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OBJECTIVES: Obesity is a well-recognized risk factor for type 2 diabetes mellitus (DM) among young and 
middle-aged adults in South Korea. To elaborate on the association between obesity and DM, subjective data 
from self-reporting survey or objective data from health examination is generally used. This study was con-
ducted to validate the change of association from using these different measurements.

METHODS: Community Health Survey data and Korea National Health and Nutrition Examination Survey 
data, as subjective and objective data respectively, were used. Population, resident in Seoul and over 45 aged, 
were selected for the study and the association between obesity and DM were defined by using multivariate 
logistic regression model.

RESULTS: In subjective data, DM prevalence was 12.4% (male, 14.7; female, 10.6) and obesity prevalence 
was 26.0% (male, 29.2; female, 23.4). Whereas, in objective data, DM prevalence was 15.0% (male, 17.8; fe-
male, 12.9), and obese population was 32.4% (male, 34.4; female, 30.8). Based on the effect of obesity on 
DM prevalence from each data, using objective data increased the impact of obesity. Difference of relative risk 
of obesity between from subjective data and from objective was bigger in female than male and statistically 
significant.

CONCLUSIONS: The differences of association pattern between subjective and objective data were found, 
due to higher obesity prevalence in objective data, and discrepancies of socio-economic status. These discrep-
ancies could be inevitable Therefore we have to face them proactively, and understand the different aspect of 
various variables from different measurement.
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INTRODUCTION

While studies of obesity diagnosed from body mass index 
(BMI) have been conducted, self-reported anthropometric in-

formation regarding the diagnosis of obesity is subject to sys-
tematic errors [1-3], and particularly to discrepancies regarding 
the characteristics of participants. Nevertheless, self-reported 
information obtained through questionnaire or interview has 
the advantages of low cost and higher availability; moreover, 
these surveys are easy to administer and are a good method for 
studying large numbers of individuals [4].

It is important to assess the prevalence of obesity in various 
socio-demographic groups. Health policies, programs, and inter-
ventions can be more effective if they are targeted at high-risk 
populations and adopt a practical approach. In South Korea, the 
leading representative national health survey is the Korea Na-
tional Health and Nutrition Examination Survey (KNHANES). 
It consists of an interview for demographic information, includ-
ing socioeconomic status and health behavior, a health exami-
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nation including a laboratory test, and a dietary assessment. In 
contrast, at the regional municipality level, Community Health 
Surveys (CHS) comprise interviews conducted with computer-
assisted personal interviewing (CAPI), and thus all information 
from CHS is self-reported. Consequently, the prevalence of obe-
sity from each survey might be different. 

It is therefore necessary to determine whether different mea-
surements, such as self-reporting and direct measurement, would 
give rise to different information or values and whether a dif-
ference in association among relevant factors would consequent-
ly occur. Answering these questions would address common 
misgivings about the quality of self-reported anthropometric 
information and might lead to suggestions for how best the re-
sults from studies using self-reported data can be interpreted 
and used.

Obesity is a well-recognized risk factor for type 2 diabetes 
mellitus (DM) among young and middle-aged adults both world-
wide [5-8] and in South Korea [9]. DM is one of the diseases 
most directly and strongly associated with obesity. It is predict-
ed that there may be a difference in this association between 
different tools for obesity measurement. This study was con-
ducted to validate the difference in association arising from us-
ing different measurements: objective data on the difference in 
the relationship of obesity with DM prevalence measured by 
diagnosis of obesity and DM during an actual health examina-
tion; and subjective data from respondent’s self-reporting.

MATERIALS AND METHODS

Data and study population
Objective data was obtained from the KNHANES conducted 

in 2012, and the subjective data was obtained from the Korean 
CHS. The CHS was a cross-sectional interview survey conduct-
ed by the Korea Centers for Disease Control and Prevention 
(KCDC) and each municipality. The questionnaire consisted 
primarily of questions about personal health behaviors regard-
ing leading causes of health problems in Korean communities 
as well as health status and disease condition [10].

The target age of this study was 45 years and over, since chro
nic diseases such as hypertension and DM are relatively rare in 
younger generations. Only people living in Seoul, South Korea 
were selected in order to minimize regional effects while maxi-
mizing the total number of data. Some data were excluded due 
to missing values in education level, marital status, self-rated 
health status, employment status, income, BMI, blood pressure, 
smoking, and DM morbidity. With these criteria, a total of 587 
objective data and 10,833 subjective data were obtained from 
8,058 KNHANES and 228,921 CHS, respectively. 

Definition of variables 
As explanatory variables, we selected education level, living 

status, self-rated health, employment status, equalized income, 
smoking, obesity, and hypertension. 

