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Abstract

The Dutch Risk Equalization (RE) system is regarded as one of the most sophisticated

systems in the world of its kind. Its goal is to eliminate the incentive for insurers to select their

portfolio based on underlying health indicators of individuals. Ensuring that all individuals are

financially equally attractive to health insurers. The RE system aims to achieve this through

an Econometric Ordinary Least Squares (OLS) model that compensates insurers with higher

predicted medical expenditures more than those with lower predicted expenditures, creating a

theoretically level playing field. Traditional evaluations of RE assume that equalized expected

returns imply the absence of selection incentives. This thesis challenges this assumption by ap-

plying Modern Portfolio Theory (MPT) to evaluate the cost of the risk borne through volatilities

of the variance of residual spending in di↵erent subgroups of insured individuals.

The variance of residual spending di↵ers across risk classes within the RE model (het-

eroscedasticity of residual spending), such as the risk class concerning individuals with kidney

diseases compared to a healthier population. This analysis demonstrates that when health insur-

ers are risk averse, selection incentives persist due to the heteroscedasticity of residual spending.

Using MPT, risk premiums theoretically required to compensate insurers for this financial risk

are calculated, revealing substantial premiums for risk classes with high residual spending vari-

ances. This indicates that without addressing the variance in residual spending, insurers will

face incentives for risk selection irrespective of an overall equalized return. Finally, this thesis

suggest that policy measures, such as ex-ante risk premia, are necessary to compensate for the

variance in residual spending across groups in order to further enhance e�ciency and quality of

care.

Keywords: Health insurance, Risk equalization, Risk selection, Risk adjustment, Residual

Spending, Equalization Result, Modern Portfolio Theory, Risk Premium.
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Chapter 1. Introduction

1.1 Background

1.1.1 Health Insurance Act 2006

In 2006 the Health Insurance Act (HIA) was introduced in the Netherlands (van Kleef et al.,

2018). The main goal of the HIA is to establish a healthcare system in which access to healthcare

for all is guaranteed while simultaneously maintaining high quality and e�ciency of care. The

HIA rests upon a solidarity, equality, and quality principle (Zorginstituut Nederland, n.d.).

Through a combination of these three principles, the healthcare system is designed to have

regulated competition among health insurers and among healthcare providers with the goal of

providing citizens with the best quality of care at the best price. The solidarity principle states

that all individuals living or working in the Netherlands are obliged to obtain basic healthcare

insurance (Zorginstituut Nederland, n.d.). Consequently, all insured persons together contribute

to the total costs of all curative care through premiums and taxes. The equality principle states

that health insurers must accept all individuals without premium di↵erentiation based on the

individuals’ health condition, age, or background. The quality principle states that health

insurers have a duty of care and must guarantee basic healthcare for all their policyholders

(Zorginstituut Nederland, n.d.). Moreover, the quality principle states that individuals, health

insurers, and healthcare providers all have a responsibility to drive the quality of healthcare

(Zorginstituut Nederland, n.d.). Therefore, individuals can change their health insurance each

end of the year, to choose the insurer with the best price/quality ratio. Consequently, health

insurers contract healthcare providers based on quality and e�ciency (Folland et al., 2012).

In 2023, the total healthcare expenditure under the Health Insurance Act is estimated at

€54.8 billion (Zorginstituut Nederland, 2024c). This expenditure is funded for 50% through

nominal premiums paid by all residents older than 18 (with allowances available for those below

a certain income threshold), and deductible payments1 (van Kleef et al., 2018). The remaining

50% of the expenditure is paid by government subsidies and income-related taxes paid by both

employees and employers. These contributions are consolidated into the ’Health Insurance Fund’

and distributed to insurers through the Risk Equalization (RE) model. Under this system,

insurers must pay a contribution for enrollees whose anticipated expenditures are below the

average yearly nominal premium 2 and receive a contribution for those whose predicted spending

exceeds the average yearly nominal premium. The major financial flows in the funding of the

HIA are illustrated in figure 1.1 (van Kleef et al., 2018).

1Deductible payments are the amounts individuals must spend before receiving coverage from their insurer
(in Dutch: eigen risico).

2Average nominal premium in 2023 amount to €1650 (Rijksoverheid, 2024).
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Figure 1.1: Funding of the Health Insurance Act (van Kleef et al., 2018).

The contents of basic healthcare are mandated by the government (Zorginstituut Neder-

land, n.d.). Basic healthcare includes, among others, primary care, pharmaceutical care, in-

patient and outpatient hospital care, and mental healthcare (Zorginstituut Nederland, 2024a).

Compensations for all but mental heatlhcare are estimated using the RE model. Compensations

for insurers regarding mental healthcare is estimated using a separate risk model. Therefore,

this thesis does not take the mental healthcare into consideration. Instead, the focus of this is

specifically on somatic healthcare, which accounts for approximately 90% of the total medical

spending in the basic health insurance act (van Kleef et al., 2018).

1.1.2 Risk selection

In unregulated markets, insurers apply premium di↵erentiation to address the expected risk

with each individual. However, in a regulated competitive market with premium regulation,

insurers are not allowed to adjust premiums based on underlying characteristics (van de Ven

et al., 2023). The implementation of the HIA in the Netherlands requires health insurers to

accept all individuals and prohibits the insurers from using premium di↵erentiation based on

personal characteristics (NZa, 2019). Therefore, premium regulation ensures that insurers can-

not charge higher premiums to high-risk individuals, thereby theoretically promoting equity and

a↵ordability (van Kleef et al., 2018).

Consequently, insurers encounter predictable profits and losses based on specific character-

istics of the insured. Therefore, insurers with a relatively high proportion of high-risk individuals

would be at a disadvantage compared to competitors with a relatively high portion of low-risk

individuals. This is known as unpriced risk heterogeneity. Unpriced risk heterogeneity refers to

predictable variation in healthcare spending between risk groups not accounted for in premiums

or RE payments (Withagen-Koster et al., 2018). This leads to a financial incentive for insurers

to target relatively low-risk subgroups whilst trying to dissuade enrollment of relatively high-risk

subgroups (NZa, 2019). This phenomenon is referred to as risk selection. Risk selection has

been defined by Newhouse (1996) and (R. C. van Kleef et al., 2013) as:

“Actions (other than premium di↵erentiation by product) by insureds or insurers

to exploit unpriced risk heterogeneity and not fully pooling the costs of low- and

high-risk insureds”.
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The incentive for risk selection may present in various ways. For example, insurers might

design benefit packages or marketing strategies to target specific groups. Moreover, insurers

are discouraged from investing in care procurement in projects for which they expect to attract

individuals that make predictable losses (R. C. van Kleef et al., 2018). Consequently, risk

selection can cause service-level distortion where insurers invest disproportionately into care for

healthy people rather than investing in care for people with more complicated and expensive

medical needs (Geruso & Layton, 2017). By not contracting the best care for individuals with

certain chronic diseases, for example, the insurer can steer those individuals to refrain from that

insurer. This is known as steering self-selection among individuals. Furthermore, risk selection

may threaten e�ciency because risk selection may be more e↵ective in reducing the claim burden

in the short run rather than promoting e�ciency in care. Lastly, the incentive for risk selection

is suspected to increase as price competition becomes more fierce (NZa, 2016).

1.1.3 Consequences of risk selection

Risk selection occurs when insurers target low-risk individuals and avoid high-risk individuals,

undermining the goals of the RE model. This can threaten e�ciency, reduce solidarity, and

lower the quality of care for high-risk groups, such as the chronically ill (R. C. van Kleef et al.,

2018).

Generally, o↵ering twin products3 and targeting specific groups can be signs of risk selection

(Oskam et al., 2024). Risk selection is examined through the degree of segmentation of enroll-

ments in policies (Equalis, 2023). The Dutch Health Authority (Nederlandse Zorgauthoriteit;

Nza) found strong indicators of segmentation for 7 out of the 74 health insurance policies and

medium indicators of segmentation for 20 out of 74 health policies (NZa, 2016). Even though

these health insurance policies show indicators of segmentation, risk selection remains hard to

prove (van Kleef et al., 2018; Oskam et al., 2024; NZa, 2016). This is due to di�culty distin-

guishing cost di↵erences due to risk selection from cost di↵erences due to di↵erences in e�ciency

(NZa, 2016). Moreover, The absence of segmentation does not necessarily imply the absence of

risk selection. When there is no systematic sorting among available plans, it could be due to an

underserved market for specific characteristics, such as all insurers not o↵ering optimal care for

certain (chronic) diseases (Geruso & Layton, 2017).

In conclusion, risk selection is hard to detect, but when present its consequences severely

endanger the accessibility, high-quality care, and e�ciency of care (R. C. van Kleef et al., 2013,

2018). Withagen-Koster et al. (2018) argue that the mitigation of potential risk selection is a

major challenge in regulated health insurance markets. Similarly, Geruso and Layton (2017)

highlights selection incentives as the central issue in the competitive health insurance market.

1.2 Risk equalization model

The risk equalization (RE) model is employed as a complement to a regulated system to counter

the incentive for risk selection (van de Ven et al., 2023). The goal of the system is to achieve

3Twin products are insurance products that are very similar except the pricing is di↵erent and the options
to supplementary options are di↵erent. Generally, the lower-priced twin comes with less generous supplementary
coverage than the higher-priced twin (Oskam et al., 2024).
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the ”equivalence principle”. The equivalence principle aims to take away the incentive to select

insureds based on underlying health indicators. Essentially, for the equivalence principle to hold,

all people should be financially equally attractive to the insurer (van de Ven et al., 2023). By

equalizing the expected costs across all individuals, incentives for risk selection are eliminated

(van Kleef et al., 2018). In other words, in a perfect RE system, the equivalence principle allows

health insurers to be fully risk-bearing without incentive for risk selection or a↵ecting the level

playing field, while preserving the incentives to control costs, in theory (van Kleef et al., 2018).

The equivalence principle is defined as the concept that goal-A is equivalent to ”remov-

ing the predictable over- and undercompensations of subgroups of insured,” or, alternatively,

”achieving a level playing field for each risk composition of an insurer’s portfolio,” or, equiva-

lently, ”eliminating incentives for risk selection.”

The RE model ensures that health insurers with portfolios of individuals with higher pre-

dicted medical expenditure receive higher ex-ante compensations than health insurers with a

predicted low-cost group of insured (van de Ven et al., 2023). This system, in theory, creates a

level playing field as the expected returns from high-cost individuals are equal to the expected

returns of low-cost individuals (R. C. van Kleef et al., 2018). Therefore, in theory, health insur-

ers are able to solely focus on e�cient and integrated purchasing of care (R. C. van Kleef et al.,

2013).

The RE model determines the annual ex-ante financial compensation based on the predicted

healthcare expenditure of individuals within the portfolio of an insurer4. The compensation an

insurer receives is based on the average expected costs associated with specific characteristics of

each individual. The specific characteristics of each individual are used as indicators to estimate

the expected healthcare costs.

The RE model in 2023 uses 14 variables5 that are individually observed to estimate the

expected healthcare costs for all individuals (Zorginstituut Nederland, 2022c). These variables

are referred to as risk adjuster variables. The risk adjuster variables consist of demographic

and morbidity variables. Examples of demographic characteristics are age, gender, and socioe-

conomic characteristics. Examples of morbidity characteristics are pharmacy costs, costs made

in prior years, and diagnosis indications (Layton et al., 2016). Within risk adjuster variables

are multiple risk classes. For example, the risk adjuster variable pharmacy cost group (PCG)

consists of 48 risk classes, identifying di↵erent diseases based on pharmaceutical usage. In total,

there are 233 risk classes among the 14 risk adjuster variables in 20236. The ex-ante compensa-

tion is based on an OLS prediction model using these 233 risk classes. The risk adjusters and

their risk classes will be more thoroughly discussed in the data section, specifically section 4.1.1.

The OLS prediction model will be discussed in more detail in the methods section, specifically

section 5.1.

4See appendix A for an example of how the expected healthcare expenditure per individual is calculated.
5The 14 risk adjuster variables: 1. Age interacted with gender (gender*age), 2. Pharmacy-based cost groups

(PCGs), 3. Diagnosis-based cost groups (DCGs), 4. Durable medical equipment costs groups (DMECGs), 5.
Source of income interacted with age (SoI*age), 6. Region (region), 7. Socioeconomic status interacted with age
(SES*age), 8. Household size interacted with age (HHS*age), 9. Multiple-year high-cost groups (MYHCs), 10.
Physiotherapy diagnosis cost groups (PDCGs), 11. Prior spending on home care (PSHCs), 12. Historical somatic
morbidity groups (HSMs), 13. Multi-year pharmacy costs groups (MYPCs), 14. Indication of Pregnancy / Birth.

6See section 4.1.1 for a detailed explanation of each risk adjuster, see appendix B for an overview of the
number of risk classes per risk adjuster for the years 2021-2023.
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RE systems are used in the health insurance markets in the USA, Germany, Switzerland,

Australia, and the Netherlands, among others (van Kleef et al., 2018). The Dutch RE model is

regarded as one of the most sophisticated systems in the world.

Although the Dutch RE model is regarded as one of the most sophisticated RE models,

heterogeneity between the existing groups of insured is pertinent (Withagen-Koster et al., 2018).

There are significant under or overcompensations for specific groups in the Dutch population

leading to potential incentives for risk selection7. The RE model is annually evaluated and

refined.

1.3 Readers guide

Chapter 2 further establishes the foundation of this research by discussing prior studies, even-

tually leading to the identification of the research gap, and presenting the research question

and hypotheses of this thesis. Following, chapter 3 introduces the Modern Portfolio Theory

and utility functions in the health insurance market, providing a theoretical framework. This

chapter theoretically examines the financial incentives associated with the heteroscedasticity of

residual spending. Moreover, this chapter establishes a framework to quantify risk premia to

mitigate risk selection incentives across various subgroups. Next, chapter 4 describes the dataset

used to analyze residual spending distribution across various risk classes over time. Chapter 5

describes the methodology used to obtain the results, forming the empirical basis of the study.

