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Abstract

Introduction Despite increases in obesity prevalence, awareness of obesity as a disease requiring active treatment remains
lacking in Korea. We investigated differences in medical problems and expenditures and mortality across obesity categories
using 12-year data from the National Health Insurance Service.

Materials and Methods Individuals aged 40-79 years who underwent medical examinations during 2003-2004 (n=415,201)
were divided based on Asian body mass index (kg/m?) criteria: normal weight (18.5 to <23.0, 36.4%), overweight (23.0
t0<25.0, 28.3%), obesity (25.0 to <30.0, 32.5%), and severe obesity (>30.0, 2.8%). Medical problems and expenditures
were fitted to linear mixed models. Mortality was analyzed via Cox proportional-hazards model.

Results More severe obesity was associated with a higher rate of medical problems, relative to normal weight: coefficient=0.31 (95%
confidence interval [CI], 0.30-0.32) for overweight, 0.61 (0.60-0.61) for obesity, and 1.07 (1.04—1.09) for severe obesity. A similar
association was observed for medical expenditure: coefficient=8.85 (95%CI, 6.80-10.89) for overweight, 20.04 (18.07-22.01) for
obesity, and 48.76 (43.66-53.86) for severe obesity. Relative to overweight participants, those with normal weight and severe obesity
exhibited a higher mortality risk (hazard ratio [HR] 1.21 [95%CI, 1.18-1.25] for normal; 1.27 [1.19-1.36] for severe obesity). In age-
specific analyses, mortality risk was the highest for participants with severe obesity, aged < 60 years (HR, 1.58 [95%CI, 1.41-1.77]).
Conclusion Disease burden including medical problems and expenditure, and mortality in middle-aged adults, increased
proportionally to the degrees of obesity. Health policies and medical systems aimed at reducing the burden of obesity may
help reduce the burden of disease on society.
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Introduction

The rapid growth in the prevalence of overweight and obese
populations is considered a global pandemic [1, 2]. Accord-
ing to recent data from the Global Burden of Disease study, a
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high body mass index (BMI) is the risk exposure factor with
the largest growth over the past 20 years [3—5]. Furthermore,
obesity is an independent risk factor for many chronic dis-
eases, such as type-2 diabetes, cardiovascular disease, and
cancer [6-9]. In addition to being a leading risk for mortal-
ity worldwide [10, 11], obesity has an important impact on
physical and mental health, health-related quality of life,
and on economic burden (indirect and direct costs) [12, 13].

Several studies in Western countries have documented
the prevalence of obesity and its treatment outcomes [14,
15]. Compared with other countries, the Republic of Korea
has relatively lower levels of overweight and obese indi-
viduals [16]. However, in recent years, the prevalence of
obesity has increased in Korea [17-19], possibly due to
the rapid westernization of dietary habits and lifestyles
[20, 21]. Although the prevalence of obesity in Korea is
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steadily increasing, a broad awareness of obesity as a dis-
ease requiring active treatment and appropriate medical
policy remains lacking.

In Korea, previous studies using large real-world data-
bases have revealed the medical and social problems caused
by obesity [22, 23]. However, because these studies were
typically based on data obtained prior to 2000, the latest
Korean trends on obesity were not reflected. Epidemiologi-
cal studies investigating the contemporary trends in this dis-
ease are necessary for accurate recognition of its burden and
to inform appropriate medical policies for proactive manage-
ment and treatment.

The development of a more accurate and reliable estima-
tion of the medical burden of obesity will serve as a basis for
developing and prioritizing appropriate health interventions
in order to reduce the obesity-related health burden. Here,
we investigated and described the differences in medical
problems and costs, and mortality across the obesity catego-
ries in Korea using the National Health Insurance Service
(NHIS) database (DB).