Education level was categorized by the highest school level 
completed. Living status was defined by whether subjects lived 
with their spouse at the time, regardless of marital status. Self-
rated health status was measured according to a five-point scale: 
very good, good, moderate, poor, and very poor. We re-catego-
rized this scale into a three-point scale in order to prevent a 
small sample size in each category. The employment variable 
was determined by working status, with the employed group 
including self-employed, employed with salary, and unpaid 
family workers. The revised household income was calculated 
from the total household income divided by family size. Smok-
ing status was divided into three groups: current smokers, past 
smokers, and non-smokers. Non-smokers indicate people who 
have never experienced smoking or have smoked less than five 
packs in their lifetime. 

All of the above demographic and socioeconomic variables 
were obtained by interviewing; however, for obesity, DM and 
hypertension, the definition was different between subjective 
and objective data. In the subjective data, reported height and 
weight were used for obesity, and diagnosis experience was used 
to measure DM and hypertension prevalence. On the other hand, 
in the objective data, measured height/weight and blood pres-
sure were used for BMI calculation and hypertension, respec-
tively, and the prevalence of DM was measured by laboratory 
test. Obesity was defined as a BMI ≥25.0 kg/m2 according to 
the standard of World Health Organization/Western Pacific Re-
gional Office [11]. DM was classified as a fasting (8 hours or 
more) blood glucose level of ≥126 mg/dL or as taking medica-
tion for DM. Hypertension was defined as a systolic blood pres-
sure ≥140 mmHg or a diastolic pressure ≥90 mmHg or as tak-
ing medication for hypertension. 

Statistical analysis
Frequency analysis and logistic regression models were main-

ly used in this study. 
Frequency analysis was used in order to understand the de-

mographic characteristics of the data and their association with 
DM prevalence. The associations were examined by chi-square 
test using univariate analysis. Logistic regression analysis was 
then conducted using multivariate analysis. In both frequency 
and logistic analyses, we separated the male and female popula-
tions because female’s economic activity rates are generally 
lower than male’s and because risky health behaviors such as 
smoking and drinking are underreported among female. To avoid 
multicollinearity in the regression model, the marital status and 
employment status variables were excluded due to strong cor-
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relations with age and income, respectively. The smoking vari-
able was also excluded in the female model since the results of 
the frequency analysis indicated a severely unbalanced propor-
tion. SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) was 
used for all statistical analysis in this study.

RESULTS

Table 1 shows the demographic and socioeconomic charac-
teristics from the 2012 Seoul CHS data and their association 
with self-reported DM prevalence. 12.4% of participants had 
experienced a DM diagnosis, and the reported obesity preva-
lence was 26.0%. Both DM and obesity prevalence were high-
er in males than in females. The association between self-re-
ported DM prevalence and levels of each variable was statisti-
cally significant except for living status among male and smok-

ing status among female. 
Table 2 shows the demographic and socioeconomic character-

istics of the 2012 Seoul KNHANES data and their association 
with measured DM prevalence. Among the participants in the 
KNHANES, 15% have DM, and 32.4% show obesity. Both DM 
prevalence and obesity were higher in the male population than 
in females. The variables which had a significant association with 
measured DM prevalence were age, education, income, smoking, 
obesity, and hypertension in the whole population; age, employ-
ment, and smoking in the male population; and age, education, 
living status, income, obesity, and hypertension in females.

In a multivariate logistic regression model for DM prevalence 
(Table 3), male show higher odds than female (odds ratio [OR], 
1.46; 95% confidence interval [CI], 1.21 to 1.76) only in sub-
jective data. All subjects aged over 55 years show higher odds 
than the reference group (subjects aged 45 to 54 years) in sub-
jective data, and a similar association was noted in the objective 

Table 1. Characteristics of participants and diabetes mellitus (DM) prevalence in the 2012 Seoul metropolitan Community Health Survey

Variables

All Male Female

n (%)
DM

n (%)
DM

n (%)
DM

n (%) n (%) n (%)

N 10,833 (100) 1,346 (12.4) 4,810 (44.4) 709 (14.7) 6,023 (55.6) 637 (10.6)
Sex Male

Female
4,810 (44.4)
6,023 (55.6)

709 (14.7)***
637 (10.6)

Age 45-54
55-64
65-74
≥75

4,185 (38.6)
3,458 (31.9)
2,294 (21.2)

896 (8.3)

214 (5.1)***
469 (13.6)
464 (20.2)
199 (22.2)

1,836 (38.2)
1,496 (31.1)
1,092 (22.7)

386 (8.0)

133 (7.2)***
255 (17.1)
232 (21.3)
89 (23.1)

2,349 (39.0)
1,962 (32.6)
1,202 (20.0)

510 (8.5)