Consecutively, chapter 6 presents the analysis results of the distribution of residual spending,

identifying within-group patterns and assessing consistency over time. Moreover, chapter 6

provides potential compensations to eliminate selection incentives due to heteroscedasticity of

residual spending, which are further examined through a sensitivity analysis. Finally, chapter 7

discusses and concludes the findings of this thesis. Chapter 7 presents a comprehensive summary

of the research, its implications, and suggestions for future studies.

7Over and undercompensations are discussed in more detail in chapter 2.
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Chapter 2. Literature

2.1 Evolution of the risk equalization model

The RE model was first introduced in 1993, initially considering only age and gender as variables

(van Kleef et al., 2012). Over the years, the model has become more sophisticated, incorporating

various other factors to better predict healthcare costs. The evolution of the RE model has led

to considerable improvements in its predictive performance, measured by group level payment

fit and individual level payment fit.

The group level payment fit indicates how well the model reduces predictable losses for

health insurers. van Kleef and van Vliet (2012) studied that the ex-ante Dutch RE model

of 2011 reduces the predictable losses, that would have occurred without compensations, for

health insurers with an average of 70%, whereas this reduction for the 1993 model only reached

an average of 40% (van Kleef et al., 2012). By 2023 the model reduces the predictable losses

up to 99.3% (ESHPM, 2023a). The second measure, the individual level fit, has also seen

improvements in the model. To quantify the individual fit we analyze the R2 value. The

R2 is a statistical measure that indicates the proportion of variance that is explained by the

independent variables. The R2 statistic is one of the most commonly used metrics for assessing

the performance of the RE model (van de Ven et al., 2023). In 2010 the individual level fit

reached a R2 value of 25% (van Kleef et al., 2018). By 2017 this value had increased to 31% and

by 2023 this value increased to 32.7%. The evolution of the predictive power on the individual

level is depicted in the graph below. The CPM is another measure to evaluate the performance

of the regression model.

Figure 2.1: Individual level fit, predictive power (R2) (van Kleef & van Vliet, 2012).

The substantial improvement of the RE model can be attributed to the introduction of

new risk adjuster variables. These include Multiple-year High Cost Groups (MYHCGs) in 2012,

Durable Medical Equipment Cost Groups (DMECGs) in 2014, Physiotherapy Diagnosis Cost

Groups (PDCGs) in 2016, Prior Spending on Home Care (PSHC) in 2016, and new Pharmacy

Cost Groups (PCGs) for people with rare diseases in 2017 (van Kleef et al., 2018; van Kleef

& van Vliet, 2012). Which are all examples of improving the ex-ante compensation of the RE

model by adding relevant risk adjusters and/or risk classes.

More recently, in 2023, a risk adjuster variable was introduced for pregnant people or people
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who have given birth in that year. This risk adjuster was introduced partly in response to the

study by (Douven & Mannaerts, 2008) who provided an example of service level distortion in the

health insurance market leading to market segmentation. The ”ZEKUR health plan” contracted

relatively few hospitals making it not an attractive health plan, especially for women who are

pregnant or want to get pregnant. On average, giving birth amounts to costs of €7000 (Otter,

2012). Since the RE model up till 2023 did not include a risk adjustment variable for pregnancy

or childbirth, pregnant women were structurally undercompensated while non-pregnant women

of the same age class, all other factors being equal, were structurally overcompensated (Douven

& Mannaerts, 2008). Similarly, the risk classes have been re-adjusted for the risk adjuster Phar-

maceutical Cost Groups, introducing 5 new risk classes from 2022 to 2023 to reduce predictable

over and undercompensations within risk classes of this variable (ESHPM, 2023a).

An example of studies that aim to contribute by improving the prediction method is the

study by van Kleef et al. (2017) who investigate the use of constrained regression to estimate

ex-ante compensations. The model includes constraints that set a maximum limit on under-

compensation or overcompensation at the group level. The constrained least squares regression

aims to minimize the squared deviations at the individual level while imposing a maximum limit

on the under or overcompensation for certain groups (van Kleef et al., 2015). Compared to the

regular OLS the CR leads to a decreased R2 at the individual level (van Kleef et al., 2023).

This is because the regular OLS minimizes the squared deviation at individual level without

limitations due to having certain constraints.

2.2 Unpriced risk heterogeneity in the risk equalization model

Despite advancements, the Dutch RE model still exhibits unpriced risk heterogeneity, leading to

overcompensations or undercompensations within specific risk classes (Withagen-Koster et al.,

2018).

To address unpriced risk heterogeneity, it is essential to understand the consequences of risk

selection and identify how often and in which ways risk selection manifests. Groups experiencing

undercompensation often display greater heteroscedasticity in residual spending. Identifying and

addressing these groups enhances the accuracy and fairness of the RE model.

2.2.1 Under and overcompensation

In 2019, 22% of insured individuals were structurally undercompensated, with 3% being struc-

turally undercompensated over multiple years (NZa, 2016). Individuals that are structurally

undercompensated are individuals that have been undercompensated for three years or more.

Undercompensation is more prevalent among individuals who score positively on morbidity

indicator risk adjusters (PCG, DCG, PDCG, MYHCG, or DMECG) (van Kleef et al., 2015;

Withagen-Koster et al., 2018). Subgroups prone to undercompensations include chronically ill

and people with disabilities as well as the less educated (Equalis, 2023). This is confirmed by

(Withagen-Koster et al., 2023) who also find that chronically ill are persistently unprofitable on

average while healthy people are consequently profitable. Subgroups prone to overcompensation

include, among others, students and highly educated (Equalis, 2023).
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Both Withagen-Koster et al. (2018) and Oskam et al. (2024) argue that subgroups with

higher somatic medical spending present more widely dispersed residual spending patterns.

As the subgroups prone to undercompensations generally present higher average healthcare

costs, the groups prone to undercompensations are naturally interesting for the rest of this thesis.

2.3 Findings of heterogeneity of residual spending after risk

equalization

Oskam et al. (2024) examined eight subgroups. These subgroups consist of: the entire popu-

lation, individuals aged 0-64 years and 65+ years old, those with and without morbidity flags,

individuals with the indication of belonging to the Pharmacy Cost Groups (PCG) of diabetes

(PCG 12 - 15), individuals with certain conditions (DCG10), and those with extremely costly

pharmaceutical usage (PCG38). The study found that mean spending positively correlates with

the dispersion of residual spending.

Oskam et al. (2024) found a standard deviation of €6,978 for the entire population. For

individuals without any morbidity flag, the standard deviation is €4,646. For people with one

or more morbidity flags, the standard deviation is €11,378. It is important to note that 75%

of the population belongs to the first group and 25% to the latter. Therefore both these risk

groups consist of a substantial part of the population. The underlying specific risk classes drive

the average standard deviation up or down. The heteroscedasticity indicates that the RE model

does not completely remove unpriced risk heterogeneity, even for a broad set of morbidity-based

risk adjusters (Oskam et al., 2024).

2.3.1 Potential solutions to mitigate the selection incentives that arise as a

consequence of residual spending heteroscedasticity

Addressing heteroscedasticity in residual spending is crucial for eliminating incentives for risk

selection. Withagen-Koster et al. (2018) recommends further improving the RE model by broad-

ening and refining morbidity-based risk adjusters. On the other hand, Oskam et al. (2024)

suggests designing premium adjustments for higher spending subgroups as a potential solution.

Oskam et al. (2024) identifies three potential solutions to mitigate the financial incentives

arising from the heteroscedasticity of residual spending.

1. Outlier risk sharing:

Mitigate selection incentives by directing ex-post compensations toward individuals who

are outliers in residual spending, a strategy known as outlier risk-sharing. A downside to

this option is that the ex-post compensations may reduce cost-control incentives.

2. Limited premium di↵erentiation, allowing markups across individuals:

Mitigate selection incentives by allowing limited premium di↵erentiation. A downside to

this option is that it counters the solidarity principle.

3. Modify the risk equalization payments and compensate insurers ex-ante for the heteroscedas-

ticity in residual spending:
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Mitigate selection incentives by modifying RE payments to compensate insurers for het-

eroscedasticity. The modified RE payments provide higher compensations for high-variance

groups and lower compensations for low-variance groups. Oskam et al. (2024) provides a

measure of how to modify the RE payments for highly volatile risk groups. The study

continues to determine ex-ante modified RE payments using the Sharpe ratio. The Sharpe

ratio is a method using risk aversion and volatility as dependent variables in determining

the modification of the payments.

This thesis aims to contribute to the third solution proposed by Oskam et al. (2024) as to

reduce selection incentives from heteroscedasticity of residual spending. This study investigates

the modification of RE payments per existing risk class to compensate insurers ex-ante for

heteroscedasticity of residual spending. The modification is in the rest of this thesis referred to

as ”risk premium”.

Oskam et al. (2024) argues that the Sharpe ratio accounts for the risk aversion of insurers

because it indicates a desired profit mark up for various investments. A higher Sharpe ratio

requires a higher return, indicating that investors who require a higher Sharpe ratio are more

risk-averse. Therefore, a constant Sharpe ratio gives di↵erent required returns for di↵erent

volatilities. However, some potential downsides to using this method would be that the Sharpe

ratio in itself is dependent on both the risk-free rate of return and the rate of return of the risk

group.

The risk-free rate is theoretically the return on an investment with zero risk. In this case, the

risk-free rate would most probably be the risk group consisting of healthy individuals. However,

in practice, it would be hard to determine exactly what group of individuals will determine the

risk-free rate. As the risk-free rate is dependent on the performance of a healthy individual

group the risk-free rate would not be constant. Moreover, the risk-free rate of the healthy would

in theory be equal to 0 (perfectly equalized). However, in reality, this depends on the exact risk

groups that are used to compute the risk-free rate. Therefore, a constant Sharpe ratio may not

be the most optimal measure to determine equalized results as it is a relative proxy between the

risk-free rate and the risk group of interest.

Alternatively, in financial evaluations, government bonds are often used as the risk-free

rate. However, in that case, the risk-free rate would not be constant and could fluctuate due to

economic conditions, monetary policy changes, and inflation.

The next chapter introduces another financial theory, the Modern Portfolio Theory (MPT).

This theory overcomes the issues as stated in the previous paragraph. Using MPT, this thesis

aims to capture the risk premiums needed for di↵erent risk groups. Moreover, MPT captures

risk aversion as a distinct variable enhancing its applicability in this context.

2.4 Research gap

As discussed in the introduction and the literature section it is important to eliminate incen-

tives for risk selection. Although sophisticated, the current RE model does not yet eliminate

all predictable unpriced risk heterogeneity (Withagen-Koster et al., 2018). Prior research pre-

dominantly focuses on improving the ex-ante compensation by 1) improving the model and 2)
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by adding relevant risk classes and risk adjuster variables. Both improve the accuracy of esti-

mations of the expected average healthcare costs for specific risk groups. The distribution of

healthcare costs within risk classes has not been taken into account until recent research by

(Oskam et al., 2024). Research in the distribution and variances of the residuals spending risk

classes can further complement the understanding of unpriced risk heterogeneity. The presence

of unpriced risk heterogeneity is causal for potential risk selection incentives (Withagen-Koster

et al., 2018). Oskam et al. (2024) argues that perfect equalization of the mean expected result

for a risk class does not guarantee the absence of selection incentives. Therefore, Oskam et

al. (2024) investigates the distribution of excess spending of insurers across di↵erent groups of

insured assessed on the Dutch RE model of 2021. In this research, the residual spending shows

a heteroscedastic distribution of residual spending comparing old vs. young people, and healthy

people vs. people with morbidity indicators (which are often indicators of chronic illnesses).

Oskam et al. (2024) argues that heteroscedasticity of residual spending is a potential source of

incentives for selection risk for two reasons. The first reason is because of the uncertainty of

financial return. The second argument is based on the variation in solvency requirements linked

to an insurer’s portfolio. Moreover, Oskam et al. (2024) provides three potential solutions to

mitigate the incentive to risk selection.

This thesis builds further upon the study by Oskam et al. (2024). Specifically, this thesis

builds upon the argument of heteroscedasticity being the cause of incentives for risk selection

because of the uncertainty of financial return. Moreover, this thesis builds upon the proposed

solution of a modified ex-ante RE payment to account for variance in residual spending. This

thesis aims to contribute to the recent findings of Oskam et al. (2024) in threefold.

Provide additional insights on the degree to which heteroscedasticity of residual

spending is a source of potential risk selection.

Oskam et al. (2024) argues that investors are typically risk averse and prefer certainty over

uncertainty. Oskam et al. (2024) necessitates further research to adequately alleviate the risk

selection incentives emerging from heteroscedasticity between subgroups. Therefore this thesis

builds upon the variance/expectation framework as introduced by Oskam et al. (2024).

Subsequently, this thesis uses MPT to further investigate potential preferences for insurers

between risk classes taking the variance of residual spending, and the risk aversion of insurers

into account. MPT is used to further quantify what risk premia would be required for insurers

to be indi↵erent between individuals from di↵erent risk classes. Moreover, Oskam et al. (2024)

argues that the risk premia would be subject to the respective size of the group of insureds

per insurer. Oskam et al. (2024) therefore considers hypothetical portfolios ranging from 1,000

to 1,000,000 individuals. Contradictory, this thesis considers the risk premia that would be

required on a population level for each risk class. Following, the thesis computes the risk premia

per risk class per individual. MPT is used as a theoretical framework to quantify the required

risk premia.
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Estimate consistency of heteroscedasticity of residual spending over time.

Oskam et al. (2024) necessitates further research to adequately alleviate the risk selection in-

centives emerging from heteroscedasticity between subgroups. Withagen-Koster et al. (2018)

emphasizes that the heteroscedasticity between groups must be predictable in order to be un-

priced risk heteroscedasticity. Therefore, the di↵erences in residual spending must be predictable

to be actual sources of risk selection. Therefore, this thesis tests if the heteroscedasticity between

di↵erent subgroups is consistent over time from 2021-2023.

Investigate heteroscedasticity between and within risk classes.

