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1 Preface

1.1 Introduction

With the scienti�c shift at the end of the 19th century, the Biomedical Model

emerged to address the question of health and illness. The Biomedical Model

attributes the cause of illness solely to physical damage and functional impairments

of organs. A disease is de�ned as an objectively measurable deviation from the

norm. There is a strict separation between physical and psychological processes

(Roch & Hampel, 2019). This implies that there are exactly two states: either one

was ill or one was healthy, see Figure 1:

Figure 1: Health and illness as dichotomous states, comparable to the two states
of a switch.

Reference: Based on Roch & Hampel, 2019.

The model was extended in 1977 to include psychological and social aspects.

Health and illness are now viewed as endpoints on a continuum rather than as

dichotomous characteristics. The individual is attributed an active role, making it

possible for them to in�uence the course of their own health and illness (Roch &

Hampel, 2019), see Figure 2:

Figure 2: Health and illness as a continuum.

Reference: Based on Roch & Hampel, 2019.

Piece by piece, the model has been developed further to the current concept of

health, which is one of the most di�cult terms to de�ne. It is extremely complex

due to the many areas that need to be covered and the fact that both subjective

and objective impressions play a role in assessing one�s health (Roch & Hampel,

2019). The World Health Organization (WHO) de�ned health in 1946 as follows:

'Health is a state of complete physical, mental and social well-being and not

merely the absence of disease or in�rmity.' (WHO, 1946, page 100)
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In the �eld of health research, the traditional focus has primarily been on objec-

tive criteria (Roch & Hampel, 2019), such as medical diagnoses for conditions like

hypertension and treatment outcomes, for instance the use of painkillers. While

these objective measures provide valuable insights into the physical aspects of

health, they often overlook the subjective experiences and perceptions that signif-

icantly in�uence individuals' well-being (Das et al., 2020). For instance, consider

the simple yet profound e�ect of sunlight on mood: a sunny day often lifts one's

spirits and increases the overall level of happiness (Jaworeck et al., 2023; Denissen

et al., 2008). This observation underscores the importance of considering sub-

jective factors in health research, as they can substantially impact individuals'

well-being and, consequently, their health assessments.

The strong focus of health research on objective criteria has not only in�uenced

the already mentioned assessment of health outcomes but also the evaluation of

health care systems. Objective measures such as mortality rates, disease preva-

lence, and health infrastructure provide quanti�able metrics for comparing health

outcomes across population groups and assessing the e�ectiveness of health in-

terventions. These objective criteria o�er valuable insights into the distribution

and spread of diseases, whereby enabling policymakers and health professionals to

allocate resources e�ectively and prioritize interventions based on the needs of the

population (Liang et al., 2023).

However, objective criteria, despite their value, often fail to capture the com-

plex interplay of environmental, social, and psychological factors that in�uence

individual well-being. For instance, a medical diagnosis may provide valuable in-

formation about a person's physical health status but does not necessarily re�ect

their quality of life or subjective well-being. An amputated hand, for example,

might be considered the worst possible scenario for a passionate pianist, while a

professional long-distance runner might continue their career and is likely to feel

less restricted by the missing hand than the aforementioned pianist. Moreover,

objective criteria can overlook important determinants of health, such as social

support networks, psychological resilience, and individual coping strategies, which

can signi�cantly impact health outcomes and perceptions of well-being (Macía et

al., 2021).

In recent years, the importance of integrating subjective perspectives into

health research has increasingly grown (Macía et al., 2021; Das et al., 2020). Sub-

jective indicators such as self-rated health, quality of life assessments, and measures

of subjective well-being provide valuable insights into individuals' perceptions of

their health and well-being that cannot be captured by objective criteria alone

(Das et al., 2020). For example, scales indicating self-rated health, on which indi-
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viduals rate their own health status, have been shown to be a strong predictor of

morbidity and mortality, even after controlling for objective health indicators (Wu

et al., 2013; DeSalvo et al., 2005). This underscores the importance of considering

individuals' subjective health assessments, as they can o�er valuable insights into

their overall well-being and health outcomes.

Furthermore, subjective indicators provide a more holistic and person-centered

approach to health research, acknowledging the multidimensional nature of health

and well-being (Voukelatou et al., 2020). By integrating individuals' subjective

experiences and perceptions into health research, we can gain a more comprehen-

sive understanding of the factors in�uencing health outcomes and develop more

targeted and e�ective interventions. For instance, by considering individuals' sub-

jective experiences regarding access to and quality of healthcare, we can identify

barriers to medical care and develop interventions to overcome them, ultimately

improving health outcomes and reducing health disparities (Trudel-Fitzgerald et

al., 2021).

In general, both subjective and objective measurements have their advantages

and disadvantages. Depending on the research question, it may be bene�cial to

use either subjective or objective indicators. However, for the researcher wanting

to make international comparisons regarding subjective well-being on the individ-

ual level (micro level) there are currently only objective metrics available at the

macro level of health care systems. Hence, the question arose whether it would

be possible to develop a subjective approach at the macro level by combining sub-

jective and objective criteria to create a new index for country comparisons. The

hope was to harness the strengths of both approaches by integrating subjective

and objective criteria. Consequently, I focused on the task of not treating the

objective and subjective dimensions in health research as separate entities, but

rather investigated how these dimensions can be integrated to gain deeper insights

into health research.

Initially, I investigated the extent to which individuals are in�uenced by sun-

light exposure and latitude. This investigation addresses several levels of analysis.

To allow for signi�cant variation in sunlight exposure, countries were examined

and compared using multilevel analysis, which includes macro level information

on countries as well as micro level information on individuals. Additionally, there

is the objective level of sunlight exposure and latitude, which is crucial for the

synthesis of Vitamin D, a vital component for human health. Furthermore, sub-

jective elements play a signi�cant role; even the perception of sunlight, including

from indoors, can enhance motivation and mood (Dennisen et al., 2019). Addi-

tionally, di�erences between nations further complicate the picture. Variations in
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healthcare systems and welfare services between countries inevitably shape indi-

viduals' perceptions of their own health (Schmidt et al., 2024). Therefore, it was

essential to consider and navigate these highly di�erentiated aspects. I have al-

ready published two articles on this research, with the focus of this work being on

the manuscript relating to self-rated health.

'It's Sunny, Be Healthy?' An International Comparison of the In�uence of

Sun Exposure and Latitude Lines on Self-Rated Health, explores new territory by

examining how sun exposure and proximity to latitudinal lines impact individu-

als' self-rated health across various countries worldwide. The study's innovative

approach combines objective geographic data with subjective health assessments,

shedding light on the complex relationship between objective environmental fac-

tors and subjective well-being. Through mediation analysis, it demonstrates that

proximity to the equator and varying levels of UVB exposure (ultraviolet B, elec-

tromagnetic radiation with wavelengths between 290 and 320 nanometers) a�ect

individuals' perceptions of their self-rated health, highlighting the intricate inter-

play between the objective measurements of proximity to latitude lines as well as

sunlight hours, and subjective health.

When drafting the manuscript, a new challenge arose. Comparing health care

systems internationally required a healthcare index that could capture subjective

perceptions, speci�cally whether individuals feel supported by the healthcare sys-

tem in their respective countries. Since I found that there was no suitable index

for such country comparisons, and based on reviewer comments, I decided to in-

clude health expenditures as a percentage of Gross Domestic Product (GDP) as a

control variable. While this metric allows for the control of country di�erences in

the healthcare system on an objective level, it also introduces what I perceive as an

ecological fallacy. The dependent variable is self-rated health, which is measured

on a subjective level. Therefore, it seemed more appropriate to use an index for

comparing healthcare systems that also re�ects this subjective perception, such as

perceived access to the healthcare system.

Research revealed that there is no existing index that measures access to the

healthcare system in a country comparison. Thus, I faced the challenge of creating

such an index in a way that it can be easily and quickly replicated and consistently

used. Of course, developing a new index is not straightforward. It involves nu-

merous preliminary considerations and a validation process is quite complex. This

dilemma raises questions about the feasibility of creating an index that measures

subjective access to the healthcare system and is estimated solely based on data

from both micro and macro levels.

After considerable re�ection, which will be elaborated on further, I present a
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new approach for constructing a subjective index for comparing healthcare systems

in my published second paper: A New Approach for Constructing a Health Care

Index Including the Subjective Level. This approach challenges the limitations of

existing healthcare system indices. By acknowledging the shortcomings of purely

objective metrics in evaluating healthcare systems, I propose an index that incor-

porates subjective assessments of access to healthcare and its quality. Through

careful development, my index provides a more holistic perspective on access to

healthcare systems, aiming to bridge the gap between objective macro-indicators

of healthcare systems and subjective experiences. By integrating individual per-

ceptions with objective indicators, the index o�ers a comprehensive framework for

evaluating healthcare systems and improves comparability in health assessments

when doing multilevel analysis.