81 (3.5)***
214 (10.9)
232 (19.3)
110 (21.6)

Education Primary
Middle
High
University

2,494 (23.0)
1,737 (16.0)
3,651 (33.7)
2,951 (27.2)

486 (19.5)***
239 (13.8)
361 (9.9)
260 (8.8)

699 (14.5)
720 (15.0)

1,637 (34.0)
1,754 (36.5)

144 (20.6)***
138 (19.2)
217 (13.3)
210 (12.0)

1,795 (29.8)
1,017 (16.9)
2,014 (33.4)
1,197 (19.9)

342 (19.1)***
101 (9.9)
144 (7.2)
50 (4.2)

Living With spouse
Without spouse

8,496 (78.4)
2,337 (21.6)

1,026 (12.1)*
320 (13.7)

4,255 (88.5)
555 (11.5)

629 (14.8)
80 (14.4)

4,241 (70.4)
1,782 (29.6)

397 (9.4)***
240 (13.5)

Self-rated health Good
Moderate
Poor

3,794 (35.0)
4,689 (43.3)
2,350 (21.7)

226 (6.0)***
474 (10.1)
646 (27.5)

1,938 (40.3)
2,014 (41.9)

858 (17.8)

147 (7.6)***
272 (13.5)
290 (33.8)

1,856 (30.8)
2,675 (44.4)
1,492 (24.8)

79 (4.3)***
202 (7.6)
356 (23.9)

Employment Employed
Not employed

5,897 (54.4)
4,936 (45.6)

538 (9.1)***
808 (16.4)

3,411 (70.9)
1,399 (29.1)

384 (11.3)***
325 (23.2)

2,486 (41.3)
3,537 (58.7)

154 (6.2)***
483 (13.7)

Income1 Bottom quarter
2nd
3rd
Top quarter

2,716 (25.1)
2,701 (24.9)
2,901 (26.8)
2,515 (23.2)

483 (17.8)***
360 (13.3)
285 (9.8)
218 (8.7)

1,111 (23.1)
1,193 (24.8)
1,345 (28.0)
1,161 (24.1)

224 (20.2)***
184 (15.4)
154 (11.5)
147 (12.7)

1,605 (26.7)
1,508 (25.0)
1,556 (25.8)
1,354 (22.5)

259 (16.1)***
176 (11.7)
131 (8.4)
71 (5.2)

Smoking Never
Current
Past

6,844 (63.2)
1,764 (16.3)
6,844 (20.5)

734 (10.7)***
237 (13.4)
375 (16.9)

1,105 (23.0)
1,600 (33.3)
2,105 (43.8)

136 (12.3)***
217 (13.6)
356 (16.9)

5,739 (95.3)
164 (2.7)
120 (2.0)

598 (10.4)
20 (12.2)
19 (15.8)

Obesity2 Non-obese
Obese

8,019 (74.0)
2,814 (26.0)

879 (11.0)***
467 (16.6)

3,404 (70.8)
1,406 (29.2)

464 (13.6)***
245 (17.4)

4,615 (76.6)
1,408 (23.4)

415 (9.0)***
222 (15.8)

Hypertension Yes
No

3,489 (32.2)
7,344 (67.8)

789 (22.6)***
557 (7.6)

1,648 (34.3)
3,162 (65.7)

406 (24.6)***
303 (9.6)

1,841 (30.6)
4,182 (69.4)

383 (20.8)***
254 (6.1)

All p values was calculated by chi-square tests. 
1Equivalized household income weighted by family number.
2Based on body mass index (BMI) from reported height and weight (≥  BMI 25).
*p<0.05, **p<0.01, ***p<0.001.
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data. Though the association in the 55 to 64 years age group 
appeared not to be statistically significant, it was marginally sig-
nificant (OR, 2.05; 95% CI, 0.98 to 4.28). Education level was 
not statistically significant, with only the middle school group 
showing higher odds than university graduates in objective data 
(OR, 2.32; 95% CI, 1.00 to 5.40). Groups with lower self-rated 
health status showed significantly higher odds than the higher 
self-rated health group, and this tendency was found only in 
subjective data, whereas the association between income and 
DM was shown in the objective data. A significant association 
of obesity and smoking behavior with DM was noted in both 
sets of data, but the association of hypertension was shown only 
in subjective data.

In the multivariate logistic regression model of the male pop-
ulation (Table 4), only age difference and smoking behavior show
ed significant associations with DM in both sets of data. No sig-

nificant association was found with education level. On the oth-
er hand, the association of self-rated health, obesity, and hyper-
tension were shown only in the subjective data. In the female 
population (Table 4), the association of income level, obesity, 
and hypertension showed significance in both sets of data, but 
when it came to income level, only the second quartile group 
had the association in subjective data. In contrast, age, educa-
tion level, and self-rated health showed a significant association 
only in subjective data.

