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Abstract
Objective: The aim of the present study was to compare selected obesity indicators
with comprehensive health status.
Design: The study employed a pooled cross-sectional design.
Setting: BMI, waist circumference, waist-to-height ratio (WHtR) and body fat
percentage were considered as indirect obesity indicators. The Edmonton Obesity
Staging System (EOSS) was used as a composite indicator to comprehensively
reflect obesity-related co-morbidities. Cohen’s κ coefficient was used to evaluate
inter-measurement agreement for obesity. Conformity of indirect obesity
indicators to the EOSS was assessed based on percentage agreement (proportion
classified as obese and severely unhealthy as a result of obesity among the total
sample), sensitivity (proportion classified as obese among individuals severely
unhealthy as a result of obesity) and specificity (proportion classified as non-obese
among fairly healthy individuals). Logistic regression analysis was used to identify
the sociodemographic factors most strongly associated with conformity.
Participants: The study included 17 338 adults from the Korea National Health and
Nutrition Examination survey conducted between July 2008 and May 2011.
Results: Level of conformity to the EOSS was highest for WHtR (60·77%) and
lowest for BMI (35·96%). WHtR and BMI had the highest sensitivity (53·7%) and
specificity (98·4%), respectively. Predictability of conformity was lower among
men for all indirect obesity indicators.
Conclusions: WHtR has the greatest potential to identify individuals at risk of
health problems due to obesity. Individual demographic factors must be
considered in selecting the most appropriate obesity measurement.
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The prevalence of obesity continues to rise worldwide.
According to a 2014 WHO report, 1·9 billion people aged
18 years or over in the world are overweight, 600 million
of whom are estimated to be obese(1). Obesity is directly
related to various adverse health outcomes such as
osteoarthritis and back pain and is also indirectly asso-
ciated with type 2 diabetes and hypertension(2–4), among
other illnesses.

Several indicators have been used to define obesity in the
literature, including BMI, waist circumference (WC) and
percentage of body fat (%BF). Different anthropometry
indices have been suggested for predicting the risk of
obesity-associated diseases such as diabetes and coronary
artery disease(5–11). Moreover, the classification of obesity
may change when factors such as race or ethnicity are
considered(12,13). The WHO classifies obesity based on
BMI, a simple index that categorizes adults as underweight
(BMI< 18·5 kg/m2), overweight (BMI= 25·0–29·9 kg/m2) or

obese (BMI≥ 30·0 kg/m2)(14). However, BMI does not dis-
tinguish between muscle or fat in a person’s weight.
Because the relative level of fat increases and the mass of
muscle decreases with age, such factors should also be
considered(15). Body fat distribution is also an important
factor in predicting obesity-related diseases. Therefore, WC
is widely used to measure central or abdominal obe-
sity(16,17). Research has also shown that %BF measured
using whole body dual-energy X-ray absorptiometry could
compensate for the underestimation of obesity using
BMI(18).

Given the various health outcomes linked to obesity,
there is a need for a composite indicator to comprehen-
sively reflect the co-morbidities and quality of life related
to obesity that could guide its management. The Edmon-
ton Obesity Staging System (EOSS) is a recently derived
composite indicator aiming to fulfil this role(19). It con-
siders physical, psychological and functional limitations
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and classifies individuals into five stages of obesity-related
health risk (see Table 1)(19).

The objective of the current study was to assess com-
monly used obesity indicators in comparison with the
EOSS indicator in predicting comprehensive health status
with regard to obesity. The findings of the study will
contribute to the use of a single, effective obesity indicator
to identify individuals with adverse health outcomes
related to obesity, which will consequently enhance
effective obesity-related disease management.

Methods

Data
Data collected as part of the Korea National Health and
Nutrition Examination Survey (KNHANES) between July
2008 and May 2011 were used. The KNHANES data set is
an ongoing nationally representative cross-sectional sur-
vey and data are collected annually. However, %BF was
measured only between 2008 and 2011, which con-
strained the use of these data to only those four years
for the current study(20). The KNHANES data are strong
given that all obesity-related indicators are directly
measured(20).

A total of 37 753 individuals were observed between
2008 and 2011, of whom adults over the age of 20 years
were included in the current study (n 28 701). For the
remaining adult sample, groups from whom meaningful
data could not be collected, such as pregnant women (n
156) and soldiers (n 58), were excluded. Furthermore,
9680 participants with missing values from among the
selected obesity indicators were excluded, as were 839
individuals who could not be staged according to the
EOSS owing to inadequate health information. Therefore,
after applying the exclusion criteria, a total of 17 338 adults
were included for study analysis (Fig. 1).