Based on this topic, my subsequent article titled Beyond Objective Metrics:

A Comparative Analysis of Health Care Systems Incorporating Subjective Dimen-

sions to Improve Comparability of Access and Equity in Healthcare Assessments

aims to validate the conceptual framework of the index and substantiate its appli-

cability. This paper delves into the detailed examination of the index's individual

components and their interrelations. Additionally, it explores the validation of the

index. Through meticulous validation procedures and rigorous analysis, this paper

seeks to demonstrate the reliability and e�ectiveness of the new healthcare index

in capturing both objective and subjective dimensions of healthcare performance.

Furthermore, the paper compares the index against other existing indices. The nu-

anced correlations are carefully interpreted, considering the impact of subjective

dimensions on the index and the resulting implications.

Each of these articles provides unique insights into the relationship between

environmental factors, individual perceptions, and health assessments. Through

innovative methodologies including multilevel analyses and machine learning tech-

niques, I uncover connections and implications that transcend traditional bound-

aries, enriching the understanding of the complex dynamics shaping human health

and well-being. By delving deeply into the research, I highlight pathways towards

more comprehensive and equitable approaches for evaluating health and well-being.

As we proceed through the following sections, we will continue to build upon

the foundation established in the introduction and deepen our understanding of

the dynamics in health research. Subsequently, the theoretical considerations will

be expanded, and an overview of the existing research and international health

indices will be provided. To support the applicability of the new index, it will

be incorporated into the data from the �rst paper, and the models will be com-

pared. Finally, the substantial contributions to health sociology and general health
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research will be highlighted, and concluding remarks will be made.

1.2 Objective criteria versus subjective outcome

In the �eld of health research, there are various perspectives on evaluating health

status. One school of thought argues that subjective health assessments lack ac-

curacy compared to objective criteria, which o�er more precise insights into a

person's well-being. In contrast, an opposing view holds that subjective health

measurements provide a robust and bene�cial indicator (Brooks et al., 2012). For

instance, they are easily integrated into studies and incur minimal costs. Both met-

rics have their advantages and disadvantages. However, the core issue is aligning

the chosen measurement method with the speci�c research question. Therefore,

the selection of measures depends on the particular study and the aspects of health

being investigated.

A meaningful application of objective criteria is evident in the assessment of

blood pressure to determine the risk of potential complications. This method

involves analyzing physiological parameters such as systolic and diastolic blood

pressure to ascertain whether the blood pressure falls within a healthy range or

not. Furthermore, these metrics serve a prognostic function by providing insights

into the potential consequences of elevated or reduced blood pressure, including the

likelihood of experiencing cardiac events such as heart attacks, strokes, or organ

damage. The signi�cance of these objective measurements lies in their ability

to provide a direct evaluation that is not in�uenced by individual perceptions.

Therefore, if our goal is to assess the risk for an individual to develop one of the

listed diseases, it is more e�ective to examine the objective metric of blood pressure

rather than relying on the individual's subjective assessment.

An illustrative example of a meaningful use of self-reported health is the assess-

ment of postoperative pain levels. Patients are asked to rate their pain intensity

on a scale, for instance from one to ten. This subjective assessment is signi�cant

as it provides insight into individuals' personal pain experiences, thereby enabling

tailored treatment strategies. It is relevant to note that two people may perceive

a seemingly mild pain (from an objective perspective) very di�erently. For one

person, the pain might be rated as moderate, while for another person, it might

be barely noticeable.

In the attempt of comparing health statuses between nations, the use of self-

reported health is essential. This necessity arises from the signi�cant challenge

of obtaining cross-national data that adheres to uniform measurement standards

and temporal consistency. For instance, consider the consumption of alcoholic
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beverages: a cocktail in Country A might have a completely di�erent composition

and alcohol concentration than a cocktail in Country B. If alcohol consumption

is used as an indicator of health, it could lead to misinterpretations if the de�ni-

tions and consumption patterns of these beverages in di�erent countries are not

taken into account. Therefore, comparing countries, which is the goal when want-

ing to improve health systems through learning from other healthcare systems,

it seems more important to understand how comfortable people feel within their

own country, rather than what they might theoretically have access to if they had

unrestricted access to the healthcare system.

Apart from the fact that subjective health is an excellent measure for existing

health issues, there are no extensive cross-country datasets available that allow

for the comparison of health questions based on objective criteria. Collecting such

data is also very expensive and, therefore, rarely implemented in practice. As a

result, in cross-country health research, researchers are often compelled to use the

indicator of self-rated health (Salway et al., 2011).

Since my papers have already addressed the complexity of measuring self-rated

health, only a brief introduction to the topic will be provided here. Self-rated

health (SRH), also known as subjective health, is a crucial indicator in health

research that captures an individual's perception of their own health status. This

self-assessment can be carried out using various scales, ranging from simple ques-

tionnaires with a few categories to more complex multidimensional evaluations

(Jylhä, 2009; Singh-Manoux et al., 2006; Knäuper & Turner, 2003). One com-

monly used scale, for example, is the single-item scale, on which participants are

asked to rate their health on a �ve-point scale ranging from excellent to very poor

(DeSalvo, 2005).

Self-assessment of health is a multifaceted process in�uenced by various factors.

These include both objective health indicators such as symptoms of illness, medi-

cal diagnoses, and physical functionality, as well as subjective factors like mental

health, socioeconomic status, and quality of life (Knäuper & Turner, 2003). Re-

search has shown that individual characteristics such as gender, age, education

level, and cultural background can a�ect self-rated health. For instance, older in-

dividuals often tend to rate their health more poorly compared to younger people,

even when objective health indicators may be similar (Lazarevi�c & Brandt, 2020).

Moreover, self-rated health is also related to individuals' social environment

and living conditions (Mao & Zhao, 2012). People living in socially disadvantaged

or stressful environments may tend to rate their health more poorly, regardless

of objective health factors (Gu & Ming, 2021). These �ndings highlight the im-

portance of a holistic view on health that considers both objective and subjective
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aspects.

It also becomes evident that subjective health is a signi�cant predictor of future

health outcomes. Individuals who rate their health poorly are at a higher risk for

illnesses, disabilities, and premature death (Wu et al., 2013). This underscores the

importance of self-rated health as an early warning signal for health risks and the

need to consider it in health research and practice.

Integrating subjective perspectives into health research requires a shift in mind-

set and methodology, moving away from traditional biomedical models toward a

more holistic and person-centered approach. This involves recognizing the impor-

tance of individuals' subjective experiences and perceptions in designing research

designs and interventions. It also requires interdisciplinary collaboration and part-

nership between researchers, healthcare providers, and community stakeholders to

ensure that subjective perspectives are adequately represented and incorporated.

The integration of subjective perspectives into health research provides valuable

insights into individuals' perceptions of health and well-being, but it also presents

challenges and considerations that need to be addressed. One challenge is inherent

and unavoidable to all subjective measures, which can be in�uenced by individual

biases, cultural factors, and social norms. For example, individuals' perceptions of

health can be a�ected by factors such as social comparisons, beliefs about illness,

and coping strategies, which can vary signi�cantly between population groups and

contexts (Gu & Ming, 2021).

Moreover, subjective measures can be susceptible to response biases such as so-

cial desirability bias or recall bias, which can undermine the validity and reliability

of self-reported data. To mitigate these biases, researchers need to employ rigorous

methodological approaches, such as standardized survey instruments, longitudinal

studies, and data triangulation, to ensure the accuracy and reliability of subjective

measures.

In summary, integrating subjective perspectives into health research provides

valuable insights into individuals' perceptions of health and well-being that cannot

be captured by objective criteria alone (Das et al., 2020). By considering subjec-

tive indicators such as self-rated health, quality of life assessments, and measures

of subjective well-being, we can gain a more comprehensive understanding of the

factors in�uencing health outcomes and are able to develop more targeted and

e�ective interventions. However, integrating subjective perspectives also presents

challenges and requires careful consideration, regarding the inherent subjectivity

of subjective measures and need for interdisciplinary collaboration. Despite these

challenges, incorporating subjective perspectives into health research o�ers signif-

icant opportunities to advance our understanding of health and well-being and to
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inform more equitable and e�ective health interventions.

My �rst paper titled 'It's Sunny, Be Healthy?' An International Comparison

of the In�uence of Sun Exposure and Latitude Lines on Self-Rated Health (Ja-

woreck & Kriwy, 2021) investigates the relationship between sun exposure as well

as proxomity to latitide lines and self-rated health in an international context. It

is assumed that people living farther from the equator are exposed to less sun

exposure (UVB exposure) and, therefore, are more likely to su�er from vitamin D

de�ciency. UVB exposure decreases with increasing latitude, and additionally, the

duration of sunshine is shorter in northern countries. The aim of the study was to

examine the impact of sunlight hours and proximity to latitude lines, as objective

and �xed factors, on self-rated health. The following hypotheses were tested:

H1: The more sunshine in a region the better the health.

H2: Regions further away from the equator are associated with lower prospects

for good population health.

H3: Sunshine duration mediates the e�ect of latitude lines on population health.

