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samples = 69
value = [39, 35, 46]

sepal length (cm) <= 5.55
gini = 0.66236
class = virginica

petal width (cm) <= 1.7
gini = 0.49967
samples = 23

value = [0, 20, 19]

class = versicolor

petal width (cm) <= 1.55
gini=0.5
samples = 2
value = [0, 1, 1]

class = ver5|color
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TruePositives + TrueNegatives

TruePositives + TrueNegatives + FalsePositives + FalseNegatives
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TruePositives

TruePositives + FalsePositives
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TruePositives

TruePositives + FalseNegatives
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Precision * Recall
%

Precision + Recall
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I

o2, ZA2E A4 (0.7586), XG FAE(0.7558), JAMAGUH
(0.7055) Aotk AUE: APZAAE(0.4788)7F /M4 EokoH, 1 o
S& XG WAE(0.4678), ZAAE  FFRA(0.4672), JAHEHIE
(0.3819) <=Aolth, AL XG FAE(0.5679)7F 7H4 =9kow, 1 v
& WHEHAE(0.5103), JAEAUF(0.4856), =ZAAE  3|HEA
(0.4691) =AMt} F1 AxolE XG BAE(0.5130)7F 7H8 #9kow, 1
& WHEAAE(0.4940), EAXAY 3H1E4(0.4682), A AU
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5]
Model Data A= A= ANdE F1 &30
ZAAE 3N 0.7586 0.4672 0.4691 0.4682
XG ®#XE 0.7558 0.4678 0.5679 0.5130
JAA G 0.7055 0.3819 0.4856 0.4275
AHEYAE 0.7633 0.4788 0.5103 0.4940

48



EH715 045 Ao g dGEYAE(0.7875)7F 7FF =3ko
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J

Model Data 3= e R ANEE& F1 A39]
B2 2E 3R 0.7735 0.5000 0.3539 0.4145
XG F1E 0.7651 0.4783 0.4074 0.4400
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WL EYAE 0.7875 0.5429 0.3909 0.4545
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I Ee XG FAE(0.7763), A AE IARA(0.7745), A+

i)

& XG RAE(05113), =2AXAE  FAEA(0.5047), JAAHE
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Model Data A= AY= AdE& F1 239
A 2E 3% 0.7745 0.5047 0.2222 0.3086
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I 952 XG $2E(0.5632), ALY 3]##A(0.5205), JAFAE LT
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(6]

L& XG HAE(0.2970), WHHIHAE(0.2508), ZAAE 3I|HEA

(0.2405) s=Alo|th(K3E11> #al).

50



<¥E 11> 3%, AUs, A&, F1 AT (EF715 0.55) A4
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AN L ~E 0.7884 0.6333 0.1564 0.2508
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Abstract

Development of osteoporosis prevalence prediction model for
the elderly aged 65 years or above using Logistic regression

analysis, XG boost, Decision tree, and Random forest

- based on the Korea National Health and

Nutrition Examination Survey 2016-2020 -

Son, Da IN
Seoul School of Integrated Sciences and Technologies

Advisor: Chang, Jung Ho

Osteoporosis is a representative disease with a higher incidence rate in the elderly. In Korea
where it is entering an aging society, it is meaningful to conduct research related to
osteoporosis, which entails high proportion of social costs. In previous studies, papers
analyzing the factors of osteoporosis in women using traditional statistical techniques in
social science research are mainly focused. Recently, papers have been published for
postmenopausal women integrating big data analysis on the development of osteoporosis
prevention behavior models or the establishment of osteoporosis prediction and individual
risk factor analysis models, but the proportion is insignificant as there are only 2-3 studies.

In addition, osteoporosis is recognized as a disease that occurs only in postmenopausal
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women, and research on men is relatively insufficient. However, studies related to male
osteoporosis showed that osteoporosis can also occur in men, having a higher mortality rate
than women, and can be a fatal disease due to low recognition rate and treatment rate.
Against these backgrounds, need for a big data analysis study on the prevalence of
osteoporosis in all elderly people aged 65 or older was raised, and this study developed a
model to predict the prevalence of osteoporosis in men and women aged 65 or older based
on the Korea National Health and Nutrition Examination Survey data.

A total of 372 variables were selected from 2016-2020 National Health and Nutrition
Examination Survey data that has been annually conducted in common, and among them,
variables commonly pointed out as factors related to osteoporosis were selected through
literature surveys from previous studies and academic journals. The dependent variable was
whether osteoporosis was diagnosed, and 46 variables were again selected in the order of
high correlation coefficients in the relationship with the dependent variable. Among them,
8 variables with high missing values were removed, and a total of 36 were selected as
independent variables. Age and gender variables were also added to this, and total of 38
independent variables were consisted. Among them, the decimal type was changed to an
integer type, and data analysis was conducted on 5,365 people by removing missing values
from 8,170 people's data during data preprocessing.

Machine learning classification (Logistic regression analysis, XG boost, Decision tree, and
Random forest) algorithms were applied to these variables, and data of 5,365 people aged
65 or older were divided into training data and test data to check and compare predictive
performance. Of the total data, 80% was selected as training data and 20% as test data.
Target variable was defined as the prevalence of osteoporosis for dependent variable y,

and for independent variable x, osteoporosis prevalence factor variables were defined as
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variables after pre-treatment, removal of missing values, and creation of dummy variables
from 38 wvariables finally selected as osteoporosis-related variables. The evaluation
indicators were determined as accuracy, precision, recall, F1 score, and AUC values
derived from ROC curves widely used in binary classification. Most random forest results
were good in accuracy, precision, reproduction rate, and F1 scores calculated based on the
confusion matrix when the classification criteria were changed to 0.4, 0.45, 0.5, and 0.6. In
particular, AUC values are lowered in the order of random forest (0.8068), XG boost
(0.8059), logistic regression analysis (0.7800), and decision tree (0.6277). Therefore, it was
finally adopted to apply the Random forest model when predicting the prevalence of
osteoporosis for men and women aged 65 or older. In addition, when predicting the
prevalence of osteoporosis with random forest, variables affecting osteoporosis were
identified. Regarding the factors of the disease, it was found that osteoarthritis and
dyslipidemia retention had an influence on predicting the prevalence of osteoporosis. In
addition, following were found to be influential in predicting the prevalence of osteoporosis
as demographic factors; height, weight, waist circumference, body mass index, and total
cholesterol levels in terms of basic health factor, sex (male), age, income quartile
(individual), number of household members, marital status, bereavement, or non-private
health insurance. Lastly as a health behavior factor, smoking or non-smoking for more than
5 packs during lifetime and vitamin D intake were highly influential.

Through this study, it is expected to help the medical community and public health research
from developing model for predicting the prevalence of osteoporosis in the elderly
population aged 65 or older. In addition, it is expected to contribute to reducing the
enormous social costs associated with osteoporosis, and play a major role in improving the

health care and quality of life of the elderly in an aging society. To unrecognized patients
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of osteoporosis disease, a silent disease, precautionary activities such as recommending
bone density tests are expected to have a great effect on increasing recognition, pre-
management, and reduction osteoporosis progression. Through this study, it opened the
first study on the development of a model for predicting the prevalence of osteoporosis
using machine learning for the elderly population aged 65 or older, which is differentiated
from previous studies. In the future, it provided a starting point for the development of a
predictive model applying machine learning in the field of osteoporosis, which will have a

positive impact on academia.

Key words: Logistic regression analysis, XG boost, Decision tree, Random forest,

accuracy, precision, recall, F1 score, AUC values, ROC curves

Student Number: 2125418004
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