Methods
Study Design and Data Sources

This longitudinal retrospective cohort study used data
from the Korean NHIS-National Health Screening (NHIS-
HEALS) cohort DB. The Korean NHIS is a mandatory
social insurance system, which covers the medical expenses
of 97% of the South Korean population [1]. Although NHIS
information is representative of medical trends and practices
in Korea, access and use by investigators are restricted due
to the large volume of data and issues related to the protec-
tion of identifiable personal information. Thus, the NHIS
has constructed the Sample Research DB, containing stand-
ardized data in a sharable form, by extracting five specific
cohorts from the large sample: the National Sample cohort
[24], National Health Screening (HEALS) cohort [25], Sen-
ior cohort [26], Working women cohort, and Birth cohort
[27] (https://nhiss.nhis.or.kr). We here used the Korean
NHIS-HEALS.

Among the qualified NHIS subscribers in 2002, partici-
pants aged 40-79 years who underwent health screening
during 2002-2003 and who were followed up biennially
through to 2015 were identified for potential study inclu-
sion. From this population, 10% (n=514,866) of randomly
selected participants were included in the NHIS-HEALS
cohort [25]. The NHIS-HEALS DB represents the entire
Korean population and consists of four datasets: qualifica-
tion, treatment, medical check-up, and clinic.

@ Springer

Participant Categorization

To analyze the 12-year longitudinal trajectories of the bian-
nual health screening results of the NHIS-HEALS cohort
(n=514,866), only participants who received a health screen-
ing record between January 1, 2003, and December 31, 2004
(index date) were included. Participants with a normal weight
or higher according to the Asian BMI criteria (BMI > 18.5 kg/
m?) at their index-date screening visit were included in this
study (Supplementary Fig. 1). Participants were excluded
if they had (1) no health screening record at the index date
(n=87,375), (2) no BMI information (n=385), BMI< 18.5 kg/
m? (n=11,721) at the time of the index visit, or (3) a medical
history within 90 days prior to the index screening visit that
may have affected BMI (cancer and gastrointestinal disorder
[n=184]; Supplementary Fig. 1). After applying these inclu-
sion and exclusion criteria, 415,201 participants were enrolled.

The primary endpoint of our study was BMI measured at
five time-points every 2 years after the index date. Therefore,
missing BMI values were imputed by the last-observation-
carried-forward for subjects who did not undergo a health
screening test at each time-point (within + 1-year windows).
Approximately a quarter of the BMI levels at every time-point
after the index date were imputed.

While the criteria for being underweight are the same
in both Asians and Westerners, the definition of obesity
according to BMI differs slightly between these popula-
tions (Supplementary Fig. 1). The degree of obesity was
classified into four groups according to the Asian BMI
criteria: normal weight (18.5 to < 23.0 kg/m?), overweight
(23.0 to < 25.0 kg/m?), obese (25.0 to < 30.0 kg/m?), and
severely obese (>30.0 kg/m?) [28]. Each qualifying partici-
pant was categorized according to their BMI at the index
screening date.

Outcomes
Participant Characteristics

Characteristics, socioeconomic factors, participant sex, age,
BMLI, socioeconomic status, smoking, drinking, and physi-
cal activity status in each BMI group were investigated and
described using data from the qualification and medical
check-up datasets.

Medical Problems

Twenty-five diseases that may be clinically associated
with obesity were selected according to the codes in the
treatment database: metabolic syndrome (type 2 diabetes,
hypertension, and dyslipidemia), cardiovascular disease
(myocardial infarction, cardiomyopathy, angina pectoris,
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ischemic stroke, and congestive heart failure), cancer
(breast, colorectal, endometrial, pancreatic, kidney, pros-
tate, urinary bladder, and gallbladder cancers), and others
(depression, osteoarthritis, hypoventilation, sleep apnea,
asthma, gastroesophageal reflux disease, non-alcoholic
fatty liver, polycystic ovary syndrome, and pseudotumor
cerebri). The number of comorbidities per patient at the
index date and biannually through 12 years of follow-up
was assessed and described.

Medical Expenditures

Medical expenditures, including the payer’s amount and
the patient’s out-of-pocket cost for all healthcare activities,
were identified within the treatment dataset. The sum of per-
participant medical expenses was analyzed for each 2-year
period from the index date through the 12-year study trajec-
tory. All the healthcare service costs reflected the cumulative
per-patient costs for each 2-year period, averaged for each
obesity category.