The analysis is based on the International Social Survey Programme Health

and Health Care (ISSP 2011), which exists since 1984 and currently includes 42

member states worldwide. The survey is conducted annually and features varying

thematic focuses. Until 2021, the 2011 wave was the only survey wave with a

focus on health and healthcare. Preliminary data from the ISSP 2021 were made

available in April 2024, but the full dataset has not yet been publicly released

(latest status as of August 14, 2024). Between February 2011 and April 2013,

a total of 55,081 individuals from 32 countries were surveyed. Additionally, the

ISSP � Health and Health Care was independently supplemented with latitude lines

and climate data on monthly sunshine duration from the Deutscher Wetterdienst

(German Weather Service) for the respondents' place of residence and the time of

the survey. The data set was expanded according to validated criteria, allowing

for an international comparison of sunlight exposure and its e�ects on subjective

health.

The extension of the data to include monthly sunshine duration was carried

out according to the following criteria: Whenever possible, the three largest re-

gions (based on the number of respondents in each region) of a country should

be considered, or at least ten data points per country should be available. At

the same time, detailed information on local and synchronous sun exposure is re-

quired. Four countries had to be excluded for various reasons. First, there was

no question about self-rated health in the Taiwanese survey instrument. Second,
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no information on the months of data collection was available for Bulgaria. In the

third case, it was not possible to obtain validated climate data from the German

Weather Service for Norway. Finally, Belgium had to be excluded due to the low

number of cases, as only data from a single weather station with 26 participants

in Brussels was available. The �nal sample consists of 28 countries with a total of

18,006 respondents.

Various statistical methods were applied, including descriptive statistics and

multivariate analyses. The descriptive statistics, for instance, illustrate the distri-

bution of characteristics such as self-rated health, trust in the healthcare system,

smoking behavior, exercise habits, education level, and gender. The multivari-

ate analysis methods used include, among others, logistic multilevel models and

mediation analyses.

The dependent variable of the analysis is self-rated health at the micro level.

The question is formulated as: 'In general, would you say your health is...' with

the response categories: excellent, very good, good, fair, poor (or can't choose).

Due to the skewed distribution of the variable and the highly varying frequencies

of responses in the categories, the variable was dichotomized to obtain the most

accurate estimates. The �ve-point scale is dichotomized using the meta-analysis

strategy of Kondo et al. (2009), which allows for the comparison of individuals

rating their health as good to excellent with those categorizing themselves as fair

to poor.

The independent variables at the macro level are the monthly sunshine duration

and the latitude line. The monthly sunshine hours are obtained from the Climate

Data Center of the German Weather Service and are divided by 100. Accordingly,

the interpretation is based on a scale of 100 sunshine hours per month. Su�cient

vitamin D intake occurs only between latitudes of 35° N and 35° S. Therefore,

these countries were grouped together and compared with countries further away

from the equator.

The control variables at the micro level include trust in the healthcare system,

smoking status, physical activity, number of working hours, education, age, and

gender. Trust in the healthcare system is considered because it is associated with

improved health outcomes. It is measured on a �ve-point scale ranging from

complete trust to no trust at all and dichotomized into high (complete and much

trust) and low (some trust and less).

Smoking has been shown to reduce vitamin D production, while physical activ-

ity promotes well-being. Smoking behavior is recoded into four categories: never

smoked, former smokers, smokers with up to ten cigarettes per day, and smokers

with more than ten cigarettes per day. Physical activity is categorized into never,
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rarely (once or more per month), and frequently (multiple times per week and

daily).

The number of working hours is also a suitable control for vitamin D intake,

assuming that most professional activities are not performed outdoors. The query

was open-ended and is thus included as a metric variable in the analysis. It should

be noted that all individuals not working were also included in the analysis, with

a value of zero.

Education levels are included in low, medium, and high groups. Age was

queried openly and restricted in the analysis to individuals between 18 and 82

years to de�ne a uniform upper and lower limit and reduce survival e�ects. Sex

was queried dichotomously, with only individuals who reported their sex included

in the analysis, as a negligible number of eleven people chose not to specify.

Relevant control variables or confounding factors at the country level are total

health expenditures (to control for country di�erences) and skin melanin concentra-

tion (skin tone), which blocks UVB exposure depending on melanin concentration

and can thus a�ect well-being. The season of the survey is used to control for

possible seasonal e�ects.

Health expenditures of the general government sector (as % of GDP) were

supplemented using data from the World Bank Group and included as a metric

variable. Skin color is classi�ed according to the method of Parra et al. (2004),

with eight levels ranging from white to black. Finally, the timing of the surveys

(in which month) was considered, and seasons were adjusted accordingly for the

southern and northern hemispheres. Additionally, seasons were controlled for, as

they vary more the further one is from the equator. The possible seasons were:

spring, summer, autumn, winter, and no season for those living close to the equator

and thus experiencing stable weather conditions throughout the year.

The analysis is conducted at two levels: the country level, or macro level,

and the individual level, or micro level. A multilevel model is used to perform a

country-weighted analysis. The model choice is based on a comparison of di�erent

models, with a model having varying intercept coe�cients and a constant slope

selected as it did not show any di�erences in the estimators compared to the varying

intercept varying slope model and showed better model parameters. Mediation

analysis is performed using the R package 'mediation', which tests indirect e�ects

through bootstrap methods. The results show a statistically signi�cant mediation

of sunshine duration on self-rated health, with country a�liation playing a role.

Average marginal e�ects are estimated to determine the strength of the e�ects

and facilitate interpretation. The data structure includes four levels: country,

region, season, and individual, with the regional level not considered due to in-
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su�cient data. Multicollinearity between contextual variables is addressed by

removing certain variables, and mediation requirements are statistically checked.

The results show that about 28% of respondents rate their health as not good,

while 72% reported enjoying at least good health. Regarding con�dence in the

healthcare system, 40% have high con�dence and 60% have low con�dence. Con-

cerning smoking behavior, 55% reported never having smoked, while 21% are for-

mer smokers. About 13% smoke up to 10 cigarettes per day, and about 11%

smoke more than ten cigarettes per day. Regarding physical activity, 38% report

engaging in frequent exercise, 33% rarely, and 29% never. Regarding educational

attainment, 35% have a low, 39% a medium, and 26% a high level of education.

Finally, 55% of the studied individuals are female, and 45% are male.

The study shows that both sunshine duration and latitude separately have a

statistically signi�cant impact on self-rated health. However, when both factors

are considered together in a model, sunshine is no longer related to self-rated

health which implies that there is no mediation e�ect left. This suggests that the

location of the region is the decisive factor when it comes to self-rated health.

The discussion highlights the importance of sunshine exposure for self-rated

health and emphasizes the international comparative nature of the study. Theo-

retical considerations and previous empirical �ndings largely support the study's

hypotheses, which postulate relationships between sunshine exposure, distance

from the equator, and health outcomes.

The results indicate that both sunshine duration and geographical latitude have

a statistically signi�cant impact on self-rated health. Sunshine duration correlates

positively with subjective health, while greater distance from the equator is asso-

ciated with a lower likelihood of good health. The analysis suggests that sunshine

duration partially mediates the e�ect of latitude on self-rated health, although this

mediation e�ect disappears when control variables are considered.

It is emphasized that the place of residence plays an important role for the

extent of sun exposure and thus for it's in�uence on self-rated health. Older

individuals seem to bene�t particularly from sunshine hours, although this e�ect

might be explained by reverse causality.

The discussion also identi�es some limitations of the study, including the lack

of precise information on how much time participants spent outdoors during the

survey period. This complicates the investigation of actual sun exposure and

vitamin D production. Further research could focus on vitamin D de�ciency and

its e�ects on health.

In conclusion, it is noted that sun exposure in�uences self-rated health across

countries, but the impact of geographical location plays a crucial role. Older
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individuals might in particular bene�t from sunshine hours; however, further re-

search is needed to better understand the underlying mechanisms and potential

confounding factors.

In summary, the results suggest that objective factors such as sunshine hours

and trust in the healthcare system can have a statistically signi�cant impact on

self-rated health. The di�erences in results concerning latitude underline the need

for a more detailed consideration of geographical variables and their perception.

These �ndings contribute to a better understanding of the factors a�ecting self-

rated health and have potentially important implications for health policy and

practice.

1.3 Substantive contribution: index development

The paper just discussed demonstrates how common it is in international health

research to examine subjective health at the micro level while utilizing objective

factors of healthcare systems at the macro level. Even the reviewers advised me to

consider national health expenditures instead of the Human Development Index,

which measures the development of a country (UNDP 2024).

Using health expenditures as a control variable in cross-country studies on

subjective health can help account for di�erences in healthcare systems among

countries. However, it may not be su�cient to fully capture access to health

services and the quality of care. Health expenditures alone do not encompass all

relevant aspects of the healthcare system that can a�ect subjective health (Das et

al., 2019).

To better control for access to health services and quality of care, developing an

index for health access and service quality in di�erent countries could be bene�cial.

