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THE DEVELOPMENT OF AN OBESITY INDEX MODEL AS
A COMPLEMENT TO BMI FOR ADULT: USING THE
BLOOD DATA OF KNHANES

KWANGHEE KO AND CHUNYOUNG OH*

Abstract. We used blood data to predict obesity by complementing the
BMI risk, because some blood factors are significantly associated with
obesity. For the sampling method, a two-step stratified colony sam-
pling method was used based on sixteen blood factors collected by the
Korea National Health and Nutrition Examination Survey(KNHANES).
We identify the number of effective blood data of obesity in the final
model as 6 ~ 8 factors that differ somewhat depending on age and gen-
der. Also, the coefficient of determination that represents the predictive
power of obesity in the regression model is the highest for both men and
women of aged 19 and in their 20s and 30s, and the predictive power
decreases with increasing age.

1. Introduction

Obesity is recognized as a major global public health issue. The factors
that lead to obesity are highly diverse. The factors that contribute to obesity
include genetics, environment, unhealthy diet, and sedentary lifestyle. Several
studies have shown that risk factors associated with obesity include chronic
stress, waist circumference, malnutrition, low physical activity, consumption of
food with a high glycemic index, a reduced amount of sleep, as well as alcohol
consumption and dietary habits [1], [9], [16], [26], [27], [32]. This suggests a
vicious circle, where increased glucocorticoid action, obesity, and stress interact
with and amplify each other [38].

The Quetelet Index was described in 1832, and was termed the Body Mass
Index (BMI) in 1972 by Ancel Keys. This index is the ratio of the weight in
kilograms divided by the square of the height in meters [17]. To define obesity,
the BMI is used far more commonly than body fat percentage. Keys [48] judged
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BMI as appropriate for population studies, while inappropriate for individual
evaluation. Additionally, the relation between BMI and the percentage of body
fat is not linear and differs for men and women [39].

Nick [42] has proposed a new formula for computing Body Mass Index that
accounts for the distortions of the traditional BMI formula for shorter and taller
individuals. He explains that the BMI leads to confusion and misinformation.
Some elderly persons who are portly but have low muscle mass have normal
or even low BMI scores, an underestimation of body fat. Also, lean persons
with high muscle mass, such as athletes, sometimes have high BMI scores, an
overestimation of body fat.

Generally, obesity is classified as a BMI measurement, but the validity of
this assumption has been investigated according to race and gender. There
has been much discussion about whether BMI is appropriate for determining
whether Asians are obese or not [10], [18]. There is not always a direct and
clear correlation between total body fat and risk for obesity-related conditions
[49]. This means that BMI alone may be insufficient for determining the risk
of serious conditions.

Heymsfield et al.[18] added waist circumference (WC) as a means of ex-
panding the generalizable features of adult human shape. Waist circumference
can also be used as a complementary measurement tool to give additional in-
formation on body fat to individuals within the healthy weight range wanting
to build muscle or improve their diet. Lemieux et al. [30] demonstrated that
the threshold value of WC corresponding to excess visceral fat may differ by
age, sex, and degree of obesity. Even though WC has been reported to be a
better indicator of obesity-related risk than BMI, the major limitation of the
WC measure is the great inter-ethnic variability that exists [49].

Also, the waist-to-hip ratio(WHR) could be used as an alternative indicator
for obesity in young adults in the central south of China [46]. Therefore, there
is not always a direct and clear correlation between total body fat and risk
for obesity-related conditions. Naturally, different ethnicities have different
body builds and proportions. Each measurement has its own strengths and
weaknesses, and each identify different aspects of obesity [49].

Although weight and height are clearly direct and important factors in de-
termining whether obesity is present, it may be difficult to determine obesity
based sole on BMI. Also, the use of a single index of BMI in the diagnosis of
obesity may not be enough, because of the sensitivity of BMI, and the vast
difference in the ratio of fat among individuals.

Nevill et al. showed that younger people had greater BMI than older people
for the same levels of adiposity, and concluded that it was necessary to adjust
the BMI threshold according to age and gender [34]. Rothman mentions the
fact that the BMI does not take into account the difference between fat and
nonfat mass such as bone and muscle, the changes in body composition that
occur with age, and the time relation between obesity and the outcome being
measured [39].
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Nevertheless, due to its simplicity, the most widely used method to check
if an individual is a healthy weight is their body mass index. This means that
there is a need to conduct further complementary study.

The purpose of this study is to predict or determine obesity by investigating
the relationship between BMI and blood factors. In other words, the purpose
of this study is to develop a statistical regression model that determines the de-
pendent variable, BMI, using the factors of blood test data that were collected
by the Korea National Health and Nutrition Examination Survey (KNHANES)
as independent variables. The KNHANES is one of the principal sources for
investigating obesty in the population with vast amounts of variables and data
related to obese diseases. Since there may be differences in obesity according
to gender and age, an independent model is implemented according to gender
and age.

1.1. Related Work

For the blood data included in NHANES, we review the related works. Some
studies have shown that individual factors are associated with BMI, while some
studies have demonstrated that multiple blood factors are associated with BMI
or obesity.

Zou et al.[47] showed that there is a significant correlation between triglyc-
erides(TGs) and ectopic fat obesity and that there is an inverted U-shaped
curve association between them. Fasting serum glucose shown to have a little
stronger positive correlation with BMI. Both obese male and female persons
showed higher levels of fasting serum glucose and glycosylated hemoglobin [14].
Also, Akter et al. found that fasting serum glucose is significantly increased in
both male and female obese persons [2].

