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Abstract

Insurance companies need a method to help companies determine premium prices that are appropriate to the risks they face. In
other words, it is also necessary to know the variables that influence premium prices using Generalized Linear Models (GLM) by
generalizing the linear regression model to model the relationship between the dependent variable and the independent variable.
The aim of this research is to determine the variables that influence premium prices and determine the pure health insurance
premium using the GLM method.
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1. Introduction

Insurance is an agreement between the insurance company (insurer) and the policy holder (insured), where the
insured pays a premium to obtain coverage for the risk of damage (Gunawan, 2022). Legal liability to third parties that
may be suffered by the insured, receiving payments based on the death or life of the insured with benefits the amount
of which has been determined and/or is based on the results of fund management. Insurance provides financial
protection or financial compensation to someone who experiences certain losses or risks (Fuse Brown, 2017; Prinja et
al., 2017).

One of them is health insurance. This provides guarantees to the insured to reimburse any medical costs which
include hospital costs, surgical costs and medication costs. Examples of several health insurance companies in
Indonesia are Prudential, AXA Mandiri, Allianz Life, and many more (DI, 2020; Fionita, 2018). A method is needed
to help companies determine premium prices that are appropriate to the risks they face.

One method that can determine premium prices is Generalized Linear Models (GLM) (Rahmawati et al., 2023).
GLM generalizes linear regression models to model the relationship between dependent variables and independent
variables by multiplying the conditional expected values of claim frequency and claim costs (Kangwana, 2018; Zhang
and Walton, 2019). The aim is to determine the variables that influence premium prices. This study aims to determine
the pure health insurance premium using the GLM method.

2. Literature review

Rahmawati et al., (2023) conducted research in her thesis related to pure premium modeling using GLM entitled
"Modeling Pure Premiums for Motor Vehicle Insurance Using Generalized Linear Models (GLM)". In this research,
the author determines the pure premium for motor vehicle insurance by looking at vehicle risk through vehicle
characteristics. The research combines the conditional expected values of claim frequency and claim costs. From the
results obtained, the claim frequency follows the Poisson distribution and the claim costs follow the Gamma
distribution. This research produces characteristics that influence pure premiums, namely vehicle brand, vehicle
characteristics, coverage costs, and type of insurance.

Furthermore, research conducted by Putra et al., (2021) related to determining insurance premiums using the GLM
method, the research was entitled "Calculation of Motor Vehicle Insurance Premiums Using Generalized Linear
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Models with Tweedie Distribution”. The aim of this research is to find variables that can influence premium prices
and determine an appropriate premium price model based on the influencing variables. This research produces
variables that influence pure premiums, namely the number of children, monthly income, marital status, education,
employment, vehicle use, the amount of bluebook paid, and the type of customer's vehicle. Previous studies show that
the GLM model can be useful for insurance companies.

3. Research Objects and Methods
3.1. Object

The object used in this research is to determine the pure premium and find the variables that influence it using the
Generalized Linear Models (GLM) method. Supported by health insurance claims data obtained from Sumit Kumar
Shukla. Data analysis and processing is assisted by SPSS and Microsoft Excel software.

3.2. Research methods

3.2.1. Generalized Linear Models (GLM)

Generalized Linear Models (GLM) is a statistical work used to model the relationship between dependent variables
and independent variables (Dunn and Smyth, 2018). GLM is defined as an extension of linear regression using the
exponential family distribution. The aim of the GLM model is to estimate response variables (Y)that depend on the
explanation of the explanatory variables (X)(Putra et al. , 2021). Observation variables Ythat have an exponential
family distribution have the following probability function (de Jong and Heller, 2008):
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where yis the response variable, @is the canonical parameter, ¢is the scale parameter, and Sis a subset of the set of
natural numbers or real numbers. Meanwhile b(6)and c(y, ¢)is a known function. In the exponential family
distribution applies: E(y) = b'(8)and Var(y) = ¢b"'(6)(de Jong & Heller, 2008).

GLM aims to determine the conditional expected value of the response variable using existing observational data
(Putra et al. , 2021). Parameters will be determined f;, B5, ..., Bnthrough the log link function of the explanatory
average value (y;), which can be written as follows:
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3.2.2. Poisson distribution

The Poisson distribution is a discrete probability distribution used to describe the number of events that occur in a
certain time or space interval, when these events occur at a constant rate and are independent of the previous time or
space. The characteristics of the Poisson distribution are: The number of results from one experiment does not depend
on the number of results from other experiments; The probability of an experimental outcome is proportional to the
length of the time interval; The probability of more than one experimental outcome occurring within a short time
interval in a small area is negligible.