Ideally, such an index would include various indicators, such as the availability of

health facilities, the number of physicians per capita, waiting times for medical

treatments, medication supply, and population satisfaction with the healthcare

system.

A relevant connection from the presented paper could be the importance of

con�dence in the healthcare system for subjective health. Studies show that indi-

viduals who trust their country's healthcare system are more likely to rate their

health positively (Mohseni & Lindstrom, 2007). This suggests that access to a well-

functioning healthcare system may have a positive impact on subjective health.

An index for health access and service quality could account for such factors and

contribute to a better understanding of the in�uence of the health system on sub-

jective health and enable to statistically control for it. The following section will
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�rst provide an overview of existing health indices in this regard.

International comparative health indices aim to assess various aspects of health-

care systems and general health outcomes in di�erent countries. Although, there

are some indices, they are fewer than one might expect. The most well-known are

brie�y introduced in the following:

� Health Loss Index of the Global Burden of Disease Study (GBD): This index

evaluates global mortality and morbidity rates, focusing on the e�ectiveness

of health systems in preventing and treating diseases (Global Burden of Dis-

ease Study � Data Resources, 2021).

� The Bloomberg Global Health Index ranks countries based on life expectancy,

health risks such as tobacco use and obesity, and environmental factors such

as access to clean drinking water (WHN, 2020).

� The Commonwealth Fund International Health Policy Survey collects data

on the experiences and opinions of healthcare professionals and patients,

and assesses the accessibility, e�ciency, and quality of healthcare in various

countries (The Commonwealth Fund, 2021).

� Similarly, the Euro Health Consumer Index (EHCI) evaluates national health-

care systems in Europe with respect to patient rights, waiting times, treat-

ment outcomes, and prevention (Björnberg & Phang, 2019).

� The Health Care Access and Quality Index (HAQ), which is part of the

Global Burden of Disease (GBD) project, measures the quality of healthcare

based on mortality rates from preventable diseases (GBD 2019 Healthcare

Access and Quality Collaborators, 2021).

� The Global Health Security Index (GHS) prepares countries for epidemics

and pandemics, focusing on prevention, early detection, response, and the

overall resilience of the health system (Nalabandian & O�Brien, 2019).

� The Access to Medicine Index assesses access to medicines and the e�orts of

pharmaceutical companies to make medicines available in low-income coun-

tries (Access to Medicine Foundation, 2022).

� The Social Progress Index measures countries' performance across various di-

mensions of social progress, including health and well-being (Social Progress

Imperative, 2021).
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� The OECD Health System Performance evaluates accessibility, e�ciency,

quality, spending, and outcomes of healthcare in individual countries. How-

ever, this is not an index per se, but rather a collection of individual mea-

surements from various indicators (OECD Health Policy Studies, 2024).

None of these indices measures whether and to what degree an individual feels

supported by the existing healthcare system which makes them unsuitable for

controlling the dependent variable of subjective health. Instead, the indices often

provide a range of indicators and metrics, making it di�cult to create a comprehen-

sive index that focuses exclusively on access to the healthcare system. Although

some surveys and reports assess citizens' con�dence in healthcare systems, they

do not provide speci�c information about access to healthcare.

While various indices evaluate di�erent aspects of healthcare, none focus on

measuring the subjective perception of individuals in analyses involving subjec-

tive health. In summary, the complexity and variability of healthcare systems

worldwide make it challenging to develop a uniform index to measure access to

healthcare systems, which likely explains why no one has yet attempted to create

such an index.

In my second paper, A New Approach for Constructing a Health Care Index

including the Subjective Level, I construct an index including existing objective

health criteria and combine these with a subjective component by weighting ob-

jective criteria based on a subjective context at the individual level, thereby dis-

covering what is truly important to people.

The index construction is based on an approach that combines the individ-

ual evaluation of national healthcare systems by the population with objective

macroeconomic healthcare system criteria. This approach recognizes that existing

indices rely solely on objective macroeconomic criteria, thereby overlooking the

subjective evaluation of healthcare systems by the population.

The data for the index construction also come from the International Social

Survey Programme (ISSP 2011) and the Global Health Expenditure Database

(GHED) of the World Health Organization (WHO). The ISSP dataset was used

to analyze 31 countries with a focus on self-rated health and con�dence in the

healthcare system. The GHED dataset provided 52 macroeconomic health expen-

diture indicators for index construction. To impute missing macro data for the

GHED indicators, the 'missForest' algorithm in R is employed.

To understand the index construction it requires familiarity with Causal Forests

and variable importance. First, I will explain what a Causal Forest is and what it

does. To grasp this, we need to �rst understand how a regression tree functions,

see Figure 3.
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Figure 3: Regression tree with the dependent variable con�dence in the healthcare
system (scale: 0 - 100, mean: 49).

Reference: Own �gure, example data. Notes: 'age' represents the respondents' age in years, and

'inc' stands for the respondents' income in euros. The 49 at the top node is the mean for all

respondents and indicates the average con�dence in the healthcare system.

The general objective of the method is to minimize the variance in the de-

pendent variable, which in our case is con�dence in the healthcare system. The

variance is minimized to better explain what in�uences the dependent variable,

by �nding thresholds that best separate the sample regarding their di�erence in

con�dence in the health care system. Whenever one threshold is identi�ed, the

tree is split in smaller sample subgroups. This results in a stepwise decomposition

into disjoint and as heterogeneous as possible subgroups.

In Figure 3 we observe that di�erences in age explains the �rst split of the

regression tree. The value 49 represents the average con�dence in the healthcare

system. Individuals younger than 28 years have an average con�dence of 47 percent

after the �rst split, while those 28 years and older have an average con�dence of

51 percent. The 100% at the �rst node indicates that the entire sample was

considered. After the �rst split, 36% are in the group under 28 years, and 64% are

in the group 28 years and older. The second split is generated by di�erences in

income, and it is applied to the group 28 years and older. Here, the average value

of 51 percent splits again into 50 versus 53 percent. Each of these splits minimizes

the variance in the dependent variable. In this model, all independent variables are

considered simultaneously, so only those with a very signi�cant impact generate

splits.

To include variables that may have a smaller but still relevant impact, one
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must use a Random Forest. This cannot be visualized as simply because now, x

number of regression trees are randomly generated and aggregated. However, not

all independent variables are considered simultaneously; instead, a speci�c number

of variables are randomly selected for each regression tree. Each tree is trained

on a random subset of the data and a random subset of features, which helps to

reduce over�tting and improve generalizability.

A Causal Forest is an advanced machine learning technique that extends the

concept of Random Forest to estimate treatment e�ects or causal relationships

between variables. A Causal Forest builds on the Random Forest and estimates

the treatment e�ect within a speci�c leaf rather than an overall mean. It calcu-

lates di�erences in average outcomes for treatment and control groups to measure

treatment heterogeneity, also known as the conditional average treatment e�ect.

This allows us to examine the relationship, in our case between subjective health

and con�dence in the healthcare system, and to measure the importance of each

variable in this context. In Causal Forests, the goal is not only to predict an out-

come but to estimate the e�ect of a treatment (in our case, the GHED indicators)

on an outcome. It focuses on understanding how changes in a variable (treatment)

a�ect the outcome.

Index construction occurs in several steps. The dependent variable for index

construction is public con�dence in the healthcare system, while the independent

variable is self-rated health. Various macroeconomic health expenditure indicators

from the GHED dataset will serve as covariates, see Figure 4.

Figure 4: Link used for indicators weight; con�dence = con�dence in the healthcare
system. Dashed arrow with �ash ( ) shows the ecological fallacy in current models.

self-rated healthsubjective: con�dence

each GHED indicatorobjective:

 

Reference: Own �gure.

In the context of Causal Forests, variable importance measures how crucial

each variable is in determining the heterogeneity of treatment e�ects. In my case,

this is measured by split importance. The Causal Forest identi�ed which GHED

indicators were most frequently used to split the data within the Causal Forests.
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This frequency indicates the signi�cance of each variable in explaining variations

in con�dence. Indicators that had a strong moderating e�ect on the relationship

between self-rated health and con�dence in the healtcare system were considered

more important. For example, voluntary prepayments and voluntary health insur-

ance systems showed strong moderating e�ects, suggesting that people who are

privately insured tend to be more satis�ed with the healthcare system.

Each GHED factor is now assigned a weight that explains the relationship be-

tween subjective health and con�dence in the healthcare system. The higher the

weights, the better this relationship can be explained. It is well established that

con�dence in the healthcare system is strongly related by access to the healthcare

system. Therefore, these are subjective assessments from individuals who partici-

pated in the survey, whereas the GHED indicators are purely objective measures

of the country.

The constructed weights of the indicators are used to create a weighted index

that combines the population's subjective evaluation of the healthcare system with

objective macroeconomic health expenditure criteria. Based on the weighted in-

dicators, an index is created with the aim of providing a comprehensive overview

of healthcare system performance and access in di�erent countries. By combining

these two levels, a thorough picture of the healthcare system in various countries

is created, incorporating both quantitative and qualitative aspects.