Mortality

The overall survival for each participant was analyzed
using the qualification dataset. For subgroup analysis, the
participants were divided into two age categories: < 60
and > 60 years. In the Cox proportional hazards regression
analysis, we set overweight criteria as the reference, based
on the obesity paradox theory [29, 30].

Statistical Analysis

Demographic, clinical, and pathological characteristics
were described using chi-square tests for categorical vari-
ables, and analysis of variance for continuous variables.
Changes in BMI over time were estimated using gener-
alized linear mixed models with a gamma distribution
and a logarithmic transformation link function. Linear
mixed models were used to analyze the differences in
number of comorbidities and total medical costs over time
for each group. The grouping model considered only the
passage of time, and repeated measure analysis of vari-
ance was used to test for differences between groups. The
full linear mixed model included adjustments for age,
sex, income level, smoking status, physical activity, and
BMI to estimate the expected values and 95% CI. The
Kaplan—Meier method was used for univariate analysis of
overall survival according to the BMI level. The log-rank
test was used to calculate the statistical significance of
between-group differences. For multivariate analysis, a
time-varying Cox proportional hazards regression model
was used for factors that showed statistical significance

in the univariate analysis. Hazard ratios (HRs) and 95%
confidence intervals (CIs) were calculated for mortality.
All the statistical tests were set at a two-sided signifi-
cance level of 0.05. The Statistical Package for SAS (ver-
sion 9.4; SAS Institute Inc., Seoul, Korea) and R statisti-
cal software (version 3.3.3; R Foundation for Statistical
Computing, Vienna, Austria) were used to perform the
statistical analyses.

Results

The inclusion criteria for this study was met by 415,201
participants, with the proportions, counts, and mean (SD)
BMI within each category at index date as follows: 36.43%,
n=151,278, BMI 21.34+1.16 kg/m2 for normal weight;
28.3%,n=117,516, BMI 23.99+0.57 kg/m2 for overweight;
32.52%, n= 135,009, BMI 26.70 + 1.26 kg/m? for obesity;
and 2.75%, n=11,398, BMI 31.81 +2.54 kg/m2 for severe
obesity. During the 12-year follow-up, there was no sig-
nificant changes in the BMI in any of the four groups (all
beta=10.00, [95%CI, 0.00-0.00]) (Supplementary Table 1).

Characteristics and Socioeconomic Factors

The demographic, lifestyle, and behavioral characteristics of
each group are shown in Table 1. Severe obesity was signifi-
cantly associated with older age (54.26 +9.13 years), female
sex (59.23%), a lower income level (25.21% with income
level 0-3), a higher portion of never smokers (72.57%),
non-drinkers (60.85%), and non-exercisers (55.27%) (all
p<0.001). In contrast, the overweight group was younger
(53.53 +£9.24 years), more often male (57.40%), with a higher
income level (47.93% with income level 8-10), and relatively
lower portions of never smokers (63.64%), non-drinkers
(52.61%), and non-exercisers (47.68%) (all p <0.001).

Medical Problems

As shown in Table 2, the higher BMI group had a higher
number of comorbidities at the index date (normal,
1.00 + 1.32; overweight, 1.19 + 1.44; obesity, 1.43 +1.55;
and severe obesity, 1.88+1.71). In general, the number
of comorbidities increased during the follow-up period as
the study participants aged (12 years after the index date:
normal; 2.24 + 1.89; overweight; 2.60 + 1.96; obesity;
2.98 +2.02; and severe obesity; 3.60 +2.04). Increases
in comorbidity counts over time were also higher for the
higher BMI groups (within the 12-year follow-up period:
beta=0.11 for normal, 0.13 for overweight, 0.14 for obesity,
and 0.15 for severe obesity [all p<0.011]). In the multivari-
ate analysis, a higher BMI was associated with an increased
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Table 1 Patient demographics according to BMI category at index date

