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ABSTRACT —Tuberculosis (TB) is an infectious disease caused by the bacterium Mycobacterium Tuberculosis. After India, Indonesia
is the country with the second highest number of TB sufferers in the world. TB prevention efforts in Indonesia have been carried out,
even since 1995. However, in general, 2006-2022 the TB cure in Indonesia tends to experience a downward trend. Therefore, it is
important to know what variables have a significant effect and how the pattern relates to the percentage of TB cures. We urgently need
this information to optimize TB handling efforts and achieve Sustainable Development Goals (SDGs) point 3, which focuses on good
health and well-being. For that purpose, this study used the Multivariate Adaptive Regression Spline (MARS) approach. MARS is
considered more flexible in overcoming cases of predictor variables that do not form a certain pattern to their response variables and
can accommodate possible interactions between predictor variables. The best model was obtained at BF = 18, MI = 2,and MO = 0 with
minimum GCV value is 37.053 and R? is 91.6%, with significant predictor variables are food management sites meet the requirements
according to standards, complete treatment, smoking population over 15 years, families with healthy latrines, and
districts/municipalities implement healthy living germas policy. The significance of the nine predictors should prioritize enhancing the
quality of health services for example ensuring a fair distribution of complete treatment for TB patients.
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I. INTRODUCTION

Tuberculosis (TB) is an infectious disease caused by the bacterium Mycobacterium tuberculosis. Sources of infectious
diseases can usually occur through the air (airborne disease) [1]. Mycobacterium tuberculosis dies quickly when exposed to
direct sunlight, but can live several hours in dark, moist places. TB transmission often occurs when patients with BTA
pulmonary TB are talking, sneezing or coughing and indirectly the patient releases sputum splashes in the air and there
are +3000 sputum splashes containing bacteria [2]. Home environmental factors, such as room ventilation, room
humidity, sunlight, and frequency of room use, statistically correlate with the incidence of tuberculosis [3].

This disease became an epidemic the world. After India, Indonesia is around the second-highest number of
pulmonary tuberculosis sufferers in the world in 2021. TB control efforts in Indonesia have been carried out, even since
1995. However, in general, in 2006-2022, the TB cure rate in Indonesia tends to experience a downward trend [4]. This
information is urgently needed so that TB handling efforts can be carried out optimally to achieve the Sustainable
Development Goals (SDGs) point 3, namely good health and well-being, which aims to ensure good health and well-
being for all people at all ages. According to its strategic plan, the Indonesian government has committed to reducing the
incidence of tuberculosis to 65 cases per 100,000 population by 2030. Tuberculosis control efforts in Indonesia between
2020-2024 aim to accelerate Indonesia's efforts to achieve the goal of tuberculosis elimination by 2030 as well as end the
tuberculosis epidemic by 2050 [5]. Adherence to taking medication is a key factor determining the success of treatment
to achieve recovery. Some patients in many countries stop treatment before treatment is complete for various reasons.
Nonadherence rates are difficult to assess, but it is estimated that more than a quarter of TB patients do not complete
treatment for 6 months. Non-adherence to treatment increases the risk of treatment failure and recurrence and is
considered one of the most important causes of the emergence of drug-resistant tuberculosis. In particular, multidrug
resistant TB (MDR-TB) and extensively resistant TB pose a serious threat to public health [6].

To find out which variables have a significant effect on tuberculosis cure concentration, one method that can be used
is regression analysis, namely a non-parametric regression model. Because the relationship of response variables with
predictors is not known with certainty, so it uses nonparametric concepts. One regression method with a nonparametric
approach is the Multivariate Adaptive Regression Spline (MARS) method. MARS is considered more flexible in
overcoming cases of predictor variables that do not form a certain pattern for their response variables and can
accommodate possible interactions between predictor variables. Because it combines truncated spline and recursive
separation spline regression [7].