Obesity indices
Four indirect obesity indicators were used to define obe-
sity: BMI (body weight in kilograms divided by the square
of height in metres), WC (in centimetres), waist-to-height
ratio (WHtR; calculated by dividing WC in centimetres by
height in centimetres) and %BF. Based on each indicator,
obesity was defined as follows: (i) BMI≥ 30·0 kg/m2; (ii)
WHtR> 0·53 and >0·49, respectively, for men and
women(21–23); (iii) %BF> 25 and >32%, respectively, for
men and women according to the American Council on
Exercise(24); and (iv) abdominal obesity (measured by

Table 1 Edmonton Obesity Staging System and clinical features for classification

Stage Description(19) Clinical features

0 No signs of risk factors related to obesity
No physical symptoms
No psychological symptoms
No functional limitations due to obesity

No clinical features

1 Subclinical risk factors related to obesity but with no symptoms
(i.e. borderline hypertension, borderline hypertension, impaired
fasting glucose and increases in liver enzyme levels)

Mild physical symptoms (including breathing disorder upon
moderate exercise and mild aches/pains or fatigue)

Mild psychological symptoms
Mild functional limitations

Diabetes(36): fasting blood sugar>100mg/dl
Hypertension(37): systolic blood pressure>130mmHg;

diastolic blood pressure> 85mmHg
Dyslipidaemia(38): LDL-cholesterol>130mg/dl; total

cholesterol>200mg/dl; HDL-cholesterol<60mg/dl;
TAG> 150mg/dl

Kidney disease(39): GFR< 90ml/min; some physical activity
limitations

2 Chronic disease related to obesity and requires treatment (i.e.
hypertension, type 2 diabetes mellitus, sleep apnoea,
osteoarthritis, reflux disease, polycystic ovary syndrome and
anxiety disorder)

Moderate level of psychological symptoms
Limitations in daily living due to obesity

Diabetes(36): fasting blood sugar>126mg/dl; currently taking
anti-glycaemic medication, including insulin

Hypertension: currently taking antihypertensive medication;
systolic blood pressure(37)>140mmHg; diastolic blood
pressure(37)>90mmHg

Dyslipidaemia(38): LDL-cholesterol>160mg/dl; total
cholesterol > 240mg/dl; HDL-cholesterol<40mg/dl; TAG
>200mg/dl

Kidney disease(39): GFR< 60ml/min
Non-alcoholic fatty liver(40)

Some daily activity limitations
3 Significant damage to end organs due to obesity affecting normal

life (i.e. myocardial infarction, heart failure and diabetic
complications, osteoarthritis)

Severe psychological disease
Severe functional limitations

Diagnosis of myocardial infarction, heart failure, angina
pectoris or cerebrovascular stroke

Chronic kidney disease(39): GFR< 30ml/min

4 Patient condition is severe (i.e. at the end stage of such disease)
due to co-morbidities related to obesity

Severe psychological disease
Severe functional limitations

†

GFR, glomerular filtration rate.
†Stage 4 is excluded from the analysis as relevant information is not available.
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WC) > 90 and >85 cm, respectively, for men and
women(25).

The EOSS was used as a composite indicator to define
obesity (Table 1). Stage 0 is defined by a lack of signs of
risk factors related to obesity. Stage 1 signifies that there
are subclinical risk factors related to obesity but mild
physical, psychological or functional limitations. Stage 2
indicates that the patient has developed a chronic disease
related to obesity and requires treatment. Stage 3 is
defined by significant damage to end organs due to
obesity. Stage 4 signifies that the patient has severe co-
morbidities related to obesity and may have end-stage
disease or that the patient has severe psychological dis-
ease or functional limitations. Because the KNHANES
does not currently use its data to classify individuals into
different EOSS stages, this classification was performed
using current practice guidelines. An individual with an
EOSS classification of stage 2 or higher was defined as
obese(26).

Cohen’s κ coefficient was used to measure inter-
measurement agreement for obesity. Conformity
between internal and five indirect obesity indicators was
used as the binary dependent variable. We further asses-
sed conformity between the indirect and internal obesity
indicators for the actual presence of obesity-related dis-
eases based on the EOSS as follows: (i) percentage
agreement (proportion classified as obese and severely
unhealthy as a result of obesity among the total sample);
(ii) sensitivity (proportion classified as obese among
individuals severely unhealthy as a result of obesity); and

(iii) specificity (proportion classified as non-obese among
fairly healthy individuals).

Covariates
Sociodemographic characteristics including sex, marital
status, residential area, occupation, smoking habit, drink-
ing habit, number of household members and household
income were considered used as the independent vari-
ables. Marital status was classified as married or single/
non-married, as reported. Residential area was classified
into cities and rural areas. Cities were further classified into
large (metropolitan) and small cities. No high-school
diploma, high-school diploma, and college diploma or a
higher qualification comprised the educational back-
ground classification.

