International Journal of Gerontology 13 (2019) 314-319
https://doi.org/10.6890/1JGE.201912_13(4).0010

3

01908 Uoa
“(ﬂ .’0.1
Yog)
e
Care yodic\™

A,

.,
W,
76 Engrgoncy ®

International Journal of Gerontology

journal homepage: http://www.sgecm.org.tw/ijge/

Original Article

Development of Depression Prediction Models for Caregivers of Patients with
Dementia Using Decision Tree Learning Algorithm

Haewon Byeon

Department of Speech Language Pathology, College of Health Science, Honam University, Gwangju, Republic of Korea

ARTICLEINFO

SUMMARY

Accepted 6 July 2019

Keywords:

C4.5 algorithm,
decision tree learning,
dementia,

caregiver,

depression

Background: The objective of this study was to develop a depression prediction model customized for
South Korean dementia caregivers by combining the RBF artificial neural network and the C4.5 algo-
rithm.

Method: The study subjects were selected from 228,558 people who completed the community health
investigation. A total of 2,421 caregivers (1109 males and 1312 females) aged 60 years or older who
completed mental health questionnaires were analyzed. Depression, a result variable, was defined
using the Center for Epidemiological Studies Depression (CES-D: a Korean version).

Results: This study constructed a statistical classification model using the C4.5 algorithm and the model
showed that subjective health condition was the most important predictive factor associated with the
depression of the dementia caregivers.

Conclusion: The results of this study suggest that it will be necessary to develop a customized program
for predicting the depression of the caregivers, who take care of the demented elderly, efficiently and

managing it.

Copyright © 2019, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Dementia requires constant care and greatly burdens a family
financially and physically because a patient with dementia cannot
recover his or her full functions. According to Statistics Korea,1 as of
2011, caregivers spent 6 to 9 hours per day to take care of patients
with dementia on average and they annually spent 17,300 million
USD as support expenses. Therefore, the increase in the number of
patients with dementia raises the caregiver burden of caregivers.

As more family members need to take care of the demented
elderly, the need for evidence-based health service for the health
of the dementia caregiver has been increased.’ Therefore, the care-
giver burden and the quality of life have been studied continu-
ously.3'6 The results of these studies showed that the burden of
supporting the demented elderly for an extended period nega-
tively affected caregivers in the physical, psychological, social, and
economic aspects.3 Particularly, it is known that the caregiver bur-
den of the demented elderly causes psychological problems such as
the depression and anxiety of caregivers.7'8 Previous studies re-
ported that the caregivers of the demented elderly experienced de-
pression 2—3 times more frequently9 and they had lower life satisfac-
tion. 0

Only a few studies have evaluated the variables for predicting
the depression of the dementia caregivers with reflecting the char-
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acteristics of Koreans,11 despite the fact that dementia is a common
disease of the elderly in South Korea and the dementia caregivers
are highly stressed due to the caregiver burden. Although many
studies have been conducted for understanding the caregiver bur-
den and depression of the dementia caregivers,12 it is difficult to
generalize and apply these results to South Korea because it may
vary among countries due to cultural differences.

Data mining techniques such as decision tree are widely used as
a method to search for the main variables associated with health.}**
The decision tree is one of machine learning methods. It is easy to
interpret the results of it and the model construction does not take
a long time, which are advantages of this method. Particularly, the
C4.5 algorithm has shown high accuracy and fast data processing
speed. Therefore, it has been widely used.1>16

The objective of this study was to develop a depression predic-
tion model customized for South Korean dementia caregivers by
combining the RBF artificial neural network and the C4.5 algorithm.
It will provide the baseline data that can be used for studying the
cognitive impairment of the elderly and establishing health policies
in the future.

