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ABSTRACT

Malaria cases in North Sumatra Province continue to be a public health concern, with regional incidence rates
varying. This investigation was designed to assess the variables that contribute to the prevalence of malaria in the
province by employing the Zero Inflated Negative Binomial (ZINB) regression model.. The response variable is the
number of malaria cases, while the predictor variables are the number of impoverished individuals, population
density, percentage of households with proper sanitation, number of healthy homes, and rainfall. For the year 2022,
secondary data was acquired from the North Sumatra Provincial Health Office. Excess zero, overdispersion, and
multicollinearity tests were conducted prior to the implementation of the ZINB model. The study results indicated
that the ZINB model was more suitable than the Poisson and Negative Binomial models. The data indicates that the
following variables have a substantial impact on malaria prevalence: an increase in the number of individuals living
in poverty (X;) by 7.8%, an increase in population density (X,) by 1.8%, an increase in the percentage of households
with adequate sanitation facilities (X;) by 5.9%, and an increase in the percentage of rainfall (Xs) by 3.3%.
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Introduction

Malaria is an infectious disease that is highly lethal on a global scale. It is caused by the Plasmodium parasite
and is transmitted to humans through the bite of the female Anopheles mosquito [1]. Malaria remains classified as a
severe infectious disease that originated from the Plasmodium parasite infection and is transmitted through the bite
of the female Anopheles mosquito. This classification remains in effect to this day. The World Health Organization
2023 reports that developing countries experience over 240 million new cases and 600,000 fatalities annually.
Indonesia aspires to eradicate malaria by 2030 [2].

The high incidence of malaria in North Sumatra has posed challenges for health authorities, particularly in
regions with limited access to healthcare and sanitation. Statistical modeling of malaria data is crucial for
understanding the factors driving the disease's spread and for guiding intervention strategies. Common regression
models, such as Poisson regression, often fail to adequately handle overdispersion and the prevalence of zero cases
in areas with low malaria incidence.

Malaria cases in North Sumatra reached 5,133 in 2022, with an uneven distribution across districts and
localities [3]. Due to the prevalence of numerous zero values (areas with no cases) and overdispersion (variance
greater than the mean), this presents difficulties in data modeling. The Poisson model, which is frequently
employed, is difficult to satisfy due to its mean-variance assumption. Conversely, the Negative Binomial (NB) model
accounts for overdispersion but fails to account for excess zeros. As a result, the Zero Inflated Negative Binomial
(ZINB) model is a viable alternative, as it integrates a logistic component (zero inflation) with the NB model to
forecast structural zero incidence and actual cases.

A suitable approach to address these concerns has been identified as the Zero-Inflated Negative Binomial
(ZINB) regression model, which is a combination of two processes: a logistic regression for the zero counts and a
negative binomial regression for the count data. The effectiveness of the ZINB model in modeling malaria incidence
and identifying key determinants of the disease's distribution is evaluated in this study by applying it to malaria data
from North Sumatra.

The effectiveness of the ZINB model in modeling data in the health sector has been demonstrated in previous
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studies. The research conducted by Salsabila [5] The study's findings indicated that the ZINB regression model, when
applied with the MLE approach, generates parameter estimates that are more susceptible to sample size, resulting
in superior performance for larger sample sizes. High variability and the presence of excess zeros are reflected in
data with a high proportion of zeros. Consequently, the ZINB regression model can generate more precise and stable
parameter estimates than data with a smaller proportion of zeros. As a result, the ZINB regression model is effective
for data with a high proportion of zeros, as it is consistent with the data distribution's characteristics, particularly
in the context of infant mortality caused by pneumonia.

The purpose of this investigation is to employ the Zero-Inflated Negative Binomial regression model to
analyze malaria case data in North Sumatra Province. We anticipate that this method will offer a more thorough
comprehension of the spatial distribution and determinants that influence malaria incidence.In order to analyze
malaria case data in North Sumatra Province, this study will employ the Zero-Inflated Negative Binomial regression
model. The spatial distribution and determinants that influence malaria incidence are anticipated to be more
comprehensively understood through this approach.

The purpose of this investigation is to employ the ZINB model to investigate the factors that influence the
incidence of malaria in North Sumatra Province in 2022.

Research Methodology

The study, which focused on 2022, was carried out using secondary data from the North Sumatra Province
Health Office. The dataset contains important socioeconomic and environmental factors as well as the number of
malaria cases reported in different districts and municipalities. To evaluate geographical differences in malaria
incidence, the data were combined at the district level.