The study by Oskam et al. (2024) investigated eight subgroups that are relatively general8.

Therefore, further specification of subgroups can be valuable. This thesis investigates the preva-

lence of heteroscedasticity for more specific risk classes. Providing an elaborate and practical

overview of which risk classes are potential sources of incentives to risk selection.

Moreover, previous studies have not discussed underlying patterns within subgroups that

drive the dispersed residual spending. Therefore, this thesis tries to identify what underlying

characteristics drive the dispersion of residual spending within a specific risk class.

2.4.1 Research question and hypotheses

Based on the arguments put forward in the introduction and in the literature section, I define

the following research question:

To what extent does the variance of residual spending of subgroups of insured

contribute to an incentive for risk selection in a health insurance market?

Following, the main research question the following sub-questions emerge:

1. Under a scenario that the equivalence principle holds, meaning there is no predictable

under and overcompensation between groups of insureds, if we assume health insurers to

be risk averse, in what form do incentives for risk selection remain?

Hypothesis: Incentives for risk selection in the current RE model remain through di↵er-

ences in the variance of residual spending for subgroups of insured, subject to the degree

of risk aversion of health insurers. The variance in residual spending is hypothesized to be

significantly di↵erent between di↵erent groups, being a form of unpriced risk heterogeneity.

Unpriced risk heterogeneity is causal to potential risk selection incentives.

2. To what extent are risk premiums required to achieve the equalization principle for di↵erent

groups of insured?

Hypothesis: Assuming insurers are risk averse, health insurers require a risk premium to

compensate for variance in residual spending. The required premium is dependent on the

magnitude of the variance. The variance is expected to be higher for subgroups with higher

8The study by Oskam et al. (2024) used the following subgroups: 1. entire population, 2. individuals aged
0-64, 3. individuals 65+, 4. no morbidity flags, 5. � 1 morbidity flag, 6. diabetics (PCG12-15), 7. cluster of
conditions (DCG10), and, 8. extremely costly pharmaceutical usage (PCG38).
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healthcare expenditures. The required risk premium is expected to be higher for groups

of insured that are high healthcare consumers compared to groups that use relatively little

healthcare.

3. To what extent is heteroscedasticity of residual spending attributable to underlying char-

acteristics within the respective risk group?

Hypothesis: The distribution of residual spending in a risk class may be driven by specific

underlying characteristics. Individuals with higher predicted costs in other categories are

hypothesized to cause larger within-group di↵erences in residual spending.

This thesis aims to address the questions posed above and contribute to the recent study

by Oskam et al. (2024). The exact magnitude of the findings is based on the context of the

specific RE system. The findings are, amongst others, subject to international regulations. The

Netherlands is used as a case study in this thesis, using Dutch administrative data made available

through the Ministry of VWS.
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Chapter 3. Theoretical Framework

3.1 Modern Portfolio Theory

Modern Portfolio Theory (MPT), as introduced by Markowitz (1952), is an investment frame-

work designed to optimize the expected returns of a portfolio for a given level of risk, with

volatility serving as the measure of risk. In other words, portfolio holders aim to maximize

utility, which is determined by the expected return of the investment, the level of risk aversion,

and the investment’s volatility (Bodie et al., 2014). The MPT uses a standard function:

U = E(r)� 1

2
↵�

2 (3.1)

Where the U depicts the Utility, E(r) the Expected return of the investment, the alpha

stands for the level of risk aversion of an investor and the sigma represents the volatility of the

investment. This function is derived from the idea that investors have preferences and value

one option over another. Therefore, the MPT formula is derived from utility functions and risk

levels.

3.1.1 Utility

Utility, in this context, refers to the satisfaction or benefit an investor receives from a particular

investment outcome. Investors have di↵erent levels of risk aversion, which influences their utility.

A utility function u represents an investor’s preferences over di↵erent investment possibilities.

An investor is said to be risk-averse if their utility function satisfies the following condition

for any random wealth ew9 with mean w (Back, 2017)

u(w) � E[u( ew)] (3.2)

This means risk-averse investors prefer a certain outcome over a risky one with the same

expected return. Similarly, a risk-averse investor would prefer to avoid a fair bet. Meaning, if ex
is a zero-mean random variable and w is a constant, then:

u(w) � E[u(w + ex)] (3.3)

The di↵erence between the utility of a sure thing and the utility of the expectation of the

same thing is known as Jensen’s inequality. This inequality is characterized by the concavity of

the utility function (Back, 2017). The concavity of the utility function is a consequence of the

exponential in the utility function (as in equation 3.6).

Portfolios with the highest expected returns for a given level of risk and portfolios with the

lowest level of risk for a given expected return o↵er the best risk-return trade-o↵ (Mangram,

2013). The best risk-return trade-o↵s are known as the investment possibilities that lie on the

9A tildeeis used to denote a random variable.
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e�cient frontier. The slope of the e�cient frontier depends on the degree of risk aversion. More

risk-averse investors will have a steeper e�cient frontier, reflecting their preference for lower

levels of risk. Therefore, the degree of risk aversion plays a crucial role in portfolio construction.

3.1.2 Risk aversion

Risk aversion is a key concept in understanding behavior in decision-making situations involving

uncertainty (Eeckhoudt & Schlesinger, 2013). It refers to the subjective attitude towards uncer-

tainty and typically manifests as a preference to avoid risk (Almansour et al., 2023). The degree

of risk aversion is reflected in the concavity of the utility function (Eeckhoudt & Schlesinger,

2013). In a scenario involving two assets with di↵erent degrees of risk but o↵ering the same

return—individuals, will typically find the asset with the lowest risk more attractive (Ross, 1981;

Oskam et al., 2024).

Di↵erent industries display varying levels of risk aversion based on several factors, includ-

ing the nature of their operations, market dynamics, regulatory environment, and historical

performance (Almansour et al., 2023). The majority of financial research is based on utility

functions with linear risk tolerances (Back, 2017). Utility functions with linear risk tolerances

could be either concerning constant absolute risk aversion (CARA) or constant relative risk

aversion (CRRA)(Back, 2017).

CARA implies that the attitude towards risk does not change with changes in wealth of the

investor. Constant absolute risk aversion is defined as:

↵(w) = �u
00(w)

u0(w)
(3.4)

CRRA implies that the attitude towards risk is proportional to initial wealth of the investor

(Back, 2017).

Constant relative risk aversion is defined as:

p(w) = w↵(w) = �wu
00(w)

u0(w)
(3.5)

The degree of risk aversion is usually thought to be fairly stable for industries as the degree

of risk aversion reflects deep-rooted preferences (Gai & Vause, 2005). The degree of risk aversion

in the Dutch health insurance market is further discussed in subsection 3.2.1.

3.2 Application to the health insurance market

In this thesis, I consider the health insurers market through the MPT perspective. Under

this framework, insurers can be considered investors, while individuals can be considered to

be investments. Insurers get compensated for each individual in their portfolio based on the

expected healthcare costs of this specific individual. The di↵erent risk classes can be regarded

as di↵erent portfolios for the insurer to invest in10, each risk class having its results and risks.

10Please note that insurers cannot actually invest in risk classes in such a way that they can choose which
individuals to enroll and which not. Insurers must accept all who seek insurance at their services.
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The actual healthcare costs are not necessarily equal to the predicted costs. The di↵erence

between what the insurers get for an individual and what they need to spend on an individual

can be considered the expected return of the insurer for that specific individual. The result of

the actual costs minus the RE compensations is also known as ”Residual Spending”. Note that

when residual spending is positive the insurers need to spend more than what they received

on the individual. In the case of residual spending, the insurers have a negative result. When

residual spending is negative the insurers get more compensation than the costs made by an

individual.

The average residual spending for any risk class can be considered the expected return of

that risk class. The distribution of the residual spending within a risk class can be regarded as

the volatility, i.e., the risk of the investment.

3.2.1 Risk aversion in the Dutch health insurance market

Risk neutrality of insurers is unlikely (Back, 2017; Oskam et al., 2024; Withagen-Koster et al.,

2018). This can be attributed to two main reasons:

1. Ex-Ante Equalization:

With ex-ante equalization, the health insurer is at financial risk. Health insurers depend

on the contributions through the RE model and premiums charged for the insurance,

irrespective of the actual costs that will be incurred.

The financial risk that insurers bear has increased significantly over time. From 1993 to

2011, the financial risk increased from 3% to 74% (van Kleef et al., 2012). The financial risk

increased even further from 2011-2016, reaching levels approximating 100% (van Kleef et

al., 2018). Moreover, the incentives for risk selection are suspected to increase as the price

competition becomes more fierce. Once a health insurer begins profitable risk selection,

the other health insurers will not be able to stay behind for competitive reasons (Ross,

1981).

2. Regulated Non-profit:

The Dutch health insurers are organized from a public perspective. In the regulated non-

profit insurance market insurers cannot make any profits on their patient portfolio by law.

Therefore, health insurers most likely do not have a high-risk aversion level. Even though

they cannot cash out any profits, health insurers aim to be slightly profit-making to set

reserves to use in case of a bad year (Achmea, 2022). The insurer must comply with

European regulations which state that in 199/200 years the insurer must remain solvent

(European Parliament and Council of the European Union, 2009). Therefore, following

the regulation set for health insurers, health insurers must be slightly risk averse. Insurers

aim to make slight profits to fuel their reserves. In appendix C, the yearly profit margins

of Dutch health insurers from 2012-2022 are portrayed. The average profit margin over

this period is 1.047.

In conclusion, because of ex-ante compensation and because Dutch health insurers must

operate under European solvency regulations risk neutrality for health insurers is unlikely.
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The degree of risk aversion is generally considered to be relatively stable for di↵erent actors

in the same industry, as the degree of risk aversion reflects deep-rooted preferences (Gai & Vause,

2005). However, within the health industry, di↵erences in the degree of risk aversion are likely

influenced by the size of the health insurer. Larger insurers tend to have a risk profile that

closely mirrors the population mean. Therefore, the risk posed by heteroscedasticity of residual

spending most likely diminishes for larger health insurers.

From a practical point of view, the introduction of a risk premium in the RE model to

compensate for heteroscedasticity will most likely be a uniform risk premium for all health

insurers in the Dutch health insurers market. If risk premiums were di↵erentiated based on

the specific risk aversion of each insurer (with larger insurers being less risk-averse and smaller

insurers being more risk averse), this could stimulate ine�cient practices, potentially leading to

an incentive to increase the number of smaller health insurers.

Therefore, it is assumed that risk aversion is independent of the initial size (or wealth) of

the insurer. Consequently, this thesis assumes CARA for Dutch health insurers.

According to Oskam et al. (2024), the risk aversion of Dutch health insurers is likely to

be relatively low due to their public organization structure and non-profit orientation11. Based

on the arguments presented in this section, the CARA value should reflect that Dutch health

insurers are cautious (i.e., risk-averse) but do not have an overly conservative approach to risk.

Given the limited research on the precise magnitude of the CARA value, a relatively broad range

is estimated, with CARA values between 0.01 and 0.10.

Note that the concavity of the utility function becomes steeper as the level of risk aversion

increases. As a result, the average risk aversion in the health insurers market may lead to

overestimations of the required risk premium. This should be carefully considered by the reader

when interpreting required premiums over various levels of risk aversion.

3.2.2 Utility functions in the health insurance market

The RE model aims to realize perfect equalization for each risk class (van de Ven et al., 2023).

This means that the model aims to ensure that for each risk class, the average residual spending

equals zero. The RE model does not take the distribution of the residual spending per risk

class into account. This would suggest that from a Modern Portfolio Theory perspective, health

insurers are risk-averse and there is variation in residual spending between di↵erent risk classes,

even if the average residual spending may be equal for all risk classes, the utility insurers get

from individuals in di↵erent risk classes di↵ers (i.e., equation 3.2 holds).

Where x̃ is the result after risk equalization (i.e, residual spending)with mean x. Note

that because of the OLS properties of the RE model, the mean x is zero for each risk class per

definition. Consequently, equation 3.3 holds with x̃ being a zero mean random variable, i.e.

positive or negative residual spending.

As discussed in the previous section, I assume CARA for health insurers in the Dutch

health insurance market. Following Back (2017) all CARA utility functions are a monotone

11For more detail, refer to the paper: ”Heteroscedasticity of residual spending after risk equalization: a
potential source of selection incentives in health insurance markets with premium regulation” (Oskam et al.,
2024).
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a�ne transformation of the following negative exponential utility function:

U(x) � �e
�↵x (3.6)

Where ↵ is the absolute risk aversion, which is a constant given that the risk aversion among

health insurers is the same. w is the wealth received by an insurer for having an individual from

a certain risk class in its portfolio.

Let us assume that the residual spending (x̃) is normally distributed for all risk classes with

mean x and variance �
2. Then the expected utility of having an individual of any risk class is

equal to:

E[ex̃] = e
x+ 1

2�
2

(3.7)

As described before, x̃ with mean x is the same as -↵✏̃ with mean zero and variance ↵
2
�
2:

E[e�↵✏̃] = e
1
2↵

2�2
(3.8)

E[e�↵✏̃] is equal to e↵⇡ given that we assume a normal distribution and ⇡ is the risk premium

to compensate the variation ✏̃.

In other words:

e
↵⇡ = e

1
2↵

2�2
(3.9)

To determine the risk premium for equal utilization of portfolios for health insurers with a

constant risk aversion we determine ⇡. The amount an insurer would be willing to pay to avoid

the uncertainty associated with a specific risk class is denoted by ⇡. The utility obtained by

insurers from each risk class can then be calculated by the average expected equalization result

(which is equal to the average expected residual spending (x̃) - the risk premium (⇡))12.

Which implies:

↵⇡ =
1

2
↵
2
�
2 (3.10)

Consequently,

⇡ =
1

2
↵�

2 (3.11)

Therefore, the required risk premium to achieve the equivalence principle can be obtained

using equation 3.11. The risk premium is necessary to adhere to the equivalence principle.

Without the risk premium, the utility insurers receive from di↵erent groups of insured are not

equalized in the current model.