2. Methods
2.1. Data source

This study is a secondary data analysis study using the results of
the 2015 Korean Community Health Survey (KCHS). The research

was approved by the Ethics Committee at Honam university (No-
1041223-201801-HR-40) and was conducted in accordance with the
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ethical standards of the Declaration of Helsinki. The KCHS is a repre-
sentative national epidemiological survey of South Korea in order to
establish and evaluate the local health care plans and produce com-
parable local health statistics according to the Regional Public Health
Act Paragraph 4. It has been conducted at 251 public health centers
nationwide upon the approval of Statistics Korea (Approval No-
11775) since 2008.Y7 The complex sample design was used as the
experiment design of the study. The subjects of the 2015 KCHS
were adults (> 19 years old; who were born before Jul 31, 1995) liv-
ing in the sample households at the time of the survey and the sur-
vey units were households (household survey) and members of the
households (individual survey). KCHS is composed of 177 items in 18
domains encompassing sociodemographic factors (e.g., occupation
and education), health behavior, oral health, mental health, health
examination, and medical care service utilization. The survey was
conducted from Aug 16 to Oct 31, 2015. Trained surveyors visited the
sample households in person and conducted 1:1 interviews using a
laptop loaded with the survey program. This study analyzed 2,421
adults (1,109 males and 1,312 females), who were equal to or older
than 19 years, were main caregivers of the demented elderly (> 60
years), and completed the health behavior investigation and the
mental health survey. The study subjects were selected from
228,558 people who completed the community health investigation.
A flow chart of this study is shown in Figure 1.

2.2. Measurement of variables

Depression, a result variable, was defined using the Center for
Epidemiological Studies Depression (CES-D: a Korean version).'
CES-D is a self-reporting type depression index, which was de-
veloped by the National Institute of Mental Health. It is a primary
screening tool for depression. The total score was 60 points and the
score of 25 points or more was defined as a depression.

The explanatory variables of this study were age (19-39, 40-59,
or 60 <), gender, the highest level of education (< elementary school,
junior high school graduation, high school graduation, or college
graduation and above), social activity in the past one month (yes or
no), economic activity (yes or no), mean household income (less
than 2 million KRW, 2—4 million KRW, or more than 4 million KRW),
marital status (living together, bereavement/separation, or single),
drinking (less than once a week or twice or more per week), smoking
(smoker or nonsmoker), subjective health condition (good, average,
or poor), number of walking (less than one day per week or two days
or more per week), disease/accident/addiction experience within
the past two weeks (yes or no), subjective stress (yes or no), the
frequency of meeting a neighbor (less once a month or two times or
more per month), and the frequency of meeting a relative (less once
a month or two times or more per month).

2.3. Analysis method

Factors related to the depression of dementia caregivers were
explored using the radial basis function (RBF) artificial neural net-
work, which uses RBF as the coupling function of the hidden layer.
The artificial neural network is a nonlinear model that finds a hidden
pattern in data by learning the real data repetitively.lg'20 This study
included the variables with a relative importance of inputs equal to
or greater than 0.1 were considered as main explanatory variables
influencing the decision of result variables and they were included in
the C4.5 based decision tree model. The predictive power of the
artificial neural network was verified using Arear under receiver
operating characteristic (AUROC).
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The prediction model related to the depression of the dementia
caregivers were developed using the C4.5 algorithm. C4.5 can han-
dle continuous data and incomplete data. Moreover, it can resolve
the over-fitting issue using pruning.21 There are the advantages of
this algorithm.20 The C4.5 algorithm makes decision variables for
classification by using each data attribute. In this case, the decision
variable is determined by using the attribute with the maximum in-
formation gain after examining the information gain of each dataset,
which is the result of selecting an attribute of classified data. The in-
formation gain ratio between the labeled dataset S and the class
attribute X is defined as Equation (1).

/GR(S\X):ﬂ (1)
s log, S

Siis a subset of Sand it means the value of attribute X, while | S| is
the number of instances. The C4.5 algorithm predicts the class of
new instance after constructing a set of rules in the learning
stage.?® In the model of this study, the splitting and merging
standard (o) of the decision rule was set to 0.05. The number of
parent nodes, that of child nodes, and that of branches were
limited to 100, 60, and 5, respectively.