The Poisson distribution has the following probability density function (de Jong & Heller, 2008) :
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where p(Y = y)is the Poisson distribution probability density function, yis the frequency of insured claims, and Ais
the Poisson distribution parameter. The Poisson distribution applies: E(Y) = Adand Var(Y) = A(de Jong & Heller,
2008)
3.2.3. Maximum Likelihood Estimation (MLE)

The exponential family of distributions with functions f (y;; 8, ¢)has the following log-likelihood function:
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4. Results and Discussion
4.1. Data Implementation

In this study, the data used is health insurance data in the United States. The data was taken from the kaggle.com
website and downloaded on October 15 2023. In this data there were 1364 data but only 300 data were used in data
analysis because some of the data were empty so not all of them were used in the research. The variables used in this
study were age, gender, BMI, blood pressure, history of diabetes, number of children, information about smoking or
not and number of insurance claims.

4.2. Variable Identification

In data analysis, variable identification is required to determine the dependent variable and independent variables.
The data held by the dependent variable includes the number of insurance claims because it is influenced by the
independent variable. Meanwhile, the independent variables include age, gender, BMI, blood pressure, history of
diabetes, number of children, and information about smoking or not.

4.3. Generalized Linear Model (GLM) Model Selection
In selecting the right GLM model, analysis of insurance data is required, one of which is the type of distribution

and link function that will be used. In this study, the Poisson distribution was used, so the log link function was used
as follows:
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In this formula uis the expected value of the Poisson distribution, while g(.)it is the log link function. The use of
the log link function in the Poisson model provides a better interpretation of the effect of the independent variable on
the dependent variable. The coefficient of the independent variable in a log-poisson model represents the change in
the log of the expected value of the dependent variable for each additional unit of the independent variable, after
controlling for other variables in the model .

Table 1: Case processing summary
N

Percent
Included 4 1.3%
Excluded 296 98.7%
Total 300 100%

Table 2: Continuous variable information

N Minimum  Maximum Mean Std. Deviation
Dependent NUMBER OF 4 1665.00 3578.00 2313.7500 891.85813
Variable INSURANCE CLAIMS
Covariate AGE 4 29 49 35.75 9,069

Table 3: Goodness of fit
Value df Value/df

Deviance 967,455 3 322,485
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Scaled Deviance 967,455 3

Pearson Chi-Square 1031.327 3 343,776
Scaled Pearson Chi-Square 1031.327 3

Log Likelihood b -502,796

Akaike’s Information 1007.592

Criterion (AIC)
Finite Sample Corrected AIC  1009.592

(AICC)

Bayesian Information 1006.979
Criterion (BIC)

Consistent AIC (CAIC) 1007.979

4.4. Calculation of Aggregate Pure Premium
Pure premium is the expected value of annual claim costs stated by the policy holder and is obtained by

multiplying the expected value of claim frequency by the expected value of claim size. The estimated frequency of
claims with the size of the claim can be stated as follows:

E:[ici
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For the size of claims (C;, C5, ..., Cy)to be independent of the number of claims (N). [8]
4.5. Claim Frequency Modeling

The claim frequency data is thought to follow a discrete distribution, however after fitting the distribution to the
discrete distribution using the Anderson-Darling (AD) test, the data does not follow a discrete distribution. After
testing the distribution of claim frequency data, the p value was obtained , namely 1.132653. Next, the best link
function is determined. The best link function is the link function with the smallest AIC results. Based on the tests
carried out, it was found that the log link function was the best link function with an AIC value = 10070.65.

By using the log link function, the following claim frequency model is obtained:
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From the claim frequency model in equation 3, the goodness of the model will be tested. The test used to see the
goodness of the model is the partial likelihood ratio test. The test was carried out using SPSS software, the results of
the overall model significance test showed that the model was significant and suitable for use because p-value = 2.2 x
10—16 < 0.05. Meanwhile, for partial testing, a Wald test is carried out. Based on the tests carried out, the variables
age, gender, BMI, blood pressure, history of diabetes, number of children, and whether or not they smoke
significantly influence the frequency of claims.

4.6. Modeling the Size of the Claim

As with the frequency of claims, data on the size of claims is thought to follow a continuous distribution, however
after fitting the distribution to the continuous distribution using the chi-square test, the data does not follow a
continuous distribution.

Table 4: Continuous Distribution

Parameter Estimates

95% Wald Hypothesis Test 95% Wald
Confidence Interval Confidence Interval
for Exp(B)
Parameter B Std. Lower Upper Wald Chi- dr Sig. Exp(B) Lower Upper
Error Square
(Intercept)  7.747 .0104 7.726 7.767 555394.371 1 .000 2313.750 2267.088 2361.372

(Scale) 1?
Dependent Variable: Number of Insurance Claims
Model: (Intercept)

a. Fixed at the displayed value
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4.7. Calculation of Aggregate Premium

Based on the estimated premium parameters obtained, the pure premium model is obtained as follows:
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5. Conclusion

In determining the pure premium for health insurance, it is influenced by several risk factors, such as age, gender,
BMI, blood pressure, history of diabetes, number of children and smoking. To determine the premium, the company
can determine the amount of the premium through the Generalized Linear Model (GLM) model following equation 2.
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