No occupation, blue-collar workers and white-collar
workers comprised the classification for occupation-
related variables. Individuals who responded that they
had no job, as well as those who were housewives or
students, were all included in the no occupation group.
Blue-collar workers included those working in the fish-
eries, forestry and agricultural industries, workers
employed in device and machine manipulation and
assembly, and manual workers. White-collar workers
included managers, professionals, office workers, and
service and sales personnel. Respondents were categor-
ized as significant drinkers if they reported drinking more
than five times per week (with the rest as the reference).
Monthly household income in 10 000 won was calculated

Total (n 37 753):
KNHANES (2008, n 9744)

KNHANES (2009, n 10 533)
KNHANES (2010, n 8958)
KNHANES (2011, n 8518)

Excluded individuals less than
20 years old (n 9682)

Adults over the age of 20 years (n 28 071)

Excluded the following:
Pregnant women (n 156)

Soldiers (n 58)
Individuals with missing

 variables (n 9680)
Individuals missing more than 5
 variables as per EOSS (n 839)

Analytic sample (n 17 338)

Fig. 1 Sample selection process (KNHANES, Korea National Health and Nutrition Examination Survey; EOSS, Edmonton Obesity
Staging System)
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Table 2 Characteristics of the study participants: adults aged ≥20 years, Korea National Health and Nutrition Exam-
ination Survey, 2008– 2011

Total (n 17338)

Variable n or Mean % or SD

Obesity prevalence by EOSS†, n and %
Obese 5762 33·23
Non-obese 11576 66·77

Obesity prevalence by BMI‡, n and %
Obese 636 3·67
Non-obese 16702 96·33

Obesity prevalence by WC§, n and %
Obese 4553 26·26
Non-obese 12785 73·74

Obesity prevalence by WHtR║, n and %
Obese 7508 43·30
Non-obese 9830 56·70

Obesity prevalence by %BF¶, n and %
Obese 8028 46·30
Non-obese 9310 53·70

Sex, n and %
Male 7472 43·10
Female 9866 56·90

Age (years), mean and SD 49·315 15·880
Age group, n and %
20–29 years old 2055 11·85
30–39 years old 3466 19·99
40–49 years old 3455 19·93
50–59 years old 3230 18·63
60–69 years old 2901 16·73
70–79 years old 1916 11·05
80 years or older 315 1·82

Marital status, n and %
Married 15063 86·88
Single 2275 13·12

Residential area††, n and %
Large city 7934 45·76
Small city 5746 33·14
Rural 3658 21·10

Education level, n and %
College diploma or higher qualification 4903 28·28
High-school diploma 5829 33·62
No high-school diploma 6606 38·10

Number of household members, mean and SD 3·292 1·334
Monthly household income‡‡ (unit: 10 000 won), mean and SD 108·583 38·031
Occupation§§
White-collar worker 5678 32·75
Blue-collar worker 4887 28·19
Non-employed 6773 39·06

Current smoking status║║
Yes 5689 32·81
No 11649 67·19

Excessive alcohol consumption¶¶
Yes 3810 21·97
No 13528 78·03

Year
2011 2192 12·64
2010 5308 30·61
2009 6609 38·12
2008 3229 18·62

EOSS, Edmonton Obesity Staging System; WC, waist circumference; WHtR, waist-to-height ratio; %BF, percentage of body fat.
†Obesity is determined if individuals belong to the EOSS stage 2 or higher.
‡Obesity is determined if BMI≥ 30 0 kg/m2.
§Obesity is considered to exist when WC is >90 and >85 cm for men and women, respectively.
║Obesity is considered to exist when WHtR is >0·53 and >0·49 for men and women, respectively.
¶Obesity is considered to exist when %BF is >25 and >32% for men and women, respectively.
††Large city= business or financial hub; small city=metropolitan city, rural area= county/town.
‡‡Monthly household income calculated by dividing total household income by the number of family members in the household (unit:
10 000 won).
§§Those with no occupation= those who responded that they do not have job, including housewives and students. Blue-collar work-
ers= skilled workers in the agriculture, forestry and fisheries industries, workers employed in device and machine manipulation and
assembly, and manual workers. White-collar workers=managers, professionals, office workers, and service and sales staff.
║║Smoking= those who smoke currently; non-smokers= those who do not smoke currently.
¶¶Excessive drinking= those who responded that they drink more than five times per week.
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by dividing total household income by the number of
family members in each household.

Statistical methods
A t test was conducted to compare specificity and sensi-
tivity across different indirect obesity measurements.
Logistic regression analysis was used to identify socio-
demographic factors showing the strongest association
with the conformity of indirect obesity indicators and
obesity as identified by the EOSS. The complex sampling
design was adjusted for in all analyses. The statistical
software package Stata version 13 (2009) was used for all
analyses.