Overweight, obese, and morbidly obese females had significantly elevated
platelet counts compared with normal-weight females [15], [23]. Johanna et al.
took care to review the mechanisms driving an inflammatory state and the ef-
fect of obesity on white blood cells(WBC), red blood cells(RBC), platelets, and
thrombotic risk. There is an observed relative, and sometimes absolute leuko-
cytosis driven by this inflammatory state [23]. A study by Pratley et al.[37]
indicates that age, race, and obesity are significantly associated with the WBC
count in healthy individuals. Obesity is associated with increased red blood
cell, and RBC folate increased incrementally with BMI. Waist circumference,
serum triglycerides, and fasting plasma glucose each displayed significant pos-
itive relations with RBC folate [24].

ALT(SGPT)is known to be associated with obesity [4], [41] and obesity has
been reported as a major risk factor for developing non-alcoholic fatty liver
disease(NAFLD)[28], [33]. Yesmin et al. described that hemoglobin concen-
tration is significantly increased in both male and female obese individuals [3].
Obese outpatients with type 2 diabetes have a higher HbAlc mean value and
higher risk of Uncontrolled glycemia (UCG) than subjects with normal body
weight [19]. Cheng et al. showed that BMI, fasting glucose, cholesterol, alanine
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aminotransferase (ALT)levels, and platelet counts were positively associated,
while hepatitis B surface antigen (HBsAg) positivity was inversely associated
with fatty liver, especially for subjects with BMI> 22.4kg/m? and age > 50
years [8].

Uric acid(UA) is an end product of purine metabolism in the human body.
Elevated serum uric acid(SUA) can not only lead to gout, but is also an essential
risk factor of obesity, which may result in increased incidence of metabolic
syndrome [12]. In the whole group of athletes, a positive correlation between
serum creatinine and BMI was found [6], but we could not find a relation
with the general population. In a study of Chinese male steel workers, Jean
et al. described that an increased RBC count was associated with obesity,
and increased hematocrit(Ht) was associated with smoking, poor sleep, and
obesity. Higher WBC count, RBC count, hemoglobin(Hb), and hematocrit
were associated with obesity [22].

BMI is implicated as a strong risk factor of elevated ALT in non-diabetic
Korean adults [29]. In adults aged 17 year and older from the NHANES
III(1988 — 1994), elevated ALT or AST of unexplained origin was significantly
associated with high BMI and large waist circumference [31].

However, in the analysis of Walton et al., neither age nor adiposity was
significantly correlated with any serum lipid or lipoprotein concentration [44],
and they failed to detect any relation between BMI and cholesterol. In the study
of a North-East Italy general population, [5] demonstrated that obesity per se
is not independently associated with altered RBC, Hb and hematocrit(Ht).
Jang et al. described that no significant differences in the BMI and fasting
blood glucose level were found between the anti-HCV-antibody-positive and
non-infected groups [21]. We could not find in the literature where a blood
urea nitrogen(BUN) level was directly associated with BMI.

Studies still demonstrate the association between a few blood factors and
obesity or BMI. The Rabindra Nath Das reports identifies the determinants of
diabetes mellitus and obesity based on six blood serum measurements along
with the age, sex, average blood pressure, and body mass index on diabetes
patients. He showed mean BMI increases as the average blood pressure or Low
Density Lipoproteins(LDL) increases. Impacts of blood serum along with age,
sex, and the average blood pressure determined obesity [40].

Brown et al. described and evaluated the relationships between BMI and
blood pressure, cholesterol, high-density lipoprotein-cholesterol (HDL-C), and
hypertension and dyslipidemia. They showed that at ages younger than 60
years as BMI increased, the prevalence of high blood pressure and mean levels
of systolic and diastolic blood pressure increased. As levels of BMI increased,
the rates of low HDL-C increased and mean levels of HDL-C decreased [11].

We investigate the relation between BMI and sixteen blood factors in the
KNHANES. The results in our paper and the cited studies could be utilized in
obesity prediction, and can be included as inference tools for obesity.
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2. Material and Methods

2.1. Data source

The National Health and Nutrition Examination Survey(NHANES) calcu-
lates nationally representative statistics on the national health level, health
behavior, and food and nutrition intake.

From 1998, this survey was implemented every three years; from 2007, the
survey is now implemented every year. Its purpose is to provide basic data for
health policy, such as goal setting, evaluation of the comprehensive national
health promotion plan, and development of the health promotion programs.
The KNHANES is an ongoing survey of the general Korean population con-
ducted by the National Center for Health Statistics within the Centers for
Disease Control and Prevention. The KNHANES uses the most recent Popula-
tion and Housing Census data available at the time of sample design as a basic
extraction frame to extract a representative sample for Koreans aged 1 year or
older living in Korea. To use the latest information that can be reflected, the
basic extraction frame was supplemented by adding the public housing price
data and the population inclusion rate was improved.

For the sampling method, a two-step stratified colony sampling method
was used with the survey district and household as the primary and secondary
sampling unit, respectively. For the 7th survey (2016 — 2018), cities, provinces,
and housing types, and the ratio of the residential area and the educational
background of the household are used as the implicit stratification standard.