Variable Total (n=415,201) Normal weight Overweight Obesity Severe & extreme p-value*
(n=151,278, (n=117,516, (n=135,009, obesity (n=11,398,
36.43%) 28.3%) 32.52%) 2.75%)
BMI (kg/m?) 18.5<BMI<23.0 23.0<BMI<250 25.0<BMI<30.0 BMI>30.0
Mean +SD 21.34+1.16 23.99+0.57 26.70+1.26 31.81£2.54
Age at index date, <0.001
(years)
Mean +SD 53.67+9.46 53.61+£9.94 53.53+9.24 53.81+£9.12 54.26+9.13
Median (Q1, Q3) 52.00 (46.00, 60.00) 51.00 (45.00, 61.00) 52.00 (46.00, 60.00) 52.00 (46.00, 60.00) 53.00 (46.00, 62.00)
Gender, n (%) <0.001
Male 229,230 (55.21%) 79,818 (52.76%) 67,451 (57.40%) 77,314 (57.27%) 4647 (40.77%)
Female 185,971 (44.79%) 71,460 (47.24%) 50,065 (42.60%) 57,695 (42.73%) 6751 (59.23%)
Income level at index <0.001
date, n (%)
0-3 93,004 (22.4%) 35,621 (23.55%) 25,296 (21.53%) 29,213 (21.64%) 2874 (25.21%)
4-1 131,214 (31.6%) 48,594 (32.12%) 35,893 (30.54%) 42,750 (31.66%) 3977 (34.89%)
8-10 190,983 (46%) 67,063 (44.33%) 56,327 (47.93%) 63,046 (46.70%) 4547 (39.89%)
Smoking status at <0.001
index date, n (%)
Missing 12,359 (2.98%) 4462 (2.95%) 3484 (2.96%) 4072 (3.02%) 341 (2.99%)
Never smoker 266,750 (64.25%) 96,731 (63.94%) 74,784 (63.64%) 86,963 (64.41%) 8272 (72.57%)
Ex-smoker 38,791 (9.34%) 12,138 (8.02%) 11,743 (9.99%) 14,052 (10.41%) 858 (7.53%)
Current smoker 97,301 (23.43%) 37,947 (25.08%) 27,505 (23.41%) 29,922 (22.16%) 1927 (16.91%)
Drinking status at <0.001
index date, n (%)
Missing 6034 (1.45%) 2215 (1.46%) 1669 (1.42%) 1988 (1.47%) 162 (1.42%)
None 224,044 (53.96%) 84,480 (55.84%) 61,827 (52.61%) 70,801 (52.44%) 6936 (60.85%)
<2 per week 134,040 (32.28%) 45,975 (30.39%) 39,570 (33.67%) 45,315 (33.56%) 3180 (27.90%)
> 2 per week 51,083 (12.3%) 18,608 (12.30%) 14,450 (12.30%) 16,905 (12.52%) 1120 (9.83%)
Physical activity at <0.001
index date, n (%)
Missing 8605 (2.07%) 3187 (2.11%) 2352 (2.00%) 2795 (2.07%) 271 (2.38%)
None 207,631 (50.01%) 80,232 (53.04%) 56,031 (47.68%) 65,068 (48.20%) 6300 (55.27%)
<2 per week 105,010 (25.29%) 36,809 (24.33%) 30,797 (26.21%) 34,950 (25.89%) 2454 (21.53%)
> 2 per week 93,955 (22.63%) 31,050 (20.53%) 28,336 (24.11%) 32,196 (23.85%) 2373 (20.82%)

Abbreviation: BMI, body mass index; SD, standard deviation

Data are reported as mean + SD for continuous variables and n (%) for categorical variables

*p value calculated by the chi-squared test for categorical variables and analysis of variance for continuous variables

number of comorbidities relative to normal weight: coeffi-
cient=0.31 [95% confidence interval, 0.30-0.32] for over-
weight, 0.61[0.60-0.61] for obesity, 1.07 [1.04-1.09] for
severe obesity (Table 3).