Results

The prevalence of obesity was 3·67 % based on BMI.
When WC was used, 26·26 % of women and 43·30 % of
men were classified as obese. The prevalence further
changed to 46·30 % when %BF was used. Depending
on the obesity indicator, there was a twelvefold dif-
ference in prevalence rate. Almost half of the sample
lived in a large city. Approximately one-third of the

sampled persons were current smokers, while 21·97 %
reported heavy alcohol consumption. According to the
general characteristics of the study sample, 33·23 % of
the 17 338 respondents would be considered obese
based on the EOSS. Specifically, 2·80 % would be
classified as being in stage 0, 30·44 % as being in stage
1, 62·78 % as being in stage 2 and 3·99 % as being in
stage 3 (Table 2).

Overall, Cohen’s κ coefficient was low when the EOSS
was compared with indirect obesity indicators, ranging
between 0·0228 and 0·1819. Across indirect obesity indi-
cators, the intra-measurement agreement was the highest
between WHtR and WC, followed by WHtR and %BF
(Table 3).

The level of conformity to the EOSS was the highest for
WHtR (60·77%) followed by %BF (55·20%). The level of
conformity was lowest for BMI (35·96%). Conformity was
then further dissected in terms of sensitivity and specifi-
city. The sensitivities of the indirect obesity indicators
showed significant variations by indicator, with the
smallest for BMI (4·8%) and largest for WHtR (53·7%).
These results imply that, for example, only 4·8% of
individuals considered obese by the EOSS would be
classified as obese based on BMI. At the same time, the
specificities of the indirect obesity indicators had a rela-
tively tight range, largest for BMI (98·4%) and smallest for
%BF (63·0%). The levels of sensitivity and specificity
were all statistically significantly different from each other
across all indirect obesity indicators at the 1% sig-
nificance level (Table 4).

Table 5 presents a multivariate logistic regression ana-
lysis of the conformity between health status with regard
to obesity based on the EOSS and indirect obesity indi-
cators. The probability that obesity classification would
conform between BMI and the EOSS was 0·58 times less
likely for men than for women, 0·79 times less likely for
the non-employed than for blue-collar workers, and less
likely for individuals in each older age group than for
those in their 20s. However, the probability of conformity
was 1·16 times higher for non-heavy drinkers than for

Table 3 Cohen’s κ statistics for obesity measurements among
adults aged ≥20 years, Korea National Health and Nutrition
Examination Survey, 2008–2011

Obesity measurementIndex for obesity
measurement
(n 17 338) EOSS† BMI‡ WHtR§ %BF║

BMI‡ 0·0228 – – –

WHtR§ 0·2491 0·0937 – –

%BF║ 0·1256 0·0747 0·4622 –

WC¶ 0·1819 0·1866 0·5537 0·3270

EOSS, Edmonton Obesity Staging System; WHtR, waist-to-height ratio;
%BF, percentage of body fat; WC, waist circumference.
†EOSS stage 2 or higher.
‡BMI ≥ 30 0 kg/m2.
§WHtR>0·53 (for men) or >0·49 (for women).
║%BF> 25% (for men) or >32% (for women).
¶WC> 90 cm (for men) or >85 cm (for women).

Table 4 Concordance in classification between the Edmonton Obesity Staging System (EOSS) and other
obesity measurement indices among adults aged ≥20 years, Korea National Health and Nutrition
Examination Survey, 2008–2011

Validity compared with EOSS stage 2 or higher

Index for obesity measurement Accuracy Sensitivity Specificity

BMI≥30·0 kg/m2 0·3596 0·048 0·984
WHtR>0·53 (for men) or >0·49 (for women) 0·6077† 0·537† 0·756†
%BF>25% (for men) > or 32% (for women) 0·5520†,‡ 0·514†,‡ 0·630†,‡
WC>90 cm (for men) or >85 cm (for women) 0·5258†,‡,§ 0·346†,‡,§ 0·889†,‡,§
n 7338 11576 5762

WHtR, waist-to-height ratio; %BF, percentage of body fat; WC, waist circumference.
†Statistically significantly different from the validity value using BMI for obesity measurement at the 5% level.
‡Statistically significantly different from the validity value using WHtR for obesity measurement at the 5% level.
§Statistically significantly different from the validity value using %BF for obesity measurement at the 5% level.
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Table 5 Logistic regression analysis on the conformity of the Edmonton Obesity Staging System (EOSS) obesity classification to the classification based on indirect indices among adults aged
≥20 years, Korea National Health and Nutrition Examination Survey, 2008–2011

Model A Model B Model C Model D

Dependent variable: the conformity of obesity classification between EOSS† and an indirect index

BMI‡ WHtR§ %BF║ WC¶

Independent variable OR SD 95% CI OR SD 95% CI OR SD 95% CI OR SD 95% CI

Sex
Female (reference) – – – –
Male 0·583** 0·035 0·517, 0·657 0·565** 0·031 0·507, 0·630 0·700** 0·038 0·629, 0·780 0·745** 0·041 0·669, 0·829

