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Purpose: Several definitions for severe obesity have been used, primarily the 99th 
percentile of the body mass index (BMI) and 120% of the 95th BMI percentile. This 
study aimed to establish a standardized definition for severe obesity in children and 
adolescents in Korea.
Methods: The 99th BMI percentile line and 120% of the 95th BMI percentile line 
were constructed using 2017 Korean National Growth Charts. To compare these 
2 cutoff points for severe obesity, we included 9,984 individuals (5,289 males and 
4,695 females) aged 10–18 years with anthropometric data available from the 
Korean National Health and Nutrition Examination Survey 2007–2018.
Results: Although 120% of the 95th percentile of BMI is widely used as a definition 
of severe obesity, the 99th percentile is almost identical to 110% of the 95th 
percentile in Korea, according to the latest national BMI growth chart for children 
and adolescents. The prevalence rates of high blood pressure, high triglycerides, 
low high-density lipoprotein cholesterol, and high alanine aminotransferase in the 
participants whose BMI was ≥120% of the 95th percentile were higher than in those 
whose BMI was ≥99th percentile (P<0.001).
Conclusion: A cutoff value for severe obesity of ≥120% of the 95th percentile is 
appropriate in children and adolescents in Korea. To provide follow-up care for 
severely obese children and adolescents, it is necessary to add a new line at 120% 
of the 95th percentile to the national BMI growth chart.
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Highlights

· The 99th percentile and 120% of the 95th percentile of BMI are both used as severe obesity 
criteria for children and adolescents in Korea. Our analysis found that the 120% of the 95th 
percentile BMI line reflected the cardiometabolic risk factors better than the 99th percentile 
line. A cutoff value for severe obesity of ≥120% of the 95th percentile is appropriate in 
children and adolescents in Korea.

Introduction

The prevalence of obesity is rising worldwide in both adult and pediatric populations,1) 
and it is also increasing rapidly in Korea.2) Pediatric obesity is defined as a body mass index 
(BMI) higher than the 95th percentile for the corresponding age and sex. Reference values for 
different populations are used to diagnose this condition.3,4)

It is noteworthy that a recent increase in the global prevalence of severe obesity has also 
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been reported,5) a phenomenon that is likewise occurring 
in Korea.6) Recent studies suggest that young individuals 
with severe obesity tend to have increased cardiometabolic 
risk factors (CMRFs) and are more likely to develop long-
term complications than children who are merely obese or 
overweight.7-11) Several studies have revealed that severe obesity 
in pediatric populations is associated with hypertension, 
dysglycemia, dyslipidemia, and metabolic syndrome.12,13)

Accordingly, attention has been paid to obesity classification 
with further stratification, and the most commonly used 
criteria for severe obesity are the 99th percentile and 120% 
of the 95th percentile of BMI. In Korea, those 2 standards are 
used in combination.14,15) Therefore, it is necessary to establish 
a standardized definition of severe obesity in children and 
adolescents in Korea. In this study, based on the 2017 Korean 
National Growth Charts for children, we compared the 99th 
percentile of BMI with 120% of the 95th BMI percentile to 
determine which of the 2 standards is a more suitable definition 
of severe obesity.

Materials and methods

1. Growth chart construction

To compare the optimal cutoff points for identifying severe 
obesity, the BMI 99th percentile line and 120% of the BMI 95th 
percentile line were constructed using the 2017 Korean National 
Growth Charts.4)

2. Ethical statement

The Institutional Review Board of the Korean Centers 
for Disease Control and Prevention approved the Korean 
Nat iona l  He a lt h  and  Nut r it ion  E x aminat ion  Sur ve y 
(KNHANES) protocol (2007-02CON-04-P, 2008-04EXP-01-C, 
2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 
2012-01EXP-01-2C, 2013-07-CON-03-4C, and 2013-12EXP-
03-5C). Since 2015, KNHANES protocols have been exempted 
from review by ethics committees in favor of the public interest. 
This study was approved by the Institutional Review Board of 
Seoul National University Bundang Hospital (X-2203-742-902).