In addition, research [8] on modeling factors that affect tuberculosis cure in East Java province with truncated spline
nonparametric regression with variable results that affect tuberculosis cure rates are management sites meet the
requirements according to standards, complete treatment, smoking population over 15 years, families with healthy
latrines, and districts/municipalities implement a healthy living germas policy. The study had a weakness in the lack of
detail about truncated spline nonparametric regression analysis methods, which could result in complexity of
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interpretation of the results. Furthermore, the presence of unidentified variables and variable measurement problems
may impact the reliability of the findings. Spline methods are also prone to overfitting and require careful parameter
settings to produce a well-interpretable model.

From the reference above and the purpose of this research analysis, researchers want to know what factors have a
significant influence on the percentage of tuberculosis cure in 2022 in Indonesia with a MARS approach. The results of
this study are expected to be a reference for the central government to make policies related to the factors that influence
the number of tuberculosis cures in the hope that it can improve tuberculosis cures in Indonesia and it is also expected
that this study can provide learning and understanding for readers.

II. LITERATURE REVIEW
A. Nonparametric Regression

Regression analysis is a method used to find patterns of relationships between the response variable (y) and
predictor variables (x) [9]. This relationship pattern is usually estimated through data visualization using scatter
plots. If the scatter plot does not show a clear pattern of relationships, such as linear, quadratic, or other patterns then
a nonparametric regression approach can be used. In this approach, no particular form is assumed for regression
functions, so the method is more flexible in capturing complex patterns of relationships between these variables [10].
Variable y and variable x with n observations can be expressed generally as a nonparametric regression model which
can be seen in the general model in equation (1) :

y=fx)+e i=12..,n )
With
f(x;) = Assumed smooth
& = Random error that follows a normal distribution with zero mean and variance 62 or (g;~IIDN(0, 6%))

B. Multivariate Adaptive Regression Splines (MARS)

MARS were introduced by Friedman in 1991 [11]. MARS is a type of nonparametric regression model that assumes
no specific form for the relationship between bound variables and independent variables. MARS has great flexibility
in the form of functions produced. The main focus of MARS is to deal with problems in high dimensions, large
samples, and number of variables, which often require complex calculations based on the smallest values of
Generalized Cross Validation (GCV) [12]. The MARS method can produce more accurate prediction models for
continuous and categorical binary response variables, by considering several predictor variables in the form of
piecewise regression.

Piecewise regression is a type of segmented regression, where if a regression line is unable to explain the entire
data, several regression lines will be used to adjust all data derived from independent variables. The points at which
the pattern of change occurs are referred to as knots [13]. The MARS model is the result of a complex combination of
spline and recursive partitioning techniques [14]. The main goal is to produce continuous estimation of regression
functions along knot points in the data. MARS uses the spline shape as smoothing. The placement and number of
knot points are automatically determined by the data through modification of the recursive partitioning algorithm
[15]. MARS modeling is shown in the equation (2).

f@) = ag + Zo—y @ [Ty [Siem Xy (e 1) = i) 4 + & @)
Yi=ao+ Z%:l Am B (x) + &

where

agy = The constant (intercept)

am = The coefficient of BE,,

Skm = +1 (knots to the right of the subset) and —1 (knots to the left of the subset)
Km = Degrees of interaction

X, (k,m) = Predictor variables to-v, sorting to-k subsets to-m

tem = Knot value of the variable X,(k,m)

M =The number of basis function

B () =TI [Siom (X (e ) = i)+
Equation (2) can also be written in matrix form, which is contained in equation (3) :

y=Ba+¢ 3
Vi a, & [1 Hilzrslm(Xl(lrm)_tlm) H£Z15Mm(X1(M:m)_tMm)-|
wherey = | 22 | a=[ %2 | e=(%2 | B=|! MtiSm@@m)—tim) - L Sum Ko (M,m) = tum)
In Gm &n 1 I SimXn(Lm) = t1) =TT, Sym X (M, m) = tagm)

C. Determination of the Best Model
The determination of the best model in the MARS method can be seen in the minimum GCV value. The

determination uses forward and backward stepwise algorithms. The formula of GCV is in equation (5) [16, 17].