Following this, even when residual spending is equalized between risk classes (A1) the utility

for insurers might still be di↵erent over di↵erent risk classes if health insurers are risk averse

(A2). Let us further exemplify using a situation with two risk classes (i and j). Suppose risk class

12Since U(x̃� ⇡) = e↵⇡.

17



i has a larger variance than risk class j (A3). The respective utility functions for the insurers

would be as follows:

Ui = xi �
1

2
↵�

2
i (3.12)

Uj = xj �
1

2
↵�

2
j (3.13)

With:

A1: xi = xj

A2: a>0

A3: si2 > sj2

Then:

Ui < Uj (3.14)

Consequently, subgroups with the lowest volatility13 maximize the utility of the portfolio

holder, i.e., the insurer. Thus, even with the sophisticated RE Model, incentives for risk selection

persist based on the volatility of the risk classes. In other words, more volatility in the residual

spending of a risk class leads to increased incentives for risk selection. The volatility of variances

can be addressed by implementing an ex-ante risk premium ⇡.

In conclusion, health insurers are compensated for the average expected costs of each risk

class in the current system. However, if health insurers are risk-averse and the variance di↵ers

significantly across risk classes, their utility will vary for di↵erent risk classes (equation 3.14).

To address this, a risk premium (⇡) should be introduced to account for the di↵erences in the

variance of residual spending between risk classes (equation 3.11).

The next chapters will empirically investigate if di↵erences in variances between di↵erent

risk classes are significant in the RE model. In the case of significant di↵erences, the required

risk premia, subject to the CARA of health insurers, will be calculated

13Risk classes consisting of healthy individuals are expected to have the smallest variance.
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Chapter 4. Data

4.1 Data description

This section describes the data used to study the perception of risk regarding the volatility of

the costs and compensation in the Dutch RE model and to examine to what extent utilities

are di↵erent across groups of insured. I use data containing individual information on somatic

medical spending covered under basic health insurance and the risk characteristics for all citi-

zens with basic health insurance for the years 2021-2023. The information on somatic medical

spending is estimated using healthcare expenditure data from year t-3. In other words, the 2018,

2019, and 2020 healthcare expenditure datasets are prepared to estimate the compensations for

2021, 2022, and 2023 respectively.

To protect privacy, the citizens’ service numbers (BSN numbers) were made anonymous by

a third trusted party before the dataset was made available for this research14.

4.1.1 Risk adjusters and risk classes

The risk adjusters and the number of risk classes per adjuster change slightly over time. The

dataset consists of 12 risk adjusters in 2021 and 13 risk adjusters in 2022. The dataset consists

of 14 risk adjusters in 2023 that collectively account for 233 risk classes15. Risk classes take the

form of dummy variables with a value of 1 (0) for individuals who are (not) members of that

risk class.

In 2023, the risk adjuster IBP has been introduced as the costs of women who are pregnant

are significantly higher than the healthcare costs of women who are not. Moreover, there are 5

risk classes added to the FCG risk adjuster to compensate people who do make substantial usage

of specific medicines but do not reach the threshold to be classified in the corresponding FCG

yet (Zorginstituut Nederland, 2020b, 2021b, 2022c). The slight alterations of the risk adjusters

and risk classes do not influence the analysis of this thesis. when analyzing risk classes it is made

sure there have not been fundamental changes for these specific risk classes as a consequence of

the changing RE model.

The risk adjusters in 2023 (Zorginstituut Nederland, 2022b; ESHPM, 2020a, 2021, 2022; de

Vries, 2022) are the following:

1. Age interacted with gender (Gender*age): Classification of age into 18 groups of

5 years for both men and women16. The age group 15-24 has a di↵erent classification:

15-17 and 18-24 years because individuals are considered adults from 18 years. There are

two additional categories for 0-year-olds (born the prior year, and born this year) and a

category for 90+ years. Total: 42 risk classes.

14According to Dutch Civil Law, Article 7:458, obtain informed consent from patients or approval from a
medical ethics committee for observational studies that do not contain directly identifiable data is not mandatory.

15Please refer to appendix B for a more detailed overview of the risk adjusters and the number of risk classes
for the years 2021-2023.

16In the case people are registered as unidentified gender these individuals are registered in the female risk
class.
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Each individual must score positive on one and only one risk class of the risk adjuster

”Gender*Age”. The model uses the age of the individuals on June 30th in the year prior.

2. Pharmacy-based cost groups (PCGs): 47 PCGs, based on extramural dispensed

pharmacy prescriptions in the year t-1. Individuals are classified in a positive PCG risk

class if they have received 180 defined daily dosages17 (DDD) of a particular pharmaceutical

within the last year. There is an additional risk class for insured persons not classified in

any PCG. Total: 48 risk classes.

Individuals can be classified into multiple PCG risk classes simultaneously. There are

restrictions on which PCGs can be combined and which cannot be combined.

3. Diagnosis-based cost groups (DCGs): There are 26 DCGs based on clusters of combi-

nations of hospital diagnoses plus diagnosis treatment combination18 (DTC) care products

three years prior19. There is an additional risk class for insured persons not classified in

any DCG. Total: 27 risk classes.

Individuals can be classified in multiple DCG risk classes simultaneously. There are re-

strictions on which DCGs can be combined and which cannot be combined.

4. Durable medical equipment cost groups (DMECGs): There are 14 DMECGs based

on the usage of assistive devices in the last year. Individuals can be classified into multiple

DMECGs simultaneously. There is an additional risk class for insured persons not classified

in any DCG. Total: 15 risk classes.

Individuals can be classified in multiple DMECG risk classes at the same time, there is no

limitation for specific combinations of DMECG risk classes.

5. Source of income interacted with age (SoI*age): This risk adjuster is classified

into 7 di↵erent socioeconomic statuses: fully disabled, other disabled, welfare recipients,

self-employed, highly educated, students, and a reference group. Within each category,

distinction is made on six age groups: 0-17, 18-34, 35-44, 45-54, 55-64, and 65-69 years.

Except for the category students which only has the age group 18-34 and the highly

educated group which has the distinction of age classes 18-44. An additional risk class is

created for individuals 70+ years. Total: 36 risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”SoI*Age”. The model uses the SoI of individuals as of June 30th in the year prior.

6. Region: The risk classes are not a geographical region but are groups of four-digit postal

code areas20. Total: 10 risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”Region”. The model uses the region of individuals as of June 30th in the year prior.

17The DDD is based by the WHO Collaboration Centre for Drug Statistics Methodology (WHO, 2024).
18In Dutch: Diagnose-behandelcombinatie (DBC).
19What DTC care product corresponds to what DCG class is more thoroughly explained in WOR 988 (2020b).
20The classification of the postal code into a specific risk class is determined on characteristics such as the

healthcare supply, socioeconomic conditions, and remaining health disparities in that postal code (Zorginstituut
Nederland, 2022c).
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7. Socioeconomic status interacted with age (SES*age): Four categories, very low,

low, middle, and high, based on address income. Within each category, a distinction is

made for the age group 0-17, 18-69, and 70+. Total: 12 risk classes.

The model uses the SES of individuals as of June 30th in the year prior.

8. Household size interacted with age (HHS*age): Four categories, residents of a long-

term care institution21 as of this year, residents of a long-term care institution as of prior

to this year, single-person households, and, all other households. Within each category, a

distinction is made for the age groups 18-69, 70-79, and 80+. There is an additional risk

class for those under 18. Total: 13 risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”HHS*age”. The model uses the HHS of individuals as of June 30th in the last year and

the year before in case of being in a long-term care institution.

9. Multiple-year high-cost groups (MYHCs): Classification of insured into groups

based on their cumulative costs over the previous three years. The threshold for clas-

sification is based on the top 15%, top 10%, top 7%, top 4%, top 1.5%, or top 0.5% costs

compared to all other insured. There is an additional risk class for insured persons not

classified in any of these multiple-year high-cost groups. Total: 9 risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”MYHC”.

10. Physiotherapy diagnosis cost groups (PDCGs): Classification of insureds into cat-

egories based on a chronic diagnosis with unlimited treatment duration as determined by

declarations in the previous year. There is an additional risk class for the insured not

assigned to any PDCGs. Total: 4 risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”PDCG”. In case someone has indications of diagnoses that are presented in multiple risk

classes the risk class with the largest compensation is attributed to this individual.

11. Prior spending on home care (PSHCs): Classification of insured into groups based

on their cumulative nursing and care costs over the previous three years. The threshold

for classification is based on the top 3.5%, 3.0%, 2.5%, 2.0%, 1.5%, 1.0%, 0.5%, and 0.25%

nursing and care costs compared to all other insured. Children (under 18) classified in the

highest nursing and care category (top 0.25%) in the preceding year are in a separate risk

class. There is an additional risk class for the insured not assigned to any PSHC. Total:

10 risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”PSHC”.

12. Historical somatic morbidity (HSM): Two categories, people who were classified with

at least one somatic morbidity indicator (positive indication on a risk class in on of the

21Long term care is settled in a separate Healthcare Act, the Long Term Care Act (In Dutch: Wet Langdurige
Zorg (wlz). The year prior to moving to long-term care institutions individuals are likely to have high healthcare
costs. That is why moving into a long-term healthcare institution is considered in the HIA.
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risk adjusters: PCG, DCG, PDCG, MYHCG, DMECG) in the past three years and people

who have not been indicated with a somatic morbidity in the past three years. Total: 2

risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”HSM”.

13. Multi-year pharmacy costs (MYPC): Two categories, people who were classified with

pharmacy costs in the top 25% at least once in the last three years and people who have

not been classified in the top 25% pharmacy-based cost group in the past three years.

Total: 2 risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”MYPC”.

14. Indication of Pregnancy / Birth (IPB) Two categories, people who have indications

of pregnancy/birth and people without indication of pregnancy/birth in the past year.

Individuals are considered to have indications of pregnancy/birth when declarations in

maternity care. Total: 2 risk classes.

Each individual must score positive on one and only one risk class of the risk adjuster

”IPB”.

The morbidity risk adjusters and their corresponding risk classes are indicators. Note that

the Ministry of VWS does have access to the costs made but does not have access to the

medical information of all individuals. Therefore, the RE model uses prior usage of healthcare

as a predictor of healthcare spending in year t. For example, individuals score positively on a

PCG indicator when they use the minimum defined daily dose (DDD) for 180 days in a calendar

year. As a result, when individuals do not reach 180DD in year t-1, the model does not capture

the underlying medical issue.

4.2 Data preparation

This section describes the steps taken to prepare the data for analysis. To prepare the data I

must first define the variables correctly for all three years. Next, I aggregated the healthcare

expenditure for each unique Pseudo-BSN. Moreover, I annualized the healthcare expenditure

for individuals who were not insured for a full year. Lastly, the data sets are cleaned and

observations with administrative errors are removed.

Define variables:

As a first step, I construct all risk classes as dummy variables. Secondly, the somatic healthcare

costs are given in eurocents. The costs for the various types of costs are therefore transformed

from eurocents to euros.
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Aggregation of observations with the same Pseudo-BSN:

Furthermore, individuals may have changed health insurers and therefore have had multiple

contracts in the same year. All individuals that have multiple contracts in one year are therefore

duplicated in the dataset. The duplicated records are compromised to one observation. I

aggregate the dataset on the unique pseudo-BSN and risk characteristics. In the subsequent

parts of this study, the prevalence of any group is consistently measured in insured years, rather

than the total number of contracts.

Annualization of healthcare expenditure:

Individuals may have stopped their health insurance at any point during the year because of

death or migration. Therefore, in all analyses, I follow the procedure of annualizing healthcare

expenditures.

Next, the individual level expenditures are annualized and weighted by the fraction of the

year an individual was enrolled. Therefore I use the variable ’weight’ as the fraction of the

year the individual was enrolled in health insurance22. Using annualized costs prevents the

underestimation of somatic healthcare expenditure for individuals who are not insured during

the full year.

Cleaning the dataset:

Some observations display negative costs. This is considered an administration error and these

individuals are removed from the dataset. Moreover, some observations display missing costs.

These observations are also dropped from the dataset.

Lastly, in each dataset, there are individuals with a weight larger than 1, which would

suggest that they are insured for more than a full year. This is considered an administration

error, so these weights are set equal to 1.

4.3 Descriptive statistics

Table 4.1 shows the descriptive statistics after data preparation.

4.3.1 Descriptive statistics on sample level

Table 4.1: Descriptive statistics on healthcare costs (made representative for 2021-2023)

22An example of the the annualization is as follows: Suppose an individual is insured for 50 days of the year
in 2021. The weight of this individual can be calculated as follows: 50/365=0.14. Therefore the expenditure of
these individuals is annualized by dividing the actual costs by this person’s weight. Suppose this person had €650
healthcare cost in these 50 days. The annualized costs would then be 650/0.14= €4642.
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Metric 2021 2022 2023

# of contracts 17,321,702 17,431,601 17,497,406

# of individuals 17,256,313 17,365,572 17,437,779

# of insured years 16,951,713 17,058,689 17,148,230

Total expenditure (in billion €) 40.817 42.405 40.772

Mean spending (€) 2,407.82 2,485.82 2,377.60

Standard deviation (€) 8,704.38 8,895.51 9,095.63

Minimum (€) 0.00 0.00 0.00

Maximum (€) 8,890,455 10,173,408 10,207,420

Median (€) 462.13 489.99 443.47

The number of insured years increases slightly over time as the Dutch population is growing.

The mean healthcare spending is relatively constant over 2021-2023. The healthcare costs display

a positive skew. There is a large right tail indicating that there are individuals with very high

expenditure relative to the rest of the individuals in the dataset. This can be observed by

comparing the maximum healthcare costs with the mean and median healthcare costs. The

mean exceeds the median, indicating a positive skew. Additionally, the maximum value is a lot

larger, further highlighting the skewness.
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Chapter 5. Methodology

This thesis tests if the utility of healthcare insurers is di↵erent for di↵erent subgroups of indi-

viduals. The goals of our analyses are 1) to quantify the heteroscedasticity of residual spending

across and within selective subgroups of insured and 2) to approximate its potential e↵ect on

the utility for healthcare insurers by applying the findings to the utility framework as described

in the previous section, ultimately applying MPT (see equation 3.11 and 3.1). This section

describes methods used to achieve these goals.