The health interview survey investigates morbidity, medical use, activity
restrictions, education and economic activity, while physical activity, and the
health behavior survey (self-reported survey) examines smoking, drinking, men-
tal health, safety awareness, oral health, etc. However, the survey questions
differ according to age. The KNHANES participants undergo a survey as well
as a medical examination that includes blood examination and measurement of
height and weight. Responses to questions were obtained directly from those
aged 16 years or older; all others were obtained from the parent or guardian.

Physical measurement, blood pressure and pulse measurement, blood and
urine test, oral test, lung function test, eye test, and grip strength test are
included in the examination. This survey is administered by the Ministry of
Health and Welfare and the Korea Centers for Disease Control and Prevention.

In this study, we use the 2018 data for analysis. We examined the association
between the variables through variables of blood test data and BMI among
adults in Korean adults aged 19 or older.

2.2. Model Classification

In the 2018 year, 7,992 people participated in KNHANES. We first de-
termined 6,489 people > 19, and then determined 6,170 as the final study
population, excluding 319 who did not respond to obesity prevalence.
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TABLE 1. Prevalence of obesity by gender (Total)

\CA%?giit Underweight Normal Pre-obesity Cs)tl;vzzitif g:;iitg (S)tl;zftg Total
Male o1 849 696 962 141 20 2719
(%) 1.88 31.22 25.6 35.38 5.19 0.74

Female 164 1551 717 839 155 25 3451
(%) 4.75 44.94 20.78 24.31 4.49 0.72
Total 215 2400 1413 1801 296 45 6179

The KNHANES classifies obesity prevalence into six categories using BMI:
BMI < 18.5 is underweight, 18.5 < BMI < 23 is normal, 23 < BMI < 25
is pre-obesity, 25 < BMI < 30 is obesity stage 1, 30 < BM1 < 35 is obesity
stage 2, and 35 < BMI is obesity stage 3. However, for those under the
age of 19, although the BMI is measured, it does not determine the obesity
prevalence. Table 1 show the prevalence of obesity by gender for the final
research population.

For this paper, we utilized chi-square because this statistical test performs
well at evaluating sets of categorical variables. The chi-square test for the
results in Table 1 show that the test statistic is 190.49 and the p-value for the
test statistic is 0.0001, indicating a clear difference in obesity prevalence by
gender. Therefore, in this study, we want to develop regression models that
are independent of gender.

We also looked at the obesity prevalence by age. Table 2 shows the preva-
lence of obesity by age for men. The chi-square test for the results in Table
2 show that the test statistic is 86.28 and the p-value for the test statistic
is 0.0001, indicating that age-specific obesity prevalence is evident. In other
words, at age 19 and in their 20s and 30s, the rate of normal and obesity stage
2 is high; for those in their 40s and 50s, the rate of normal is low and the rate of
obesity Stage 1 is high, and for those 60 years old or older, the rates of obesity
stage 2 and stage 3 are low. Therefore, it shows that men in their 40s and 50s
have a high rate of obesity.

In the same way, Table 3 shows the prevalence of obesity by age for the
female population, the test statistic for the chi-square test is 284.95, and the
p-value is 0.0001, indicating that women also have clear age-specific obesity
prevalence. In other words, those of age 19 and in their 20s and 30s, have
a very high proportion of low-weight and normal; those in their 40s and 50s
have a high proportion of normal and pre-obesity stage; and those 60 years
old or older have a high proportion of pre-obesity stage and obesity stage 1.
Therefore, as women get older, the proportion of obesity gradually increases.
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TABLE 2. Prevalence of obesity by age (Male)

723

\%)giity Underweight Normal Pre-obesity (S)tk:;;tf (S)tl;egseltg (s)tzzseltg Total
19y1,20s-30s 22 252 164 254 67 15 774
(%) 2.84 32.56 21.19 32.82  8.66 1.94
40s-50s 13 265 259 395 46 ) 983
(%) 1.32 26.96 26.35 40.18 4.68 0.51
60s over 16 332 273 313 28 962
(%) 1.66 34.51 28.38 32.54 2.91
total 51 849 696 962 141 20 2718
(%) 1.88 31.22 25.60 35.38 5.19 0.74
TABLE 3. Prevalence of obesity by age (Female)
\%giity Underweight Normal Pre-obesity ?tzzs;tif (S)tze;;g gtl;egselt?}: Total
19yr, 20s-30s 94 504 110 125 35 8 876
(%) 10.73 57.53 12.56 14.27 4.00 0.91
40s-50s 47 632 303 301 52 9 1344
(%) 3.5 47.02 22.54 22.4 3.87 0.67
60s over 23 415 304 413 68 8 1231
(%) 1.87 33.71 24.7 33.65 5.52 0.65
total 164 1551 717 839 155 25 3451
(%) 4.75 44.94 20.78 24.31 4.49 0.72

According to the above results, the prevalence of obesity in the population
varies by gender and age.
regression model that is independent of gender and age.