For both male and female, self-rated health was significant only 
in the subjective data. When we contrasted results from subjec-
tive and objective data, for male, the ORs of age and smoking 
in the objective data were considerably higher than in the sub-
jective data. In female, the ORs of income, obesity, and hyper-
tension in the objective data were statistically significant and 
were higher than in the subjective data.

Table 2. Characteristics of participants and diabetes mellitus (DM) prevalence in the 2012 Seoul Korea National Health and Nutrition Exami-
nation Survey

Variables

All Male Female

n (%)
DM

n (%)
DM

n (%)
DM

n (%) n (%) n (%)

Total 587 (100) 88 (15.0) 253 (43.1) 45 (17.8) 334 (56.9) 43 (12.9)
Sex Male

Female
253 (43.1)
334 (56.9)

45 (17.8)
43 (12.9)

Age 45-54
55-64
65-74
75-

191 (32.5)
182 (31.0)
158 (26.9)
56 (9.5)

14 (7.3)***
25 (13.7)
37 (23.4)
12 (21.4)

77 (30.4)
74 (29.3)
75 (29.6)
27 (10.7)

6 (7.8)*
13 (17.6)
19 (25.3)
7 (25.9)

114 (34.1)
108 (32.3)
83 (24.6)
29 (8.7)

8 (7.0)*
12 (11.1)
18 (21.7)
5 (17.2)

Education Primary
Middle
High
University

152 (25.9)
82 (14.0)

195 (33.2)
158 (26.9)

28 (18.4)*
18 (22.0)
28 (14.4)
14 (8.9)

41 (16.2)
31 (12.3)
91 (36.0)
90 (35.6)

7 (17.1)
8 (25.8)

21 (23.1)
9 (10.0)

111 (33.2)
51 (15.3)

104 (31.1)
68 (20.4)

21 (18.9)*
10 (19.6)
7 (6.7)
5 (7.4)

Living With spouse
Without spouse

491 (83.7)
96 (16.4)

68 (13.9)
20 (20.8)

240 (94.9)
13 (5.1)

42 (17.5)
3 (23.1)

251 (75.2)
83 (24.9)

26 (10.4)*
17 (20.5)

Self-rated health Good
Moderate
Poor

176 (30.0)
303 (51.6)
108 (18.4)

20 (11.4)
48 (15.8)
20 (18.5)

94 (37.2)
123 (48.6)
36 (14.2)

14 (14.9)
25 (20.3)
6 (16.7)

82 (24.6)
180 (53.9)
72 (21.6)

6 (7.3)
23 (12.8)
14 (19.4)

Employment Employed
Not employed

283 (48.2)
304 (51.8)

34 (12.0)
54 (17.8)

158 (62.5)
95 (37.6)

20 (12.7)**
25 (26.3)

125 (37.4)
209 (62.6)

14 (11.2)
29 (13.9)

Income1 Bottom quarter
2nd
3rd
Top quarter

148 (25.2)
147 (25.0)
150 (25.6)
142 (24.2)

30 (20.3)**
28 (19.1)
21 (14.0)
9 (6.3)

56 (22.1)
70 (27.7)
65 (25.7)
62 (24.5)

13 (23.2)
15 (21.4)
10 (15.4)
7 (11.3)

92 (27.5)
77 (23.1)
85 (25.5)
80 (24.0)

17 (18.5)**
13 (16.9)
11 (12.9)
2 (2.5)

Smoking Never
Current
Past

366 (62.4)
83 (14.1)

138 (23.5)

41 (11.2)**
17 (20.5)
30 (21.7)

53 (21.0)
70 (27.7)

130 (51.4)

3 (5.7)*
14 (20.0)
28 (21.5)

313 (93.7)
13 (3.9)
8 (2.4)

38 (12.1)
3 (23.1)
2 (25.0)

Obesity2 Non-obese
Obese

397 (67.6)
190 (32.4)

46 (11.6)***
42 (22.1)

166 (65.6)
87 (34.4)

26 (15.7)
19 (21.8)

231 (69.2)
103 (30.8)

20 (8.7)***
23 (22.3)

Hypertension Yes
No

253 (43.1)
334 (56.9)

55 (21.7)***
33 (9.9)

118 (46.6)
135 (53.4)

26 (22.0)
19 (14.1)

135 (40.4)
199 (59.6)

29 (21.5)***
14 (7.0)

All p values was calculated by chi-square tests.
1Equivalised household income weighted by family number.
2Based on body mass index (BMI) from measured height and weight (≥BMI 25).	
*p<0.05, **p<0.01, ***p<0.001.
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Table 3. Relative risk from multiple logistic regression analysis for 
diabetes mellitus prevalence

