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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 k 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 K d
g . N ) eywords
specificity (98-4%), respectively. Predictability of conformity was lower among BMI
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'”. 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*™, 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® ™'V, Moreover, the classification of obesity
may change when factors such as race or ethnicity are
considered’*'®. The WHO classifies obesity based on
BMI, a simple index that categorizes adults as underweight
(BMI < 18-5 kg/m?), overweight (BMI = 25-0-29-9 kg/m?) or
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obese (BMI > 30-0 kg/m»)™®. 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". Body fat distribution is also an important
factor in predicting obesity-related diseases. Therefore, WC
is widely used to measure central or abdominal obe-
sity1%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®.

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”. It con-
siders physical, psychological and functional limitations
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Table 1 Edmonton Obesity Staging System and clinical features for classification

Stage Description!'® Clinical features
0 No signs of risk factors related to obesity No clinical features
No physical symptoms
No psychological symptoms
No functional limitations due to obesity
1 Subclinical risk factors related to obesity but with no symptoms Diabetes®®: fasting blood sugar> 100 mg/dl
(i.e. borderline hypertension, borderline hypertension, impaired Hypertension‘37): systolic blood pressure > 130 mmHg;
fasting glucose and increases in liver enzyme levels) diastolic blood pressure > 85 mmHg
Mild physical symptoms (including breathing disorder upon Dyslipidaemia®®®: LDL-cholesterol > 130 mg/dl; total
moderate exercise and mild aches/pains or fatigue) cholesterol > 200 mg/dl; HDL-cholesterol < 60 mg/dl;
Mild psychological symptoms TAG > 150 mg/dI
Mild functional limitations Kidney disease®: GFR <90 ml/min; some physical activity
limitations
2 Chronic disease related to obesity and requires treatment (i.e. Diabetes®®: fasting blood sugar> 126 mg/dl; currently taking
hypertension, type 2 diabetes mellitus, sleep apnoea, anti-glycaemic medication, including insulin
osteoarthritis, reflux disease, polycystic ovary syndrome and Hypertension: currently taking antihypertensive medication;
anxiety disorder) systolic blood pressure®” > 140 mmHg; diastolic blood
Moderate level of psychological symptoms pressure®” > 90 mmHg
Limitations in daily living due to obesity Dyslipidaemia®®®: LDL-cholesterol > 160 mg/dl; total
cholesterol >240 mg/dl; HDL-cholesterol < 40 mg/dl; TAG
>200 mg/dl
Kidney disease®®: GFR <60 ml/min
Non-alcoholic fatty liver®
Some daily activity limitations
3 Significant damage to end organs due to obesity affecting normal  Diagnosis of myocardial infarction, heart failure, angina
life (i.e. myocardial infarction, heart failure and diabetic pectoris or cerebrovascular stroke
complications, osteoarthritis) Chronic kidney disease®®: GFR <30 ml/min
Severe psychological disease
Severe functional limitations
4 Patient condition is severe (i.e. at the end stage of such disease) t

due to co-morbidities related to obesity
Severe psychological disease
Severe functional limitations

GFR, glomerular filtration rate.

1Stage 4 is excluded from the analysis as relevant information is not available.

and classifies individuals into five stages of obesity-related
health risk (see Table 1),

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®”. The KNHANES data are strong
given that all obesity-related indicators are directly

measured®®.
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A total of 37753 individuals were observed between
2008 and 2011, of whom adults over the age of 20 years
were included in the current study (n 28701). For the
remaining adult sample, groups from whom meaningful
data could not be collected, such as pregnant women (7
156) and soldiers (12 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 (WHIR,; 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/m?; (ii)
WHtR > 0-53 and >0-49, respectively, for men and
women®™?; (iii) %BF> 25 and >32%, respectively, for
men and women according to the American Council on
9. and (iv) abdominal obesity (measured by

)
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Total (n 37 753):
KNHANES (2008, n 9744)
KNHANES (2009, n 10533)
KNHANES (2010, n 8958)
KNHANES (2011, n 8518)

Excluded individuals less than

A

20 years old (n 9682)

Adults over the age of 20 years (n28071)

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)
WC >90 and >85cm, respectively, for men and

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®®.