Medical Expenditures
As shown in Table 4, BMI was associated with medi-
cal expenditure. The highest BMI group spent more on

healthcare service costs (all expressed in 1,000,000 Korean
Won) by the index date (normal; 0.69 + 1.67; overweight;
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0.68 +1.52; obesity; 0.73 +1.50; and severe obesity;
0.84 +1.68). As the participants aged, the medical costs also
increased (12 years after index date: normal; 2.52 +6.43;
overweight; 2.66 +6.70; obesity; 2.90 +6.79; and severe
obesity; 3.45+7.69). The magnitude increase in health-
care service costs over time was higher in the higher BMI
categories: beta=0.17, normal, 0.18 for overweight, 0.20
for obesity, and 0.25 for severe obesity (all p <0.001). In
multivariate analysis, a higher BMI category was associ-
ated with increased total healthcare service costs relative
to normal weight (all expressed in 10,000 Korean Won):
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Table 3 Linear mixed model for medical problems (number of comorbidities)

Characteristic Univariate Multivariate
regression coefficient (95% CI)  p-value  regression coefficient (95% CI)  p-value*

Age at index date (year) 0.06 (0.06 to 0.06) <0.001  0.06 (0.06 to 0.06) <0.001
Male (reference: female) —0.49 (- 0.50 t0—0.48) <0.001 —0.4(-0.411t0-0.39) <0.001
Income at index date

0-3 0 (reference) 0 (reference)

4-7 —0.10 (—=0.11 to—0.08) <0.001  0.07 (0.06 to 0.08) <0.001

8-10 —0.19 (-0.20 to—0.18) <0.001  0.05 (0.04 to 0.06) <0.001
Smoking status at index date

Never smoker 0 (reference) 0 (reference)

Ex-smoker —0.29 (-0.31 to—0.28) <0.001  0.05 (0.03 to 0.06) <0.001

Current smoker —0.48 (—0.49t0-0.47) <0.001 —0.03 (—0.04 t0o—0.02) <0.001
Physical activity at index date

No 0 (reference) 0 (reference)

Yes -0.20 (-0.21 to—0.19) <0.001  0.02 (0.01 to0 0.03) <0.001
BMI category at index date

Normal weight (18.5 kg/m2 <BMI<23.0 kg/mz) 0 (reference) 0 (reference)

Overweight (23.0 kg/m? < BMI < 25.0 kg/m?) 0.29 (0.28 to 0.30) <0.001 0.31(0.3t00.32) <0.001

Obesity (25.0 kg/m* < BMI < 30.0 kg/m?) 0.60 (0.59 to 0.61) <0.001 0.61(0.6t00.61) <0.001

Severe & extreme obesity (BMI>30.0 kg/m2) 1.16 (1.13 to 1.18) <0.001 1.07 (1.04 to 1.09) <0.001
Time (year) 0.12 (0.12 t0 0.12) <0.001 0.12(0.12t0 0.12) <0.001
Abbreviation: BMI, body mass index; CI, confidence interval
“p-value was calculated by linear mixed models
coefficient=8.85 [95%CI, 6.80-10.89] for overweight, Discussion

20.04 [18.07-22.01] for obesity, and 48.76 [43.66-53.86]
for severe obesity (Table 5).

Mortality

Across all participants, the 12-year survival was higher in
the obesity and overweight categories than in the severe
obesity and normal weight categories: obesity (93%), over-
weight (93%), severe obesity (92%), and normal (90%)
(»<0.001) (Supplementary Table 2 and Fig. 2). In mul-
tivariate analysis, across all participants, normal weight,
and severe obesity posed a higher mortality risk relative
to overweight (adjusted HR, 1.21 [1.18-1.25] for normal;
1.27 [1.19-1.36] for severe obesity; Table 6). When sub-
group analysis was performed by age group, the partici-
pants in the severe obesity group had the lowest survival
rate among participants aged 40-59 years, and those in
the normal weight group had the lowest survival rate in
the 60 + year category (Supplementary Fig. 3 and Table 3).
The Cox regression analysis showed that participants with
severe obesity had the highest mortality risk among par-
ticipants aged < 60 years (HR, 1.58 [95%CI, 1.41-1.77]),
whereas those with normal weight had the highest mor-
tality risk among participants aged > 60 years (HR, 1.2
[95%CI, 1.16—1.24]; Table 6).