The created index is examined in multilevel models, with self-rated health serv-

ing as the dependent variable instead of con�dence in the health system. Similar

control variables as in the �rst paper are used, but now independent of sunshine

hours and latitude lines, while still considering the same arguments for their in�u-

ence on subjective health: sport, education, gender, and age are included.

A Causal Forest, which is a data-driven approach, is used to determine the

signi�cance of individual macroeconomic indicators for con�dence in the healthcare

system. All indicators are considered simultaneously to identify which indicator

most strongly in�uences the relationship between self-rated health and con�dence

in the healthcare system. The variable importance derived from the Causal Forest

is used to weight the indicators according to their signi�cance. Indicators with a

greater impact on the association are weighted more heavily.

Based on the weighted indicators, an index is created that combines the pub-

lic's subjective evaluation of the healthcare system with objective macroeconomic

health expenditure criteria. This index aims to provide a comprehensive overview

of the performance and access to healthcare systems in various countries.

The analysis and evaluation of healthcare systems are crucial for developing

policies and measures to improve healthcare worldwide. The study introduces a
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new approach to constructing a comprehensive health index that incorporates both

objective macroeconomic indicators and subjective individual assessments. By

combining these di�erent levels of analysis, a deeper understanding of healthcare

access and public self-assessment of health can be achieved.

A key component of the analysis is determining the variable importance through

the Causal Forest. This investigation examines which macroeconomic indicators

have the greatest impact on con�dence in the healthcare system. The results indi-

cate that voluntary prepayments and voluntary health insurance systems exhibit

the strongest moderating relationship with other variables. This suggests that in-

dividuals who self-insure tend to be more satis�ed with the healthcare system and

therefore perceive access to be easier.

To test the index, a multilevel model was used to examine the relationship

between the index and self-rated health. The following hypotheses were proposed:

H1: If the index is included, the variance of self-rated health between countries

will be reduced.

H2: Including the index will increase the amount of variability of self-rated health.

H3: The higher the index value, the better the self-rated health.

The results indicate that the index has a statistically signi�cant impact on sub-

jective health, with higher index values correlating with better health assessments.

These �ndings remain robust even after controlling for other variables, suggest-

ing that the index plays a statistically signi�cant role in explaining variability in

health outcomes.

The study contributes to a deeper understanding of healthcare system evalu-

ation by integrating both objective and subjective perspectives. The new health

index o�ers an innovative approach to assessing access to the healthcare system,

enabling the identi�cation and potential reduction of di�erences between coun-

tries. Additionally, the analysis provides valuable insights into how individual

assessments in�uence perceptions of the healthcare system. These results can be

used to develop targeted policies and measures to improve healthcare delivery on

a global scale.

The constructed index aids in understanding the relative importance of vari-

ous macroeconomic health expenditure indicators in shaping public trust in the

healthcare system. It o�ers insights into how policies and expenditures in speci�c

areas can in�uence public perception and satisfaction.

By employing the Causal Forest approach, my study e�ectively identi�es and

weights the key indicators in�uencing between self-rated health and con�dence in
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the healthcare system, o�ering a nuanced perspective that combines both subjec-

tive and objective measures. This methodology enables a deeper understanding of

how di�erent factors contribute to the performance and accessibility of the health-

care system.

1.4 Index validation

The examination of the index through a multilevel model provides a good initial

indication, but it is not su�cient for proper validation. Therefore, I investigated

the new index in more detail in my third paper. Beyond Objective Metrics: A

Comparative Analysis of Health Care Systems Incorporating Subjective Dimensions

to Improve Comparability of Access and Equity in Healthcare Assessments focusses

on scrutinizing the new index more closely and understanding which dimensions

it represents.

The validation of the new index is carried out through multiple approaches to

ensure that it is both conceptually and empirically valid. The Rational Choice

Theory explains how individuals make decisions about their healthcare. The the-

ory assumes that individuals decide in their own interest with their decisions be-

ing based on available information and individual preferences. I use the Rational

Choice Theory to explain why even voluntary health expenditures show no statis-

tically signi�cant di�erences between the objective and subjective indexes. The

theory posits that individuals make choices to maximize their utility (Coleman,

1991). In terms of healthcare, this means that the choices available and the asso-

ciated costs and bene�ts in�uence subjective perceptions and satisfaction.

The various types of expenditures in health insurance (GHED data) are used

to measure the objective level of the health system. These include:

� Voluntary Expenditures: These include supplementary insurance and pri-

vate spending on health services that are not covered by statutory health

insurance.

� Mandatory Contributions: These encompass contributions to statutory health

insurance, which are based on the insured individuals' income.

� Government Funding: This includes direct government subsidies and the

�nancing of health services through public funds.

The Rational Choice Theory helps explain why certain types of �nancing (e.g.,

government funding) are perceived positively, while mandatory contributions may

lead to negative perceptions. Although voluntary expenditures o�er a choice, they
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only marginally in�uence subjective satisfaction because they merely �ll existing

insurance gaps and cannot be individually tailored. By incorporating subjective

indices, which account for individual perceptions of the healthcare system, a more

comprehensive foundation is provided for analyzing health decisions and behaviors.

These types of expenditures help capture and illustrate the di�erences in per-

ception and access to the healthcare system, showing how objective expenditures

impact subjective satisfaction and con�dence in the healthcare system. The related

hypotheses are:

H1: The additional level in the subjective index reduces the unexplained variance

compared to the objective indices.

H2: The correlations between the GHED macro indicators and the subjective

as well as objective index di�er when health care expenses are imposed on

people.

H3: There are barely any di�erences between the correlations of the GHED macro

indicators and the subjective as well as objective index, when people can

decide for themselves what health care expenses they will incur.

The aim is to demonstrate that the index measures something similar to exist-

ing indices, but also distinguishes itself from them. The goal is to identify exactly

where and why it di�ers. This distinction is what makes the new index unique.

Correlation analyses provide the most insights in this regard. To perform these

validation approaches, various statistical methods are employed:

� Reproduction of the objective index: The objective index is reproduced with-

out subjective weighting and compared with the subjective index. This serves

to identify similarities and di�erences between the two indices.

� Comparison with existing indices: Health factors of the Human Development

Index (HDI) are used to identify similarities and di�erences between the two

indices.

� Multilevel regression: Multilevel models are used to examine and compare

the variance within and between countries. It is assessed whether the sub-

jective index has greater explanatory power than the objective index or the

HDI health components. A lower unexplained variance in the subjective

index would indicate that it provides more relevant information.
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� Correlation analyses: Correlations of individual macro-indicators between

the objective and subjective indices are conducted. This allows for the in-

vestigation of how di�erent expenditure categories a�ect the indices and

whether there are di�erences in the correlations between the subjective and

objective indices.

Correlations provide insights into both convergence validity and discriminant

validity. These two types of validity are essential for evaluating the uniqueness

and signi�cance of the new index compared to existing healthcare indices.

Convergence validity refers to the degree of similarity between the new sub-

jective index and other established health indices. A high degree of convergence

validity would mean that the subjective index produces similar results to other

proven indices, thereby underscoring its relevance and usefulness. In the paper,

convergence validity was examined by comparing the subjective index (weighted

by subjective health expenditures) with the objective index (without weighting)

and the health components of the Human Development Index (HDI). The analysis

showed statistically signi�cant similarities between these indices, indicating good

convergence validity.

Discriminant validity refers to the degree to which an index is distinguishable

from other similar constructs. A high degree of discriminant validity indicates that

the new index measures something unique that is not captured by other indices.

To verify discriminant validity, di�erences between the subjective index and other

indices were highlighted. It was found that the subjective index provides additional

information not captured by the objective indices. This emphasizes its uniqueness

and relevance compared to existing measurement methods.

Minor di�erences (less than 5%) are found, for instance, in current health ex-

penditures, voluntary health insurance, and household expenditures from other

income sources. These indicators show similar correlations with both indices.

Moderate di�erences (5% to 15%) appear, for example, in domestic health ex-

penditures, other private health expenditures, and external health expenditures.

These indicators show moderate deviations. For instance, government �nancing

arrangements and various social insurance contributions show the largest di�er-

ences (over 35%) between the indices.

In terms of voluntary payments, in case of which people can determine their

own health expenditures, the indices show more stable and positive perceptions.

Social insurance contributions have a positive correlation with the objective index

but a negative one with the subjective index, suggesting that mandatory contri-

butions negatively a�ect subjective perception. Government funding is positively

correlated in the subjective index as it is perceived as support, even though it is
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negatively correlated in the objective index.

The subjective index showed both similarities and di�erences compared to the

objective indices and HDI health components. These results support the hypoth-

esis that the subjective index represents an additional dimension of health assess-

ment that goes beyond purely objective measurements.

In the multilevel models, it also appears that the subjective index reduces the

unexplained variance in the models. This means that the subjective index provides

additional information that helps better explain the di�erences between healthcare

systems. The analysis found that the variance within and between countries can

be better explained by the subjective index than by the objective indices.