5.1 Estimation of the risk equalization model

The ex-ante compensation rewarded to health insurers is the sum of the expected healthcare cost

of each individual in their portfolio for that year. The expected healthcare costs are estimated

using an OLS regression for each year, equation 5.1. The OLS aims to minimize ✏ with respect

to �.

ŷi =
MX

j=1

xij ⇤ �j + ✏i (5.1)

The compensation an insurer gets per individual is the expected healthcare cost ŷi i.e, the

fitted value
P

xij�j . Where xij is a binary variable, with j representing the risk class (M=233

risk classes in total) and i representing a unique individual. The �j represents the compensation

for the risk class j. The ✏i represents the residual spending for individual i. The average of

the fitted value
P

xij�j - the actual costs are zero per definition for each subgroup, given the

characteristics of the OLS. The risk adjusters are used to predict individual level spending. The

Dutch RE model is estimated using an OLS regression model based on those risk classes The

application of OLS is highly interpretable on an individual level The coe�cient bi is interpreted

as the ceteris paribus change in predicted annualized healthcare expenditure for an individual

and thus the change in ex-ante compensation rewarded to an insurer, given that the indicator

variable equals 1.

Restrictions in the estimation model

The OLS estimation model as depicted in equation 5.1 is subject to constraints 5.2, 5.3, and,

5.4.

The first restriction indicates that the risk adjuster ”Gender*Age” exactly distributes the

total Macro Performance Amount (MPA). This ensures that the ”Gender*Age” variable sets the

predictable healthcare costs and the other risk classes can increase or diminish that amount.

NX

i=1

wi

LX

j=1

B̂AgeGender(j)xi,AgeGender(j) =
NX

i=1

yi (5.2)
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Where: AgeGender(j): illustrates the unique risk classes within the variable ”Age and

Gender”. The 42 risk classes within the variable ”Age and Gender” are denoted by ’L’.

Additionally, the following two restrictions are applied to ensure that the sum result for

each risk adjuster adds up to exactly 0.

NX

i=1

wi

X

j2
B̂k(j)xi,k(j) = 0, (5.3)

 = {PCG,DCG,DMECG,Region,MY HC,PDCG,PSHC,HSM,MY PC, IPB}

NX

i=1

wi

X

Age,j2⇢
B̂⇢(Age,j)xi, (Age,j) = 0, (5.4)

⇢ = {SoI, SES,HHS}

Note that for all variables except the PCGs, DCGs, and MDECGs, individuals can only

score positive on one indicator per variable. However, for the PCG, DCG, and MDECG individ-

uals can have indications of more than one as they can use multiple medications, have multiple

diagnoses, use multiple forms of aid equipment. Therefore, the residual spending does not per

definition add to 0 when only looking at specific risk classes within these variables.

Estimation of residual spending

Residual spending is determined as the di↵erence between the expected and actual costs on an

individual level.

Residualspendingi = ŷi � yi (5.5)

5.2 Analysis of the distribution of residual spending

Distribution of residual spending for people that are undercompensated vs. people

that are overcompensated

Individuals that score positive on one of the morbidity indicators are more prone to under-

compensation and the residual spending is more pertinent for individuals who are prone to

undercompensation (Equalis, 2023; Oskam et al., 2024; Withagen-Koster et al., 2018). There-

fore, I created subgroups for people who were undercompensated and overcompensated in year

2021, 2022, and 2023. I compare the residual spending patterns between people who were never

undercompensated, once undercompensated, twice undercompensated or three times undercom-

pensated in three years. I compare whether there are striking di↵erences in the residual spending

distribution between these groups.
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Distribution of residual spending for a specific risk class

Furthermore, the residual spending is compared at the subgroup level to determine if there are

di↵erences in residual spending between di↵erent subgroups of insured. The predefined risk

adjusters and the risk classes are used to create specific groups of insureds. The di↵erence in

residual spending is tested using Levene’s test, testing the equality of variances.

Levene’s test is a statistical test based on deviations from the group mean. The test statistic

follows an f-distribution under the null hypothesis. The null hypothesis states that the variances

are equal between two (or more) groups. Consequently, when the p-value is less than the chosen

significance level I will reject the null hypothesis and conclude there is a significant di↵erence

in the variances between the groups. In this thesis, I reject the null hypothesis for all p-values

smaller than p = 0.05.

Levene’s test allows to compare multiple groups while the f-test maximally can compare 2

groups. Furthermore, Levene’s test does not require data to be normally distributed (unlike the

f-test). Therefore it is robust to normality violations.

Concluding, Levene’s test is used to analyze whether the standard deviation of e is signifi-

cantly di↵erent across subgroups (i.e., whether there is heteroscedasticity of residual spending).

Consequently, the variances are tested if they are consistent over the years 2021, 2022 and 2023.

Risk premia required following significant heteroscedasticity of residual spending

In case of significant di↵erences in the residual spending between di↵erent subgroups of insured,

the di↵erences in the required risk premium of these subgroups are calculated using MPT.

The variance of residual spending is considered a di↵erence in the variance of the return on

investment as described in the theoretical framework. The degree of utility di↵erences depends

on the magnitude of the risk aversion and the magnitude of the residual spending. In the case

that healthcare insurers are risk averse, significant di↵erences in the residual spending between

groups indicate that the utility enjoyed by signing individuals into an insurance policy is not

equal for individuals from di↵erent subgroups of insured. However, the degree of risk aversion

is rather arbitrary. Therefore, I argue to apply a wide range of risk aversion and interpret the

sensitivity of the risk premiums. As discussed in the theoretical framework, I assume that health

insurers are risk averse. Specifically, (a>0) ranging between 0,01 to 0,10.

The risk aversion values, together with the estimated di↵erences in residual spending, will

be applied to calculate the risk premia, following equation 3.11. Multiple values in the identified

risk aversion range are applied in the utility function to determine the di↵erence in the utility

for insurers for di↵erent subgroups of insured. These scenario analyses will showcase the impact

of the levels of risk aversion on the equalization principle if there is a significant di↵erence in

the residual spending between subgroups of insured.
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Chapter 6. Results

This section presents the results of the analysis on heteroscedasticity in residual spending within

the Dutch health insurance market. The findings are structured around the main research

questions and the hypothesis of the respective sub-questions.

6.1 Replication of the risk equalization model

First, I replicate the RE model for the years 2021, 2022, and 2023 using the OLS with the

restrictions, as posed in the methodology (equation 5.1 - 5.4). Following this, I determine the

total predicted medical costs (i.e. ex-ante compensation) for the years 2021, 2022, and 2023.

Lastly, I determine the residual spending which is the actual spending minus the predicted

spending, as described in the methodology (equation 5.5). For perfect equalization, the residual

spending amounts to €0. The residual spending and its standard deviations for 2021-2023 are

displayed in table 6.1. Lastly, I merge the datasets of 2021, 2022, and 2023 into one dataset.

Table 6.1: Summary statistics of residual spending (2021-2023)

Metric 2021 2022 2023

# of Insured years 16,951,713 17,058,689 17,148,230

Residual spending (€) 0.00 0.00 0.00

Standard deviation (€) 6,971.94 7,124.32 7,405.73

6.2 Distribution of residual spending for people that are under-

compensated vs. people that are overcompensated

I analyze the aggregated data to see if there are any discrepancies in the distribution of resid-

ual spending between people who are overcompensated vs. people who are undercompensated.

Therefore, I construct groups of people who have been undercompensated and/or overcom-

pensated in each year. Next, I analyze the frequency of which individuals have been un-

der/overcompensation in the period 2021-2023, see figure 6.1. The frequency on the vertical

axis indicates the percentage of the population per level of residual spending. The distribution

of residual spending of people who have never been undercompensated (i.e. always overcom-

pensated) is more narrowly distributed than the people who have been undercompensated once,

twice, or three times over the period 2021-2023. This suggests that the variance of residual

spending is higher for individuals that are undercompensated. The individuals overcompen-

sated for one or more years in 2021-2023 exhibit a more widely dispersed distribution. Overall,

the majority of all insured years have been slightly overcompensated over the period 2021-2023.
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Figure 6.1: Total compensation over the years 2021-2023 per individual and the number of times someone
was undercompensated during these three years.

UC 0: Individuals who were never undercompensated in 2021, 2022, or 2023 (i.e., always

overcompensated).

UC 1: Individuals who were undercompensated once in 2021, 2022, or 2023 (i.e., overcompensated

twice).

UC 2: Individuals who were undercompensated twice in 2021, 2022, or 2023 (i.e., overcompensated

once).

UC 3: Individuals who were undercompensated in all three years: 2021, 2022, and 2023 (i.e., never

overcompensated).

6.3 Distribution of residual spending for a specific risk class

The risk adjusters and risk classes from the RE model are used to create a specific group of

insured to analyze in this thesis. The goal is to provide in detail how the distribution of residual

spending is portrayed for specific groups of insured. The number of insured years, the residual

spending, and the standard deviation of residual spending for all 233 risk classes in the 14 risk

adjuster variables for the year 2023 are displayed in tables 1-14 in appendix D.

As discussed in the literature review it would be most interesting to investigate if there are

di↵erences in residual spending distributions between subgroups that are prone to under and

overcompensation. Furthermore, the goal of this thesis is to investigate the degree of residual

spending in more detail compared to the paper by Oskam et al. (2024). Oskam et al. (2024)

found that individuals who have positive morbidity indicators are more likely to be undercom-

pensated than individuals without morbidity indicators. Therefore the morbidity indicators

(PCG, DCG, DMECG, HSM, MYHC) are particularly interesting to investigate the pattern

of residual spending. Moreover, Withagen-Koster et al. (2023) emphasizes the importance of

predictability for heteroscedasticity to be a potential source of risk selection incentives. I assume

that the morbidity indicators PCG, DCG, and, DMECG show a larger degree of predictability

in the cost claims made as these indications are hinged on specific diseases. Therefore, I will

look specifically into a risk class from the PCG.

Within the risk adjuster ”PCG” the indications of Cancer (add-on), Pulmonary Arterial

Hypertension, and kidney diseases show the largest standard deviations (Appendix D, table 2).

Cancer is divided into two risk classes and the latter is an add-on class that consists of very

specific and expensive medications. The risk class indicating Pulmonary Arterial Hypertension
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has a smaller group size compared to the cancer add-on risk class and kidney diseases risk class.

Moreover, there have been changes in the definition of the risk class of Pulmonary Arterial

Hypertension from 2021-2023 as a result of the inclusion of the risk adjusters HSM and MYPC

(Rijksoverheid, 2022).

I decided to further investigate the distribution of residual spending for the PCG indication

kidney diseases23.

6.3.1 Residual spending for pharmaceutical indication of kidney diseases

Table 6.2 shows the prevalences of kidney diseases in the RE model, the mean residual spending

in 2021-2023, and the standard deviation.

Table 6.2: Mean residual spending and standard deviation for kidney disorders vs. no PCG indicator
from 2021 to 2023

Year Risk class Insured years Mean residual Std. dev.

(#) spending (€) (€)

2021 No PCG indicator (PCG 0) 13,109,564 3.49 5,522.50

Kidney disease (PCG 25) 9,016 3.49 32,646.16

2022 No PCG indicator (PCG 0) 14,451,869 12.01 5,645.01

Kidney disease (PCG 25) 5,661 12.01 32,979.55

2023 No PCG indicator (PCG 0) 12,673,258 17.83 5,671.22

Kidney disease (PCG 30) 5,316 17.83 32,403.76

The number of people with kidney disease indications based on the RE model has decreased

from 2021 to 2022 and 2023. The definition of kidney diseases, medication, and the DDD have

remained consistent over the years 2021-2023 (Zorginstituut Nederland, 2020a, 2021a, 2022a).

It could be the case that there are fewer people with kidney diseases. However, this option

seems unlikely as the number of people with kidney diseases is on a rising trend24 (Francis et al.,

2024). Possible reasons for the decline of insured years that score positive on this risk class over

2021-2023 as observed from table 6.2 may be because of changes in the prescription of medicine.

The following figures depict the distribution of residual spending for individuals who score

positively on the pharmaceutical indication of kidney diseases vs. the individuals who do not

score positively on any pharmaceutical indication of kidney diseases.

23The risk class PCG25 in 2021 and 2022, PCG30 in 2023 corresponds to the pharmaceutical indication of
kidney diseases (ESHPM, 2020a, 2021, 2022).

24Kidney diseases are the third fastest growing cause of death worldwide.
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Figure 6.2: Distribution of residual spending -
PCG risk class corresponding with kidney dis-
eases 2021.

Figure 6.3: Distribution of residual spending -
PCG risk class corresponding with kidney dis-
eases 2022.

Figure 6.4: Distribution of residual spending -
PCG risk class corresponding with kidney dis-
eases 2023.

The distribution representing the pharmaceutical indication of kidney diseases has a larger

deviation than the distribution of the group of individuals without any positive pharmacy cost

group indicator. Moreover, the frequency of residual spending on kidney disorders is highest for

negative residual spending. At the same time, the frequency in the group with no pharmacy

cost group indication has a sharp frequency around the perfect equalization. Furthermore, it is

interesting to see that the distribution of no pharmacy cost indicators has a smaller distribution

but has more outliers compared to the group with indications of kidney disorders. The figures

3.2-3.4 do not show the whole array of the distribution, the outliers can be observed far outside

of the set borders. The di↵erences between the kidney disorder indication group and the group

with no pharmacy cost group indication seem to be distinctively di↵erent from each other.

Consequently, when I perform a statistical test of equal variances (Levene’s test), I conclude

that the variance of residual spending for the risk class corresponding to the pharmaceutical

indication of kidney diseases is statistically di↵erent from the variance of residual spending for

the risk class corresponding to no positive pharmacy indication, p = 0.0001 (p < 0.05), ceteris

paribus. I find this result for 2021, 2022, and, 2023.