Therefore, it would be reasonable to develop a

2.3. Comparative analysis of subjective body type recognition by
obesity prevalence

Table 4 shows the prevalence of obesity by subjective body recognition in

adult males. In the case of underweight, about 90% recognize themselves as
very thin or thin, and in the case of normal, about 48% recognize themselves
as normal, the highest, but about 49% recognize themselves as very thin or
thin. In the case of pre-obese, the rate of recognition as normal is the highest
at about 68%, and in the case of obesity stage 2 and 3, most of them recognize
themselves as very obese.
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TABLE 4. Subjective body type recognition by obesity prevalence(Male)

Very

thin Thin Normal Obesity Very obesity Total
Underweight 34 12 5 51
(%) 66.67 23.53  9.80
Normal 77 336 409 21 2 845
(%) 9.11 33.76 48.40  2.49 0.24
Pre-obesity 3 34 466 181 5 689
(%) 0.44 493 67.63 26.27 0.73
Obesity stage 1 15 206 646 89 956
(%) 1.57 21.55  67.57 9.31
Obesity stage 2 52 88 140
(%) 47.14 62.86
Obesity stage 3 2 18 20
(%) 10.00 90.00
Total 114 397 1,086 902 202 2,701
TABLE 5. Subjective body type recognition by obesity prevalence(Female)

YEI?: Thin Normal Obesity Very obesity Total
Underweight 39 81 42 1 163
(%) 23.93 49.69 25.77 0.61
Normal 52 200 1,002 280 6 1,540
(%) 3.38 12.99 65.06 18.18 0.39
Pre-obesity 10 18 246 405 32 711
(%) 1.41 253 34.60 56.96 4.50
Obesity stage 1 2 18 112 495 210 830
(%) 024 133 1349 59.64 25.30
Obesity stage 2 2 5 44 104 155
(%) 1.29 3.23 28.39 67.10
Obesity stage 3 1 23 24
(%) 4.17 95.83
total 105 310 1,407 1,226 375 3,423
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Table 5 shows the subjective body recognition of obesity prevalence in
women. In underweight cases, about 74% of the respondents perceived them-
selves to be very thin or thin, while 26% recognized themselves as normal. In
normal cases, the rate of recognition as normal is the highest at about 65%,
but the rate of recognition as obese is also about 18%. In the case of pre-
obesity, about 57% recognize themselves as obese, but about 35% recognize
themselves as normal. In the case of obesity stages 1, 2, and 3, most of the
women recognize themselves as obese or very obese

In the subjective body type recognition of obesity prevalence by gender,
males tend to recognize weight as lower than the result of obesity prevalence,
while females tend to recognize weight as higher than the result of obesity
prevalence.

3. Obesity Regression Model

3.1. 1st Variable Selection(Correlation Analysis)

We determined the correlation coefficient between BMI and blood test data
variables as the primary variable selection criterion. We compared the differ-
ences between men and women by age with BMI and blood test variables that
are of low significance.

We selected the primary variable based on the correlation coefficient be-
tween the BMI and the blood test explanatory variables. For those of age 19
and in their 20s and 30s, hepatitis B surface antigen, hepatitis C antibodies,
BUN and blood creatinine were less significant for both men and women, while
hemoglobin was less significant for women (Table 6). Therefore, twelve blood
factors were selected in the primary variable selection for men, and eleven blood
factors were selected for women, but not all were the same factors. On the other
hand, in those in their 40s and 50s, hepatitis B surface antigens and hepatitis C
antibodies were less significant for both men and women, total cholesterol and
platelets were less significant for men, and blood urea nitrogen and creatinine
were less significant for women(Table 7).

For those 60 years old and older, total cholesterol, hepatitis B surface anti-
gens and hepatitis C antibodies, blood urea nitrogen and platelets were less sig-
nificant for both men and women, while AST(SGOT), blood creatinine, white
blood cell and uric acid were additionally less significant for men(Table 8).
Therefore, seven blood factors were selected in the primary variable selection
for men, and eleven blood factors were selected for women. Hepatitis B surface
antigens and hepatitis C antibodies were less significant for men and women of
all ages, and for women of all ages, and additionally, blood urea nitrogen was
less significant for women of all ages. Consequently, the correlation coefficients
of BMI and blood test variables were clearly different by age and gender.
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TABLE 6. Correlation between BMI and blood test data vari-
ables (19yr, 20s ~ 30s)

Male Female
. Correlation . Correlation .
Variable Label coofficient p-Value Choice coofficiont p-Value Choice
Fasting
HEy, blood ghucose 0.33699 < .0001 O 0.33845 < .0001 O
Glycated
HFEg{pa1e hemoglobin 0.39271 < .0001 0.35208 < .0001
HE 0 Total cholesterol 0.26764 < .0001 O 0.18405 < .0001 O
HErq Triglycerides 0.28500 < .0001 O 0.35352 < .0001 O
Hepatitis B
HFEnpsag surface antigen 0.03934 0.2781 X 0.02990 0.3857 X
HE s AST(SGOT) 0.38319 < .0001 O 0.18129 < .0001 O
HE.; ALT(SGPT) | 046760 <.0001 (O 0.29614 <.0001 (O
Hepatitis C . _
HE} ., Virus antibody 0.04087  0.2589 X 0.04916  0.1529 X
HFEyp Hemoglobin 0.13743 0.0001 O 0.07103 0.0386 X
HEgcor Hematocrit HT 0.15259 < .0001 O 0.10789 0.0017 O
Blood Urea
HEpyn Nitrogen 0.03750 0.3002 X 0.02115 0.5387 X
HECTW Serum creatinine 0.04838 0.1813 X —0.00582 0.8657 X
HFEwpc  White blood cell | 0.31469 < .0001 O 0.27530 < .0001 O
HEgRrpc Red blood cell 0.18826 < .0001 O 0.21928 < .0001 O
HEpy; Platelet 0.10996 0.0023 O 0.20837 < .0001 O
HEyacid Uric acid 0.30424 < .0001 O 0.34962 < .0001 O

3.2. 2nd Variable Selection(stepwise variable selection)