The subjective index was able to reveal statistically signi�cant di�erences be-

tween countries that were not captured by the objective indices. This underscores

its ability to measure unique aspects of health expenditures and access to health

services that are missing in the objective indices.

Overall, the results regarding convergence and discriminant validity con�rm

the usefulness and uniqueness of the new subjective health index. The index is a

valuable addition to existing objective measurement methods and helps capture

the complex dimensions of health assessment more e�ectively.

The results show that the subjective index has similarities with the objective

index but also reveals relevant di�erences that re�ect the subjective experience of

the population. In particular, the weighting of expenditures that people have to

bear shows statistically signi�cant di�erences between the indices. It is assumed

that people assess these expenditures di�erently in the subjective index, as they

have no control over them and are compelled to pay. Further detailed interpreta-

tions of the similarities and di�erences and their implications can be found in the

article.
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1.5 Merging all papers � a new analysis

After explaining the content of all my manuscripts, the analysis from Paper 1 is

repeated here and extended with the index to examine whether the index represents

an increase in knowledge in an ecological setting with both subjective and objective

levels. The results do not di�er from the �rst paper in most estimators. However,

the two parameters that do di�er are the hours of sunshine and latitude lines. In

contrast to my �rst paper, hours of sunshine now have a statistically signi�cant

e�ect at the 5% level (p = 0.0372), while latitude is not statistically signi�cant

(p = 0.1167). This is consistent with my previous research on the e�ects of hours

of sunshine and latitude lines on happiness (Jaworeck et al. 2022). Another

explanation for the di�erence could be the reduction in sample size due to the

expansion of the GHED data. In this analysis it was only possible to include

17,971 cases instead of 18,006. An advantage of this is that the models are now

easier to compare due to the same sample size. The model is computed once

without and once with the index and compared.

A varying intercept constant slope model is chosen, as in Paper 1. Again,

theoretically it would be correct to use a varying intercept varying slope model

since interactions are included in the analysis, and these interactions need the

freedom to interact. However, the varying intercept varying slope model shows no

di�erences compared to the varying intercept constant slope model, which is why

the more straightforward model, which is also easier to understand, was chosen.

The estimators for the individual seasons do not play a signi�cant role in this

case, as they were only used as control variables. Therefore, they are not shown

in Figure 5 but can be found in the corresponding Table 1, similar to Paper 1.

The reasoning for selecting confounders and control variables is analogous to

that in the �rst paper. The focus here is solely on the in�uence of the index on

existing research regarding subjective health. Looking at the e�ects, it is evident

that there are almost no di�erences between the models. This means the index

does not alter the original estimates, which supports its role in controlling for

confounding factors, as shown in Figure 5.
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Figure 5: Comparison of average marginal e�ects on self-rated health (1 = good)
with and without index.

Reference: Own �gure. Note: 95%-con�dence intervalls.

Yet it is not solely the signi�cance levels or control variables that are relevant,

but rather the metrics of the models. The question is whether the index provides

more clarity in the model, which is indeed the case. Table 1 compares the two

models, with and without the index, and presents each estimator as well as relevant

metrics for comparing the models, where ICC stands for Intraclass Correlation

Coe�cient and AIC for Akaike Information Criterion.
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Table 1: Varying intercept constant slope model on self-rated health (1 = good).

Dependent variable: Paper 1 Paper 1 + Index

self-rated health AME (SE) 95%CI AME (SE) 95%CI

latitudes (reference: -35th to 35th parallel)

- ±35th -0.021 (0.014) [-0.048; 0.005] -0.022 (0.014) [-0.049; 0.004]

sunshine (100h) 0.015* (0.007) [ 0.001; 0.031] 0.014 (0.007) [-0.000; 0.029]

skincolor 0.003 (0.006) [-0.010; 0.015] 0.004 (0.006) [-0.009; 0.016]

index 0.001 (0.001) [-0.000; 0.003]

con�dence (reference: no)

- yes 0.072*** (0.007) [ 0.059; 0.086] 0.072*** (0.007) [ 0.059; 0.086]

smoking behavior (reference: never)

- formerly -0.022** (0.008) [-0.038; -0.005] -0.022** (0.008) [-0.039; -0.006]

- up to 10 a day -0.019 (0.010) [-0.038; -0.001] -0.019 (0.010) [-0.038; 0.001]

- more than 11 a day -0.054*** (0.011) [-0.076; -0.033] -0.055*** (0.011) [-0.076; -0.033]

sport behavior (reference: never)

- rare 0.065*** (0.009) [ 0.048; 0.082] 0.065*** (0.009) [ 0.048; 0.082]

- often 0.118*** (0.009) [ 0.100; 0.136] 0.118*** (0.009) [ 0.100; 0.136]

work (10h) 0.012*** (0.002) [ 0.009; 0.015] 0.012*** (0.002) [ 0.010; 0.015]

education (reference: low)

- medium 0.057*** (0.008) [ 0.041; 0.074] 0.057*** (0.008) [ 0.040; 0.073]

- high 0.102*** (0.010) [ 0.083; 0.121] 0.102*** (0.010) [ 0.083; 0.121]

age (10 year) -0.040*** (0.004) [-0.048; -0.033] -0.041*** (0.004) [-0.048; -0.033]

sunshine*age 0.010*** (0.002) [ 0.005; 0.014] 0.010*** (0.002) [0.005, 0.014]

latitude*age -0.015*** (0.004) [-0.024; -0.007] -0.015 *** (0.004) [-0.024; -0.007]

sex (reference: female)

- male 0.021** (0.007) [ 0.008; 0.035] 0.021** (0.007) [ 0.008; 0.035]

season (reference: no season)

- spring 0.129* (0.052) [ 0.028; 0.230] 0.112* (0.052) [ 0.011; 0.214]

- summer 0.118* (0.051) [ 0.018; 0.217] 0.103* (0.051) [ 0.003; 0.202]

- fall 0.082 (0.050) [-0.016; 0.181] 0.070 (0.050) [-0.028; 0.167]

- winter 0.054 (0.051) [-0.046; 0.154] 0.041 (0.051) [-0.059; 0.141]

σ2 3.29 3.29

τcountry 0.20 0.18

ICC 0.06 0.05

conditional R2 0.220 0.220

marginal R2 0.173 0.176

Log-Likelihood -9,118.958 -9,117.846

AIC 18,281.917 18,281.728

Notes: Logistic multilevel model; average marginal e�ect (AME); standard error (SE); con�dence

interval (CI); own calculation; rounded; *** p < .001; ** p < .01, * p < .05.
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In the model, the marginal R2 slightly increases after adding the index, indicat-

ing that the index contributes to explaining more variability in the model. There

is an increase of 0.3 percentage points, from 17.3% to 17.6%, which might not seem

substantial at �rst glance, but relative to the initial value, this corresponds to a

marginal increase of 6.1%.

The Intraclass Correlation Coe�cient slightly decreases after adding the index.

This suggests that the index reduces di�erences between countries and thus ac-

counts for relevant macro-level factors. The Akaike Information Criterion and the

Log-Likelihood also decrease slightly, indicating an improvement in the model.

Furthermore, the index is supported by the following result: τcountry decreases

after adding the index. This indicates that the deviation of countries from the

overall average decreases. There is also no change in the deviation of individuals

and countries, as indicated by an unchanged σ2 within the models.

Although all these indicators are minimal, they still support the use of the

index, as it does not alter the estimates signi�cantly and may even be slightly

more conservative, preventing hasty conclusions.

However, it is also apparent that the index is not statistically signi�cant, and

hours of sunshine lose their statistical signi�cance (p = 0.0509). All other e�ects

and statistical signi�cances are very similar. It can therefore be concluded that

the index leads to a more conservative estimate. Most interestingly, the index

becomes statistically signi�cant once the seasons are removed, which could be due

to factors such as multicollinearity or omitted variable bias. However, none of

these apply in my case. The inclusion of seasons as control variables was both

meaningful and theoretically justi�ed, ensuring to account for speci�c seasonal

variations rather than overlapping with the index. Additionally, multicollinearity

was carefully examined and ruled out, as the correlation between seasons and the

index was found to be negligible. Therefore, the statistical signi�cance of the index

upon removing the seasons is likely due to a clearer representation of its e�ect

on self-rated health, unconfounded by the seasonal controls. This underscores

the robustness of the index in capturing relevant macro-level factors even when

accounting for comprehensive control variables.
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1.6 Concluding remarks

Healthcare systems play a crucial role in improving health under limited resources.

Therefore, it is important to compare healthcare systems to evaluate their perfor-

mance and support policy decisions. However, previous approaches to evaluating

healthcare systems do not consider people's subjective experiences regarding ac-

cess to the healthcare system. This leads to incomplete evaluations, as objective

indicators alone do not re�ect the actual experience of the population.