1 ~
EZ?’:l[yi_yi]z

[1-Trace(B(BTB)~1BT)/N]? ®

GCV =
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N = Number of observation
y; = Actual value of observation i
¥; = Fitted value of observation i

. METHODOLOGY
A. Data Source
This study used secondary data taken from “Profil Kementerian Kesehatan Indonesia year 2022” and “Badan Pusat
Statistik Indonesia”. The data used are the percentage of cure for TB and the factors that are thought to affect it. There
are 34 provinces in Indonesia as observation units.
B. Research Variables
The variables in this study are found in Table 1 [18].

Table 1 Research Variables

Variable Variable Name Unit

Y TB Cure Percentage
Food Management Sites Meet the Requirements According to

X, Percentage
Standards

X, Households Have Proper Sanitation Percentage

X3 Complete Treatment Percentage

X, Health Insurance Ownership Percentage

Xs Smoking Population Over 15 Years Percentage

Xe Puskesmas According to Health Type Standards Percentage

X; Households Have Access to Adequate Drinking Water Percentage

Xg Families with Healthy Latrines Percentage

X, 113(1)51‘.it;‘;c:’cs/Municipalities Implement Healthy Living Germas Percentage

C. Research Steps
Measures to analyze factors thought to affect tuberculosis cure:
1. Describe the percentage of TB cure in Indonesia and factors thought to affect it.
2. Modelling the percentage of TB cure in Indonesia with the MARS method using MARS software, as for the
following steps.

a.

Prepare response and predictor variables data with sav format.

b. Import data into MARS software.

-0 oan

h.

Specifies the Basis Function (BF) value, which is between 18 and 45.

Specifies the Maximum Interaction (MI), which is one, two, and three.

Specifies the Minimum Observation (MO), which is zero, one, two, and three.

Combine predefined BF, MI, and MO values. Then compare the GCV value, the minimum GCV is the best
model.

Perform simultaneous tests on all BF coefficients with F test statistics, to find out whether together the BF
affects the response variables [17].

Perform a partial test on each BF coefficient with t test statistics, to find out whether each BF has a significant
influence on the response variables [17].

3. Interpretation of the best model that has been tested significantly on response variables by inferring the results
obtained and explaining the meaning contained in the values of BF.

IV. RESULTS AND DISCUSSIONS
A. Descriptive Statistics
To find out an overview of the percentage of TB cure in Indonesia and the factors that allegedly affect it is to

descriptive the data. The results of the data description can be seen at Table 2.

Table 1 Descriptive Research Data

Variable Mean Standard Deviation Minimum Maximum
Y 43.04 9.77 24.80 67.80
X1 58.14 12.25 34.80 80.60
X, 81.00 9.78 40.34 96.21
X3 61.85 7.26 42.30 75.60
X4 72.49 10.35 55.91 97.50
X5 26.76 3.74 1791 33.81
Xe 55.34 22.92 7.60 100.00
X, 87.47 7.82 65.39 98.42
Xg 86.59 11.17 54.70 100.00
Xq 70.06 32.81 0.00 100.00
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Scatterplot of Y vs X1, X2, X3, X4, X5, X6, X7, X8, X9
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Figure 1 Scatter Plot of Variables ¥ Against Each Variables X

At Figure 1 indicates that scatter plots between variables Y and each variable X does not have a clear
pattern of relationships. Therefore, a nonparametric regression method is used to analyze factors that are
thought to affect TB cure in Indonesia.

B. MARS Model Estimation
In MARS software, testing is carried out by determining the BF, MI, and MO values. The BF value entered are
18,27, 36, and 45 then the MI value used are 1, 2, 3, and for MO are 0, 1, 2, and 3. The best combination was obtained
on BF = 18,MI = 2, and MO = 0. This is based on the minimum GCV Value, namely 37.053, MSE value is 9.754,
and R? is 91.6%. So that estimates are obtained as in Table 3.
Table 2 Estimation of t-Test Parameters and Values from the Basis Function

Basis Functions Model Estimation Lstatistics
Constant - 61.915 -
BF, max(0,X; — 42.3) -0.87 —-10.263
BFZ maX(O,Xs — 26. 86) - -
BF, max(0,X, — 88.9) —-4.84 -7.771
BF, max(0,88.9 — X5) —-0.176 —6.665
BFg max(0,Xg — 54.7) * BFg 0.113 7.054
BF, max(0,X; — 34.8) = BF, 0.096 7.489
BFll max(O, 56.0 — Xl) * BF7 0.012 4.007

