg/m’ and an increase in body weight of <5 kg, mortal-
ity was 3.8 times higher in the group with a BMI of <20.0 kg/m’
and a weight loss of >5 kg and 1.7 times higher in the group with
a BMI of <20.0 kg/m’ and weight loss of 0.1-5.0 kg. Mortality
was two times higher in the group with a BMI of 20.0-25.0 kg/
m’ and weight loss of >10 kg and 1.5 times higher in the group
with a BMI of 20.0-25.0 kg/m” and weight loss of 5.1-10.0 kg
compared with the group with a BMI of 20.0-25.0 kg/m” and

BMI range (kg/m’)

Variable <184 18.5-19.9 20.0-22.9 23.0-24.9 25.0-29.9 >30.0 P-value
(n=167) (n=427) (n=2,585) (n=2,249) (n=1,643) (n=134)

Age (yr) 58.8+7.83 56.0+8.12 56.1+7.52 56.5+7.41 56.7+7.02 57.9+7.54 <0.001°
Sex <0.001°

Male 58 (34.7) 161 (37.7) 1,142 (44.2) 1,106 (49.2) 744 (45.3) 33 (24.6)

Female 109 (65.3) 266 (62.3) 1,443 (55.8) 1,143 (50.8) 899 (54.7) 101 (75.4)
MMSE 25.1+5.66 26.9+3.71 26.9+3.77 27.2+3.44 26.8+£3.71 25.7+4.37 <0.001
Hypertension 22 (13.2) 49 (11.5) 425 (16.4) 525 (23.3) 526 (32.0) 78 (58.2) <0.001°
Diabetes 19 (11.4) 24 (5.6) 214 (8.3) 231(10.3) 221 (13.5) 38(28.4) <0.001°
Liver disease 1(0.6) 7(1.6) 44(1.7) 25(1.1) 39 (2.4) 3(2.2) 0.056°
Cardiac disease 6(3.6) 0(2.3) 69 (2.7) 82 (3.6) 74 (4.5) 9(6.7) 0.006"
Cerebrovascular disease 9 (5.4) 8(1.9) 52 (2.0) 48 (2.1) 53 (3.2) 3(2.2) 0.11°
Regular exercise 50 (29.9) 149 (34.9) 1,064 (41.2) 970 (43.1) 764 (46.5) 44 (32.8) <0.001°
Current smoker 46 (27.5) 103 (24.1) 572 (22.1) 483 (21.5) 334 (20.3) 16 (11.9) 0.013"°
Alcohol consumption 58 (34.7) 171 (40.0) 1,071 (41.4) 1,003 (44.6) 712 (43.3) 41 (30.6) 0.002°
Values are presented as meantstandard deviation or number (%).
BM], body mass index; MMSE, mini-mental state examination.
*Analyzed using analysis of variance; *Analyzed using the chi-square test.
Table 2. Cox regression analysis for mortality according to BMI (12 years follow-up)

7 Model 1 Model 2

Bl Risk ratio P-value Risk ratio P-value
<184 1.910 (1.313-2.777) 0.001 1.631 (1.116-2.384) 0.012
18.5-19.9 1.534 (1.166-2.019) 0.002 1.582 (1.199-2.088) 0.001
20.0-22.9 1.121 (0.946-1.329) 0.187 1.156 (0.974-1.372) 0.097
23.0-24.9° 1.000 1.000 -
25.0-29.9 1.028 (0.846-1.249) 0.781 0.996 (0.819-1.212) 0.970
2>30.0 1.182 (0.712-1.962) 0.517 1.072 (0.643-1.787) 0.791

Values are presented as hazard ratio (95% confidence interval).

BMI, body mass index; Model 1, raw data; Model 2, adjusted by age, sex, hypertension, diabetes, liver disease, cardiac disease, cerebrovascular disease,

regular exercise, current smoker, alcohol drink.
“Reference.
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an increase in weight of <5 kg. Mortality was 4.3 times higher in
the group with a BMI of >25.0 kg/m” and weight gain of >10 kg
compared with the group with a BMI of 20.0-25.0 kg/m’ and an
increase in body weight of <5 kg (Fig. 2).

DISCUSSION

In our study, the BMI range with the lowest comorbidity was
18.5 to 19.9 kg/m”. This is consistent with the existing data [6].
In the normal BMI group, the prevalence of comorbidities was
the lowest, with comorbidities increasing with a decrease or in-
crease in BMI. However, the overweight group (according to the
Asian-Pacific WHO classification; BMI, 23.0-24.9 kg/m’) had

Table 3. Cox regression analysis for mortality according to weight
change for first 2 years (10 years follow-up)

Weight change Risk ratio P-value
>10.0 kg loss 1.859 (1.292-2.673) 0.001
-5.1to -10.0 kg 1.495 (1.131-1.977) 0.005
-0.1 to -5.0 kg 1.059 (0.870-1.290) 0.565
+0 to 4.9 kg* 1.000 =
+5.0t0 9.9 kg 1.145 (0.778-1.685) 0.491
210.0 kg gain 1.228 (0.627-2.406) 0.549

Values are presented as hazard ratio (95% confidence interval).
“Reference.