Secondary data was employed in this quantitative investigation from the North Sumatra Provincial Health
Office in 2022. Statistical data was employed to determine the number of malaria cases in 33 regencies and localities
in North Sumatra province, as well as the factors that contributed to these cases. This investigation employed five
variables: rainfall (X5), population density (X2), the percentage of households with adequate sanitation (X3), the
number of impoverished individuals (X1), and the number of healthy homes (X4.).

The data source for this quantitative study is the Health Department of the Province of North Sumatra in 2022.
The statistical data utilized in this study includes the number of malaria cases in 33 cities and towns in the province
of Sumatra, as well as the factors and variables that contribute to the number of cases. In this study, the variables
that are employed are the number of male students (X1), the number of female students (X2), the proportion of
households with adequate sanitation (X3), the number of healthy households (X4), and the number of homeless
students (X5).

Zero Inflated Negative Binomial Regression (ZINB)

Based on the Poisson Gamma Mixture distribution, the ZINB regression model is constructed. An independent
random variablewithi=1,2,...,n, the response random variable can exist in two states: the zero state and the negative
binomial state [6]:

With a specific probability, the zero state generates zero observations. However, the negative binomial state
is characterized by a negative binomial distribution with a mean of 0 and a specific probability of occurrence. In this
two-state process with variables, the two-component mixture distribution is generated. The probability density
function in question is as follows (Nuraeni et al., 2022):

Th+a) 1 “ _L g B
fla,p)= y!r(a)(le [1 1+ﬂ] y=0,1,2,...

The ZINB regression model is divided into two sections, each of which is dependent on the variables:
a. Discrete data model for g, is

In(g,) = xl.T,B,,u,. >0,i=12,...n,
where B is a parameter in the estimated arithmetic regression model of the ZINB regression model.

b. Zero-Inflation Model for p,

P

logit(p,)=1In =x"y, 0<p <1, i=1,2,..,n,

i

Test Statistics for Model Parameters

Model parameter testing is implemented in a partial and concurrent manner to ascertain the extent to which
predictor variables affect the response variable. Simultaneous testing investigates the extent to which predictor
factors affect the response variable. Simultaneously, the likelihood ratio test is employed to evaluate the subsequent
hypotheses [7]:.
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Hy:B=p=.=B=0
H, : One degree of freedom is the minimum, withj =1,2,,k
The likelihood ratio test was implemented in this investigation, and the relevant test statistics are as follows:

L(®) - A
G=-2In| =% |=2InL(Q)-2InL ()
L(9)
The probability value for the fundamental model, which lacks independent variables, is [, (&)), and for the

complete model with independent variables, is L (f)) .

The resulting test statistic must be assessed to ascertain whether the null hypothesis is rejected. The Chi-

Square distribution and the test statistic are both relevant to this X (Za i The value will be influenced by the number

of parameters in the model. The values are shown in the Chi-Square table X' (za )

quantify the impact of each independent variable on the dependent variable. The Wald test is employed to evaluate
partial hypotheses.

. A partial Wald test is employed to

H,:p,=0
H :pB,#0
With the estimated value j =1,2,---, k, value with the Wald test statistic as follows [7] :

s

Weoun = W

Selecting the Best Model

Determining the optimal model through the application of the Akaike Information Criterion (AIC). A model
that optimally explains the data with the adequate number of parameters is identified using the AIC. Evaluation of
the model's fit to the data is facilitated by AIC. This research was conducted with the objective of identifying the most
appropriate model for the combined Poisson regression model [8].

AIC:—zlnL(é)+2k

with L is equivalent to There are numerous parameters in the model that are estimated, including the
maximum likelihood function and k. The best model in the data set is the one with the lowest AIC [9].

Research Procedures

The subsequent procedures were implemented during this investigation:

Gathering data from the North Sumatra Provincial Health Office regarding the number of malaria cases.

Analyzing the data that has been collected.

Determining the multicollinearity of predictor variables using R VIF > 10.

The null hypothesis of the response variable Y or the number of malaria cases was tested through hypothesis

testing in this research.

Validating the overdispersion assumption using the Poisson regression model's output.

Utilizing the Generalized Linear Model (GLM) in R 4.3.3 software to construct a Poisson regression model.

Applying significance tests to the Poisson regression model and parameter estimates.

7. Proceed with zero-inflated negative binomial regression modeling if the data demonstrates excess zeros and

overdispersion.