Based on Table 3 the MARS model was obtained to estimate the percentage of TB cure in Indonesia which can

be seen in equation (5):
y = 61915 — 0.870BF, — 4.840BF; — 0.176BF, + 0.113BFg + 0.096BFy + 0.012BF;, (5)
= 61915 — 0.870(max(0,X; — 42.3)) — 4.840(max(0,X, — 88.9)) — 0.176(max(0,88.9 — Xo))
+ 0113 (max(0,Xs — 54.7) * (max(0,X, — 88.9)))
+ 0.096 (max(o, X; — 34.8) * (max(0,Xs — 26.86)))
+ 0012 (max(0,56.0 — X; ) * (max(0,88.9 — X,)))

Based on the MARS model obtained in equation (5), there is an interaction between predictor variables. These
interactions are found in BFg, BF,, and BF;;. In BFg there is an interaction between variables Xg and X, in BFythere
is an interaction between variables X; and X5, while in BF;; there is an interaction between variables X; and Xj.

Furthermore, the basis function coefficient test is carried out which includes simultaneous tests and individual
tests.

1. Simultaneous Tests of MARS Model Basis Function Coefficients
Simultaneous or concurrent testing aims to determine whether in general the selected MARS model is a
suitable model. The hypothesis used is as follows:
Hy:ay =ag=a;,=ag=ag9=a4; =0
H,: There is at least one q,, #0; m = 1,6,7,89,11
Based on the results of the MARS test, it can be seen that the value of Fgy4i5tic is 49.271 by using @ = 0.05
so obtained Fg 0s;627) = 2.459 . Because Fyq¢istic > F(o,05;6.27), SO the decision on taken is to reject Hy which
means that there is at least one that is not equal to zero so that it can be said that the model obtained is
appropriate and shows the exact relationship between the predictor and response variables.
2. Individual Test of MARS Model Basis Function Coefficients
Individual tests aim to find out whether the model containing these parameters has been able to describe
the actual state of the data. The hypothesis used is as follows.
Hy:a, = 0,m = 1,6,7,8,9,11
Hy:a, # 00m=1,6,7,89,11
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Based on Table 3 obtained the value of |tsqiseic| by using a = 0.05 then obtained value of t(% V) =
to.02528) = 2,048 . Because of all values of |tsatistic] > t(0.025,28) SO the decision taken is reject Hy, which
means that there is a relationship between all base functions and response variables

Obtained from the selection of the best model with a minimum GCV value, it can be seen that the predictor
variables included in the model are five variables, namely where food management meets the requirements
according to the standard (X;), complete treatment (X3), smoking population over 15 years (Xs), Families with
healthy latrines (Xg), and districts/cities carry out healthy living germas policies (Xo) with the importance of the
predictor variables contained in the model described as in Table 4.

Table 3 Importance of Predictor Variables

Variables Importance GCV
X3 100.0% 128.862
Xy 69.113% 80.906
Xg 64.074% 74.745
Xy 57.933% 67.866
Xo 48.877% 58.985
X, 0.00% 37.053
Xy 0.00% 37.053
Xe 0.00% 37.053
X, 0.00% 37.053

Based on Table 4 then it can be seen that the complete treatment variable (X3)is the most important variable in
the model with an importance level of 100%, if the variable X3 is included in the GCV model it will decrease by
128.862. Then followed by the variable population smoking over 15 years (Xs) with an importance of 69.113%, if
variable X5 included in the GCV model will be reduced by 80.906, and so on. Other variables have no importance
(0%) because it is already represented by the previous five variables.

C. Analysis and Interpretation of the MARS Model

After obtaining the estimation of the following equation (5) model, a plot between Y and Y is presented in Figure

2:

e e Estimation

Figure 2 Plot of Actual Value VS Fitted Value

The following is given the interpretation of the MARS model contained in equation (5) as follows:

1. BF; = max(0, X3 — 42.3) with a coefficient of —0.87. It means BF; will be meaningful for provincies with a
percentage of Complete Treatment (X3) more than 42.3%, hence every increase of BF; one unit will reduce the
TB cure percentage by 0.87% assuming the other BF is constant.