Variables Subjective Objective

Sex Male
Female

1.46
1.00

(1.21, 1.76)*
(reference)

0.55
1.00

(0.24, 1.26)
(reference)

Age 45-54
55-64
65-74
75-

1.00
2.19
2.69
2.50

(reference)
(1.83, 2.62)*
(2.21, 3.28)*
(1.96, 3.18)*

1.00
2.05
3.32
3.21

(reference)
(0.98, 4.28)
(1.55, 7.09)*
(1.18, 8.71)*

Education Primary
Middle
High
University

1.15
1.05
0.98
1.00

(0.94, 1.40)
(0.85, 1.30)
(0.81, 1.17)
(reference)

1.13
2.32
1.15
1.00

(0.50, 2.55)
(1.00, 5.40)*
(0.55, 2.42)
(reference)

Self-rated health Good
Moderate
Poor

1.00
1.66
4.37

(reference)
(1.40, 1.96)*
(3.67, 5.22)*

1.00
1.48
1.37

(reference)
(0.81, 2.69)
(0.66, 2.86)

Income1 Bottom quarter
2nd
3rd
Top quarter

0.98
1.07
0.95
1.00

(0.80, 1.20)
(0.88, 1.31)
(0.78, 1.16)
(reference)

2.22
2.39
2.41
1.00

(0.92, 5.33)
(1.02, 5.58)*
(1.01, 5.72)*
(reference)

Smoking Never
Current
Past

1.00
1.30
1.28

(reference)
(1.05, 1.61)*
(1.05, 1.57)*

1.00
4.21
3.55

(reference)
(1.69, 10.53)*
(1.49, 8.50)*

Obesity2 Non-obese
Obese

1.00
1.40

(reference)
(1.23, 1.60)*

1.00
2.08

(reference)
(1.25, 3.45)*

Hypertension Yes
No

2.15
1.00

(1.89, 2.45)*
(reference)

1.56
1.00

(0.92, 2.65)
(reference)

Values are presented as odds ratio (95% confidence interval). 
1Equivalized household income weighted by family number.
2Based on body mass index (BMI) from reported height and weight (≥ BMI 25).
*p<0.05. 

Table 4. Relative risk from multiple logistic regression analysis for diabetes mellitus prevalence in sex

Variables
Male Female

Subjective Objective Subjective Objective

Age 45-54
55-64
65-74
75-

1.00 
 2.13 
2.41
2.18

(reference) 
(1.68, 2.71)*
(1.85, 3.14)*
(1.55, 3.08)*

1.00 
 3.14 
4.53
5.78

(reference)
(1.04, 9.52)*
(1.46, 14.08)*
(1.40, 24.04)*

1.00 
2.27
3.03
2.83

(reference) 
(1.71, 3.00)*
(2.23, 4.10)*
(1.99, 4.03)*

1.00 
1.69
2.27
1.61

(reference) 
(0.61, 4.68)
(0.81, 6.37)
(0.39, 6.71)

Education Primary
Middle
High
University

0.95
1.10
0.95
1.00

(0.72, 1.25)
(0.84, 1.44)
(0.80, 1.19)
(reference) 

0.95
3.05
1.91
1.00

(0.29, 3.09)
(0.92, 10.14)
(0.75, 4.91)
(reference) 

1.43
1.16
1.18
1.00

(1.01, 2.05)*
(0.79, 1.69)
(0.83, 1.67)
(reference) 

1.01
1.55
0.57
1.00

(0.30, 3.43)
(0.44, 5.40)
(0.16, 2.09)
(reference) 

Self-rated health Good
Moderate
Poor

1.00
1.74
4.77

(reference) 
(1.40, 2.16)*
(3.77, 6.05)*

1.00
1.3

0.74

(reference) 
(0.58, 2.89)
(0.24, 2.32)

1.00
1.54
3.97

(reference) 
(1.17, 2.03)*
(3.03, 5.21)*

1.00
1.58
1.93

(reference) 
(0.58, 4.32)
(0.65, 5.71)

Income1 Bottom quarter
2nd
3rd
Top quarter

0.80
0.86
0.74
1.00

(0.60, 1.05)
(0.66, 1.13)
(0.57, 0.96)*
(reference) 

1.36
1.43
1.34
1.00

(0.42, 4.46)
(0.49, 4.16)
(0.43, 4.13)
(reference) 

1.31
1.46
1.35
1.00

(0.96, 1.79)
(1.07, 1.99)*
(0.98, 1.85)
(reference) 

5.25
4.91
5.03
1.00

(1.07, 25.81)*
(1.01, 23.97)*
(1.03, 24.50)*
(reference) 