The work begins with a study that uses a multilevel model to measure the

impact of objective environmental factors (such as sunshine hours and latitude

lines) on subjective health. It highlights the importance of including meaningful

controls representing the healthcare systems at the subjective individual level. An

introduction is provided that explains the importance of evaluating healthcare

systems and the motivation behind developing the new index. The creation of the

new index is then described in detail in the second paper and subjected to an initial

test in a multilevel model. The third paper delves into the validation process of

the index and focuses more on the content aspects of the index. In this synopsis,

the index is tested one last time by recalculating and comparing the analysis from

the �rst paper using the subjective index instead of health expenditures.

This work presents an innovative approach for evaluating healthcare systems

by combining subjective and objective data. The new index o�ers a comprehensive

view of a healthcare system's performance by considering both individual percep-

tions of the population and objective macroeconomic data. This enables informed

comparisons between di�erent countries and contributes to the advancement of

health research.

The presented model demonstrates that the new subjective index improves

the comparability of healthcare systems. Integrating subjective and objective lev-

els in a model represents an advancement in health research. This allows for a

more holistic assessment of healthcare systems and acknowledges the importance

of individual perception in healthcare.

The use of Causal Forests is another innovative aspect of this approach. Causal

Forests enable data-driven analyses to determine the signi�cance of individual in-

dicators for outcomes without relying on prior assumptions or hypotheses. This

allows for a more precise evaluation of variable importance and enhances the ro-

bustness of the index. By applying causal analysis methods like Causal Forests,

index creation becomes more accurate and less susceptible to fallacies, contributing

to improved methodology in health research and more meaningful results.

Combining subjective and objective data is an innovative approach for obtain-

ing a comprehensive picture of a country's health system. By considering both
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individual perceptions and objective macroeconomic data, the new index provides

a more detailed analysis. This approach goes beyond traditional health indices,

which often rely solely on objective data.

The creation of the index is straightforward and can be based on individual

datasets. GHED data is available for almost all countries and time periods. The

development of a new index which can be constructed individually given that

individual data on self-rated health and con�dence in the healthcare system (or

corresponding proxy variables) is a signi�cant advancement. It allows for a more

precise and personalized analysis of healthcare systems and contributes to the

advancement of health research. It is crucial to understand whether and to what

degree people feel taken care of in their country, not just what is theoretically

available to them.

My research emphasizes the di�erences between subjective and objective in-

dices in evaluating health expenditures and highlights the role of individual au-

tonomy in �nancial health decisions. The subjective index, based on trust in the

health system, signi�cantly deviates from the objective index. This indicates that

mandatory contributions negatively a�ect subjective perception, while voluntary

expenditures lead to more stable evaluations. The subjective index o�ers valuable

insights into how �nancial autonomy and compulsion in health expenditures in-

�uence overall perception. This has important implications for health policy and

economic planning.

Herein lies another advantage: The index can be individually determined with

all data, which is its special feature. It can always di�er because it is truly adapted

to the people who participated in the survey. This means that even if South Africa

performs very well in my index, it does not mean that this applies to everyone in

South Africa, but to everyone who participated in the survey.

The advance of health research and the enablement of making informed de-

cisions requires to hold space for further developments and improvements. By

integrating new health focuses and �ne-tuning the index, further insights can be

gained. This is currently being initiated in a project with the University of Göt-

tingen, as a preliminary dataset from International Social Survey Programme 2021

has been made available. The results are expected by the end of September 2024.

My approach represents an important �rst step towards progress. It is essential

not only to emphasize the connection between objective and subjective levels in

health research but also to keep space for further developments and improvements.

This allows for continuous advancement in health research and informed decision-

making.

In summary, the innovative approach is characterized by several aspects. First,
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combining subjective and objective data is a crucial step towards obtaining a

comprehensive picture of a country's healthcare system. Second, using Causal

Forests allows for precise variable selection and weighting without relying on prior

assumptions. Third, the new index contributes to improving the comparability of

health systems by considering both quantitative and qualitative aspects.

The new index combines the individual perception of the population with ob-

jective macroeconomic data, creating a more comprehensive picture of a country's

healthcare system. The use of Causal Forests is new and innovative in health re-

search. This method allows determining the importance of individual indicators

for a speci�c outcome without relying on prior assumptions or hypotheses. The

new index helps improve the comparability of healthcare systems between di�erent

countries by considering both quantitative and qualitative aspects. This enables

governments and health organizations to make informed decisions to enhance their

healthcare systems.

In the beginning, this work reminded us that matters of health and illness

were once depicted as a simple dichotomy. Similarly, there was a time when the

assessment and comparison of healthcare systems was solely based on objective

criteria. It seems timely to revise this assumption, at least for questions related to

self-rated health, and expand our horizon. I am �rmly convinced that this research

represents the �rst step heading the right way.
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Abstract: The positive impact of sunshine on self-rated health is well known. For the first time, the
relationship between sunshine and self-rated health is examined in the context of latitude lines in
international comparison. The further people live from the equator, the lower sun exposure (UVB
exposure) and the more often they experience a vitamin D deficiency. UVB exposure decreases with
degrees of latitudinal lines, and in addition to that, sunshine duration is shorter in northern countries.
In order to consider the connection, sunshine duration and degree of latitude lines were manually
enriched from the German Meteorological Service (Deutscher Wetterdienst) to the International Social
Survey Programs (2011): Health and Health Care and analyzed with a logistic multilevel model,
as well as the inclusion of sunshine duration as a mediator. If sunshine hours, as well as latitude
lines, are considered separately in models, both show a statistically significant effect. Together in
one model, the sunshine hours lose their relationship and additionally there is no mediation. This
suggests that the location of the region is the decisive component when considering self-rated health.
Furthermore, an interaction between age and sunshine hours as well as latitude lines is also shown.

Keywords: sun; latitude lines; self-rated health; vitamin D; international comparison

1. Introduction

The positive effect of sunshine on mood and well-being for human beings seems to be
common knowledge. In the short term, one reason could be that good weather increases
motivation in people [1]. In the long term, a lack of vitamin D can have a negative impact
on health, for example by reducing muscle development or by weakening the immune and
cardiovascular system [2,3].

Preserving one’s health has become a moral imperative [4] and reportedly health is one
of the most important values for people [5,6]. Apart from this, the health and well-being of
humans is one of the 17 central sustainability goals of the United Nations [7]. According to
the definition of the World Health Organization, health is “a state of complete physical,
mental and social well-being and not merely the absence of disease or infirmity” [8].
Following this definition, an analysis of the influencing factors of health has to include
both physical and mental aspects.

1.1. Sunlight and Sun Exposure

Today it is known that vitamin D, the so-called sun hormone is needed by almost
all organs and cells of the body [9]. Increased exposure to the sun should therefore
be associated with improved health benefits. For perceptive reasons, which relate to
the fact that people enjoy sunlight when they see it and for reasons which relate to the
health-benefiting effects of UVB (ultraviolet B, electromagnetic radiation with wavelengths
between 290 and 320 nanometers).

It is beyond doubt that there are many factors that affect health, including gender,
age, education, but also the frequency of locomotion and exercise, dietary behavior, and
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substance use of alcohol, cigarettes, and illegal drugs [10,11]. However, people living in
regions above latitudes 35◦ N and below 35◦ S are unable to produce enough vitamin D,
regardless of biological precondition, behavior or annual sum of sunshine hours [12] and
this has been rarely acknowledged within the literature. Lucas and Lawless for example
investigate the connection between weather conditions and life satisfaction. Their analysis
integrates various potential influence factors, including temperature, rain, cloud density,
and air pressure yet does not account for sunshine duration [13]. The authors merely make
a reference to Howarth and Hoffman, who investigate the effect of sunshine duration on a
rather small sample of 24 men [14]. Abeliansky and Strulik explore the connection between
the time of birth, aging, and health. They operationalize sun exposure with the rough
indicator of seasons [15].

The present paper tries to separate sunlight as a source of well-being from the effect
that sun exposure (UVB) as represented by latitude lines has on the vitamin D stock.
Therefore, the following research questions are examined:

Do people rate their health worse if they live further away from the equator? Does
sunshine have a mediating effect in this respect?

1.2. Self-Rated Health

When people assess their health (self-rated health), they evaluate whether they are cur-
rently experiencing any health problems regarding mood and well-being [16]. In doing so,
they apply three different kinds of knowledge: schematic knowledge, episodic knowledge,
and information about changes. Schematic knowledge is information based on previous
diagnoses with an assessment of how healthy one will be in this context. Self-assessment
of one’s own health-related behavior such as physical exercise and nutrition also serves
as a guiding tool [17]. Episodic knowledge refers to lightsome times of good health and
memorable events such as a hospital stay [17,18]. Information about changes relates to peo-
ple comparing their current health state to that of a younger self. They might for example
experience healing processes that take longer than in the past, or that the symptoms of an
existing illness have subsided [18]. These aspects, or a selection of them, are evaluated
simultaneously in order to reach an assessment of one’s own subjective health [17,18].

