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ABSTRAK

Demam Berdarah Dengue (DBD) adalah penyakit yang sering terjadi di daerah tropis. Hal ini terjadi
karena vektor pembawa penyakit ini adalah nyamuk Ae. aegypti yang habitatnya berada di lingkungan tropis.
Obesitas telah menjadi masalah global bagi seluruh belahan dunia. Pasien dengan gizi obesitas mempunyai
respon imunitas yang lebih kuat karena terjadi peningkatan inflamasi di dalam sirkulasi. Sehingga pembuluh
darah dapat menjadi lebih lebar dari biasanya. Hal ini memicu kebocoran plasma dan memperparah penyakit
DBD sehingga dapat menimbulkan SSD. Kedua penyakit ini memiliki faktor pemicu bermacam-macam
seperti lingkungan dan produktivitas. Dalam penelitian ini, akan menggunakan analisis regresi linear
multivariat untuk mengetahui faktor mana saja yang signifikan terhadap kedua penyakit tersebut. Analisis
regresi linear menggunakan uji wilks lambda secara serentak serta parsial. Berdasarkan hasil penelitian
dinyatakan bahwa ada 4 variabel prediktor yang signifikan terhadap tingkat kasus DBD dan obesitas yaitu,
Indeks Kualitas Udara (x;), prduktivitas (x,), tingkat kemiskinan (x3) dan jumlah PUSKESMAS (x,).
Kata kunci: DBD, Obesitas, Analisis Regresi Linear Multivariat

ABSTRACT

Dengue Hemorrhagic Fever (DHF) is a frequently occurring disease in tropical regions. This is due
to the disease vector being the Aedes aegypti mosquito, whose habitat is in tropical environments. Obesity
has become a global issue worldwide. Patients with obesity have a stronger immune response due to
increased inflammation in circulation. As a result, blood vessels may become wider than usual. This triggers
plasma leakage and exacerbates DHF, potentially leading to Severe Dengue Syndrome (SDS). Both of these
diseases have various triggering factors such as environmental and productivity-related aspects. In this
study, multivariate linear regression analysis will be employed to identify which factors are significant for
both diseases. The linear regression analysis will use simultaneous and partial Wilks' Lambda tests. Based
on the research findings, it is stated that there are four predictor variables significant for the levels of DHF
and obesity, namely, Air Quality Index (x,), productivity (x,), poverty rate (x3 ), and the number of health
centers (X).
Keywords: Regression Linear Multivariat;, Analysis; DHS,; Obesit

Abu Hanifah Al Faruqy?, A’yunin Sofro?2
] Statistika Vol. 17, No. 2, (2024) 770


http://www.unipasby.ac.id/
mailto:ayuninsofro@unesa.ac.id(2)

] Statistika Vol. 17, No. 2, (2024), Hal. 770 - 778 jurnal.unipasby.ac.id

INTRODUCTION

Dengue Hemorrhagic Fever (DHF) is a disease that frequently occurs in tropical areas and
become a global concern [1], [2]. This happens because the vector carrying this disease is the Aedes
aegypti mosquito, which habitat is in tropical environments. According to the World Health
Organization, DHF is estimated to have 50 to 100 million cases of infection, with 22,000 deaths
occurring. The most severe cases of DHF occurred in 2019, with America reporting 3.1 million
cases and in Asia itself, reports from Bangladesh (101,000), the Philippines (420,000), Vietnam
(320,000), and Malaysia (131,000) [3]. In Indonesia, DHF cases increased from 65,602 cases in
2018 to 138,127 cases in 2019. This indicates that the possibility of DHF occurring in Indonesia is
still very high [4].

Obesity has become a global issue for the entire world [S]. Data shows that in the United
States in 2007, 2.2 percent of men and 35.5 percent of women had a Body Mass Index (BMI) above
normal [6]. In Indonesia, according to the Ministry of Health (KEMENKES), obesity is one of the
diseases that will be targeted for eradication.