When the incident rate is low such as the prevalence of a dis-
ease, the screening of defective products, or the decision variables
of this study, the unbalanced data can be generated. The unbalanced
data can cause issues to the classification algorithm, such as clas-
sifying with multiple outcome categories. This study adjusted the
unbalanced data by setting the weights of misclassification costs
asymmetrically with considering the prevalence of depression in the
South Korean elderly in order to compensate for the unbalanced
issue of the data. The feasibility of C4.5 was tested using 10-fold
cross-validation. In order to evaluate the performance of the de-
veloped C4.5, this study calculated the ratio of correct classification
after dividing the KCHS data into training data (70%) and test data
(30%). It was compared with the ratio of correct classicization esti-
mated from logistic regression analysis.

i

3. Results
3.1. General characteristics of study subjects

Among the 2,421 subjects, 327 (13.5%) caregivers who took
care of the demented elderly experienced depression during the

Total samples of the Korean
Community Health Survey 2015

Excluded from research

n=226,132
n=228,558 - <19 years old
- Subjects who were not
P[, > caregivers of dementia

Samples of a target population

n=2,426

Excluded from research

n=5

- Subjects did not respond

Jl to the screening test for

depression (CES-D)

L84

The final sample

n=2,421

Figure 1. Flow chart of study.
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past year. The results of the cross-tabulation analysis showed that
caregivers who experienced depression and those who did not expe-
rience depression had significant (p < 0.05) differences in age, gen-
der, the highest level of education, the social activity in the past one
month, economic activity, monthly mean household income, marital
status, subjective health condition, disease/accident/addition expe-
rience in the past two weeks, and subjective stress. Specifically, care-
givers who were 60 years or older (16.1%), were female (16.8%),
graduated from junior high graduation or below (17.4%), did not
have a social activity in the past month (15.9%), had the mean
monthly household income equal to or less than 2 million KRW
(17.4%), were bereaved or separated of a spouse (17.3%), were in
poor subjective health (21.9%), experienced a disease/accident/
addiction in the past two weeks (24.4%), or experienced subjective
stress (16.0%) experienced depression more frequently.

3.2. Exploring factors associated with depression using
artificial neural network

An artificial neural network analysis was conducted for 1,403
training samples (59.2%), 730 test samples (30.8%) and 236 veri-

0% 20%
1

H. Byeon

fication samples (10.0%). The results of the analysis drew ten hidden
layers generating the error of test errors. The classification accuracy
was 86.6, 86.8, and 86.4% for the training samples, test samples, and
verification samples, respectively. Moreover, AUROC was 0.78, and
the fitness and explanatory power of the classification model were
found excellent.

The results of analyzing the normalized importance of the neu-
ral network model revealed that subjective health condition, sub-
jective stress level, disease and accident experience in the past two
weeks, the frequency of meeting a relative, economic activity, gen-
der, mean monthly household income, and walking performance
were important in the order of magnitude. Among them, subjective
health condition had the highest normalized importance weight of
the depression experience of the dementia caregivers in Figure 2.

3.3. Depression prediction model of dementia caregivers
using C4.5 algorithm

This study constructed a statistical classification model using
the C4.5 algorithm in Figure 3 and the model showed that subjective
health condition was the most important predictive factor associ-
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Figure 2. Normalized importance.
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Figure 3. Depression prediction model of dementia caregivers using C4.5 algorithm.
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ated with the depression of the dementia caregivers. Three nodes,
out of total 11 paths, were significant paths for predicting depression
(Table 1). The path 1 had the largest gain index in predicting the
depression of the dementia caregivers. The path 1 was the female
who experienced disease/accident/addition in the past two weeks,
was aware of stress, and perceived that her subjective health was in
the poor condition. The gain index of the path 1 was 275.7%. The
path 2 was the person who did not experience disease/accident/
addition in the past two weeks, was in a poor subjective health con-
dition, was aware of stress, and had the highest level of education
equal to or below junior high graduated. The gain index of the path 2
was 184.5%. The path 3 was the female who had an average or
better subjective health condition, was aware of stress, had a mean
monthly household income below 2 million KRW, and did not do an
economic activity. The gain index of the path 3 was 178.4%.