Parametric model test statistics for significance testing.

9. The best model was chosen from the Zero Inflation Negative Binomial regression model and the Zero Inflation
Negative Binomial regression model with significant variables based on the AIC value, which is the criterion for
the best model.

10. State the significant factors that influence the results of the analysis and then draw conclusions.

11. Finished

ow W

o
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Figure 1. Flowchart
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Results

The North Sumatra Provincial Health Office provided the secondary data utilized in this investigation. The
statistical data utilized in this study comprises the number of malaria cases in 33 regencies and localities in North
Sumatra Province in 2022, as well as the factors that contributed to these cases. The variables employed in this
investigation include the number of impoverished individuals (X1), population density (X2), the proportion of
households with adequate sanitation (X3), the quantity of healthy residences (X4), and rainfall (X5).

Table 1. Descriptive Statistics

Variabel Mean Varian Min Max
The quantity of malaria infections (Y 93,939  48893,8 0 793
Age of the female population (X1) 38,430  1194,59 4,52 187,74
Population density in its entirety (X 2) 8,817 3125 3,706 8,865
The percentage of households that have access to 74,184 479,959 26,50 93,01

adequate sanitation facilities (X 3)

The quantity of healthful residences (.X'4) 32,144  2915,00 0 310,92

Percentage of rainfall (X'5) 218,925 6223,26 117,39 407,77

The North Sumatra Province recorded 3,100 malaria cases in 2022. With 793 instances, Asahan Regency had the
highest number of cases among the regencies and cities of North Sumatra. In contrast, Medan City and other regions
experienced no malaria cases during the year. The high number of cases in Asahan Regency is suspected to be
associated with limited access to adequate sanitation, high rainfall intensity, and high poverty rates, which, in turn,
affect public health and environmental conditions, according to data from the North Sumatra Provincial Health
Office in 2022.

Multicollinearity Test

Multicollinearity can be employed to ascertain whether an independent variable in a model is correlated with
other independent variables. The objective of this test is to ascertain whether there is a substantial correlation
between the regression model and the predictor variables. Table 4.2 provides the values of the VIF for the predictor
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variables.
Table 2. VIF Values of Predictor Variables

Independent Variable Variance Of Inflasion
(X1 1,611172
(X2) 1,692676
(X3) 1,149156
(X4) 1,266118
(X5) 1,051650

The final predictor variable's VIF value exceeds 10, suggesting that none of the predictor variables are
multicollinear. Consequently, this value may be implemented to construct a regression model.

The data was analyzed using the Poisson regression modeling model. Table 3. Details regarding the Rstudio
application Null Deviance: 46994; df: 32; Residual Deviance: 41941; df: 27; AIC value: 42225 Thus, the Poisson
Regression Model is attained in the following manner:

Ing =B+ X+ BX, + BXs+ X, + B Xs + B X

w1, =exp (B, + BX, + BX, + X+ X, + B Xs + S X)

M, =€exp (6,175-4,433X10° —3,363X10™* +1,013.X107°
—1,711X107° +1,991X107)

Table 3. Estimated values of the Poisson regression model

P Estimate Standar Eror Z value Pr(>|Z])
Py 6,175 2,176 X107 22735  <2e—16%**
B —4,433X10° 2,981X10™" 14,87 <2e—16%**
B, -3,363X107 6,635X10° -50,68  <2e—16***
By 1,013X107° 2,763X107" 36,67  <2e—16%**
B, -1,711X107 1,425Xx107 12,01 <2e—16%%*
B 1,991x107 7,884X107° 2526  <De—16%**

Table 3, which displays the number of districts and cities in North Sumatra Province that were used as experimental
units, demonstrates that the dependent variable is influenced by nearly all independent variables.

Excess Zero

The Excess Zero test is evident in the quantity of response values entered. As indicated by the excess zero test
results, the proportion of data that contains excess zero values exceeds 50%, or 57.58%. Data from the 2022 malaria
case survey in North Sumatra Province was employed, which exhibited overdispersion and excess zero values.
Consequently, one potential measure to resolve this matter is to implement ZINB regression.

Overdispersi
To identify overdispersion in the data, the overdispersion test is implemented. Application of the subsequent
formula is implemented during this examination:

_ nilaideviance
p=tE
49293
Y
¢ =182,5663

Based on the aforementioned data, the deviation value is 182.5663 when divided by the degrees of freedom.
Overdispersion in the Poisson regression model is defined as a deviation value that is greater than 1 when divided by
the degrees of freedom. The Poisson regression model's performance is rendered worse when there is overdispersion
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due to its high error rate. Consequently, the causal components of malaria in North Sumatra Province in 2022 are
best described using Zero Inflated Negative Binomial (ZINB) regression analysis.