Age group
20–29 years old

(reference)
– – – –

30–39 years old 0·699*** 0·059 0·591, 0·526 0·836** 0·071 0·706, 0·988 1·028 0·082 0·878, 1·203 0·838** 0·070 0·712, 0·987
40–49 years old 0·463*** 0·042 0·387, 0·553 0·729*** 0·065 0·611, 0·869 0·805** 0·072 0·674, 0·958 0·624*** 0·058 0·520, 0·748
50–59 years old 0·217*** 0·023 0·176, 0·266 0·742*** 0·077 0·606, 0·909 0·819** 0·078 0·678, 0·988 0·470*** 0·048 0·384, 0·574
60–69 years old 0·111*** 0·013 0·088, 0·138 0·966 0·108 0·774, 1·204 0·925 0·094 0·757, 1·129 0·447*** 0·049 0·360, 0·554
70–79 years old 0·079*** 0·010 0·061, 0·100 1·120 0·134 0·884, 1·416 1·045 0·117 0·837, 1·302 0·456*** 0·054 0·361, 0·575
80 years or older 0·052*** 0·014 0·03, 0·088 1·075 0·191 0·758, 1·524 0·827 0·133 0·602, 1·134 0·264*** 0·047 0·187, 0·373

Marital status
Non-married (reference) – – – –
Married 1·090 0·076 0·951, 1·251 0·687** 0·046 0·603, 0·783 0·902 0·059 0·793, 1·027 0·960 0·064 0·842, 1·095

Residential area
Rural (reference) – – – –
Small city 0·973 0·070 0·846, 1·120 0·921 0·062 0·807, 1·051 1·046 0·067 0·922, 1·186 0·943 0·063 0·828, 1·075
Large city 0·990 0·070 0·861, 1·138 0·913 0·058 0·806, 1·034 1·050 0·065 0·930, 1·186 0·946 0·060 0·836, 1·071

Current smoking status
No (reference) – – – –
Yes 0·922 0·056 0·818, 1·040 0·986 0·051 0·891, 1·092 0·967 0·051 0·871, 1·073 1·029 0·057 0·923, 1·147

Excessive alcohol consumption
No (reference) – – – –
Yes 1·157* 0·070 1·028, 1·302 0·990 0·052 0·893, 1·097 0·923 0·045 0·839, 1·015 1·030 0·052 0·933, 1·137

Education
Less than high school

(reference)
– – – –

High-school graduate 1·320** 0·082 1·168, 1·492 0·754** 0·043 0·673, 0·844 0·996 0·055 0·893, 1·110 0·948 0·054 0·848, 1·061
College or more 1·475** 0·106 1·280, 1·700 0·782** 0·052 0·687, 0·890 0·987 0·063 0·871, 1·118 1·039 0·067 0·915, 1·180

Occupation
Blue-collar (reference) – – – –
White collar 0·926 0·058 0·820, 1·047 1·099 0·061 0·986, 1·225 1·161* 0·071 1·030, 1·308 1·122* 0·059 1·012, 1·245
Non-employed 0·792** 0·049 0·702, 0·894 1·069 0·062 0·953, 1·198 1·186** 0·068 1·059, 1·328 1·004 0·054 0·903, 1·116

Number of household
members

1·018 0·019 0·982, 1·056 0·993 0·015 0·963, 1·024 0·973 0·016 0·943, 1·005 1·023 0·017 0·991, 1·056

Household income 1·010 0·010 0·991, 1·030 0·990 0·008 0·974, 1·006 0·997 0·008 0·981, 1·013 0·987 0·009 0·970, 1·005
Year
2008 (reference) – – – –
2009 0·996 0·063 0·879, 1·129 1·026 0·058 0·918, 1·147 1·075 0·064 0·957, 1·208 1·055 0·063 0·938, 1·186
2010 0·998 0·066 0·876, 1·137 0·996 0·063 0·880, 1·129 1·189** 0·077 1·048, 1·351 0·993 0·064 0·875, 1·128
2011 1·511** 0·120 1·293, 1·767 1·271** 0·089 1·107, 1·459 1·240** 0·100 1·057, 1·454 1·376** 0·102 1·191, 1·591

n 17 338 17 338 17 338 17 338

WHtR, waist-to-height ratio; %BF, percentage of body fat; WC, waist circumference.
*P< 0·05, **P< 0·01.
†Obesity is determined for those who belong to EOSS stage 2 or higher.
‡Obesity is considered to exist when BMI≥ 30·0 kg/m2.
§Obesity is considered to exist when WHtR is >0·53 and >0·49 for men and women, respectively.
║Obesity is considered to exist when %BF is >25 and >32% for men and women, respectively.
¶Obesity is considered to exist when WC is >90 and >85 cm for men and women, respectively.
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heavy drinkers and higher for the more highly educated
groups (1·32 and 1·48 times more likely for high-school
graduates and college graduates, respectively) than for
those with less than a high-school education (model A of
Table 5).