We used the stepwise variable selection method to select secondary variables
for the primary significance variables selected by correlation analysis. In the
stepwise variable selection method, we selected significant variables by con-
ducting a partial F-test at a significance level of 0.15 while maximizing the
coeflicient of determination, and chose the number of explanatory variables p
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TABLE 7. Correlation between BMI and blood test data vari-
ables (40s ~ 50s)

\ Male \ Female
Variable Label %2;;132;: p-Value Choice (izzgljtef? p-Value Choice
Fasting
HEy, blood glucose 0.11755 0.0003 O 0.2385 < .0001 O
Glycated
HEmpa1c hemoglobin 0.12595 < .0001 O 0.19758 < .0001
HFE o Total cholesterol | 0.05861 0.0692 X 0.10107 0.0003 O
HErqg Triglycerides 0.21541 < .0001 O 0.23145 < .0001 O
Hepatitis B
HEgRBsag surface antigen -0.04158  0.1983 X 0.01253 0.6508 X
HE,o AST(SGOT) | 0.12796 <.0001 O | 0.10393  0.0002 O
HE,; ALT(SGPT) 0.30934 < .0001 O 0.29148 < .0001 O
Hepatitis C .
HE, Virus antibody 0.00616  0.8487 X 0.01523 0.5822 X
HEpp Hemoglobin 0.20891 < .0001 O 0.12916 < .0001 O
HEgzer Hematocrit HT 0.19453 < .0001 O 0.14139 < .0001 O
Blood Urea
HEpyn Nitrogen 0.09533 0.0031 O 0.0027 0.9223 X
HE, ¢ Serum creatinine 0.11154 0.0005 O —0.00046 0.9866 X
HEwpc  White blood cell | 0.13361 < .0001 O 0.25796 < .0001 O
HEgRrpc Red blood cell 0.21784 < .0001 O 0.20534 < .0001 O
HEpp; Platelet 0.03865 0.2310 X 0.18556 < .0001 O
HEyacid Uric acid 0.21797 < .0001 O 0.26804 < .0001 O

to be less than or equal to the following Mallow’s C(p):

SSE,
¢ =158
where n is the sample size, M SFE is the residual mean square after regression
on the complete set of explanatory variables, and SSFE, is the error sum of
squares for the model with p explanatory variables.

Table 10 shows the explanatory variables by gender and age that were se-
lected by the above method.

— (n—2p),
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TABLE 8. Correlation between BMI and blood test data vari-
ables (over 60 years old )

\ Male \ Female

. Correlation . Correlation .

Variable Label coofficient p-Value Choice coofficiont p-Value Choice
Fasting
HEy, blood ghucose 0.19223 < .0001 O 0.17802 < .0001 O
Glycated

HFEg{pa1e hemoglobin 0.20947 < .0001 O 0.1928 < .0001 O

HE 0 total cholesterol -0.00921 0.7814 X -0.05238 0.0746 X

HErq Triglyceride 0.16755 < .0001 O 0.14632 < .0001 O

Hepatitis B

HFEnpsag surface antigen 0.00888 0.7894 X 0.02152 0.4642 X

HFE,q AST(SGOT) | 0.05992  0.0708 x 0161 <.0001 O

HE.; ALT(SGPT) 0.18555 < .0001 O 0.25448 < .0001 O

HEpe, Hepatitis C 1 00542 08703 x| -0.07039  0.0165  x

Virus antibody
HEgp Hemoglobin 0.19627 < .0001 O 0.14177 < .0001 O
HEgcor Hematocrit HT 0.1552 < .0001 O 0.13059 < .0001 O
Blood Urea

HEgyN Nitrogen -0.02664  0.4221 X 0.03774 0.2028 X

HECTW Serum creatinine 0.07504 0.0236 X 0.10527 0.0003 O

HFEwpc  White blood cell | 0.03678 0.2680 X 0.10926 0.0002 O

HEgRrpc Red blood cell 0.15967 < .0001 O 0.15798 < .0001 O

HEpy; Platelet -0.05501 0.0974 X 0.03205 0.2767 X

HEyqcid Uric acid 0.08088 0.0147 X 0.22173 < .0001 O

3.3. Remove Outliers or Influential Observations

We removed outliers or influential observations based on standardized resid-
uals and Cook’s distance statistics for the regression model of significant ex-
planatory variables selected by the above stepwise variable selection method.

The following studentized residual, the r; for the i-th dependent variable y;
was removed as an outlier if it was greater than the absolute value of 2,

_ Yi — f/(i)
MSE(i)/(l — h(ii))’

T
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TABLE 9. Selection variables by step-by-step

Age Variable Entered I\Ll;ril:}ifegf C(p) R?
19yr, 20s ~ 30  Male | %ggf ’ifg;la ggZ;CdeEEthc 8 6.2568 | 0.3720
Female | 1 EZGEGZ E%;ﬁfg;i IfEEV:BC 8 14.7458 | 0.3319
40 ~ 50 Male flgfzz ’Ai EIV{VggG Hlfg;Bi 6 3.6000 | 0.1804
Female | 1 Falt EIZ fX’f;{CE ; ’i%gi Egtu; 7 7.0984 | 0.2065
60s over Male ZEZMZ I_II{];ETHG s Hlﬁ,ﬁ; 6 4.9377 | 0.1168
Female Hfgi;; Ifgmd }Iffgiil:ic 6 8.6158 | 0.1376

where, §;y and M SE(; were the predicted value for the i-th observation and
the mean square error, based on the estimated model with the i-th observation
deleted, respectively, and h(;;) was the leverage for the i-th observation.