Regresi Zero Inflated Negative Binomial (ZINB)
The model was estimated and constructed using the zero-inflated negative binomial regression parameter
estimation model. The parameter estimation results of the ZINB regression model are as follows:

Table 5. Results of ZINB Regression Model Parameter Estimation

Regresi ZINB
Variable Model Count Regressionm
Estimate Std.Error P-value
Intersep 11,305 2,302 9,06e-Q7***
Xi 0,075 0,026 0,004502**
Xz 0,018 0,004 0,000152***
X; -0,061 0,022 0,006124**
X, -0,035 0,006 6,81e-07***
Xs -0,657 0,343 0,55936.
Model Zero Inflated
Estimate Std.Error p-value
Intersep 117,844, 233,545 0,614
X -0,274 4—)894 0,955
Xz 0,040 0,336 0,904
X; -1,169 2,701 0,665
X, 0,258 1,327 0,846
X -0,306 0,715 0,669

A significance test was undertaken after the ZINB regression model parameters were tested. This test was
conducted using simultaneous and partial tests to determine the significance of the zero-inflated negative binomial
regression parameters. Importance Test of Zero-Inflated Negative Binomial (ZINB)

Parameters for Regression In order to assess the simultaneous and partial impact of these parameters,
significance tests are implemented. The exams are administered in the following manner:

a. Simultaneous Test
The ZINB regression was conducted with simultaneous analysis to ascertain whether the independent
variables have a substantial impact on the dependent variable. The alternative hypothesis employed is as follows:

H 0" ﬂo = ﬂl == ﬂ6 =%, =Y, ==Y, (Independent factors have no influence on the incidence of malaria)

H, :there is at least one, with 8, # 0 atau y, #0; j =0,1,2,---,6

Table 6. Simultaneous Test on ZINB regression
Likelihood Chi-Square Ratio Degrees of Freedom p-value
43,713 10 3.706e-06***

G = 43.713 > X2 (0.1; 10) = 15.987 was determined using the Rstudio software's output. Ultimately, the Ho hypothesis
was denied by this ZINB regression model test, which suggests that at least one parameter had a substantial impact
on the number of malaria cases in North Sumatra Province by 2022.

a. Partial Test
Parametric models are parameter models that are composed of the values of each variable.

1. Model for Counting Regression

H,: ﬂ/_ = (0 (There is no correlation between the independent and dividend variables)

H, : ﬂ/_ # (0 (There is a relationship between the independent and dependent variables)
Table 7 illustrates the importance of the discrete data model parameters.

Table 7. Wald Test Results on Count Regression Model
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Parameter W count 2 Criteria Conclusion
0,151
B 11.305 2 Reject Ho,  Variable X, is significant to
‘ W, = ( ’ j =24.117 2,706 the dependent variable
2,302 ’
B 0.075 2 Reject Ho,  Variable X is significant to
: W, = { 4 j =8.321 2,706 the dependent variable
0,026 ’
B 0.018 2 Reject Ho,  Variable X, is significant to
: w, =[ 2 j =20.25 2,706 the dependent variable
0,004 ’
Yii 0.061 2 Reject Ho  Variable X; is significant to
’ W, = (_ 2 j =7.688 2,706 the dependent variable
0,022 ’
2 AcceptHo Variable X, is not
ﬂ4 W, = —0,035 =34,027 2,706 significant on the
! 0,006 dependent variable
B 0.675 2 2,706 Reject Ho,  Variable X is significant to
> W, = L_ > j =3,872 the dependent variable
0,343

Therefore, the regression model count is influenced by the following variables in the Western Indonesian
Province in 2022: the number of male population, the number of female population, the proportion of households
with low sanitation levels, and the proportion of households with high sanitation levels.

2. Model Zero Inflation
H,: Ys; ;= 0 (There is no correlation between the independent and dividend variables)

H :p ,* 0 (Relationship exists between the independent and dividend variables)
The parameter significance of the Zero-Inflation model is indicated in Table 8 below.