Smoking Never
Current
Past

1.00
1.30
1.30

(reference) 
(1.02, 1.67)*
(1.04, 1.63)*

1.00
5.94
4.74

(reference) 
(1.46, 24.14)*
(1.24, 18.09)*

Obesity2 Non-obese
Obese

1.00
1.37

(reference) 
(1.14, 1.65)*

1.00
1.43

(reference) 
(0.67, 3.06)

1.00
1.35

(reference) 
(1.12, 1.63)*

1.00
2.46

(reference) 
(1.21, 5.00)*

H�ypertension Yes
No

2.10
1.00

(1.76, 2.51)*
(reference) 

1.23
1.00

(0.58, 2.59)
(reference) 

2.18
1.00

(1.81, 2.63)*
(reference) 

2.22
1.00

(1.02, 4.82)*
(reference) 

Values are presented as odds ratio (95% confidence interval).
1Equivalized household income weighted by family number.
2Based on body mass index from reported height and weight (≥  BMI 25).
*p<0.05. 

DISCUSSION 

According to subjective data obtained from residents aged 45 
years and older living in Seoul, DM prevalence was 12.4% (male, 
14.7; female, 10.6). The proportion of the population who were 
obese (BMI≥25 kg/m2) was 26.0% (male, 29.2; female, 23.4). 
In contrast, according to objective data from the KNHANES 
from residents aged 45 years and older and living in Seoul, DM 
prevalence was 15.0% (male 17.8, female 12.9), and the preva-
lence of obesity (BMI≥25 kg/m2) was 32.4% (male, 34.4; fe-
male, 30.8). The discrepancy in DM prevalence between the 
two sets of data was just 2.6%, but that of the obesity preva-
lence was 6.4%, a difference more than twice that of DM.

Based on the degree of the relationship of obesity with DM 
prevalence observed in each set of data, we can infer that using 
objective data increased the observed impact of obesity. The 
difference in the relative risk of obesity between subjective and 
objective data was greater in female than in male and all of the 
relative risk was statistically significant. This appearance is most 
likely due to the greater prevalence of obesity in the objective 
data. It should be also noted that other socioeconomic informa-
tion was collected from the questionnaires in both sets of data. 
Therefore, some socioeconomic factors in reporting error and 
in DM prevalence are entangled in the multi directional inter-
action among them. 
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In this study, which compares subjective data with objective 
data, measurement discrepancies in both obesity, the covariate, 
and DM, the outcome variable, was shown. These discrepancies 
should result in variation in the association between the survey 
methods. However, it is very difficult to determine which meth-
od is more accurate, since every survey procedure has problems 
leading to systematic errors.

As for the evaluation of obesity using BMI calculated from 
height and weight, self-reported and measured values for height 
and weight are strongly correlated; thus, many studies assume 
that self-reported data are valid [12-14]. However, researchers 
have expressed concerns regarding discrepancies and systemat-
ic errors in self-reported values, as these are unreliable in popu-
lation subgroups with a high prevalence of obesity (e.g., over-
weight female and middle-aged and elderly individuals) [1,2, 
15-18]. Being overweight is also a predictor of errors in report-
ing height measurements [3,19]. In addition to intentional re-
porting errors, many people are unaware of anthropometric 
changes such as atrophy after middle age, particularly female 
and older adults [20]. In fact, systematic reporting errors can 
result from both intended and unintended misreporting, affect-
ing data reliability and, in turn, introducing bias. 

Furthermore, measurements of height and weight have nor-
mal circadian variation [21,22]. The accuracy of measurement 
instrument, and competence of personnel are critical in spite of 
regular quality control [23]. Selection bias is a well-known prob-
lem in population studies. Participants in surveys are likely to 
be different from those who decline to participate. However, it 
is not understood how self-selection affects the information. In-
dividuals who are more obese and at greater risk of health prob-
lems tend to refuse participation [24]. The time and effort re-
quired for measuring and examination may also influence se-
lection bias. In this way, epidemiological surveys engaging with 
obesity and other features related to the social desirability of 
health outcomes may be lacking an important portion of the 
normal distribution of the population.

Accordingly, the measuring tool difference must be highlight-
ed before the results of such surveys are compared and inter-
preted for any political decision. This point is very important 
for decision makers to assign a priority to public health policy, 
practice, or intervention.

Because self-perceptions and social implications of obesity 
are in the background of self-reports, understanding the poten-
tial influences of personal characteristics such as sex, age, eth-
nicity, and sociocultural and socioeconomic status are impor-
tant for designing studies and for interpreting data obtained 
from self-reported information [25,26]. To determine which fac-
tors influence certain health outcomes, researchers collect mea-
surements of related, interactive, and potential causes. Some fac-
tors present in the survey process need to be considered when 

researchers use data from a survey and interpret results from 
each set of data. These include sampling frames, data collection 
modes (CAPI, computer-assisted self-interviewing, paper-assist-
ed personal interviewing, etc.), and the non-response rate [27]. 