The results are robust to the specification of the statistical test. Applying both f-tests and

Levene’s tests yielded consistent results, reinforcing the reliability of the findings.

31



6.3.2 Consistency of residual spending for pharmaceutical indication of kid-

ney diseases over time

When I compare the residual spending patterns over the three years I conclude that the residual

spending of the risk class with a pharmaceutical indication of kidney diseases follows a similar

distribution of residual spending over 2021-2023. This is depicted in the figure below:

Figure 6.5: Residual spending distribution for positive indication of pharmaceutical cost group ”kidney
diseases” for 2021-2023.

The distribution of kidney diseases shows a sharp increase in frequency for residual spending

of approximately -€12,500 for all three years25. The spike in prevalences in this range may

indicate underlying characteristics driving similarities in residual spending patterns away from

the point of perfect equalization. When I use Levene’s test for testing the homogeneity of

variances I find that we cannot reject the null hypothesis of homogeneity of variances as p =

0.8652 (p < 0.05). There is not enough evidence to reject the null hypothesis that the variation

in residual spending is consistent over the years 2021-2023.

Since there is not enough evidence to suggest that the variation of residual spending over

2021-2023 is di↵erent it is assumed that the variation of residual spending remains consistent

for these years. A constant variation indicates that the variance in the residual spending over

time is predictable.

6.3.3 Underlying characteristics driving residual spending within kidney dis-

eases

This section dives further into the drivers of residual spending within kidney diseases. I compare

the residual spending of underlying characteristics of individuals with positive indications on the

pharmaceutical cost group associated with kidney diseases.

25Negative residual spending indicates a profit for the insurer.
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Research by Vervloet et al. (2023) shows that the groups of people with kidney diseases

are overrepresented by female patients (57%). Furthermore, the average age of people with

chronic kidney diseases is 72 years. People with kidney diseases are often seen to have multiple

co-morbidities. Diabetes is especially a prevalent co-morbidity for people with kidney diseases.

Approximately 23% of all people with kidney diseases have diabetes mellitus II (Vervloet et al.,

2023). Simultaneously, diabetes plays a notable role in the causation of kidney diseases (Kumar

et al., 2023). Moreover, the mean age of all people with kidney diseases is 72 years old. However,

when in combination with other diseases (co-morbidities) these statistics change. For example,

the average age of people with kidney disease with heart failure as a co-morbidity is 81 years

old, which is 9 years older than in the case of all people with kidney diseases (Vervloet et al.,

2023). Similarly, more co-morbidities are observed patients that are older.

This information is taken into consideration when investigating patterns underlying the vari-

ation of residual spending within the risk class. Therefore, I look into the dispersion of residual

spending for men and women with kidney diseases. Next, I compare young (-65 years) and

elderly (+65 years). Lastly, I compare the distribution of residual spending for individuals with

kidney diseases and co-morbidities such as diabetes mellitus. These underlying characteristics

may be driving the heteroscedasticity in residual spending within the risk class corresponding

with kidney diseases

Gender di↵erentiation in residual spending for pharmaceutical indication of kidney

diseases

Of all individuals who are classified into the indication of kidney disease based on pharmaceuti-

cals 49.9% are male and 51.1% are female. The distribution is more widely dispersed for males

(figure 6.6). Levene’s test shows a p-value of 0.0001 (p < 0.05). Therefore, I reject the null

hypothesis of equality of variances.

This indicates that di↵erences in residual spending may be predictably driven by gender

di↵erences. The reason that gender may be a driver of predictable di↵erences could be due to

di↵erent presentations of kidney diseases in women and men.

Age di↵erentiation in residual spending for pharmaceutical indication of kidney

diseases

When comparing the residual spending patterns of a positive pharmaceutical indication of kidney

diseases (PCG 30 = 1, in 2023) it is observed that the distribution is generally similar but does

show di↵erences between individuals being 65+ years and individuals being 65- years (figure

6.7). There are 1,089 individuals with a positive classification of PCG30 who are 65- and 4,985

individuals who are 65+ or older. The distribution is more widely dispersed for the 65+ group.

Levene’s test shows a p-value of 0.0143 (p < 0.05). Therefore, I reject the null hypothesis of

equality of variances.

This indicates that di↵erences in residual spending for individuals with pharmaceutical

indications of kidney diseases may be predictably driven by age di↵erences. Age may be a driver

of predictable di↵erences in residual spending for individuals with a pharmaceutical indication
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of kidney diseases because the life expectancy of people with kidney diseases is significantly

compromised (Nierstichting, n.d.).

Co-morbidity di↵erentiation in residual spending for pharmaceutical indication of

kidney diseases

When comparing the residual spending patterns of a positive pharmaceutical indication of kidney

diseases (PCG 30 = 1, in 2023) I find that the distribution is quite similar (figure 6.8). There

are 1,893 individuals with a positive classification of PCG 30 and with a positive classification

of DCG3, among which diabetes is one of the diagnoses. There are 4,181 individuals with no

indication of any diagnosis cost group.

The distribution is more widely dispersed for the individuals with the positive diagnosis

risk group. Levene’s test shows a p-value of 0.385 (p > 0.05). Therefore, I do not reject the null

hypothesis of equality of variances. The indication of diagnosis group DCG3, does not seem to

drive heteroscedasticity of residual spending for individuals with a positive indication of kidney

diseases.

Figure 6.6: Distribution of residual spending for
”gender” within PCG risk class corresponding
with kidney diseases - 2023.

Figure 6.7: Distribution of residual spending
for ”age” within PCG risk class corresponding
with kidney diseases - 2023.

Figure 6.8: Distribution of residual spending
for co-morbidity within PCG risk class corre-
sponding with kidney diseases - 2023.
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6.4 Risk premia required to compensate financial risk as a con-

sequence of heteroscedasticity of residual spending

Following equation 3.11, I determine the required risk premium using residual spending and

the risk aversion level. Equation 3.11 determines the required risk premium for a risk class as a

whole. Therefore, I divide by the number of individuals per risk class to obtain the risk premium

per person per risk class.

6.4.1 Risk premium required for individuals with a pharmaceutical indication

of kidney disease

Table 6.3 displays the risk premium required per person for people with a positive pharmaceutical

indication of kidney diseases (PCG30 = 1).

Table 6.3: Risk premia - sensitivity analysis for PCG30

Risk class / Risk aversion 0.01 0.02 0.09 0.10

Risk premium for PCG30 = 1 € 1,128.27 € 2,256.54 € 10,154.41 € 11,282.68

% change in required compensation +10.89% +21.77% +97.98% +108.86%

The required risk premium is relatively large compared to the current compensation. The

compensation insurers receive for an individual with a positive indication of PCG30 in 2023 is

€10,363.92 For a risk aversion level of 0.01, the required compensation amounts to €1,128.27,

which entails a percentual increase of 10.89% compared to the current compensation. For

higher risk aversion levels, the required compensation and the percentual increase compared

to the current compensation are even larger. This seems unreasonable, as the incentives to

risk selection do not seem as obvious in the current state that such large risk premia would be

required. Therefore, potentially even smaller risk aversion levels would be appropriate. However,

further research must determine the risk aversion level most appropriate to the Dutch health

insurers market.

Risk premiums required for individuals with a pharmaceutical indication of kidney

disease - adjusted standard deviations

The method applied in the previous section results in a required risk premium for all risk

classes26. However, this seems highly impracticable. Rather one can argue that the current

compensations are already quite adequate, at least to a certain degree of variance. Therefore,

one could argue that the risk premium should be based on the variance exceeding a ’normal’

variance. To exemplify I used the average standard deviation in residual spending of the whole

population in 2023 as a benchmark to observe the excessive standard deviation in other risk

classes. I compute the adjusted standard deviation for each risk class by subtracting the average

standard deviation of residual spending in 2023 from the standard deviation of each specific risk

class. Consequently, the adjusted standard deviation of residual spending for each risk class

26All risk classes portray some variance and according to the model therefore all risk classes would require
some risk premium to compensate the variance. The risk premium would be very small for most risk classes.
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decreases by 7,405.73. Therefore, the adjusted standard deviation results in a smaller variance

and logically a smaller risk premium required for the risk classes. In some cases, the adjusted

standard deviation is negative and will result in a risk discount of the compensation of that

risk class. Alternatively, one could argue that the risk class with the lowest standard deviation

could be taken into consideration as the benchmark to observe excessive standard deviation in

residual spending.

Take, for instance, the example of the pharmaceutical indication for kidney diseases. Ta-

ble 6.4 shows that the risk premium is substantially smaller when using an adjusted standard

deviation compared to the risk premium shown in table 6.3 which considers absolute standard

deviations.

Table 6.4: Risk premia computed with adjusted standard deviations - sensitivity analysis for PCG30

Risk class / Risk aversion 0.01 0.02 0.09 0.10

Risk premium for PCG30=1 € 697.37 € 1,394.73 € 6,276.31 € 6,973.67

% change in required compensation +6,73% +13,46% +60,56% +67,29%

6.4.2 Risk premium required for all risk classes

Similarly, the risk premia for all 233 risk classes have been computed in appendix E.

Using the absolute standard deviations all risk classes require a premium to the current

compensation to address the risk of volatility of residual spending. For most risk classes, the risk

premia required is close to €0. This means that these risk classes27 are adequately compensated

for the risk of variance in residual spending. In total, 129 risk classes require a risk premium

that is below 1% of the current compensation attributed to that specific risk class, given alpha

= 0.01. This means that 129 out of 233 risk classes (55%) are adequately compensated for alpha

= 0.01. The other risk classes require a relatively larger risk premium to address the volatility

of residual spending.

There are 76 risk classes that require a premium of 1%-10% of the current compensations

attributed to that specific risk class, if the heteroscedasticity of that group is significant, given

alpha = 0.01. This means that 76 out of 233 risk classes (33%) require a moderately high

premium compensation compared to the current compensation.

There are 11 risk classes that require a premium of 10%-20% of the current compensa-

tions attributed to that specific risk class, if the heteroscedasticity of that group is significant,

given alpha = 0.01. This means that 11 out of 233 risk classes (5%) require a high premium

compensation compared to the current compensation.

There are 17 risk classes that require a premium of more than 20% of the current compen-

sations attributed to that specific risk class, if the heteroscedasticity of that group is significant,

given alpha = 0.01. This means that 17 out of 233 risk classes (7%) require a high premium

compensation compared to their current compensation.

27Gender*age (except for newborns in this year), SoI*age (except low income for young people), Region,
SES*age, HHS*age (except young and middle-aged people transferring to the long term care act), HSM, MYPC
and IPB.
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Risk premiums required for all risk classes - adjusted standard deviations

When using the adjusted standard deviations instead of the absolute standard deviations, not

all risk classes require a premium to the current compensation to address the risk of volatility

of residual spending. Rather, risk classes with standard deviations smaller than the standard

deviations require a risk discount. The results of the risk premiums and discounts for each risk

class using the adjusted standard deviation are portrayed in appendix F.

In total, 184 risk classes require a risk premium that is below 1% of the current compensation

attributed to that specific risk class, given alpha 0.01. Even more so, 57 risk classes portray a

negative risk premium, all but one within the range of -1% to 0%. This means that 183 out

of 233 risk classes (79%) are adequately compensated and one risk class requires a moderate

negative premium,28 for alpha = 0.01.

There are 35 risk classes that require a premium of 1%-10% of the current compensations at-

tributed to that specific risk class, given alpha = 0.01. This means that 35 out of 233 risk classes

(15%) require a moderately high premium compensation compared to the current compensation.

There are 6 risk classes that require a premium of 10%-20% of the current compensations

attributed to that specific risk class, given alpha = 0.01. This means that 6 out of 233 risk

classes (3%) require a high premium compensation compared to the current compensation.

There are 8 risk classes that require a premium of more than 20% of the current compensa-

tions attributed to that specific risk class, given alpha = 0.01. This means that 8 out of 233 risk

classes (3%) require a high premium compensation compared to their current compensation.

28SoI*Age 33: Reference group 35-44 years old is the only risk class that would require a risk discount larger
than 1% of the current compensation given for that risk class.
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Chapter 7. Discussion and conclusion

7.1 Discussion

This thesis has thoroughly examined the financial dynamics and implications of heteroscedastic-

ity in residual spending within the Dutch health insurance market, focusing on eliminating the

sources of incentives for risk selection. The primary research question was to what extent the

variance of residual spending within subgroups of insured individuals contributes to incentives

for risk selection in the health insurers market.

The study confirms significant heteroscedasticity in residual spending for various risk classes,

notably pharmaceutical indication of kidney diseases vs no pharmaceutical indication of disease.

Indicating that insurers face di↵erent levels of financial risk across risk classes. Therefore, the

findings of this thesis confirm the first hypothesis.

H1: Incentives for risk selection remain through di↵erences in the variance of the residual

spending for subgroups of insured, subject to the degree of risk aversion of health insurers.

The standard deviation for residual spending in the risk class with a pharmaceutical indica-

tion of kidney disease was consistently higher compared to the risk class with no pharmaceutical

indication of any disease, over the years 2021-2023. This suggests a greater financial risk for

insurers for enrollees from the first risk class compared to the latter. These findings support the

hypothesis that heteroscedasticity in residual spending is a significant factor in risk selection

incentives. This aligns with the recent study by Oskam et al. (2024), which also identified

significant variances in healthcare spending as a potential driver for risk selection. The het-

eroscedasticity of residual spending necessitates a more nuanced approach to determining the

compensation emerging from the RE model to adhere to the equalization principle.

The elimination of risk selection incentives is crucial for promoting e�ciency, high quality,

and equality of care. The significant heteroscedasticity found for kidney diseases and other

risk classes confirms the need for insurers to be compensated for the financial risks posed by

these variances. Using Modern Portfolio Theory (MPT), the required risk premiums to o↵set

the financial risk of heteroscedastic residual spending were calculated. These premiums vary

significantly based on risk aversion levels. The risk class with kidney diseases is among the risk

classes requiring high relative premiums. This validates the second hypothesis .