Table 8. Wald Test Results on Zero Inflation Model

Parameter W count 2 Criteria Conclusion
0,151

2 Variable X, is not

Yo W. = M =0,254 2,706 AcceptHo  significant on the
{23 3,545 dependent variable

2 Variable X; is not

7 W, = 0,274 =0,003 2,706 AcceptHo  significant on the
! 4,894 dependent variable

2 Variable X, is not

7 W. = 0,040 =0,014 2,706 AcceptHo,  significant on the
2 0,336 dependent variable

y 1.169 2 Variable X; is not

3 W, =| — =0,187 2,706 AcceptHo  significant on the
’ 2,701 dependent variable

2 Variable X, is not

Vs W = 0,258 =0.037 2,706 AcceptHo  significant on the
4 1,327 ’ dependent variable

2 Variable X; is not

s = —0,306 =0.183 2,706 Accept Ho  significant on the
> 0, ’ dependent variable

Thus, the conclusion Accept Ho It can be inferred that the number of malaria sufferers in North Sumatra
Province in 2022 is influenced by the number of poor people, the percentage of households with adequate sanitation,
the number of healthy houses, and the percentage of rainfall.

Selecting the Best Model
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Optimization was implemented in order to ascertain the optimal model for the ZINB regression method. The
zero-inflation negative binomial (ZINB) regression model and the significant ZINB regression model were subjected
to this test using the AIC, as detailed below:

Table 9. AIC Value

Model AIC Value
Regresi ZINB 187,5
Regresi Poisson 5018

Based on Table 9, the zero-inflated negative binomial (ZINB) regression model was the most appropriate
model. This is because the AIC of the ZINB regression model for this variable was lower than the AIC of the Poisson
regression model, which was determined at 5018. Therefore, the better ZINB regression model was used, with an AIC
of 187.5.

Based on this study, malaria prevalence in the Western Province of Indonesia is influenced by several
statistically significant variables in the ZINB regression model: the number of visitors, the number of rooms, room
cleanliness, and the cleanliness of the premises. Each of these variables has a significant impact on the number of
malaria cases in the United States, as shown by the estimated results for each parameter in the model below:

Table 10. The ZINB Regression Model's parameter estimates are substantial.

Variable Model Count Regression Model Zero Inflated
Intersep 11,305 117,844
X, 0,075 -0,274
X, 0,018 0,040
X, -0,061 -1,169
X -0,034 -0,306

wn

Model Interpretation

The parameter estimation results of the zero inflation negative binomial (ZINB) model are determined by the
results of the simultaneous and partial parameter tests. As indicated below, the regression calculation of the model
and the zero inflation model are as follows:

ln(,u[) =B+ BX, + B X+ B X5+ B X s
ln(/l,-) = exp(ﬁo +L X+ X+ B Xy +:85Xi5)
In(z,)=exp(11,305+0,075X, +0,018X,, -0,061.X,, —0,034.X 5 )
logit(p,) = exp(117,844 —0,274x,+0,040x,, —1,169x,, —0,306x5 )
7 1+exp(117,844 —0,274x,+0,040x,, —1,169x,, —0,306x,5)

Using negative binomial regression analysis with zero inflation, variables that are statistically significant in
influencing malaria cases in North Sumatra Province in 2022 were identified. An increase of one unit in the number
of impoverished individuals (X;) can result in a 7.8% increase in malaria cases. For every one unit increase in
population density (X;), the number of malaria cases can increase by 1.8%. Every 1% increase in the proportion of
households with adequate sanitation (X;) can result in a 5.9% decrease in the number of malaria cases. Every 1%
increase in rainfall (X;s) can reduce malaria incidence by 3.3%.

Conclusion

This study shows how well the Zero-Inflated Negative Binomial (ZINB) regression model analyzes North
Sumatra malaria data. The model produced more accurate and trustworthy predictions by effectively accounting for
overdispersion and excessive zeros. Rainfall, population density, and poverty rate are important factors that affect
the incidence of malaria in the area. Access to sanitary facilities and a healthy living environment are also important
factors. The results highlight the necessity of focused interventions based on socioeconomic and environmental
factors, offering important insights for malaria control strategies.

Test of Parameters The model's results indicate that there are variables that have a substantial impact on
malaria. For example, a one-person increase in the number of impoverished individuals (X;) can result in a 7.8%
increase in malaria cases. Malaria cases can be increased by 1.8% for each unit increase in population density (X,).
Malaria cases can be reduced by 5.9% for each 1 percent increase in the percentage of households with adequate
sanitation conditions (X;). Malaria cases can be reduced by 3.3% for each 1 percent increase in the percentage of
rainfall (Xs).
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