The developed prediction model was evaluated using a 10-fold
cross-validity test. The stability of the derived model was compared
and the results showed that the risk index and misclassification rate
of the cross-classification model were 0.304 and 30%, respectively.

3.4. The prediction power of the model

In order to identify the prediction power of the developed C4.5
model, the logistic regression model and the ratio of correct classi-
fication were compared (Table 2). The analysis of training data
showed that C4.5 showed high classification accuracy (71.8%) and
the accuracy of logistic regression model was lower (69.6%) than
that. For the test data, the accuracy of C4.5 was 70.8%, while that of
logistic regression analysis was 69.5%. These results revealed that
C4.5 was more accurate than logistic regression model in both train-
ing and test datasets.

4. Discussion

In this study, 13.5% of community caregivers supporting pa-
tients with dementia experienced depression. The results of this
study agreed with Epstein-Lubow (2009),22 who reported that 1/3 of
dementia caregivers experienced major depression symptoms and
more than half of them suffered from chronic depression. Demented
Elderly Factual Survey23 conducted by the Ministry of Health and
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self-efficacy and physical health level than other caregivers. More-
over, they showed that these differences were even greater than
noncaregivers.24 Therefore, social intervention is necessary to main-
tain the dementia caregivers mentally healthy. The developed model
for predicting the depression of the dementia caregivers using C4.5
showed that major risk factors for predicting the depression of the
dementia caregivers were subjective health condition, subjective
stress level, disease and accident experience in the past two weeks,
the frequency of meeting a relative, an economic activity, the highest
level of education, monthly mean household income, and walking.
Previous studies,3'9 which evaluated the factors affecting the care-
giver burden, indicated that the perceived health condition of the
family caregiver was the most important factor and reported that
the caregiver burden of a family caregiver increased as the health
level decreased. These results agreed with the results of this study.
The dementia caregivers tend to perceive their health negatively
due to their psychological burden. It may adversely influence on the
physical aspect as well as the emotional aspect (e.g., depression).25
Therefore, it is necessary to develop a program for preventing de-
pression with a priority given to the dementia caregiver who per-
ceives a health problem subjectively.

The burden of caregivers depends on the health condition of
caregivers. When spouses are caregivers, they have to care for the
demented elderly while their physical functions are deteriorated
due to aging. Consequently, the caregiving is physically more de-
manding to the spouses than others including children.?® It has been
reported that caregivers who support the demented elderly have
greater physical and psychological burdens than the elderly with
other chronic diseases such as hypertension or stroke.?” Moreover,
Schulz & Beach (1999)28 reported that the mortality rate increased
by 63% when caregivers were senior citizens. Moreover, Pinquart &
Sérensen (2007),26 a meta-analysis study, confirmed that depression
was the most important factor affecting the physical health of care-
givers. Therefore, the health status of caregivers would be as im-
portant as the burden due to the disability of the demented elderly.

The results of this study also revealed that the gender of a
caregiver was a factor affecting the caregiver burden. Many previous
studies showed that females felt the caregiver burden more, which
could be because the female mainly took care of the demented