Cohen’s k 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);
(i) sensitivity (proportion classified as obese among
individuals severely unhealthy as a result of obesity); and
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(i) 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


https://doi.org/10.1017/S1368980019000090

1244 J Myung et al.

Table 2 Characteristics of the study participants: adults aged >20 years, Korea National Health and Nutrition Exam-
ination Survey, 2008-2011

Total (n 17 338)

Variable nor Mean % or sb
Obesity prevalence by EOSSt, nand %

Obese 5762 33-23

Non-obese 11576 66-77
Obesity prevalence by BMIf, n and %

Obese 636 3.67

Non-obese 16702 96-33
Obesity prevalence by WC§, n and %

Obese 4553 26-26

Non-obese 12785 7374
Obesity prevalence by WHtR||, n and %

Obese 7508 43-30

Non-obese 9830 56-70
Obesity prevalence by %BFf], n and %

Obese 8028 46-30

Non-obese 9310 53.70
Sex, nand %

Male 7472 4310

Female 9866 56-90
Age (years), mean and sb 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 1673

70-79 years old 1916 11-05

80 years or older 315 1.82
Marital status, n and %

Married 15063 86-88

Single 2275 1312
Residential areatt, n and %

Large city 7934 45.76

Small city 5746 33-14

Rural 3658 2110
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 sb 3292 1.334
Monthly household incomezt (unit: 10 000 won), mean and sb 108-583 38-031
Occupation§§

White-collar worker 5678 32.75

Blue-collar worker 4887 2819

Non-employed 6773 39-06
Current smoking status || |

Yes 5689 3281

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 1862

EOSS, Edmonton Obesity Staging System; WC, waist circumference; WHtR, waist-to-height ratio; %BF, percentage of body fat.
1Obesity is determined if individuals belong to the EOSS stage 2 or higher.

$Obesity is determined if BMI > 30 0kg/m?.

§Obesity is considered to exist when WC is >90 and >85cm 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.

ttLarge city =business or financial hub; small city = metropolitan city, rural area = county/town.

F1tMonthly household income calculated by dividing total household income by the number of family members in the household (unit:
10000 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.

{[fIExcessive drinking =those who responded that they drink more than five times per week.
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Table 3 Cohen’s «k statistics for obesity measurements among
adults aged >20 years, Korea National Health and Nutrition
Examination Survey, 2008-2011

Index for obesity Obesity measurement

measurement

(n17338) EOSSt BMI WHtR§ %BF ||
BMIf 0-0228 - - -
WHtR§ 0-2491 0-0937 - -
%BF | 01256 0-0747 0-4622 -
weq 01819 01866 05537  0-3270

EOSS, Edmonton Obesity Staging System; WHtR, waist-to-height ratio;
%BF, percentage of body fat; WC, waist circumference.

TEOSS stage 2 or higher.

$BMI > 30 0 kg/m?.

§WHIR > 0-53 (for men) or >0-49 (for women).

| %BF > 25 % (for men) or >32 % (for women).

fWC >90cm (for men) or >85cm (for women).

by dividing total household income by the number of
family members in each household.

Statistical metbods

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
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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 17338 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 k 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
WHIR (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 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/m? 0-3596 0-048 0-984
WHtR > 0-53 (for men) or >0-49 (for women) 0-6077% 0-537t 0-7561
%BF > 25 % (for men) > or 32 % (for women) 0-5520t,% 0-5141,% 0-630t1,
WC >90cm (for men) or >85cm (for women) 0-525871,1,8 0-3461,%,§ 0-889t,%,§
n 7338 11576 5762

WHtR, waist-to-height ratio; %BF, percentage of body fat; WC, waist circumference.

TStatistically significantly different from the validity value using BMI for obesity measurement at the 5 % level.
IStatistically 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 EOSSt and an indirect index
BMIF WHtR§ %BF|| weq

Independent variable OR sD 95% ClI OR sD 95% Cl OR sD 95% ClI OR sD 95% ClI
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 0712, 0-987

40-49 years old 0-463*** 0-042 0-387, 0-553 0-729*** 0-065 0611, 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 0774, 1.204 0-925 0-094 0757, 1-129 0-447** 0-049 0-360, 0-554

70-79 years old 0-079*** 0-010 0-061, 0-100 1120 0-134 0-884, 1416 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 0951, 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 0973 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 0913 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 0923, 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, 1137
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 1.018 0-019 0-982, 1-056 0-993 0-015 0-963, 1-024 0973 0-016 0-943, 1-005 1.023 0-017 0-991, 1-056

members
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 0918, 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 1.298, 1-767 1.271** 0-089 1-107, 1-459 1.240** 0-100 1-057, 1-454 1.376™* 0-102 1191, 1.591
n 17338 17338 17338 17338

WHTtR, waist-to-height ratio; %BF, percentage of body fat; WC, waist circumference.

*P<0:05, **P<0-01.

1Obesity is determined for those who belong to EOSS stage 2 or higher.

$Obesity is considered to exist when BMI > 30-0 kg/m?.

§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.
f[Obesity is considered to exist when WC is >90 and >85cm for men and women, respectively.

9yl

‘v 10 SundN [


https://doi.org/10.1017/S1368980019000090

Validity of obesity indices

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,
WHIR is the most useful in terms of its potential to max-
imize identification of individuals at risk for obesity-related
health a majority of these

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

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
WHR®. In addition, another study showed that WHtR
was superior to BMI in predicting coronary artery
disease'””.

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®*>” which results in a high
muscle mass. Based on WHIR, 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'***”. 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®". 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®*>>.

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 WHIR 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.
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