The results for WHtR also revealed that the probability
of conformity was 0·57 times less likely for men than for
women, 0·69 times less likely for married than for single/
non-married people, and less likely for the more educated
(0·75 and 0·78 times less likely for high-school graduates
and for those with a college diploma or a higher educa-
tional qualification, respectively) than for those with a
qualification lower than a high-school education. The
lower likelihood of conformity among older individuals
was statistically significant only for adults younger than 60
years (by 0·84 times for individuals in their 30s, 0·73 times
for those in their 40s and 0·74 times for those in their 50s)
than for individuals in their 20s (model B of Table 5).

When %BF was used, the probability of conformity was
0·70 times lower for men than for of women, but 1·16 and
1·19 times higher for white-collar and non-employed
individuals, respectively, than for blue-collar individuals.
With regard to the likelihood of conformity of WC, the
results were similar to those of %BF; it was 0·75 times
lower for men than for women and lower for older indi-
viduals (0·84 times lower for those in their 30s, 0·62 times
lower for those in their 40s, 0·47 times lower for those in
their 50s, 0·45 times lower for those in their 60s, 0·46 times
lower for those in their 70s and 0·26 times lower for those
aged 80 years or above) than for individuals in their 20s.
However, it was 1·12 times higher for white-collar workers
than for blue-collar workers (models C and D of Table 5).

Discussion

The present study aimed to compare the consistency of
obesity measurement as determined by four indirect
indices including BMI, WHtR, WC and %BF, which have
been frequently used in the literature, with the EOSS, a
composite measurement system reflecting internal health
status with regard to obesity. Overall, sensitivity was sta-
tistically significantly lower than specificity, which implies
a high proportion of false negatives among individuals
who are unhealthy owing to obesity or a low proportion of
true negatives among negatives. This also implies that a
high proportion of people were determined to be non-
obese by an indirect index despite being unhealthy as a
result of obesity, whereas a low proportion of people were
unhealthy owing to obesity-related diseases despite being
determined to be non-obese by an indirect index. The
findings of the current study show that WHtR has the
highest sensitivity, whereas BMI has the lowest. Therefore,
WHtR is the most useful in terms of its potential to max-
imize identification of individuals at risk for obesity-related
health issues. Simultaneously, a majority of these

individuals are actually likely to be unhealthy as a result of
diseases related to obesity when classified as obese based
on their BMI.

It is difficult to directly compare the present results with
those of others because no previous study has attempted
to assess the actual predictability of indirect obesity indi-
cators based on EOSS. However, studies on obesity-
related diseases that utilized indirect obesity indicators
have shown that WHtR can best predict the risk of dia-
betes among indirect indicators such as BMI, WC and
WHtR(8). In addition, another study showed that WHtR
was superior to BMI in predicting coronary artery
disease(7,27).

Logistic regression analysis on conformity showed that
predictions based on BMI were better among individuals
with higher educational qualifications than among those
who had less than a high-school level of education. This
finding can be attributed to the higher likelihood of indi-
viduals with lower education having a blue-collar job that
involves physical activities(28–30), which results in a high
muscle mass. Based on WHtR, the prediction rate was
better in those who did not graduate from high school
because such individuals usually have low household
income and are unable to consume high-quality food. This
may cause central obesity(24,25). WC was better able to
predict obesity for white-collar workers than for blue-
collar workers because the former often have higher WC
owing to having long-term sedentary occupations(31). Our
findings show that the predictability of the indirect indices
becomes lower, particularly for BMI and WC, in older
groups. However, ageing itself is a well-known risk factor
for chronic diseases related to obesity and risk factors
other than obesity may coexist as people age(32–35).

The present study’s findings need to be interpreted with
caution given that some disease measurements were
based on self-reported information. Obtaining information
from cross-sectional studies also limits the interpretation of
the results, given that assumptions regarding the pre-
cedence of indirect obesity measurement to diseases
related to obesity are not warranted in the current study.
Regardless, the study has the advantage of using a
nationally representative data set that also collected most
of the information on obesity and health status related to
obesity from real measures such as blood tests rather than
relying on using self-reported data. We also comparatively
assessed multiple indices for obesity measurement in
terms of their potential to identify individuals at risk for
obesity-related diseases. The current study is also the first
to apply the EOSS, the composite index to assess obesity
to account for health status.

Conclusions

Accurately identifying those who are at risk for health
issues due to obesity is crucial given the seriousness of
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obesity as a risk factor for various chronic diseases, as well
as for mortality. The present study’s assessments have
shown that WHtR is likely to be a useful index for obesity
measurement in terms of correctly identifying individuals
at risk for health issues due to obesity. Individual demo-
graphic factors, particularly sex, also need to be con-
sidered in selecting the most appropriate measurement of
obesity.