We also removed the i-th observation if the following Cook’s distance sta-
tistics D; is greater than 4/n:

B (e — i)
‘ (p+1)MSE

where, J;(r) is the predicted response value and the mean squared error of the
model obtained by the whole sample, respectively, and §;(;) is the predicted
response value of the model obtained when excluding the i-th observation.

3.4. Final Model

For the regression models estimated using samples that removed outliers or
influential observations by the above method, we derived the final model by
excluding explanatory variables whose estimates of regression coeflicients were
not significant, or whose sign of regression coefficients did not match those of
the correlation coefficients. We also conducted multicollinearity diagnosis using
the variance inflation factor(VIF) for the final regression model.

3.4.1. Age: aged 19, in their 20s and 30s. The final model for men aged 19,
in their 20s and 30s has the coefficient of determination(R?), 0.5148 and the
final model does not have multicollinearity because the VIFs of each descriptive
variable all have a value near 1. Comparing the importance of each explanatory
variable in the final model based on the standardized estimate of regression
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TABLE 10. Final model for men aged 19, in their 20s and 30s

Variable Label Pare.xmeter Standard t Value Pr> | t| Stanc%ardized YariaTlce
estimate error estimate inflation
Intercept Intercept 7.86186  1.02872 7.64 < .0001 0 0
HEyqcia Uric acid 0.47685  0.0727 6.56 < .0001 0.1882 1.10968
HBwpe —  h* 0.27788  0.05593  4.97 <.0001  0.14223  1.10444

HErqg Triglyceride 0.00333  0.00123 2.72 0.0068 0.0823 1.23637

HE.;; ALT(SGPT) 0.06283  0.00511 12.3 < .0001 0.38288 1.30681

HEgy, Fasting 0.08136  0.009  9.04 <.0001 02572  1.09051

blood sugar

HE.,,; Total Cholesterol 0.00939  0.00272 3.45 0.0006 0.10411 1.22487

TABLE 11. ANOVA Table for men in their 19yr, 20s and 30s

Source DF Sum of squares Mean squares F Value Pr > F
Model 6 3376.851 562.8085 115.66 < .0001
Error 654 3182.4 4.866605

Corrected total 660 6559.251

coefficients, ALT(SGPT) and fasting blood glucose have a significant effect on
obesity, but triglycerides do not(Table 10).

The final model for women aged 19 and in their 20s and 30s has a deter-
mination coefficient of 0.4128 and does not have multicollinearity. In the final
regression model, although it affects obesity in the order of triglycerides, uric
acids, and glycolytic hemoglobin, platelets do not have a significant effect on
obesity(Table 12).

3.4.2. Age: 40s and 50s. The final model for men in their 40s and 50s has a
determination coefficient of 0.3265 and does not have multicollinearity. In the
final model, ALT(SGPT) and uric acid have the greatest effects on obesity, but
triglyceride and white blood cells have no significant effect on obesity(Table
14). The final model for women in their 40s and 50s has a determination coeffi-
cient of 0.3786. Explanatory variables within the final model do not have multi-
collinearity, and affect obesity in the order of fasting blood sugar, ALT(SGPT),
and uric acid, but white blood cells and red blood cells do not have a significant
effect on obesity(Table 16).

Meanwhile the final model for women in their 40s and 50s has the coefficient
of determination(R?) 0.3786 as shown in Table 13 below. The variance inflation
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TABLE 12. Final model for women aged 19, in their 20s and 30s

Variable Label Parz‘mleter Standard t Value Pr> | t| Standardized .Variaflce
estimate error estimate inflation
Intercept Intercept 0.72426  1.02872 7.64 < .0001 0 0

HE7rq Triglyceride ~ 0.01256  0.00178  7.07 < .0001 0.23093 1.28473

HEyqaciq  Uric Acid 0.61037  0.09012  6.77 .0001 0.2074

A

1.1292

HEpya. emoslobin, g ge77 098289 597 < .0001 0.1958 1.29682

HbAlc

HEw pc White 0.19095 0.05369  3.56 < .0004  0.10991  1.14972

blood cell

HE,: ALT(SGPT) 0.05337  0.0105 5.08 < .0001 0.15382 1.10301

HE, Fasting 005914 0.01064 556 <0001  0.18709  1.36415

blood sugar

HEpp; Platelet 0.00349 0.00132  2.64 0.0085 0.08056 1.12303

TABLE 13. ANOVA Table for women aged 19, in their 20s and 30s

Source DF Sum of Squares Mean Squares F Value Pr > F
Model 7 1976.145 282.3065 71 < .0001
Error 707 2810.97 3.97591

Corrected Total 714 4787.115

TABLE 14. Final model for men in their 40s and 50s

. Parameter  Standard Standardized Variance
Variable Label estimate error t Value Pr > |t| estimate inflation
Intercept Intercept 11.36908  1.15509 9.84 < .0001 0 0

HE,; ALT(SGPT) 0.05003  0.00496 10.09 < .0001 0.31087 1.15532
HEgRrBc Redblood cell  0.78747  0.19243 4.09 < .0001 0.12135 1.07077
HEyqcid Uric acid 0.56203  0.06252 8.99 < .0001 0.27598 1.14772