Given this global trend, obesity is often associated with an increased risk of dengue shock
syndrome (DSS) or critical phase dengue hemorrhagic fever (DHF) cases. The prevalence of
obesity in individuals over 18 years old reaches 12 percent [7]. Patients with obesity have a stronger
immune response due to increased inflammation in the circulation. This can cause blood vessels to
become wider than usual. This triggers plasma leakage and worsens the condition of DHF,
potentially leading to DSS [3].

So, people with obesity are more susceptible to dengue fever than other people. This could
be a serious condition because if obesity individuals infected with dengue fever, the obesity patient
will increase the severity of dengue fever [8]. With the high number of obesity and dengue fever
cases in the whole world, it is important, especially for people with obesity to take preventive steps.

By deeper understanding of the pattern of both diseases is key to control and prevention
strategy [2]. To prevent this from happening, preventive measures can be taken by controlling the
causes of both dengue fever and obesity. Environmental factors, including the cleanliness of the
environment, weather conditions, and pollution influence the spread of dengue hemorrhagic fever
(DHF) itself [9], [10]. Unlike DHF, obesity is not a contagious disease but can occur when a person
does not maintain a healthy lifestyle, one aspect of which is the frequency of physical activity [11],
[12], [13], [14].

Multivariate linear regression is a regression analysis that involves more than one response
variable (y) and more than one predictor variable (x) hat are correlated with each other [14], [15].
Therefore, to get to know which causes that possibly to be controlled, this multivariate linear
regression analysis can be used as a tool to determine the extent to which environmental factors
and productivity affect DHF and obesity. Hence, this study is titled "Analysis of Environmental
and Productivity Factors with the Number of Dengue Hemorrhagic Fever and Obesity Cases in
Indonesia."

METHOD

The research method used is multivariate regression analysis, with data collection stages
from the official websites of the Ministry of Health, the Central Statistics Agency, and the
Directorate of Air Pollution Control, Directorate General of Pollution and Environmental Damage
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Control. The collected data can then be processed using multivariate regression analysis with the
help of R Studio, and the research steps are as follows:
Determine the descriptive statistical analysis of the research data.

1.

AR

7.

Determine the estimation of multivariate linear regression parameters.

Perform simultaneous and partial significance testing of the parameters using the Wilks' Test.

Determine the multivariate linear regression model.
Determine the simple linear regression model.

Conduct the Akaike Information Criterion (AIC) test on the simple and multivariate linear
regression models.
Draw conclusions and make recommendations.

The response variables used in this study are as follows :

B4
V2

: Dengue Hamorrhaguc Fever (DHF) case rate
: Obesity prevalence rate

There are 6 predictor variables in this study are as follows:

X1
X2
X3
X4
X5
X6

: Air Quality Index (AQI)

: Work productivity level

: Poverty rate

: Number of community health centers

: Unemployment rate

: Level of heavy activity in the past week

In this study, environmental factors are derived from variables x; dan x,. The chosen
variables representing environmental factors because of the dengue fever can be controlled by the
air quality and treatments of dengue disease case in helath center. While productivity factors are
derived from variables x,, x3, X5, dan x4. Therefore, these variables represent productivity because
obesity is a disease that related to lifestyle, so these variables were chosen.

RESULT AND DISCUSSION
There are 2 response variables consisting of y; and y, dan 6 predictor variables, namely,

X1, X2, X3, X4, X5, and xg which will be used in this study. Descriptive statistics are an initial

statistical analysis to understand basic information in the data [17]. Here is the descriptive statistics
for the entire research dataset

Table 1. Descriptive Statistics of Study.