3. Study participants

To compare the 2 cutoff  points for severe obesity, we 
used data from KNHANES 2007–2018. KNHANES is a 
nationally representative cross-sectional survey that has been 
conducted since 1998 by the Korean Centers for Disease 
Control and Prevention. This national survey uses a stratified, 
multistage, clustered probability sampling design to represent 
noninstitutionalized citizens in Korea. The methods used for 
data collection in KNHANES, including health interviews, 
nutrition surveys, and health examinations, have been described 
in detail in a previous study.16)

Among the 97,662 people who participated in KNHANES 
between 2007 and 2018, 9,984 individuals (5,289 boys and 
4,695 girls) aged 10–18 years with anthropometric data were 
included in this study after excluding those with missing data on 
blood pressure (BP), fasting glucose, triglycerides, high-density 
lipoprotein cholesterol (HDL-C), or alanine aminotransferase 
(ALT). Participants who fasted for <8 hours before their blood 
draw and those who were pregnant were also excluded.

4. Anthropometric measurements and laboratory tests

Trained medical personnel performed anthropometric 
measurements, including measurement of height and weight. 
Height was measured to the nearest 0.1 cm using a portable 
stadiometer (Seca 225, Seca, Hamburg, Germany). Weight was 
measured to the nearest 0.1 kg using an electronic balance (GL-
6000-20; G-tech, Seoul, Korea). BMI was calculated as weight 
(kg) divided by height squared (m2). BP was measured 3 times 
on the right arm using a mercury sphygmomanometer with a 
cuff appropriate for each participant's arm circumference after 
allowing the participant to rest for at least 5 min in a sitting 
position (Baumanometer Desk Model 0320 in 2007–2012 and 
Baumanometer Wall Unit 33 (0850) in 2013–2018; W.A. Baum, 
Copiague, NY, USA). The average BP values from the second 
and third measurements were used in the analyses.

Blood samples were drawn by trained medical personnel and 
transported to a central laboratory within 24 hours of sampling. 
Plasma glucose, HDL-C, triglyceride, and ALT levels were 
measured using a Hitachi Automatic Analyzer 7600 (Hitachi, 
Tokyo, Japan).

5. Definitions of severe obesity and CMRFs

The degree of obesity was categorized based on the BMI 
percentile adjusted for the corresponding sex and age using the 
2017 Korean National Growth Charts4): normal weight (BMI 
<95th percentile) and obesity (BMI ≥95th percentile). Severe 
obesity was classified according to 2 different criteria: BMI 
≥99th percentile and BMI ≥120% of the 95th percentile.

The definitions of abnormal CMRFs were as follows: HDL-C 
<40 mg/dL, triglycerides ≥150 mg/dL, fasting glucose ≥100 mg/
dL, ALT ≥26 IU/L for males and ≥22 IU/L for females,17) and 
systolic BP ≥95th percentile or diastolic BP ≥95th percentile 
adjusted by age, sex, and height.18)

6. Statistical analyses

Statistical analyses were performed using Stata 16.1 
(StataCorp LP, College Station, TX, USA). Stata svy commands 
and appropriate sample weights were applied to all the analyses. 
Chi-square tests were used to compare proportions between 
groups. Multiple logistic regression analyses were performed 
to estimate sex- and age-adjusted odds ratios (ORs) with 95% 
confidence intervals (CIs) for associations between CMRFs 
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and the degree of obesity using different criteria. Statistical 
significance was set at P<0.05.