Glycated
HEgpac hemoglobin 0.67744  0.11637 5.82 < .0001 0.17672 1.1219

HErq Triglyceride ~ 0.000963 0.000577 1.67 0.0955 0.05224 1.19305

HEwpc White 0.08822  0.04211  2.09  0.0369  0.06298  1.10062

blood cell
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TABLE 15. ANOVA Table for men in their 40s and 50s

Source DF Sum of squares Mean squares F Value Pr > F
Model 6 1668.45 278.075 66.26 < .0001
Error 820 3441.366 4.19679

Corrected total 826 5109.816

TABLE 16. Final model for women in their 40s and 50s

. Parameter Standard Standardized Variance
Variable Label estimate error t Value Pr > |t| estimate inflation
Intercept Intercept 9.63217 0.90116 10.69 < .0001 0 0

HE,; ALT(SGPT) 0.05389  0.00664 8.11 < .0001 0.20796 1.15219
HEwpe VPl 01201 00454 265 00083 0.0688  1.18629
HEyqcia Uric acid 0.58082  0.07064 8.22 < .0001 0.20731 1.11511

HEg, Triglyceride 0.04345 0.00484 8.97 < .0001 0.22786 1.13103
HEpp;: Platelet 0.00483  0.00483 5.14 < .0001 0.12969 1.11689
HFERpc Redblood cell 0.67199  0.19253 3.49 < .0001 0.08727 1.09669

HErq Triglyceride 0.00735 0.00103 7.16 < 0001 0.18500 1.17091

TABLE 17. ANOVA Table for women in their 40s and 50s
Source DF  Sum of squares Mean squares F Value Pr > F
Model 7 2590.186 370.0265 94.87 < .0001
Error 1090 4251.263 3.90024
Corrected total 1097 6841.449

factors of each variable show values around 1, and there is no multicollinearity.
Based on the standardized regression coeflicient estimate, in the case of women
in their 40s and 50s, it was found that fasting blood sugar, ALT(SGPT), and
uric acid had a significant effect on obesity, while white blood cells and red
blood cells did not significantly affect obesity.

3.4.3. Age:60 years old and older. The final model for men 60 years old and
older has a determination coefficient of 0.2356. Explanatory variables within
the final model affect obesity in the order of ALT(SGPT), glycated hemoglobin,
uric acid, and triglycerides in the absence of multicollinearity(Table 18).
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TABLE 18. Final model for men 60 years old and older.

Variable Label Parémeter Standard t Value Pr> | t| Stanc?ardized .Varia?ce
estimate error estimate inflation
Intercept Intercept 12.30624 1.08277 11.37 < .0001 0 0

HEpya. . Gveated 0.57349  0.0908 6.32 < .0001 0.20637  1.06567

hemoglobin

HEgpyp  Hemoglobin  0.32354  0.05674 5.7 < .0001 0.19593 1.17869

HE,: ALT(SGPT) 0.05095 0.00714 7.14 < .0001 0.31087 1.15532

HEyqcia Uric acid 0.32418  0.06252 8.99 < .0001 0.24002 1.12947

HErg  Triglyceride  0.00318  0.00103 3.09 0.0021 0.10363 1.12422

TABLE 19. ANOVA Table for men 60 years old and older.

Source DF Sum of squares Mean squares F Value Pr > F
Model 5 897.0784 179.4157 47.03 < .0001
Error 763 2910.964 3.81516

Corrected total 768 3808.043

TABLE 20. Final model for women over 60 years old.

. Parameter Standard Standardized  Variance
Variable Label estimate error t Value Pr > |t| estimate inflation
Intercept Intercept 14.53567 1.11565 13.03 < .0001 0 0

HEpyae . oYed 046192 010971 421  <.0001  0.1213  1.07374

hemoglobin

HEpp  Hemoglobin  0.1726 0.0676 2.65 0.0108 0.07338 1.06864

HE,; ALT(SGPT) 0.06652 0.00792 8.4 < .0001 0.20796 1.15219

HEyaciq  Uric acid 0.58328 0.07064  8.79 < .0001 0.25054 1.04977

HEprg  Triglyceride  0.00493  0.00117  4.22 < 0001 0.12201 1.08139

The final model for women 60 years old and older has a determination
coefficient of 0.2308. Explanatory variables within the final model do not have
multicollinearity, and while uric acid and ALT (SGPT) have a significant effect
on obesity, hemoglobin does not(Table 20).



734 Kwanghee Ko and Chunyoung Oh

TABLE 21. ANOVA Table for women over 60 years old.

Source DF  Sum of squares Mean squares F Value Pr > F
Model 5 2590.186 303.0681 59.72 < .0001
Error 995 5049.239 5.07461

Corrected total 1000 6564.58

4. Results and Discussion

In this study, we used the blood test data as explanatory variables in the
regression model to predict BMI, and developed independent regression mod-
els for gender and age because there are obvious differences between gender
and age in obesity prevalence. The primary variables were selected by correc-
tion between BMI and variables, and the secondary variables were selected by
determination coefficient in stepwise method, and the 6 ~ 8 explanatory vari-
ables out of sixteen were selected. In the final model, we consider comparing
the characteristics of the key blood test explanatory variables, as well as the
predictive power of the model according to gender and age group(Table 22).

The explanatory variables presented in Table 22 are listed in order of impor-
tance that affects obesity, based on estimates of the standardized coefficients
of the final model. In the case of of those aged 19, in their 20s and 30s, the
ALT(SGPT) and fasting blood glucose of men have a significant associate with
obesity, but triglycerides do not. For women, triglycerides, uric acids, and gly-
colytic hemoglobin of affects obesity in that order, while platelets do not have
a significant associate with obesity.