H2: Assuming insurers are risk averse, health insurers require a risk premium to compensate

for variance in residual spending. The required premium is dependent on the magnitude of the

variance. The variance is expected to be higher for subgroups with higher healthcare expenditures.

The required risk premium is expected to be higher for groups of insured that are high healthcare

consumers compared to groups that use relatively little healthcare..

Specifically, the results confirm that larger risk premia are required for subgroups of in-

sured that portray relatively high healthcare consumption due to a morbidity indicator on
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specific PCGs, DCGs, or DMECGs. Moreover, the study identified that residual spending for

kidney diseases remained constant over 2021-2023, suggesting predictability. This predictability

is essential as it highlights that heteroscedasticity is a reliable source of risk selection incentives.

Specific underlying characteristics, such as age and gender, were found to drive the het-

eroscedasticity of residual spending within kidney diseases in 2023. This partially confirms the

third hypothesis.

H3: The distribution of residual spending in a risk class may be driven by specific underlying

characteristics. Individuals with higher predicted costs in other categories are hypothesized to

cause larger within-group di↵erences in residual spending.

The distribution of residual spending does seem to be driven by positive indications on

other risk classes. This is true for age and gender in this specific example but does not hold

for highly prevalent co-morbidities. This finding suggests that the interaction of age and gender

within morbidity indicators may be of more importance than initially anticipated.

7.1.1 Robustness

The di↵erences in the variance of residual spending between di↵erent risk classes are consistent

over 2021-2023. Moreover, the findings of this thesis are robust to the specification of the

statistical test, validated by consistent results across di↵erent statistical tests (f-test and Levene’s

test).

7.1.2 Implications

There is a need for policy adjustments to better compensate health insurers for the financial risks

posed by heteroscedasticity of residual spending. Based on the analysis, it is recommended that

policymakers adjust the risk equalization model to account for the variances between di↵erent

risk classes in residual spending. This can be achieved by introducing risk premiums to better

reflect the financial risks faced by insurers, particularly for high-risk classes such as kidney

diseases.

Depending on either using absolute or adjusted standard deviations and the chosen risk

aversion, the majority of the risk classes are adequately compensated for the variance of residual

spending. However, several risk classes require a high risk premium to address the variance of

residual spending. There are 11 risk classes that require a premium of 10%-20% and there are 17

risk classes that require a premium of more than 20% of their current compensations, assuming

a risk aversion of ↵ = 0.01 and using absolute standard deviations. This means that 28 out

of 233 risk classes (12%) require a high to very high premium compensation compared to the

current compensation.

7.1.3 Limitations

Limitations include the assumption of Constant Absolute Risk Aversion (CARA), the magnitude

of risk aversion levels, highlighting the need for more empirical data on risk aversion specific to
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the Dutch health insurance market, and the actual e↵ect heteroscedasticity of residual spending

on health insurers partaking in risk selection.

First of all, one could argue that the CARA assumption does not hold and should rather

consider the CRRA assumption. The CRRA assumption argues that risk aversion is depen-

dent on the initial wealth. Using CRRA would imply the risk premia are dependent on the

wealth/magnitude of each insurer and therefore di↵erent for larger/smaller insurers. Conse-

quently, when we apply the CARA assumption naturally the larger insurers are at a slight

advantage. Therefore, using the CARA assumption to determine the risk premium required

might incentivize market consolidation as a result.

Secondly, the risk aversion level chosen in this thesis is rather arbitrary. There is little to no

research on the risk aversion levels portrayed by health insurers operating in a regulated market.

However, the findings of this paper are contingent on the assumption that health insurers are

risk-averse.

Thirdly, even if health insurers are proven to be risk averse the actual incentive to risk

selection might be dampened. While the heteroscedasticity of residual spending theoretically

poses a source of selection incentives, its practical impact may be limited. In order to perform

risk selection the insurers must actively research which groups to target, then actively market to

that group, for which they will risk an ethically questioned reputation. Therefore, the proposed

additional risk premium might not be necessary, as the incentive for risk selection could be of

smaller importance than suggested in this thesis.

Lastly, the hypotheses and conclusions are specific to the Dutch health insurance market.

Similar systems in other countries may yield di↵erent results due to varying market dynamics

and regulations.

7.1.4 Recommendations for future research

Future research should focus on exploring measures of risk aversion that reflect the realities of the

health insurance market. Furthermore, is needed to investigate the underlying characteristics

driving the heteroscedasticity of residual spending. Moreover, future research must point out

if there is a relation between segmentation of the market and heteroscedasticity of residual

spending. From a practical point of view, future research must investigate what level of variance

of residual spending would be used as a benchmark to practically be able to implement the risk

premia.

First of all, further research is required to identify the actual risk aversion levels present in

the Dutch health insurance market.

Secondly, further research is necessary to investigate the exact drivers of residual spending

for each risk class. A more thorough understanding of the drivers of the variation in residual

spending within risk classes contributes to identifying more targeted approaches for compen-

sating for these risks. The results show that heterogeneity of residual spending within the risk
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class for kidney diseases may be driven by gender and age. Possibly, an interaction of the age

and gender variable with the morbidity indicators might portray a more accurate estimation

instead of the summation of the compensation of the age and gender variable and the morbidity

variable.

Thirdly, this study did not have data available to analyze the distribution of patients over

di↵erent insurers. Therefore, future research must investigate if risk classes with high variance of

residual spending are more segmented in the market compared to risk classes with low variance in

residual spending. Moreover, the question remains to what extent heteroskedasticity of residual

spending is an actual problem if the group of patients from any risk class with a high variance of

residual spending would be evenly distributed across the di↵erent health insurers. As discussed

in the introduction, Geruso and Layton (2017) argues that even the absence of segmentation

does not necessarily imply the absence of risk selection. Risk selection may present through

underserved markets due to all insurers disproportionally underinvesting in certain healthcare

in order to dissuade enrollees from risk classes with higher financial risks. In this case, further

research would be necessary to identify risk selection actions through investigating the strategic

over and underinvestment in specific risk classes.

Lastly, it seems practically unlikely to impose a risk premium to all risk classes, therefore

research is needed to determine from what levels of variances a risk premium would be required.

This thesis proposes the adjusted standard deviation as a threshold to determine what level

of variance would normally be acceptable within the previous model. Moreover, this could be

qualitatively benchmarked with actuarial studies assessing the magnitude of the risk premiums

required by insurers in di↵erent industries to contract individuals with increased risk. To provide

a more adequate evaluation of a normally acceptable variance a qualitative study amongst

policymakers and insurers would be necessary.

7.2 Conclusion

In conclusion, this thesis underscores the importance of addressing the variance of residual

spending to eliminate risk selection incentives. The risk premiums calculated in this thesis

serve as a proxy to identify which specific risk classes require adjustments and to estimate the

approximate magnitude of those adjustments. By refining compensation models for risk through

variances in residual spending and understanding the drivers of this variance, policymakers can

better manage the financial dynamics of health insurance markets and thereby promote a more

e�cient, high-quality, and a↵ordable healthcare system for all, for now, and in the future.
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Appendix A: Simplified example of compensation on an individ-

ual level

This paragraph describes a simplified example of how the Dutch somatic model determines the

compensation that a health insurer receives for a certain individual.

Suppose, a health insurer has a policyholder who is 25 years old and lives in Rotterdam,

Blijdorp. Next to her studies, she works part-time at the university. Her income and socioeco-

nomic status are therefore low. She lives together with roommates she met in university. This

is considered to be living on her own as she has no direct financial link to her roommates. She is

relatively healthy but su↵ers from colitis ulcerosa. According to the somatic healthcare model

of 2023 (WOR 1110), her estimated average somatic healthcare expenditure for the year 2023

equals:

Estimated average somatic healthcare expenditure in 2023 = €2559,72 (female, 25 years old)

+ €1374,83 (colitis ulcerosa) - €1486,63 (no other morbidity-based risk adjuster classification)

- €62,11 (student, 25 years old) - €5,48 (region) - €13,17 (low socioeconomic status, 25 years

old) + €48,91 (single-person household) = €2416,07.

She pays a yearly premium of €165029 to her health insurer. If we disregard the average costs

for the mandatory deductible and the mental healthcare expenditures, the total compensation

that a health insurer receives for this specific policyholder is equal to: €2416.07 - €1650 =

€766.07 per year

29Average nominal premium in 2023 (Rijksoverheid, 2024)
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Appendix B: The number of risk adjusters & risk classes 2021-

2023

Overview of risk adjusters and the number of risk classes per risk adjusters used for the Dutch

somatic ex-ante risk equalization models in the period 2021-2023.

Riskadjuster Description 2021 2022 2023

Gender*Age Interaction between age and gender 42 42 42

PCG Pharmaceutical cost groups 39 43 48

DCG Diagnostic cost groups 27 27 27

DMECG Durable Medical equipment cost groups 15 15 15

SoI*Age Source of income 36 36 36

Region Region based on postal address 10 10 10

SES*Age Social-economic status 12 12 12

PPA*Age Persons per address 13 13 13

MYHC Multiple-year high cost groups 9 9 9

PDCG Physiotherapy diagnosis cost groups 5 5 5

PSHC Prior spending on home care 10 10 10

HSM Historical somatic morbidity - 2 2

MYPC Multi-year pharmaceutical costs - 2 2

IPB Indication Pregnancy and Birth - - 2

Total 218 226 233
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Appendix C: Profit margins of Dutch health insurers 2012-2022

Figure 1: Profit margins of Dutch health insurers 2012-2022 (Orbis, 2024)
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Appendix D: Descriptive statistics of Residual spending in 2023

Table 1: Residual spending of risk classes for the risk adjuster ”Gender*Age”

Residual spending (€)

Risk Adjuster Risk class Insured years (#) Mean Std. dev.

Men 0 Years, born this year 42280.91 0.00 42513.03

Men 0 years, born last year 44267.27 0.00 12142.00

Men 1-4 Years 350950.81 0.00 7643.33

Men 5-9 Years 460139.60 0.00 5323.16

Men 10-14 Years 484052.35 0.00 5743.20

Men 15-17 Years 308164.82 0.00 6020.78

Men 18-24 Years 736942.83 0.00 4662.69

Men 25-29 Years 549395.52 0.00 3777.62

Men 30-34 Years 543208.85 0.00 3760.99

Men 35-39 Years 513183.24 0.00 3930.21

Men 40-44 Years 497410.76 0.00 4436.76

Men 45-49 Years 565243.67 0.00 5476.45

Men 50-54 Years 634041.27 0.00 6608.07

Men 55-59 Years 621313.31 0.00 7914.07

Men 60-64 Years 557285.36 0.00 9498.24

Men 65-69 Years 491522.92 0.00 10836.30

Men 70-74 Years 463223.47 0.00 12037.24

Men 75-79 Years 303475.19 0.00 12553.66

Men 80-84 Years 191732.25 0.00 12104.85

Men 85-89 Years 96255.99 0.00 12210.32

Men 90+ Years 37396.91 0.00 12933.12

Women 0 Years, born this year 40067.32 0.00 39307.53

Women 0 years, born last year 42270.99 0.00 10545.38

Women 1-4 Years 333716.72 0.00 6717.88

Women 5-9 Years 437771.96 0.00 5001.82

Women 10-14 Years 460832.39 0.00 4204.92

Women 15-17 Years 293955.73 0.00 5236.69

Women 18-24 Years 712723.95 0.00 3639.32

Women 25-29 Years 541785.18 0.00 3701.60

Women 30-34 Years 540804.32 0.00 3827.75

Women 35-39 Years 515080.54 0.00 4203.28

Women 40-44 Years 506060.87 0.00 4636.95

Women 45-49 Years 577324.43 0.00 5204.05

Women 50-54 Years 635324.48 0.00 5787.92

Women 55-59 Years 623074.28 0.00 6507.05

Continued on next page
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Table 1 – continued from previous page

Residual spending (€)

Risk Adjuster Risk class Insured years (#) Mean Std. dev.

Women 60-64 Years 563636.02 0.00 7387.18

Women 65-69 Years 503058.23 0.00 8380.14

Women 70-74 Years 485550.52 0.00 9109.46

Women 75-79 Years 340532.50 0.00 9604.72

Women 80-84 Years 249392.18 0.00 10097.23

Women 85-89 Years 160303.70 0.00 10830.00

Women 90+ Years 93475.92 0.00 11634.14

Table 2: Residual spending of risk classes for the risk adjuster ”PCGs”

Residual spending (€)

Risk Adj. Risk class Insured yrs(#) Mean Std. dev.

PCG No PCG 12673258.36 17.83 5734.04

PCG COPD/Asthma: Medication 172822.10 17.83 9279.64

PCG Diabetes: Insulin 6845.30 17.83 19727.13

PCG Diabetes: Oral Medication 180488.18 17.83 11341.04

PCG CVRM: Light Medication 1138338.33 17.83 8996.91

PCG CVRM: Heavy Medication 740834.23 17.83 11168.60

PCG Thyroid Disorders 333862.65 17.83 9258.22

PCG Glaucoma 188428.46 17.83 11229.95

PCG Depression 484505.88 17.83 8904.32

PCG Psychosis 103450.95 17.83 9012.37

PCG Epilepsy 88966.95 17.83 12779.83

PCG Chronic Anticoagulation 329836.67 17.83 12567.04

PCG Transplants 20472.35 17.83 25484.51

PCG Parkinson’s Disease 29141.18 17.83 15046.07

PCG Heart Diseases: Other 300285.34 17.83 16785.83

PCG Chronic Pain Excl. Opioids 170315.17 17.83 11107.53

PCG Neuropathic Pain 73525.27 17.83 15344.86

PCG Diabetes Type II W/o Hypertension 99092.98 17.83 10226.04

PCG Diabetes Type II With Hypertension 242745.39 17.83 11764.82

PCG Diabetes Type I W/o Hypertension 85707.15 17.83 10822.56

PCG Diabetes Type I With Hypertension 161724.10 17.83 15742.03

PCG Cystic Fibrosis/Pancreatic Enzymes 12646.84 17.83 21727.32

PCG Growth Disorders 2890.51 17.83 26577.53

PCG Brain/Spinal Cord Disorders: Other 77713.79 17.83 23544.66

PCG Brain/Spinal Cord Disorders: MS 6591.90 17.83 9880.86

Continued on next page
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Table 2 Continued from previous page

Residual spending (€)

Risk Adj. Risk class Insured yrs(#) Mean Std. dev.