Acknowledgements

Financial support: Research support from the Korea
National Research Foundation (grant number
2017R1A2B4003373) is gratefully acknowledged. The
content is solely the responsibility of the authors and does
not necessarily represent the official view of the Korea
National Research Foundation. The Korea National
Research Foundation had no involvement in the pre-
paration and submission of this manuscript. Conflict of
interest: The authors declare that they have no competing
interests. Authorship: J.M. and E.H. conceived the paper.
J.M. and E.H. carried out the analyses. J.M. drafted the
manuscript. K.Y.J., T.H.K. and E.H. substantially revised the
manuscript. All authors discussed the results and con-
tributed to the final manuscript. Ethics of human subject
participation: Not applicable.

References

1. World Health Organization (2016) Obesity and overweight
fact sheet. http://www.who.int/mediacentre/factsheets/
fs311/en/ (accessed October 2016).

2. Thijssen E, van Caam A & van der Kraan PM (2015) Obesity
and osteoarthritis, more than just wear and tear: pivotal
roles for inflamed adipose tissue and dyslipidaemia in
obesity-induced osteoarthritis. Rheumatology (Oxford) 54,
588–600.

3. Grossschadl F, Freidl W, Rasky E et al. (2014) A 35-year
trend analysis for back pain in Austria: the role of obesity.
PLoS One 9, e107436.

4. Vaneckova I, Maletinska L, Behuliak M et al. (2014) Obesity-
related hypertension: possible pathophysiological mechan-
isms. J Endocrinol 223, R63–R78.

5. Xiao X, Liu Y, Sun C et al. (2015) Evaluation of different
obesity indices as predictors of type 2 diabetes mellitus in a
Chinese population. J Diabetes 7, 386–392.

6. Ortega FB, Sui X, Lavie CJ et al. (2016) Body mass index, the
most widely used but also widely criticized index: would a
criterion standard measure of total body fat be a better
predictor of cardiovascular disease mortality? Mayo Clin
Proc 91, 443–455.

7. Sabah KM, Chowdhury AW, Khan HI et al. (2014) Body
mass index and waist/height ratio for prediction of severity
of coronary artery disease. BMC Res Notes 7, 246.

8. Son YJ, Kim J, Park HJ et al. (2016) Association of waist–
height ratio with diabetes risk: a 4-year longitudinal
retrospective study. Endocrinol Metab (Seoul) 31,
127–133.

9. Huxley R, Mendis S, Zheleznyaov E et al. (2016) Body mass
index, waist circumference and hip ratio as predictors of

cardiovascular risk – a review of the literature. Eur J Clin
Nutr 64, 16–22.

10. Qiao Q & Nyamdorji R (2010) Is the association of type II
diabetes with waist circumference or waist-to-hip ratio
stronger than that with body mass index? Eur J Clin Nutr 64,
30–34.

11. Aune D, Sen A, Schlesinger S et al. (2017) Body mass index,
abdominal fatness, fat mass and the risk of arterial fibrilla-
tion: a systemic review and dose–response meta-analysis of
prospective studies. Eur J Epidemiol 32, 181–192.

12. Rahman M & Berenson A (2010) Accuracy of current body
mass index obesity classification of white, black and His-
panic reproductive-age women. Obstet Gynecol 115,
982–988.

13. Anoop M (2015) Ethnic specific criteria for classification of
body mass index: a perspective for Asian Indians and
American Diabetes Association Position Statement. Diabetes
Technol Ther 17, 667–671.

14. World Health Organization (2000) Obesity: preventing and
managing the global epidemic. http://www.who.int/nutri
tion/publications/obesity/WHO_TRS_894/en/ (accessed
October 2017).

15. Rothman K (2008) BMI-related errors in the measurement of
obesity. Int J Obes (Lond) 32, Suppl. 3, S56–S59.

16. Klein S, Allison DB, Heym S et al. (2007) Waist cir-
cumference and cardiometabolic risk. Am J Clin Nutr 85,
1197–1202.

17. Janssen I, Katzmarzyk P & Ross R (2004) Waist cir-
cumference and not body mass index explains obesity
related health risks. Am J Clin Nutr 79, 379–384.

18. Pasco J, Holloway K, Dobbins A et al. (2014) Body mass
index and measures of body fat for defining obesity and
underweight: a cross sectional, population-based study.
BMC Obes 1, 9.

19. Sharma A & Kushner RF (2009) A proposed clinical staging
system for obesity. Int J Obes (Lond) 33, 289–295.

20. Kim Y (2014) The Korea National Health and Nutrition
Examination Survey (KNHANES): current status and chal-
lenges. Epidemiol Health 36, e2014002.

21. Parikh RM, Joshi SR, Menon PS et al. (2007) Index of central
obesity – a novel parameter. Med Hypotheses 68,
1272–1275.

22. Ashwell M, Gunn P & Gibson S (2012) Waist-to-height ratio
is a better screening tool than waist circumference and BMI
for adult cardiometabolic risk factors: systematic review and
meta-analysis. Obes Rev 13, 275–286.