Results

1. Prevalence of severe obesity based on different criteria

Among the study participants, the difference in prevalence 
according to the criteria for severe obesity was as follows: Based 
on the BMI 99th percentile criterion, 89.9% of participants had 
a BMI <95th percentile; 5.6% had a BMI between the 95th and 
<99th percentiles; and 4.6% had a BMI ≥99th percentile. Based 
on the criterion of 120% of the BMI 95th percentile, 89.9% of 
the participants had a BMI <95th percentile, 7.7% had a BMI 
between the 95th and <120% of the 95th percentiles, and 2.4% 
had a BMI ≥120% of the 95th percentile.

2. BMI curves using the 99th percentile and 120% of the 
95th percentile lines

BMI percentile lines were constructed using the 2017 Korean 
National Growth Charts.4) Figs. 1 and 2 show the results for 
males and females, respectively. Both figures show that the BMI 
99th percentile line tended to be almost identical to 110% of the 
95th percentile line.

3. Comparison of CMRFs associated with severe obesity 
based on different criteria

Table 1 shows the prevalence of CMRFs associated with 
severe obesity according to the different criteria. The prevalence 
of high BP was 22.3% in the BMI ≥99th percentile group (OR, 
5.4; P<0.001) and 26.7% (OR, 8.4; P<0.001) in the BMI ≥120% 
of the 95th percentile group. Both of those were significantly 
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Fig. 1. Body mass index percentiles by age: males from 2 to 19 years.
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Fig. 2. Body mass index percentiles by age: females from 2 to 19 years.

Table 1. Prevalence of cardiometabolic risk factors using different criteria for severe obesity

Cardiometabolic
  risk factor

BMI cutoff of 99th percentile BMI cutoff of 120% of 95th percentile

BMI category No. Prevalence (%)
(95% CI)

Odds ratio
(95% CI)† P-value BMI category No. Prevalence (%)

(95% CI)
Odds ratio
(95% CI)† P-value

High blood 
  pressure  
  (N=9,984)

<95th
95th to <99th

≥99th

492
74
85

5.5 (4.9–6.1)
13.5 (10.7–17.0)
22.3 (18.1–27.2)

Ref.
2.7 (2.0–3.7)
5.4 (4.1–7.2)

-
<0.001
<0.001

<95th
95th to <120% of 95th

≥120% of 95th

492
101
58

5.5 (4.9–6.1)
13.8 (11.2–16.9)
26.7 (23.1–37.2)

Ref.
2.8 (2.2–3.7)

8.4 (5.8–12.1)

-
<0.001
<0.001

High blood 
  glucose
  (N=8,517)

<95th
95th to <99th

≥99th

548
45
52

7.1 (6.4–7.9)
10.0 (7.2–13.9)

15.8 (11.8–20.7)

Ref.
1.4 (1.0–2.2)
2.7 (1.9–3.9)

-
0.047

<0.001

<95th
95th to <120% of 95th

≥120% of 95th

548
73
24

7.1 (6.4–7.9)
12.2 (9.5–15.6)
13.7 (8.7–20.9)

Ref.
1.9 (1.4–2.5)
2.3 (1.3–4.0)

-
<0.001
0.002

High triglyceride
  (N=8,549)

<95th
95th to <99th

≥99th

549
103
86

7.1 (6.4–7.8)
21.0 (17.2–25.4)
24.9 (19.9–30.6)

Ref.
3.5 (2.7–4.6)
4.7 (3.5–6.4)

-
<0.001
<0.001

<95th
95th to <120% of 95th

≥120% of 95th

549
139
50

7.1 (6.4–7.8)
21.2 (17.9–25.0)
27.8 (20.8–36.1)

Ref.
3.6 (2.9–4.6)
5.7 (3.8–8.5)

-
<0.001
<0.001

Low HDL 
  cholesterol
  (N=8,547)

<95th
95th to <99th

≥99th

841
127
128

10.6 (9.8–11.5)
25.4 (21.2–30.1)
34.8 (29.3–40.8)

Ref.
2.9 (2.2–3.7)
4.3 (3.3–5.7)