@ Springer

Within the data variables provided by the NHIS-HEALS
cohort, the characteristics and lifestyles of a representative
cohort of South Koreans aged 40-79 years were investi-
gated as a function of BMI categories. Medical problems
and expenditures, and mortality were selected a priori to
characterize the burden of obesity over a 12-year period.
We showed that disease burden and medical expenditure
increased proportionally to the obesity burden and that the
highest mortality risk was associated with middle-aged par-
ticipants with severe obesity.

The prevalence of obesity has been increasing worldwide,
and it is a major risk factor for various chronic diseases [4].
Western countries consider obesity as a disease that requires
active treatment, starting with changes in long-term lifestyle
[15, 31, 32]. When this is not sufficient, medication may be
added, and bariatric surgery is considered. However, this
awareness is less common in Korea, possibly due to the
lower prevalence of obesity [16, 33]. Recently, interest in
active treatment of obesity has increased in Korea [17, 34],
with bariatric surgery receiving insurance coverage [35].
Several previous studies with large data from public institu-
tions have described the increasing prevalence of obesity in
Korea, but considered varying time periods and institutions
[18, 22,23, 36]. Thus, our contemporary, national-level data
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Table 5 Linear mixed model for medical expenditures (10,000 KRW)

Characteristic Univariate Multivariate
Regression coefficient (95% CI) p-value* Regression coefficient (95% CI)  p-value*

Age at index date (years) 7.67 (7.58 to 7.75) <0.001  7.57 (7.49 to 7.66) <0.001
Male (reference: female) —25.18 (—26.84 to—23.51) <0.001 —15.86 (= 1791 to—13.82) <0.001
Income at index date

0-3 0 (reference) 0 (reference)

4-7 —13.2(-=15.49 t0—10.91) <0.001 4.14 (1.88t0 6.39) <0.001

8-10 —25.52 (=27.66 to—23.38) <0.001  0.91 (-1.23 to 3.06) 0.402
Smoking status at index date

Never smoker 0 (reference) 0 (reference)

Ex-smoker —-21.02 (-23.92t0o—18.13) <0.001 5.95(2.871t09.02) <0.001

Current smoker —23.04 (—25.04 to—21.05) <0.001 12.3 (10to 14.61) <0.001
Physical activity at index date

No 0 (reference) 0 (reference)

Yes —33.18 (—34.85to—31.51) <0.001 —10.66 (—12.35t0—8.97) <0.001
BMI category at index date

Normal weight (18.5 kg/m2 <BMI<23.0 kg/mz) 0 (reference) 0 (reference)

Overweight (23.0 kg/m? < BMI < 25.0 kg/m?) 6.78 (4.7 to 8.86) <0.001  8.85(6.8to 10.89) <0.001

Obesity (25.0 kg/m* < BMI < 30.0 kg/m?) 20.37 (18.37 to 22.37) <0.001  20.04 (18.07 t0 22.01) <0.001

Severe & extreme obesity (BMI>30.0 kg/m2) 54.69 (49.5 to0 59.89) <0.001  48.76 (43.66 to 53.86) <0.001
Time (year) 18.62 (18.47 to 18.77) <0.001 18.6(18.451t0 18.75) <0.001

Abbreviation: KRW, Korean Won; CI, confidence interval; BMI, body mass index
Won-Dollar Exchange rates as of March 1st, 2022: USD $1.00=KRW }1197.74

*p-value was calculated by linear mixed models

can help to inform appropriate treatment, insurance policies,
and insurance systems in Korea.

Compared with the normal, overweight, and obese
groups, the severe obesity group had a significantly higher
mean age, higher proportion of females, and lower socioeco-
nomic activity (never smoker, non-drinker, and non-exer-
ciser) (Table 1). Participants in the overweight group, but
not those in the normal group, had outcomes that contrasted
most with those in the severe obesity group. Contrary to
expectations, participants who neither smoked nor drank
alcohol had higher obesity levels than those who did. Prior
studies demonstrated that, in general, the prevalence of obe-
sity was low among drinkers and smokers, but high among
“binge drinkers” and “heavy smokers” [37, 38]. Therefore,
the smoking and drinking categories within the dataset avail-
able for this study may not have been sufficiently detailed to
allow analysis of these interactions.