Welfare showed that 62% of caregivers for demented elderly ex- Table 2
perienced depressive disorder and 20% of them received psychiatric ~ The prediction power of the model.
treatment. The probability of a family with a demented member to Data Model Accuracy (%)
be affected by depression is two or three times higher than that Training data Logistic regression model 69.6
without a demented member.?? Pinquart and Sorensen (2003)’s Ca.5 71.8
meta-study also revealed that dementia caregivers had significantly Test data Logistic regression model 69.5
higher psychological distress and stress levels and significantly lower a5 70.8
Table 1
Gain index for predictive model.
Node Node Gain Response  Gain index .
no. n (%)’ n (%) 9% 9 Characteristic
15 174 (7.2) 65(19.8) 37.4 275.7  Subjective health condition = poor; subjective stress = yes; disease/accident/addiction experience
within the past two weeks = yes; gender = female
14 328 (13.5) 82(25.0) 25.0 184.5  Subjective health condition = poor; subjective stress = yes; disease/accident/addiction experience
within the past two weeks = no; level of education = elementary school or junior high school
graduation
22 120(5.0) 29(8.8) 24.2 178.4  Subjective health condition = good or average; subjective stress = yes; economic activity = no;

gender = female; mean household income = less than 2 million KRW

" Node n (%); node number, % to 2,421.

2 Gain n (%); gain number, % to 37.4.

® Response (%): The fraction of the depression.
* Gain index (%): = 275.7 in total 11 node.
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elderly and the female received the informal support less than the
male.*

In terms of gender, female caregivers had a heavier caregiver
burden because they experienced aggravated roles such as house-
work, child-rearing and child-education, vocational activities, and
spouse roles.?® Therefore, it is important to pay attention to the role
stress and role conflicts of women and help them utilize time and
financial resources well. Moreover, it is critical to provide counseling
programs after finding out whether there is a conflict between the
caregiving for the demented elderly and other duties such as house-
work and child-rearing. In terms of social support, it was found that
the frequency of meeting a relative was a significant factor associ-
ated with the depression of the dementia caregivers. The caregivers
of the demented elderly generally experience isolation and loneli-
ness while devoting most of their time to take care of the patients. It,
as a consequence, limits the time with friends and relatives, weak-
ens the social network, and causes depression to caregivers.27 The
results of this study implied that effective external support measures
should be prepared to mitigate the caregiver burden of caregivers. It
is urgent to detect the depression high-risk group as soon as possible
and provide proper education and promotion, service network
establishment, and regular health counseling and management for
them in order to support them emotionally.

Another finding of this study was that the model, made by com-
bining RBF artificial neural network and C4.5, was somewhat more
accurate than logistic regression model. It could be because the
sample size of this study (2,421 people) was large enough to pro-
vide enough training data for C4.5 model to demonstrate full ca-
pacity. It is necessary to minimize the overfitting hindering appro-
priate learning in order to develop an efficient artificial neural net-
work model. Adeli & Wu (1998)30 suggested a weight regularization
model as a way to prevent overfitting in neural network models. This
study combined artificial neural network with C4.5 to enhance the
prediction power of the developed model while minimizing over-
fitting. Therefore, the developed model predicts the depression of
dementia caregivers by analyzing only the variables with high im-
portance. However, it may still have an overfitting issue, causing
noise in the prediction results by studying non-major variables. Fu-
ture studies are needed to explore the most optimal prediction
model by using ensemble model that utilizes a weight regulariza-
tion3! method for artificial neural networks and applies bootstrap
sampling to each decision tree for tree-based prediction models.

The limits of this study are as follows. First, this study could not
analyze the severity of dementia. Future studies are needed to ana-
lyze the depression of dementia caregivers according to the severity
of dementia by using measurement tools such as Mini—-Mental State
Examination. Secondly, there may be potential confounding vari-
ables for depression that are not included in this model. Thirdly,
since this study is a cross-sectional study, the results withdrawn from
this study cannot be interpreted as a causal relationship even if a
relationship is found. Therefore, the results of this study should be
interpreted carefully.

5. Conclusions

The results of this study proved that the model for predicting
the depression of the dementia caregivers, which was built by com-
bining the RBF artificial neural network and the C4.5, was a model
with high explanatory power and predictive power. The results of
this study suggest that it will be necessary to develop a customized
program for predicting the depression of the caregivers, who take
care of the demented elderly, efficiently and managing it.

H. Byeon
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