-
<0.001
<0.001

<95th
95th to <120% of 95th

≥120% of 95th

841
178
77

10.6 (9.8–11.4)
26.1 (22.3–30.3)
41.4 (33.5–49.8)

Ref.
3.0 (2.4–3.8)
5.4 (3.7–7.9)

-
<0.001
<0.001

High alanine 
  aminotransferase
  (N=9,984)

<95th
95th to <99th

≥99th

1,624
217
235

18.6 (17.6–19.7)
39.5 (34.8–44.4)
57.6 (51.9–63.0)

Ref.
2.9 (2.4–3.5)
6.4 (5.1–8.2)

-
<0.001
<0.001

<95th
95th to <120% of 95th

≥120% of 95th

1,624
314
138

18.6 (17.6–19.7)
41.6 (37.5–45.9)
66.1 (58.5–73.0)

Ref.
3.2 (2.7–3.8)

9.4 (6.6–13.2)

-
<0.001
<0.001

BMI, body mass index; CI, confidence interval; HDL, high-density lipoprotein.
†Adjusted for age and sex. 
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higher than the prevalence of 5.5% in the population with a 
normal BMI. Similar results were found for the prevalence 
of high triglycerides, low HDL-C, and high ALT levels. The 
prevalence of high triglycerides in the participants with a 
BMI ≥120% of the 95th percentile was significantly higher 
than that in those with a BMI ≥99th percentile (OR 5.7 vs. 4.7, 
respectively, P<0.001), and similar findings were observed for 
low HDL-C (OR 5.4 vs. 4.3, respectively, P<0.001) and high ALT 
(OR, 9.4 vs. 6.4, respectively; P<0.001) (Table 1). However, the 
results were different for the prevalence of high blood glucose, 
which affected 15.8% of the participants with a BMI ≥99th 
percentile, 7.1% of those with a normal BMI (OR, 2.7; P<0.001), 
and 13.7% of those with a BMI ≥120% of the 95th percentile 
(OR, 2.3; P<0.001). These results were consistent when they 
were analyzed separately for males and females (Supplementary 
Tables 1 and 2).

BMI was further categorized as <85th, 85th to <95th, 95th to 
<99th, 99th to <120% of 95th, and ≥120% of the 95th percentile 
(Table 2). The adjusted ORs for CMRFs increased sharply in 
the 99th to <120% of the 95th percentile and ≥120% of the 
95th percentile groups. In a post-hoc analysis, the prevalence 
of high BP, high triglycerides, low HDL-C, and high ALT was 
significantly higher in the group with a BMI ≥120% of the 
95th percentile than in the group with a BMI between the 99th 
percentile and <120% of the 95th percentile (data not shown).

Discussion

This study evaluated the appropriateness of competing 
criteria used to define severe obesity. To the best of  our 
knowledge, this is the first study conducted based on reference 
values from a Korean population. In the United States, the 99th 
percentile BMI line and 120% of the 95th percentile BMI line 
were similar.19) However, in Korea, the 99th percentile BMI line 
was almost identical to the 110% of the 95th percentile BMI line.

In this study, the prevalence of high BP, high triglycerides, 
low HDL-C, and high ALT in the participants whose BMI was 
≥120% of the 95th percentile was significantly higher than in 
the participants whose BMI was ≥99th percentile. Furthermore, 
the 120% of the 95th percentile BMI line reflected the CMRFs 
better than the 99th percentile line.