Variable Minimum Maximum Mean (Average)
Vi 2,9 80,90 28,31
Vo 13 42 29,76
X1 68,06 95,79 89,18
Xy 24,94 400 94,5
X3 4,6 274 10,43
X4 0,29 7,16 1,59
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Xs 2,27 7,53 4,61
Xe 40,66 75,01 53,09

Multivariate Linear Regression Analysis

Multivariate linear regression analysis is a linear regression analysis that involves more than
one or more response variables (y) and predictor variables (x) [18]. Subsequently, from the
response variables and predictor variables, a multivariate linear regression model with i responses
can be formed as follows.

Y1 = Bo1 + P11x1 + Baaxz + -+ Brixn + €4

Y2 = Poz + B12X1 + BazXy + -+ Praxn + € W

Vi = Boi + B1ix1 + Paixy + o+ Prixn + €

In determining regression analysis, there are several steps to follow. Firstly, estimating the
parameters.

Estimated Parameter Results

One of the main objectives of regression analysis is to express the predicted value of the
response variable through the values of the predictor variables from the regression equation. Before
determining the regression equation, the regression coefficients, denoted as 8. 3 can be obtained
from the following equation [19] :

B =X'X)"1XTy (2)

Where,

X : Matrix of predictor variables n x (n + 1)

Y : Matrix of response variable n

[ : Matrix of regression parameters

Thus, from the costruction of parameter estimation for each variable, the following is obtained :

Table 2. Estimated parameter results each predictor variables regrading the resnponse

variables
Parameter Y1 Y2
X -26,7373 -72,3188
X1 0,1101 0,9716
X 0,0089 0,0284
X3 3,5636 0,4109
X4 2,5688 -1,4411
X5 -0,8525 0,9694
Xg 0,1328 0,1182

Based on the estimated parameter results above, a temporary multivariate regression model for y;
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and y, can be formulated as follows:
vy, = —26,7373 + 0,1101x; + 0,0089x, + 3,5636x3; +

2,5688x, — 0,8525xs + 0,1328x,

3)
y2 = —72,3188 + 0,9716x, + 0,0284x, + 0,4109x; —

1,4411x, + 0,9694x; + 0,1182x4

Parameter Significance Testing

Significance testing is used to determine whether all parameters have a significant effect or
not. The significance level can be observed; if all parameters have a value of zero, then there is no
influence from the predictor variables on the response variable. Conversely, if the parameter values
are not zero, there is an influence from the predictor variables on the response variable [19]. In
multivariate regression analysis, there are several tests: simultaneous test and partial test.

Simultaneous Testing

Simultaneous testing is used to determine whether all parameters collectively have a
significant effect on the model. Simultaneous testing is performed using Wilk’s Lambda test with
the following hypotheses:

Hy: B11 = P12 = ... = Bin = 0 (model is not significant)

H, : paling sedikit ada satu f3;;, # 0 (model significant)
The computed Wilk’s Lambda test result is Acgicuiate = 0.0156 withap — value = 2.22 x 10716,
Thus, it can be concluded that the p — value < a = 0.05, Therefore, the decision is to reject H
and the model is significant collectively.

Partial Testing
Using the same hypothesis, partial testing will be conducted for each parameter. The results

of partial testing are as follows:

Table 3. Variable analysis with Wilks value and p-value result

Variable Nilai Wilks p-value
X; 0,4912 9,636 x 1075
Xy 0,7214 0,0143
X3 0,0272 2,2x 10716
Xy 0,7694 0,0331
Xs 0,9203 0,3399
Xg 0,9201 0,3389

Based ont Table 3., the predictor variables x4, x,, x3 and x, have p-values for each variables less
than a(0,05), thus it can be concluded that x;, x,, x3 and x, significantly influence the response
variables y; and y,. Conversely, the predictor variables x5 and x4 have p-values greater than
0(0,005) indicating that x5 and x, are not significant for the response variables y; and y,.
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Parameter estimation will be performed with significant variables, resulting in the following:

Table 4. Significant estimated parameters

Variable b 21 b2
Bo -30,1027 -52,0933
B1 0,1951 0,8573
B> 0,0074 0,0308
B3 3,5318 0,4865
Ba 2,1728 -1,6222

Multivariate Regression Model

Based on the partial Wilks' test results, there are 4 predictor variables that have a significant
influence on the response variable. These predictor variables are x4, x5, x3 and x,. Therefore, the
multivariate linear regression model can be written as follows:

y1 = —30,1027 + 0,1951x; + 0,0074x, + 3,5318x3 + 2,1728x,

y, = —52,0933 + 0,8573x; + 0,0308x, + 0,4865x3 — 1,6222x, @
From this multivariate linear regression model, the interpretations are as follows:
1. For every one percent increase in the Air Quality Index (AQI), the number of DHF cases will
increase by 0.1951. For every one percent increase in work productivity level, the number of DHF
cases will increase by 0.0074. For every one percent increase in the poverty rate, the number of
DHF cases will increase by 3.5318, and for every one percent increase in the number of community
health centers, the number of DHF cases will increase by 2.1728.
2. For every one percent increase in the Air Quality Index (AQI), the obesity prevalence rate
will increase by 0.8573. For every one percent increase in work productivity level, the obesity
prevalence rate will increase by 0.0308. For every one percent increase in the poverty rate, the
obesity prevalence rate will increase by 0.4865, and for every one percent increase in the number
of community health centers, the obesity prevalence rate will decrease by 1.6222.

Simple Linear Regression Analysis
Linear regression analysis is a method used to establish a functional relationship between
two variables. Typically, this analysis involves one response variable and one predictor variable.
The regression model can be written as follows [20].
y =a + bx. %)

In this study, the regression of the response variable on each predictor variable can be observed as
follows:

Table 5. Estimated parameters variables that significant to y;

Variable V1
a -30,1027
Xq 0,1951
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X, 0,0074
X3 3,5318
X4 2,1728

According to simple linear regression result, can constructed regression model as follows:

y, = —30,1027 + 0,1951x; + 0,0074x, + 3,5318x; + 2,1728x, (6)

Table 6. Estimated parameters variables that significant to y,

Variable Yo
a -52,0933
X1 0,8573
X 0,0308
X3 0,4865
X4 -1,6222

According to simple linear regression result, can constructed regression model as follows:

y, = —52,0933 + 0,8573x; + 0,0308x, + 0,4865x; — 1,6222x, (7)

Akaike Information Criterion (AIC)

AIC (Akaike Information Criterion) is used to evaluate how well a model fits the data. The
AIC value chosen is the smallest among other AIC values [21,22,23]. In this study, the AIC values
of the simple linear regression model and the multivariate linear regression model are compared.
The AIC values of both models can be seen as follows:

Table 7. Comparison of AIC values between the simple linear regression model and the
multivariate linear regression model

Model Nilai AIC
Regresi Linear Sederhana 219,55
Regresi Linear Multivariat 145,86

According AIC values, the model with the smallest AIC value is considered the best model.
Therefore, the model from multivariate linear regression is selected as the chosen regression model
in this study.

CONCLUSION

Based on the results of the Wilks' Lambda test, there are 4 predictor variables that
significantly influence the response variable, namely x; (Air Quality Index), x, (Work
productivity), x3 (Poverty rate), and x, (Number of community health centers). From these four
variables, a linear regression model can be derived. In this study, simple linear regression analysis
was also conducted on each predictor variable against each response variable. Based on the results
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of both simple linear regression and multivariate linear regression analyses, two different AIC
values were obtained. Therefore, the model with the smallest AIC value will be chosen as the best
model in this study. Thus, the multivariate linear regression model is selected as the best model,
with the following model:

y, = —30,1027 + 0,1951x; + 0,0074x, + 3,5318x; + 2,1728x,

®)
y, = —=52,0933 + 0,8573x; + 0,0308x, + 0,4865x3 — 1,6222x,
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