Using a linear mixed model, the effect of obesity on
medical problems and expenditure was quantified from
the index date through the 12-year follow-up period. As in
prior studies, our results showed that the increased medical
problems and expenditure rates correlated positively with
the increase in time and BMI category. Song et al. used the
NHIS-HEALS cohort to describe discrete characteristics at
baseline and at the end of a 10-year follow-up [39], whereas

@ Springer

our study considered time trends throughout the 12-year
period. Since the NHIS data comprised 12 years of longi-
tudinal data for each individual, the time factor is reflected
in the analysis and demonstrated the degree of increase in
the number of comorbidities and medical expenses in each
group over time.

Since our study cohort comprised all health screening
participants (including those with a low medical burden),
a high 12-year survival rate of >90% was observed. Nev-
ertheless, a significant difference was observed in survival
rates across the BMI categories (Supplementary Table 2 and
Fig. 2). Contrary to our expectations, the overweight and
obesity groups had the highest survival rates, at 93%, and the
survival rate was higher in the severe obesity group (92%)
than in the normal group (90%). These mortality results
should be considered in the context of previous findings of
U-shaped or J-shaped relationships between all-cause mor-
tality and BMI [29, 30, 40, 41]. A previous study that inves-
tigated the association between BMI and overall and cause-
specific mortality in a population-based cohort of 3.6 million
adults in the UK showed a J-shaped association between
BMI and all-cause mortality, with the lowest mortality seen
at BMI 25 kg/m?, which is borderline between overweight
and obesity in the Asian population [41]. Another study
conducted in Korea using the NHIS-NSC cohort showed
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Table 6 Multivariable Cox proportional-hazard model for overall death

Characteristic In total In age <60 In age > 60

adjusted HR (95% CI) p-value* Adjusted HR (95% CI) p-value* Adjusted HR (95% CI) p-value*

Age at index date (year)
Male (ref: female)

Income at index date

1.12(1.12 t0 1.12)
1.95(1.9to 2)

<0.001
<0.001

0-3 1 (reference)
4-7 0.92 (0.89 to 0.94) <0.001
8-10 0.74 (0.72 t0 0.76) <0.001

Smoking status at index date
Never smoker
Ex-smoker
Current smoker

Physical activity at index date
No
Yes

BMI category at index date

Normal weight (18.5 kg/
m?<BMI <23.0 kg/m?)

Overweight (23.0 kg/

1 (reference)
1.13 (1.09 to 1.18)
1.59 (1.55 to 1.63)

1 (reference)
0.81 (0.79 to 0.83)

1.21 (1.18 to 1.25)

1 (reference)

<0.001
<0.001

<0.001

<0.001

1.09 (1.09 to 1.1) <0.001 1.13(1.13to 1.14) <0.001
2.37 (2.24 t0 2.52) <0.001 1.86(1.8t01.92) <0.001
1 (reference) 1 (reference)

0.9 (0.85t0 0.94) <0.001 0.91(0.88 to 0.94) <0.001
0.59 (0.56 to 0.62) <0.001 0.78 (0.75t0 0.8) <0.001
1 (reference) 1 (reference)

1.02 (0.94 to 1.1) 0.635 1.18 (1.12 to 1.23) <0.001
1.63 (1.55t0 1.72) <0.001 1.52(1.47to 1.57) <0.001
1 (reference) 1 (reference)

0.85 (0.81 to 0.88) <0.001 0.81(0.78 t0 0.83) <0.001
1.23 (1.17 to 1.3) <0.001 1.2(1.16to 1.24) <0.001
1 (reference) 1 (reference)

1.02 (0.97 to 1.07) 0.503 0.97 (0.94 to 1.01) 0.143
1.58 (1.41 to 1.77) <0.001 1.13(1.04to 1.24) 0.005

m?<BMI <25.0 kg/m?)

Obesity (25.0 kg/ 0.99 (0.96 to 1.02) 0.468
m?<BMI <30.0 kg/m?)