The goal of CHS is to produce health indicators that are com-
parable among municipalities, for monitoring community health 
status. The community level of health indicators indicated by 
the monitoring of results from CHS in each municipality is the 
principle evidence used to develop community health plans, in-
tervention planning, outcome assessments and effect evalua-
tions. This goal seems to have been achieved successfully, based 
on a review of annual community health figures in each munic-
ipality since the year 2008 [28]. However, many researchers 
hesitate to use CHS data due to its data collection method, that 
is, interviewing with a questionnaire. The KNHANES is the 
leading nationally representative health survey that provides 
directly measured information on community-dwelling people 
through laboratory or physical exams. Generally, directly mea-
sured information seems more accurate than reported informa-
tion because of reduced reporting error, and thus many Korean 
researchers use data from the KNHANES rather than from CHS. 
Many previous studies, however, have also provided insights 
into significant variability in biomarkers from laboratory and 
physical health exams [22,29-31]. Moreover, the self-reporting 
method is still used in population-based studies for its low cost 
and relative ease in practice [4,32-34].

It is worth asking whether the lack of information from par-
ticular populations due to differences in survey design and exe-
cution is reversible. We should take into account that biased 
data can be adjusted to a comparably accurate level through 
sex and age standardization. Now, we need a debate on how 
we understand and improve measurement bias arising from re-
gional differences in demographic structures. We should do all 
we can to diminish bias in the design and administration of sur-
veys and be consistent in reporting the level of accuracy of esti-
mation and potential for making prediction from each survey. 
There is no perfect survey, since measurement error is an indis-
pensable part of surveys. We have to face the discrepancy among 
different measuring tools proactively, and develop a compre-
hensive understanding of the different factors involved in the 
variables from different measurements. Therefore, we call for 
widespread use of the thus obtained information and strong 
consideration of the effect of measurement method on results.

ACKNOWLEDGEMENTS

This work was supported by a National Research Foundation 
of Korea Grant funded by the Korean Government (NRF-2013 
R1A1A1076139). 



7

Yoon K et al.: Effect change of obesity on diabetes depending on measurement

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare for this 
study.

REFERENCES

1.	Alvarez-Torices JC, Franch-Nadal J, Alvarez-Guisasola F, Hernan-
dez-Mejia R, Cueto-Espinar A. Self-reported height and weight and 
prevalence of obesity. Study in a Spanish population. Int J Obes Relat 
Metab Disord 1993;17:663-667.

2.	Crawley HF, Portides G. Self-reported versus measured height, weight 
and body mass index amongst 16-17 year old British teenagers. Int J 
Obes Relat Metab Disord 1995;19:579-584.

3.	Hill A, Roberts J. Body mass index: a comparison between self-re-
ported and measured height and weight. J Public Health Med 1998; 
20:206-210.

4.	Connor Gorber S, Tremblay M, Moher D, Gorber B. A comparison 
of direct vs. self-report measures for assessing height, weight and 
body mass index: a systematic review. Obes Rev 2007;8:307-326.

5.	Cassano PA, Rosner B, Vokonas PS, Weiss ST. Obesity and body fat 
distribution in relation to the incidence of non-insulin-dependent dia-
betes mellitus. A prospective cohort study of men in the normative 
aging study. Am J Epidemiol 1992;136:1474-1486.

6.	Chan JM, Rimm EB, Colditz GA, Stampfer MJ, Willett WC. Obesi-
ty, fat distribution, and weight gain as risk factors for clinical diabetes 
in men. Diabetes Care 1994;17:961-969.

7.	Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain as a 
risk factor for clinical diabetes mellitus in women. Ann Intern Med 
1995;122:481-486.

8.	Biggs ML, Mukamal KJ, Luchsinger JA, Ix JH, Carnethon MR, New-
man AB, et al. Association between adiposity in midlife and older 
age and risk of diabetes in older adults. JAMA 2010;303:2504-2512.

9.	Kim DH, Ahn YO, Park SW, Choi MG, Kim DS, Lee MS, et al. In-
cidence and risk factors for diabetes mellitus in Korean middle-aged 
men: Seoul cohort DM follow-up study. Korean J Prev Med 1999; 
32:526-537 (Korean).

10.	Kim YT, Choi BY, Lee KO, Kim H, Chun JH, Kim SY, et al. Over-
view of Korean Community Health Survey. J Korean Med Assoc 
2012; 55:74-83 (Korean).

11.	Steering Committee. The Asia-Pacific perspective: Redefining obesi-
ty and its treatment. Melbourne: International Diabetes Institute; 
2000, p. 11-12. 