23. Schneider HJ, Friedrich N, Klotsche J et al. (2010) The
predictive value of different measures of obesity for incident
cardiovascular events and mortality. J Clin Endocrinol
Metab 95, 1777–1785.

24. Bryant CX & Greent DJ (2008) ACE Lifestyle & Weight
Management Consultant Manual: The Ultimate Resource
for Fitness Professionals. San Diego, CA: American Council
on Exercise.

25. Berber A, Gomez-Santos R, Fanghanel G et al. (2001)
Anthropometric indexes in the prediction of type 2 diabetes
mellitus, hypertension and dyslipidaemia in a Mexican
population. Int J Obes Relat Metab Disord 25, 1794–1799.

26. Kuk JL, Ardern CI, Church TS et al. (2011) Edmonton
Obesity Staging System: association with weight history and
mortality risk. Appl Physiol Nutr Metab 36, 570–576.

27. Page J, Rexrode K, Hu F et al. (2009) Waist–height ratio as a
predictor of coronary heart disease among women. Epide-
miology 20, 361–366.

28. Stephen C (1962) Education and occupation. Br J Sociol 13,
33–42.

29. Khamis FG, Hanoon MF & Belarbi A (2010) The relationship
between education and occupation using fully and partially
latent models. Int J Intell Technol Appl Stat 3, 309–322.

1248 J Myung et al.

https://doi.org/10.1017/S1368980019000090 Published online by Cambridge University Press

http://www.who.int/mediacentre/factsheets/fs311/
http://www.who.int/mediacentre/factsheets/fs311/
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
https://doi.org/10.1017/S1368980019000090


30. Gadar L & Abony J (2018) Graph configuration model based
evaluation of the education–occupation match. PLoS One
13, e0192427.

31. An R (2015) Educational disparity in obesity among US
adults, 1984–2013. Ann Epidemiol 25, 637-–642.

32. Wang Z (2015) Age-dependent decline of association
between obesity and mortality: a systematic review and
meta-analysis. Obes Res Clin Pract 9, 1–11.

33. Jousilahti P, Vartiainen E, Tuomileht J et al. (1999) Sex, age,
cardiovascular risk factors and coronary heart disease.
Circulation 99, 1165–1172.

34. Davis T, Millns H, Stratton I et al. (1999) Risk factors for stroke
in type 2 diabetes mellitus: United Kingdom Prospective
Diabetes Study (UKPDS) 29. Arch Intern Med 159, 1097–1103.

35. Hauer A, Ruigrok Y, Algra A et al. (2017) Age specific
vascular risk factor profiles according to stroke subtype.
J Am Heart Assoc 6, e005090.

36. Vijan S (2010) Type 2 diabetes. Ann Intern Med 152, 31–15.
37. Mancia G, Fagard R, Narkiewicz K et al. (2013) 2013

ESH/ESC Guidelines for the management of arterial

hypertension: the Task Force for the management of arterial
hypertension of European Society of Hypertension (ESH)
and of the European Society of Cardiology (ESC). J Hyper-
tens 31, 1281–1357.

38. National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III)
(2002) Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation 106,
3143–3421.

39. National Collaborating Centre for Chronic Conditions (2014)
Chronic Kidney Disease (Partial Update): National Clinical
Guideline for Early Identification and Management in
Adults in Primary and Secondary Care. London: Royal
College of Physicians.

40. Dyson JK, Anstee QM & McPherson S (2014) Non-alcoholic
fatty liver disease: a practical approach to treatment.
Frontline Gastroenterol 5, 277–286.

Validity of obesity indices 1249

https://doi.org/10.1017/S1368980019000090 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980019000090

	Assessment of the validity of multiple obesity indices compared with obesity-related co-morbidities
	Methods
	Data
	Obesity indices

	Table 1Edmonton Obesity Staging System and clinical features for classification
	Covariates

	Fig. 1Sample selection process (KNHANES, Korea National Health and Nutrition Examination Survey; EOSS, Edmonton Obesity Staging System)
	Table 2Characteristics of the study participants: adults aged &#x2265;20 years, Korea National Health and Nutrition Examination Survey, 2008&#x2013;�2011
	Statistical methods

	Results
	Table 3Cohen&#x2019;s &#x03BA; statistics for obesity measurements among adults aged &#x2265;20 years, Korea National Health and Nutrition Examination Survey, 2008&#x2013;2011
	Table 4Concordance in classification between the Edmonton Obesity Staging System (EOSS) and other obesity measurement indices among adults aged &#x2265;20 years, Korea National Health and Nutrition Examination Survey, 2008&#x2013;2011
	Table 5Logistic regression analysis on the conformity of the Edmonton Obesity Staging System (EOSS) obesity classification to the classification based on indirect indices among adults aged &#x2265;20 years, Korea National Health and Nutrition Examination 
	Discussion
	Conclusions
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