Severe & extreme obesity 1.27 (1.19 to 1.36) <0.001
(BMI>30.0 kg/m?)

Abbreviation: HR, hazard ratio; CI, confidence interval; BMI, body mass index

*p-value was calculated by Cox proportional-hazard model

that participants with a BMI < 23 kg/m? or> 30 kg/m* had
higher risks of all-cause and cause-specific mortality than
the reference group (BMI 23-24.9 kg/m?) [29]. Therefore,
considering the obesity paradox, we set the overweight cat-
egory as the reference group in the Cox regression analysis.

The mortality risk was higher in the normal and severe
obesity groups than in the overweight and obesity groups.
This may be due to definition of the Asian BMI classifica-
tion in the early 2000s [42]. Although there are many ways
to measure obesity, BMI is the most widely used method.
BMI classifications are based on the risk of cardiovascular
disease adopted by the World Health Organization (WHO)
for white, Hispanic, and black individuals. According to
the WHO classification, overweight is defined as a BMI of
25-29.9 kg/m?, whereas BMI > 30 kg/m? defines obesity [1].
However, Asians have slighter builds than Caucasians and
therefore have less muscle mass and connective tissue [43].
Since applying Western cutoffs may underestimate risks in
Asian populations, the WHO recommended using lower cut-
offs for overweight and obesity classifications among Asians
(overweight: BMI 23-24.9 kg/m?; obesity: BMI > 25 kg/m?)
[28, 42]. However, using BMI alone to define obesity does
not correctly reflect the extent of excess body fat, which is
the main characteristic of obesity. It does not distinguish

between excess fat, muscle, or bone mass, or indicate the
distribution of fat in individuals. Different BMI components
contribute differently to the health status of individuals and
are further influenced by factors such as age, sex, and ethnic-
ity. Additionally, the correlation between BMI and mortality
is also influenced by cardiopulmonary fitness, which may be
one of the factors responsible for the observation.

In subgroup analysis, severe obesity was associ-
ated with the highest mortality risk among partici-
pants aged < 60 years, while normal weight was associ-
ated with the highest mortality risk among participants
aged > 60 years. Concordant with a previous study [23], we
found that the association between BMI and mortality risk
varied according to age, with little evidence of increased
risk for obese subjects aged > 60 years. Consistent with our
findings, previous studies have reported high BMI as a direct
risk factor for mortality in middle age [44, 45]. Most asso-
ciations between BMI and mortality attenuated with age,
potentially because BMI is less well correlated with obesity
in older individuals, and there is a high probability of undi-
agnosed diseases in the older group.

There are some limitations to consider when interpreting
the result of this study. Since analysis were conducted on
a large database, the possibility of selection bias may not
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be completely ruled out. Despite this, we did our best to
extract as much pure data as possible. In this study, inclu-
sion criteria were planned in a strict and detailed manner to
reduce selection bias as much as possible, and the codes for
specific diseases and medical costs included in the data were
thoroughly examined before the study began. Another limi-
tation is that NHIS-HEALS only provides overall survival
data, without specifying the cause of death. Therefore, even
though our results suggest that overall mortality is the high-
est in middle-aged, severely obese people, we cannot state
that all deaths were obesity related. Lastly, this study was
based on the national database, had a very large number of
patients, and a sufficient study period, all of which strength-
ened the validity of our results. However, that is also why the
results did not deviate much from our expectation, and why
our results are relatively simple for such a complex study.

Conclusions

Medical problems and expenditures increased with an
increase in the degree of obesity. Among middle-aged
individuals, those with severe obesity had the highest mor-
tality rate. This study may be a significant indicator that
health promotion and treatment policies that aim to reduce
the burden of severe obesity may help reduce the overall
burden of disease in society. On the other hand, we have
also found that individuals with normal weight show higher
mortality rates after 60 years of age. Therefore, more stud-
ies should be carried out to identify the causes of mortality,
and perhaps to redefine criteria for being overweight in the
Asian population, or to assess whether higher health spend-
ing (medication) is causing this difference.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11695-022-06327-y.
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