4.5
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Weight change (kg)

the lowest mortality, with mortality increasing with a decrease
or increase in BMI. This result is consistent with results in other
studies conducted on other races in Asia. In a Japanese cohort
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Fig. 1. Cumulative survival rate by Cox regression analysis (raw
data).
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Fig. 2. Hazard ratio according to weight change for first 2 years by obesity degree (10 years follow-up mortality). BMI, body mass

index. *Data with a P-value less than 0.05. “Reference of hazard ratio.
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study conducted from 1990 to 1999, individuals with a BMI of
23.0-24.9 kg/m” had the lowest mortality [9], which is also con-
sistent with a prospective study in China, wherein the mortality
was lowest among individuals with a BMI of 21.0-23.5 kg/m’
[14].

Within the normal BMI range, the mortality in the group
with a BMI of 18.5-19.9 kg/m” was 1.5 times higher than that
in the group with a BMI of 23.0-24.9 kg/m”. This suggests that
attention should be paid to the high mortality in people with
extreme BMIs and people with normal BMI of <20.0 kg/m”.

In addition, we investigated the relationship between body
weight change in 2 years and mortality over a 10-year follow-up
as a post-hoc analysis to determine how changes in body weight
affect mortality. The mortality increased more with weight loss
than with weight gain. Mortality was 1.5 times higher in the
group in which individuals lost 5.1-10.0 kg compared with the
group in which individuals gained 0-5 kg. Mortality was also
increased by 1.9 times in the group in which individuals lost
>10 kg. This suggests that weight loss and being underweight
are risk factors for death. To better understand these results,
we divided BMI into three groups and then investigated the
relationship between weight change and mortality in each BMI
group (Fig. 2). In the group with a BMI of <20.0 kg/m’, a sta-
tistically significant increase was observed in the mortality rate
of all the individuals who lost weight. In the group with a BMI
of >25.0 kg/m’, the mortality rate was increased in individuals
who gained >10 kg. In the group with a BMI of 20.0-25.0 kg/
m’, mortality was increased in those who lost >5.1 kg. These
results suggest that, in Asian populations, weight loss increases
the risk of death in individuals with a BMI <25.0 kg/m’, and
weight gain increases the risk of mortality in those with a BMI
>25 kg/m”.

In general, weight decreases with increasing age in older
adults [15]. Previous studies have shown that weight loss in
older adults is associated with cancer, chronic disease, thyroid
disease, gastrointestinal disease, and mental illness, which are
associated with increased mortality [16,17]. Additionally, low
BMI and weight loss are closely associated with sarcopenia,
which is further associated with mortality [18-22]. After mid-
dle age, weight loss can cause loss of muscle mass, which may
increase mortality [23]. People within the normal range of BMI
are usually not advised to change their weight. In underweight
individuals, the mortality rate increased with either a decrease
or increase in weight, and the mortality rate exhibited an in-
creasing trend, although this was not statistically significant.

KJHP

These results may differ depending on whether there is an actu-
al muscle mass increase or only a fat increase upon weight gain.
Further research is needed to determine the effects of weight
gain with increasing muscle mass on mortality in underweight
individuals.

In our study, individuals with a BMI of >25.0 kg/m’ exhibit-
ed a high mortality rate, but it was not statistically significant.
However, excessive weight gain in the group with high BMI
increased their mortality rate. These results are consistent with
those of other studies involving Asians, implying that excessive
weight gain in patients with obesity should be avoided [12,24].

The present study has some limitations. First, death data from
the KLoSA was based on the memory of close family members
and relatives; therefore, the date of death may not be accurate.
Additionally, we cannot distinguish whether weight loss was
intentional or unintentional. Notably, unintentional weight loss
can be more dangerous than intentional weight loss [25]. More-
over, there are many diseases that can cause sarcopenia, includ-
ing heart failure, tuberculosis, and thyroid disease, but our data
did not include data on these conditions, so we were unable to
control for confounding by these diseases. Therefore, further
research is necessary to prove this hypothesis.

Despite these limitations, this study had strengths. KLoSA is
a nation-wide dataset of 10,254 individuals aged 245 years, and
this data was long-term, tracked for 12 years (2006-2018), thus
providing credibility to the long-term effects of weight change
on mortality.

Conclusion

This study revealed that weight loss in underweight individuals
or those with normal weight and weight gain in overweight
individuals increased their risk of mortality compared with
individuals with normal weight and less weight change. This
suggests that, in addition to body weight, changes in the weight
of an individual are crucial, and weight loss in underweight
patients or weight gain in patients with obesity are closely relat-
ed to increased mortality. Obesity remains an important issue
for community health. Paying increased attention to low body
weight and weight loss among individuals is imperative to en-
hance healthcare in local communities.
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