Severe obesity affects 4%–6% of all children and adolescents 
in the United States and is associated with short- and long-
term health problems.7,19-22) Previous studies suggest that young 
individuals with severe obesity have much more adverse CRMF 
profiles than overweight and obese children and adolescents, 
which leads to vascular dysfunction and atherosclerosis.7-11) 
High BMI levels in children and adolescents are also associated 
with an increased risk of cardiometabolic diseases such as 
stroke, diabetes, and premature mortality.23-28) Many common 
treatments that are effective in overweight and obese children 
and adolescents are ineffective in children with severe 
obesity.29-31) Therefore, to alter the health trajectory of children 
and adolescents suffering from this disease, it is necessary to 

Table 2. Prevalence and odd ratio of cardiometabolic risk factors by body mass index categories
Cardiometabolic risk factor BMI category No. Prevalence (%) (95% CI) Odds ratio (95% CI)† P-value
High blood pressure (N=9,984) <85th

85th to <95th
95th to <99th
99th to <120% of 95th
≥120% of 95th

398
94
29
72
58

4.9 (4.4–5.5)
10.6 (8.3–13.3)

14.2 (11.2–16.9)
13.6 (10.8–17.1)
29.7 (23.1–37.2)

Ref.
2.3 (1.7–3.0)
3.4 (2.5–4.2)
3.1 (2.3–4.2)

9.4 (6.5–13.7)

-
<0.001
<0.001
<0.001
<0.001

High blood glucose (N=8,517) <85th
85th to <95th
95th to <99th
99th to <120% of 95th
≥120% of 95th

455
93
28
45
24

6.8 (6.1–7.6)
9.7 (7.7–12.1)

17.5 (11.9–24.1)
10.1 (7.2–14.0)
13.7 (8.7–20.9)

Ref.
1.4 (1.1–1.9)
3.2 (2.0–5.1)
1.5 (1.1–2.3)
2.4 (1.4–4.2)

-
0.009

<0.001
0.026
0.001

High triglyceride (N=8,549) <85th
85th to <95th
95th to <99th
99th to <120% of 95th
≥120% of 95th

422
127
37

102
50

6.1 (5.4–6.8)
15.5 (12.8–18.6)
21.5 (15.3–29.3)
21.1 (17.3–25.5)
27.8 (20.8–36.1)

Ref.
2.8 (2.2–3.6)
4.4 (2.9–6.8)
4.2 (3.2–5.5)

6.6 (4.4–10.0)

-
<0.001
<0.001
<0.001
<0.001

Low HDL cholesterol (N=8,547) <85th
85th to <95th
95th to <99th
99th to <120% of 95th
≥120% of 95th

674
167
53

125
77

9.5 (8.7–10.4)
19.3 (16.4–22.6)
27.7 (20.9–35.6)
25.5 (21.3–30.2)
41.4 (33.5–49.8)

Ref.
2.3 (1.8–2.8)
3.7 (2.5–5.3)
3.3 (2.5–4.2)
6.0 (4.2–8.8)

-
<0.001
<0.001
<0.001
<0.001

High alanine aminotransferase (N=9,984) <85th
85th to <95th
95th to <99th
99th to <120% of 95th
≥120% of 95th

1,325
299
99

215
138

17.3 (16.2–18.4)
30.3 (27.2–33.6)
47.9 (39.9–55.9)
39.1 (34.4–44.0)
66.1 (58.5–73.0)

Ref.
2.1 (1.7–2.4)
4.7 (3.4–6.5)
3.1 (2.5–3.8)

10.3 (7.3–14.5)

-
<0.001
<0.001
<0.001
<0.001

BMI, body mass index; CI, confidence interval; HDL, high-density lipoprotein.
†Adjusted for age and sex.
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distinguish between patients with severe obesity and those 
who are obese or overweight, and new treatment strategies for 
severely obese patients should be adopted.

Although several definitions for severe obesity have been 
proposed in children and adolescents, the criteria of BMI 
≥99th percentile has been most common.32) In 2007, an expert 
committee convened by the American Medical Association, 
the Centers for Disease Control and Prevention (CDC), and 
the Department of Health and Human Services proposed a 
new classification of severe childhood obesity, which consisted 
of BMI values at ages of 5–17 years ≥99th percentile.31) This 
classification was based on data from the National Health and 
Nutrition Examination Survey 1999–2004.7,33) Freedman et 
al.7) suggested that a BMI ≥99th percentile corresponded to a 
subgroup of obese children and adolescents who went on to 
have high rates of obesity and morbid obesity in adulthood, a 
high prevalence of cardiovascular risk factors, and high levels 
of adiposity, as indicated by serum cholesterol and triglyceride 
levels, as well as high BP. However, worsening deviation, as 
shown by the Lambda-Mu-Sigma parameters, means that the 
statistical performance of an index declines as the percentile 
rises; therefore indiscriminate adoption of this particular BMI 
percentile cutoff should be avoided.