12.	Bray GA. Definition, measurement, and classification of the syn-
dromes of obesity. Int J Obes 1978;2:99-112.

13.	Stewart AL. The reliability and validity of self-reported weight and 
height. J Chronic Dis 1982;35:295-309.

14.	Lee DH, Shin A, Kim J, Yoo KY, Sung J. Validity of self-reported 
height and weight in a Korean population. J Epidemiol 2011;21:30-
36.

15.	Nieto-García FJ, Bush TL, Keyl PM. Body mass definitions of obe-
sity: sensitivity and specificity using self-reported weight and height. 
Epidemiology 1990;1:146-152.

16.	Nyholm M, Gullberg B, Merlo J, Lundqvist-Persson C, Råstam L, 

Lindblad U. The validity of obesity based on self-reported weight and 
height: implications for population studies. Obesity (Silver Spring) 
2007;15:197-208.

17.	Sherry B, Jefferds ME, Grummer-Strawn LM. Accuracy of adoles-
cent self-report of height and weight in assessing overweight status: 
a literature review. Arch Pediatr Adolesc Med 2007;161:1154-1161.

18.	Craig BM, Adams AK. Accuracy of body mass index categories based 
on self-reported height and weight among women in the United States. 
Matern Child Health J 2009;13:489-496.

19.	Rowland ML. Self-reported weight and height. Am J Clin Nutr 1990; 
52:1125-1133.

20.	Ramos E, Lopes C, Oliveira A, Barros H. Unawareness of weight 
and height--the effect on self-reported prevalence of overweight in a 
population-based study. J Nutr Health Aging 2009;13:310-314.

21.	Tyrrell AR, Reilly T, Troup JD. Circadian variation in stature and the 
effects of spinal loading. Spine (Phila Pa 1976) 1985;10:161-164.

22.	Robinson MF, Watson PE. Day-to-day variations in body-weight of 
young women. Br J Nutr 1965;19:225-235.

23.	Lyberg LE, Biemer PP, Collins M, De Leeuw ED, Dippo C, Schwarz 
N, et al. Survey measurement and process quality. New York: John 
Wiley & Sons; 2012, p. 197-200.

24.	Sonne-Holm S, Sørensen TI, Jensen G, Schnohr P. Influence of fat-
ness, intelligence, education and sociodemographic factors on respon
se rate in a health survey. J Epidemiol Community Health 1989;43: 
369-374.

25.	Himes JH, Hannan P, Wall M, Neumark-Sztainer D. Factors associ-
ated with errors in self-reports of stature, weight, and body mass in-
dex in Minnesota adolescents. Ann Epidemiol 2005;15:272-278.

26.	Merrill RM, Richardson JS. Validity of self-reported height, weight, 
and body mass index: findings from the National Health and Nutri-
tion Examination Survey, 2001-2006. Prev Chronic Dis 2009;6:A121.

27.	Li C, Balluz LS, Ford ES, Okoro CA, Zhao G, Pierannunzi C. A com-
parison of prevalence estimates for selected health indicators and ch
ronic diseases or conditions from the Behavioral Risk Factor Surveil-
lance System, the National Health Interview Survey, and the Nation-
al Health and Nutrition Examination Survey, 2007-2008. Prev Med 
2012;54:381-387.

28.	Korea Centers for Disease Control and Prevention. Community Health 
Survey [cited 2014 Nov 5]. Available from: https://chs.cdc.go.kr/chs/ 
(Korean).

29.	Kong SY, Stabler TV, Criscione LG, Elliott AL, Jordan JM, Kraus 
VB. Diurnal variation of serum and urine biomarkers in patients with 
radiographic knee osteoarthritis. Arthritis Rheum 2006;54:2496-2504.

30.	Sultana R, Pati AK. Blood pressure and heart rate variability and di-
agnosis. Biol Rhythm Res 2014;45:477-494.

31.	Jensen LD, Gyllenhaal C, Block K. Circadian angiogenesis. Biomol 
Concepts 2014;5:245-256.

32.	Lilienfeld SO, Andrews BP. Development and preliminary validation 
of a self-report measure of psychopathic personality traits in noncrim-
inal populations. J Pers Assess 1996;66:488-524.

33.	Lissner L, Heitmann BL, Bengtsson C. Population studies of diet and 
obesity. Br J Nutr 2000;83 Suppl 1:S21-S24.

34.	Locke GR 3rd, Talley NJ, Fett SL, Zinsmeister AR, Melton LJ 3rd. 
Prevalence and clinical spectrum of gastroesophageal reflux: a popu-
lation-based study in Olmsted County, Minnesota. Gastroenterology 
1997;112:1448-1456.