2. BFs = max(0,Xy — 88.9) with a coefficient of —4.84. It means BF; will be meaningful for provincies with a
percentage of districts/municipalities implement healthy living germas policy (X9) more than 88.9%, hence
every increase of BF, one unit will reduce the TB cure percentage by 4.84% assuming the other BF is constant.

3. BF; = max(0,88.9 — X,) with a coefficient of —0.176. It means BF; will be meaningful for provincies with a
percentage of districts/municipalities implement healthy living germas policy (Xo) less than 88.9%, hence every
drop BF; one unit will reduce the TB cure percentage by 0.176% assuming the other BF is constant.

4. BFg = max(0,Xg — 54.7) * BFg = max(0, Xg — 54.7) * (0, Xy — 88.9) with a coefficient of 0.113. It means BFg will
be meaningful for provinces with a percentage of families with healthy latrines (Xg) more than 54.7% and
percentage of districts/municipalities implement healthy living germas policy (Xy) more than 88.9%, hence
every increase of BFg one unit will increase the TB cure percentage by 0.113% assuming the other BF is
constant. In BFg, there is an interaction between the variables Xg and X,.

5. BFy = max(0,X; — 34.8) * BF, = max(0, X; — 34.8) * (X5 — 26.8) with a coefficient of 0.0096%. It means BF,
will be meaningful for percentage provinces with a food management sites meet the requirements according
to standards (X;) more than 34.8% and percentage of smoking population over 15 years (X5) more than 26.8%,
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hence every increase of BFy one unit will increase the TB cure percentage by 0.0096% assuming the other BF
is constant. In BF,, there is an interaction between the variables X; and X;.

6. BF;; = max(56.0 — X;) * BF; = max(56.0 — X;) * (0,88.9 — X,) with a coefficient of 0.012%. It means BF, will
be meaningful for percentage of provinces with a food management sites meet the requirements according to
standards (X;) less than 56% and percentage of districts/municipalities implement healthy living germas policy
(Xy) less than 88.9%. hence every increase of BFj; one unit will increase the TB cure percentage by 0.012%
assuming the other BF is constant. In BF;, there is an interaction between the variables X; and Xj.

CONCLUSIONS AND SUGGESTIONS

A. Conclusion

Based on the results of the analysis and discussion, the conclusions obtained from this study are as follows:

1. In 2022, Indonesia has an average tuberculosis cure percentage rate of 46.5%, where the highest percentage of
cure in West Nusa Tenggara Province, which is 67.80% and the lowest cure percentage rate is in Aceh Province,
which is 24.80%.

2. The best model obtained using the MARS method is BF = 18, MI = 2, and MO = 0 with a minimum GCV value
is 37.053, the Mean Square Error (MSE) value is 9.754, and R? value is 91.6%.

3. The results of modeling using the MARS method produced five variables that had a significant effect on the
percentage of tuberculosis cure in Indonesia, namely: food management sites meet the requirements according
to standards (X;), complete treatment (X3), smoking population over 15 years (X5), families with healthy latrines
(Xg), and districts/municipalities implement healthy living germas policy (Xo).

4. The variable of complete treatment variable was the most important variable in the model with an importance
of 100%, Then followed by the variable of smoking population over 15 years with an importance level of
69.113%, next is the variable of families with a healthy latrine with an importance level of 64.074%, for the
variable of food management sites meet the requirements according to standard with an importance level of
57.933%, and the last variable is districts/municipalities implement healthy living germas policy with an
important level of 48.877%. Other variables have no importance (0%) because it is already represented by the
previous five variables.

B. Suggestions
Based on the conclusions that have been obtained, the suggestions that can be given are as follows:

1. Based on the level of importance of the nine predictor variables, it is expected to be a recommendation for the
Health Institutions of each province in Indonesia that prioritize enhancing the quality of health services for
example ensuring a fair distribution of complete treatment for TB patients.

2. Furthermore, researchers are expected to be able to compare other methods such as nonparametric methods
spatially in order to obtain models according to the circumstances carried out or socio-geographical sufferers.
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