In 2009, Flegal et al.19) suggested an alternative method 
for calculating extreme BMI values derived from the CDC 
reference growth charts for the United States. The 2000 CDC 
BMI growth charts smoothed the percentiles up to the 97th 
percentile34) because BMI percentiles above that point were 
outside the limits of the reference dataset.35) Flegal et al.19) 
claimed that expressing a high BMI value as a percentage of the 
95th percentile was a potential approach that could help classify 
the 99th percentile and provide a flexible way to describe and 
track very heavy young people. Using that approach, they found 
that 120% of the 95th BMI percentile adjusted for age was 
comparable to the unsmoothed 99th percentile in the growth 
chart dataset. Gulati et al.36) demonstrated the utility of using 
a percentage above the 95th percentile to track young patients 
who are severely obese.

Because the extreme values in the BMI distribution are not 
accurate, assigning a precise z-score or percentile might be less 
accurate than recording changes in BMI over time. In other 
words, substantial weight fluctuations can cause subtle changes 
in percentile and z-score values at the extreme ends of the 
curve, and it might be difficult to interpret those mild changes 
clinically.32)

Although 120% of the 95th percentile of BMI is used as a 
definition of severe obesity worldwide, the 99th percentile 
is almost identical to 110% of the 95th percentile in Korea, 
according to the latest Korean BMI growth charts for children 
and adolescents. The reason for this difference from other 
countries might be that other countries have higher reference 
BMI values for obesity. For example, in the 2000 CDC BMI 
growth chart, 120% of  the 95th percentile and the 99th 
percentile of BMI for 10-year-5-month-old males were 29 kg/

m2 and 29.3 kg/m2, respectively. In the BMI charts for 10-year-5-
month-old males in Korea, 120% of the 95th percentile was 28.3 
kg/m2, and the 99th percentile was 26 kg/m2.

It seems reasonable to follow the standards commonly used 
in guidelines worldwide. In this study, the characteristics of 
children and adolescents with a BMI in the 95th to <99th 
percentile were similar to those of children with a BMI in the 
99th to 120% of the 95th percentile (Table 2). In addition, the 
adjusted ORs for CMRFs increased sharply between 99th to 
<120% of the 95th percentile BMI group and the ≥120% of 95th 
percentile BMI group. Moreover, to compare epidemiological 
obesity data between countries and further classify severe 
obesity into categories, such as class III obesity for people with a 
BMI ≥140% of the 95th percentile, it would be best to use 120% 
of the 95th percentile as the standard for severe obesity in Korea. 
Therefore, adding a new line at 120% of the 95th percentile to 
the BMI chart in Korea could be clinically useful.36)

This study used data from KNHANES, and therefore it has 
the limitations of requiring additional clinical observations 
because we did not clinical ly analyze actual  patients. 
Nonetheless, this is the first study to investigate the suitability 
of criteria for severe obesity using the latest growth chart for 
children and adolescents in Korea.

In conclusion, it is appropriate to set the cutoff value for 
severe obesity in children and adolescents in Korea to ≥120% 
of the BMI 95th percentile line. Moreover, to provide follow-
up care to obese children and adolescents, it is necessary to add 
new lines to the national BMI charts, specifically at 110% and 
120% of the 95th percentile at minimum. Additional research is 
required to evaluate the clinical appropriateness of this criterion 
for severe obesity through long-term follow-up observations.
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