In the case of those in their 40s and 50s, the ALT (SGPT) and uric acid of
men have the greatest associate with obesity, but triglyceride and white blood
cells have no significant associate with obesity. For women, fasting blood sugar,
ALT (SGPT), and uric acid affect obesity in that order, but white blood cells
and red blood cells do not have a significant association with obesity.

In the case of those 60 years old and older, both the uric acid and ALT
(SGPT) of women have a significant associate with obesity, while hemoglobin
does not. For men, ALT (SGPT), glycated hemoglobin, uric acid, and triglyc-
erides affect obesity in that order.

In terms of gender, triglycerides, uric acid, and ALT(SGPT) were associated
in common with a BMI in all age groups for women, whereas, in the case of
men, ALT (SGPT) and uric acid were commonly associated with all age groups.
The predictive power of obesity in the regression model is the highest for both
men and women aged 19, in their 20s and 30s by blood data, and the predictive
power decreases with increasing age.

Although the key explanatory variables in the final regression model differ
somewhat in terms of composition and order of importance, the final model also
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showed that ALT (SGPT) is the most important explanatory variable affecting
obesity for men of all ages. However, in the final model of women, ALT (SGPT)
is not the most influential variable for obesity, but it is a significant variable
that affects obesity in all age groups of women, along with triglycerides and
uric acids.

Comparison of our research results with the literature shows that our find-
ings are consistent with the cited research results and known results. ALT
(SGPT) is known to be associated with obesity [4], [35], [36], [41]. ALT(SGPT)
has been reported to be higher in men than in women, but it is not yet known
whether these results are due to the effects of sex hormones or other mecha-
nisms [35], [36], but they are associated with body lean mass and are known
to affect obesity in men [7]. As an empirical study, studies of the Korean pop-
ulation showed a higher risk of ALT increasing as a result of increased BMI
[29] and studies of Americans reported a positive correlation between ALT and
BMI.

Also, uric acid(UA) is an essential risk factor of obesity, which may result
in increased incidence of metabolic syndrome [12]. It has been confirmed that
SUA is independently and positively correlated with the risk of obesity [13],
[43], [45]. In this study, Uric acid(UA) is the most important explanatory
variable that is associated with obesity for both men and women of all ages.

In our results, triglycerides was associated with obesity in women regardless
of age. Joshi et al.[25] found a statistical significant correlation between BMI
and triglycerides [47]. Among nondiabetic obese adults, serum TG level was
positively associated with visceral fat area [20].

In our analysis, the fasting blood glucose, glycated hemoglobin, Hemoglobin,
WBC, and RBC are associated with obesity and they are consistent with the
research works. Both obese male and female persons showed higher levels of
fasting serum glucose and glycosylated hemoglobin [14]. Hemoglobin concen-
tration is significantly increased in both male and female obese persons [3].
Obesity associated with increased red blood cell, and RBC folate increased
incrementally with BMI [24]. Pratley et al. [37] indicates that age, race, and
obesity are significantly associated with the WBC count in healthy individuals.

The blood data of association with obesity in the final model are 6 ~ 8
factors that differ somewhat depending on age and gender. Previous reports
described positive associations between BMI or obesity and several blood fac-
tors [2]-[8], but little analysis has investigated the general population for the
relationship between BMI and all blood test data included in KNHANES based
on age and gender.

Our analysis provides for the first time the estimates of the relation of
interaction between BMI and all of the blood test data included in KNHANES
based on age and gender. The regression analysis has revealed a statistically
significant effect of age on six to eight blood data and BMI relation in both
males and females.
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TABLE 22. The major explanatory variables and predictive
power of models according to gender and age group

Age Gender Exp.lanatory Vafrlables R2
(arrange in order of importance)

19y1,20 ~ 30 Male ALT(SGPT), Fasting blood glucose, Uric acid, WBC 0.5148
Triglyceride, Uric acid, Glycated hemoglobin,

Female Fasting blood glucose, ALT(SGPT) 0.4128

40 ~ 50 Male ALT(SGPT), Uric acid, Glycated hemoglobin, RBC 0.3265
Fasting blood glucose, ALT(SGPT), Uric acid,

Female Triglyceride, Platelet 0.3786

60s over Male ALT(SGPT), Glycated hemoglobin, Hemoglobin, Uric acid | 0.2356

Female | Uric acid, ALT(SGPT), Triglyceride, Glycated hemoglobin | 0.2308

The contribution of this study is to use blood data in addition to BMI in
diagnosing obesity for young adults so that a more accurate diagnosis or pre-
diction can be made. However, while in the present findings, we have strengths
for young adults, we also have limitations, in that the predictive power is low
for older people.

Because the body composition changes with age and time, it is necessary to
adjust the BMI threshold according to age as mentioned by [34]. Therefore, for
the young adult generation, this study could be utilized in obesity prediction
as a complement to BMI.

5. Conclusion

In the group of age 19, 20s and 30s group, this analysis presents the predic-
tive power of obesity for men was about 52%, which was higher than that for
women, 41%. The coefficient of determination that represents the predictive
power of the regression model is the highest for both men and women of age 19,
in their 20s and 30s, and the predictive power decreases with increasing age.
Therefore, for older people, it is reasonable to predict obesity by considering
other methods.
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