PCG HIV/AIDS 21927.31 17.83 9733.85

PCG Psoriasis 25006.45 17.83 10183.25

PCG Crohn’s Disease/Ulcerative Colitis 67350.70 17.83 11333.42

PCG Rheumatism 67350.70 17.83 10705.18

PCG Autoimmune Diseases 58376.57 17.83 11158.64

PCG Kidney Diseases 5316.39 17.83 34636.14

PCG Acromegaly 2505.61 17.83 23239.67

PCG Immunoglobulin 3362.64 17.83 49243.83

PCG Asthma 371893.78 17.83 9361.21

PCG COPD/Severe Asthma 253983.33 17.83 14394.14

PCG COPD/Severe Asthma add-on 3330.55 17.83 15152.05

PCG Hormone-Sensitive Tumors 56839.81 17.83 12386.36

PCG Cancer 10041.82 17.83 11443.87

PCG Cancer add-on 61442.54 17.83 37613.77

PCG Pulmonary Arterial Hypertension 1708.05 17.83 40262.68

PCG Macular Degeneration 44788.89 17.83 13306.69

PCG Hypercholesterolemia 15242.07 17.83 11686.18

PCG Heart Diseases: Antiarrhythmics 15242.07 17.83 10396.78

PCG Addiction Excluding Nicotine 17740.52 17.83 11268.65

PCG Extremely High Costs 1 1071.44 17.83 57623.89

PCG Extremely High Costs 2 290.69 17.83 127720.14

PCG Extremely High Costs 3 163.40 17.83 196720.11

PCG Extremely High Costs 4 37.41 17.83 398310.53

Table 3: Residual spending of risk classes for the risk adjuster ”DCGs”

Residual spending (€)

Risk Adjuster Risk class Insured years (#) Mean Std. dev.

DCG 0 15109629.86 14.59 5721.68

DCG 1 514924.19 166.53 11865.37

DCG 2 459269.58 -4.18 13246.23

DCG 3 553993.91 -27.81 13305.39

DCG 4 202841.39 -4.04 17400.63

DCG 5 295754.67 -116.01 18281.14

DCG 6 139787.70 2.54 19428.32

DCG 7 95242.41 -94.46 22251.21

DCG 8 18334.69 28.61 28161.82

Continued on next page
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Table 3 Continued from previous page

Residual spending (€)

Risk Adjuster Risk class Insured years (#) Mean Std. dev.

DCG 9 28915.08 33.25 27406.67

DCG 10 16769.49 -12.59 27301.78

DCG 11 9292.65 7.53 24316.00

DCG 12 88347.92 54.27 31845.91

DCG 13 5638.16 -15.27 31926.82

DCG 14 14023.13 12.98 39029.90

DCG 15 17095.48 16.46 34886.29

DCG 16 25621.86 -72.13 30700.25

DCG 17 4926.78 -31.84 53466.69

DCG 18 4926.78 14.59 25077.76

DCG 19 6292.19 14.59 45587.20

DCG 20 3772.60 14.59 37870.25

DCG 21 3473.80 14.59 32719.40

DCG 22 5264.67 39.75 32719.40

DCG 23 10921.05 10.20 32719.40

DCG 24 4873.87 11.99 59295.03

DCG 25 7475.20 13.64 39610.78

DCG 26 1071.63 14.59 86757.11

Table 4: Residual spending of risk classes for the risk adjuster ”DMECGs”

Residual spending (€)

Risk Adjuster Risk class Insured years (#) Mean Std. dev.

DMECG No DMECG 16340642.96 3.61 6810.75

DMECG CPAP equipment 189435.83 3.61 11449.39

DMECG Therapeutic elastic stockings 301330.29 3.61 12998,16

DMECG Stoma supplies 49459.86 3.61 18586.37

DMECG Nebulizer 25923.23 3.61 27658.32

DMECG Urine collection devices 93227.78 3.61 19633.13

DMECG Injection strings excl. diabetes 58457.9 3.61 23942.7

DMECG Oxygen equipment 26723.39 3.61 26295.82

DMECG Nutritional aids 857.77 3.61 74052.51

DMECG Mucus suction equipment 14462.87 3.61 47820,95

DMECG Portable infusion pumps 11955.83 3.61 39360,75

DMECG Compression aids 85683.37 3.61 17584.89

DMECG Orthotics 68223.92 3.61 17063.81

DMECG Leg protheses 7022.56 3.61 18635.16

DMECG Insulin pumps 26404.96 3.61 10215.08
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Table 5: Residual spending of risk classes for the risk adjuster ”SoI*Age”

Residual spending (€)

Risk Adj. Risk Class Age Group Insured years Mean Std. dev.

SoI*Age 70+ years 2421338.63 0.00 10985.89

SoI*Age Incapacitated30 0-17 jaar 31319.08 0.00 8674.19

SoI*Age Incapacitated 18-34 jaar 2682.19 0.00 13960.57

SoI*Age Incapacitated 35-44 jaar 12533.91 0.00 13736.52

SoI*Age Incapacitated 45-54 jaar 29803.68 0.00 14158.11

SoI*Age Incapacitated 55-64 jaar 67024.71 0.00 14103.60

SoI*Age Incapacitated 65-69 jaar 27479.47 0.00 13930.21

SoI*Age Part. incapacitated 0-17 jaar 207422.93 0.00 10528.12

SoI*Age Part. incapacitated 18-34 jaar 129394.48 0.00 8772.32

SoI*Age Part. incapacitated 35-44 jaar 99557.52 0.00 8303.73

SoI*Age Part. incapacitated 45-54 jaar 151100.90 0.00 9123.90

SoI*Age Part. incapacitated 55-64 jaar 218515.28 0.00 10263.08

SoI*Age Part. incapacitated 65-69 jaar 133087.38 0.00 11731.00

SoI*Age Social assistance 0-17 jaar 206862.57 0.00 9324.14

SoI*Age Social assistance 18-34 jaar 113880.68 0.00 5803.28

SoI*Age Social assistance 35-44 jaar 99844.33 0.00 5617.29

SoI*Age Social assistance 45-54 jaar 125557.45 0.00 7311.49

SoI*Age Social assistance 55-64 jaar 128714.88 0.00 9169.13

SoI*Age Social assistance 65-69 jaar 46793.02 0.00 11015.33

SoI*Age Students 0-17 jaar 25221.13 0.00 14367.99

SoI*Age Students 18-34 jaar 618778.11 0.00 3337.94

SoI*Age Self-employed 0-17 jaar 413856.25 0.00 8155.79

SoI*Age Self-employed 18-34 jaar 291789.01 0.00 3060.79

SoI*Age Self-employed 35-44 jaar 334728.51 0.00 3357.37

SoI*Age Self-employed 45-54 jaar 272171.57 0.00 4559.24

SoI*Age Self-employed 55-64 jaar 213872.04 0.00 6422.76

SoI*Age Self-employed 65-69 jaar 54842.34 0.00 9039.29

SoI*Age Highly educated 0-17 jaar 217391.72 0.00 10243.79

SoI*Age Highly educated 18-34 jaar 629385.38 0.00 3285.93

SoI*Age Highly educated 35-44 jaar 422851.24 0.00 3603.92

SoI*Age Reference group 0-17 jaar 2196397.19 0.00 8361.74

SoI*Age Reference group 18-34 jaar 1838950.80 0.00 3730.62

SoI*Age Reference group 35-44 jaar 1062219.90 0.00 3887.68

SoI*Age Reference group 45-54 jaar 1833300.25 0.00 5255.46

SoI*Age Reference group 55-64 jaar 1737182.06 0.00 7211.30

SoI*Age Reference group 65-69 jaar 732378.94 0.00 8993.69

30Permanent and fully.

55



Table 6: Residual spending of risk classes for the risk adjuster ”Region”

Residual spending (€)

Risk adjuster Risk class Insured years (#) Mean Std. dev.

Region 1 1711800.57 0.00 7963.83

Region 2 1705299.44 0.00 7702.79

Region 3 1705891.41 0.00 7583.98

Region 4 1709283.94 0.00 7469.63

Region 5 1720543.69 0.00 7505.82

Region 6 1711258.58 0.00 7383.69

Region 7 1708533.01 0.00 7435.71

Region 8 1726826.11 0.00 7356.75

Region 9 1718175.97 0.00 7255.48

Region 10 1730616.79 0.00 7123.17

Table 7: Residual spending of risk classes for the risk adjuster ”SES*Age”

Residual spending (€)

Risk adjuster Riskclass Agegroup Insured years (#) Mean Std. dev

SES*age Very low 0-17 663,577.45 0.00 8,795.37

SES*age Very low 18-69 2,355,005.74 0.00 6,588.33

SES*age Very low 70+ 596,006.02 0.00 10,818.04

SES*age Low 0-17 658,674.57 0.00 9,380.43

SES*age Low 18-69 2,268,314.39 0.00 6,370.59

SES*age Low 70+ 456,385.35 0.00 11,017.95

SES*age Middle 0-17 988,137.83 0.00 9,006.80

SES*age Middle 18-69 3,404,157.33 0.00 5,775.96

SES*age Middle 70+ 684,487.90 0.00 10,872.51

SES*age High 0-17 988,081.02 0.00 7,984.72

SES*age High 18-69 3,400,942.57 0.00 5,612.14

SES*age High 70+ 684,459.37 0.00 11,219.80

Table 8: Residual spending of risk classes for the risk adjuster ”HHS*Age”

Residual spending

Risk adjuster Risk class Age Group Insured years Mean Std. dev

HHS*Age 0-17 3,298,470.87 0.00 8,748.41

HHS*Age Long term care (perm) 18-69 74,472.38 0.00 7,455.06

HHS*Age Long term care (perm) 70-79 24,225.52 0.00 7,528.12

HHS*Age Long term care (perm) 80+ 79,386.69 0.00 6,157.13

HHS*Age Long term care (entering) 18-69 5,941.45 0.00 29,937.30

HHS*Age Long term care (entering) 70-79 8,181.58 0.00 22,293.58

Continued on next page
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Residual spending

Risk adjuster Risk class Age Group Insured years Mean Std. dev

HHS*Age Long term care (entering) 80+ 26,888.16 0.00 17,107.44

HHS*Age Single person household 18-69 1,597,389.15 0.00 7,090.77

HHS*Age Single person household 70-79 398,440.71 0.00 10,802.05

HHS*Age Single person household 80+ 340,175.25 0.00 11,674.69

HHS*Age Other 18-69 9,750,617.04 0.00 5,774.98

HHS*Age Other 70-79 1,161,933.87 0.00 10,767.78

HHS*Age Other 80+ 382,106.86 0.00 11,247.22

Table 9: Residual spending of risk classes for the risk adjuster ”MYHC”

Residual spending (€)

Risk adjuster Risk class Insured years (#) Mean Std. dev.

MYHC 0 9,478,739.71 0.00 5,391.71

MYHC 1 6,641,924.49 0.00 7,445.88

MYHC 2 167,402.40 0.00 17,997.08

MYHC 3 399,672.08 0.00 13,071.05

MYHC 4 191,302.89 0.00 15,144.27

MYHC 5 147,038.48 0.00 17,315.75

MYHC 6 90,678.43 0.00 21,667.54

MYHC 7 20,659.55 0.00 33,885.22

MYHC 8 10,811.50 0.00 60,137.10

Table 10: Residual spending of risk classes for the risk adjuster ”PDCG”

Residual spending (€)

Risk adjuster Risk class Insured years (#) Mean Std. dev.

PDCG 0 16,645,526.99 0.00 7,209.99

PDCG 1 277,050.78 0.00 10,300.2

PDCG 2 223,023.03 0.00 16,646.78

PDCG 3 1,991.02 0.00 33,309.63

PDCG 4 637.71 0.00 38,398.56

Table 11: Residual spending of risk classes for the risk adjuster ”PSHC”

Residual spending (€)

Risk adjuster Risk class Insured years (#) Mean Std. dev.

PSHC 1 16,706,455.60 0.00 6,869.77

PSHC 2 72,913.51 0.00 16,336.45

PSHC 3 69,988.23 0.00 17,641.63

Continued on next page

57



Table 11 continued from previous page

Risk adjuster Risk class Insured years (#) Mean Std. dev.

PSHC 4 64,233.34 0.00 19,021.43

PSHC 5 58,449.60 0.00 18,906.16

PSHC 6 56,372.46 0.00 19,490.96

PSHC 7 57,930.52 0.00 19,066.32

PSHC 8 29,991.62 0.00 19,012.74

PSHC 9 30,411.05 0.00 25,590.77

PSHC 10 1,483.58 0.00 92,186.15

Table 12: Residual spending of risk classes for the risk adjuster ”HSM”

Residual spending (€)

Risk adjuster Risk class Insured years (#) Mean Std. dev.

HSM 0 9,291,377.19 0.00 6,269.41

HSM 1 7,856,852.34 0.00 8,698.21

Table 13: Residual spending of risk classes for the risk adjuster ”MYPC”

Residual spending (€)

Risk adjuster Risk class Insured years (#) Mean Std. dev.

MYPC 0 11,818,083.09 0.00 5,564.21

MYPC 1 5,330,146.43 0.00 10,554.37

Table 14: Residual spending of risk classes for the risk adjuster ”IPB”

Residual spending (€)

Risk adjuster Risk class Insured years (#) Mean std. dev.

IPB 0 16,990,379.82 0.00 7,505.21

IPB 1 157,849.70 0.00 4,062.33
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Appendix E: Risk premia required for all risk classes in 2023

(absolute standard deviations)
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