Self-rated health is a powerful indicator for various fields and as a measure of health
equally suited as objective measurements [19]. Self-rated health reflects the expected risk
of death better than measurements of objective diseases [17]. A meta-study shows that in
eight out of nine cases, a question on subjective health predicts mortality as good as an
objective measure [20]. Roughly 50% of the variance in self-rated health can be explained
by functioning, diseases, pain, mental health, and behavior, with functioning and diseases
being the most important aspects [21].

1.3. Sunlight as a Source of Mental Influence

The sun is the most available natural light source. When the sun shines, many people
claim to be in a good mood [1] or less tired [22]. Artificial in addition to natural light
sources could influence context or initial situation (mood as well as well-being) and thus
have an effect on health, which leads us to the first hypothesis:

H1. The more sunshine in a region the better the health.

1.4. Regions and Their Location (Latitude Line) as a Proxy for Vitamin D

Vitamin D is metabolized from cholesterol through the skin and liver under influence
of sun exposure, more precisely the UVB component [9]. Whereas it was assumed for a long
time that the main role of vitamin D is to maintain calcium homeostasis and bone health [23]
it is known today that the sun hormone is needed for and influences almost all organs and
cells of the body [9]. In place of sun exposure, the body can produce vitamin D through the
consumption of fatty fish, eggs, and dairy products. For a substitute of a sufficient amount
of sunshine, a person needs very large quantities of it, for instance, two large portions of
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salmon or 20 eggs a day. Especially in more northern countries of Europe, a lot of vitamin
D-rich food is eaten, which can lead to possible compensation. Chemically produced food
supplements can also provide an alternative [24,25]. If individuals cannot take advantage
of one of these options, sun exposure is the main source of vitamin D [26].

Insufficient sun exposure of the skin over a long period of time results in a state known
as vitamin D deficiency [2,3]. Bazzano et al. assume that people above 35◦ N and below
35◦ S latitude line have vitamin D deficiency due to insufficient sun exposure [12]. The
exact amount of sunlight depends on the latitude and height of the location as well as
the time of year (if seasons are given for the region). The earth’s axis is inclined against
its orbital plane around the sun by the angle ε = 23.5◦. The angular distance of the sun
from the equatorial plane changes during a year between +23.5◦ on June 21 and −23.5◦ on
December 22. Due to these conditions, sun exposure of varying intensity is to be expected
throughout the year. This is strongest at the equator because the angle there is constantly
the smallest. The larger the angle and thus the further a country is from the equator and
the lower the sun exposure. More can be read about the formation of vitamin D through
sun exposure in Barger-Lux and Heaney [27]. We test the following hypothesis:

H2. Regions further away from the equator are associated with lower prospects for good
population health.

1.5. The Connection between Sunshine and the Location (Latitude Lines)

Sun exposure decreases with degrees of latitude and sunshine duration is lower in
northern countries than in countries that are close to the equator as well as in winter
months due to fewer hours of sunlight. The central question here is whether longer hours
of sunshine duration can mediate the influence of reduced UVB exposure as represented
through latitude lines on health-related opportunities, which leads us to the acceptance
of mediation:

H3. Sunshine duration mediates the effect of latitude lines on population health.

The greater the distance to the equator, the less UVB exposure can be expected [28]
no matter whether deviations are considered upwards or downwards. Reduced health
prospects are expected in both cases. In terms of the sequence of influences over time, the
number of sunshine hours can be located between latitude lines and health prospects.

Although no longitudinal design is available, it is possible to test for mediation here,
because the latitudinal lines are permanent and do not vary. Thus, only sunshine duration
can modify the influence of the latitudinal line on health-related opportunities.

Hypothesis 3 is significant because it can assess the relationship between latitudinal
lines and sunshine hours in a dependent model. In light of it, it becomes clear whether
the sunshine hours or the location (latitude line) have effects on health. Therefore, this
hypothesis combines the first two and can subsequently show the true effect.

1.6. Control Variables

The selection of control variables is based on theoretical assumptions about their
connection to self-rated health and previous empirical findings. At the individual level,
the control variables are confidence in one’s own health care system, smoking behavior,
sports behavior, working hours, education, age, and sex. With regard to possible country
differences, domestic general government health expenditure (% of GDP) and skin color
are used to monitor the contextual level. Furthermore, the season is controlled.

There is a significant and positive relationship between institutional trust in the health
system and self-rated health [29]. Therefore, trust in one’s own health system is integrated.

The negative consequences of tobacco consumption for physical health have been
confirmed many times [30,31]. Smoking affects physical health not only directly, but also
indirectly by influencing health-sustaining factors such as diet, sport, and drinking be-
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havior. Smokers eat healthy food less often, exercise less, and have a higher prevalence
of alcohol dependence and risk consumption than non-smokers and former smokers [32].
Furthermore, harmful behaviors build up with an increase in severity of nicotine depen-
dence [32–39]. In addition to all that, smoking cigarettes disrupts vitamin D metabolism in
the lungs [40].

Physical activity not only helps in the treatment and rehabilitation of various diseases
but can also be used preventively. People who are physically active face fewer health
problems and consider themselves to be healthier when compared to those who do not
engage in physical activity [41].

The working hours are recorded to control the individual sun exposure as well as
possible. The assumption behind this is that people who work a lot are less likely to be
exposed to sunlight. In general, employment is positively correlated with health. The day
is structured through employment, the experience of meaningful activity increases positive
social feedback, and sometimes physical activity is encouraged. Together, these aspects are
positively associated with health.

Educational background is positively associated with health prospects [42] and a posi-
tive correlation between education and mental health has been corroborated as the share of
people with mental impairments decreases among those with higher educational status [43].

Longitudinal studies have shown that self-rated health changes with increasing
age [44]. Whereas physical health objectively deteriorates with age, people tend to consider
themselves to be healthier than they are. In addition to an increased risk of morbidity due
to biological aging processes, changes in lifestyle, and health-related behavior can also
explain this finding [45]. As people age, the importance of good health increases because
health turns into a more fragile asset due to the development of chronic illness and physical
complaints [44]. Age is also a major risk factor in vitamin D deficiency due to decreased
sunlight exposure, dietary intake, and skin thickness. Therefore, interactions between
sunshine hours and age (H1 and H3), as well as latitude lines (H2 and H3), are included.

Men and women differ in terms of mortality, morbidity, health behavior, but also
in their self-rated perception of health and illness [46]. On the basis of survey results,
the gender health paradox must also be considered, which describes the observation that
men consider themselves to be healthier than women although the latter have a longer
life expectancy [47,48].

Since there is currently no cross-country classification of the health care system,
domestic general government health care expenditures (as a % of gross domestic product)
are used here in order to be able to control for country differences. The advantage is that,
on the one hand, private health expenditures are not considered and, on the other hand, a
relation to the gross domestic product of the respective countries is given.

Furthermore, we control for skin color in the different countries. Skin color is asso-
ciated with perceived discrimination, stress, and socioeconomic status. These in turn are
related to one or more health outcomes [49]. There is also a connection between skin color
and vitamin D absorption.

Finally, we control for the season in which the survey took place. Temperature and
precipitation were to be additionally controlled, but no correlations could be found, which
is why they were taken out again.

2. Materials and Methods
2.1. Materials

The dataset which we base our analysis on is the International Social Survey Pro-
gramme (ISSP): Health and Health Care—ISSP 2011, founded in 1984 and currently consist-
ing of 42 member states worldwide [50]. The survey takes place annually and has changing
focus topics. So far, 2011 is the only survey wave with a focus on health and health care.
Between February 2011 and April 2013, a total of 55,081 people from 32 countries were in-
terviewed. In addition, the ISSP—Health and Health Care was complemented with latitude
lines and climate data of the monthly sunshine duration from the place of residence and
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the time of the survey from the German Meteorological Service [51]. These are validated
data that are subject to routine quality control [52]. The additional process-generated data
allow sun exposure and health to be analyzed in an international comparison.

The data extension by monthly sunshine duration was carried out according to the
following criteria: If possible, the three largest regions (measured by the number of respon-
dents in the region) of a country should be considered or at least ten data points per country
should be available. Simultaneously, small-scale information on local and synchronous sun
exposure is required. If a region had to be excluded because no information on sunshine
duration was available, we integrated data on the nearest larger region. Four countries had
to be excluded for differing reasons. First, there was no question on self-rated health in
the Taiwan survey instrument. Secondly, no information on the months of data collection
was available for Bulgaria. In the third case, it was not possible to access validated climate
data of the DWD for Norway. Lastly, the Belgium case had to be excluded due to the small
number of cases as only data on one weather station with 26 participants in Brussels was
available. The net sample consists of 28 countries with a total of 18,006 people interviewed.
The region with the lowest number of cases has 155 respondents and the largest has data
from 2195 persons, the average number of cases per region is 643 individuals. Possible
systematic peculiarities due to the reduction of cases are examined as well. For example,
it could be assumed that more weather stations are available in more prosperous regions.
The sub-sample of 18,006 people does not differ in self-rated health status, working hours,
smoking and sports behavior, age, and sex from the total number of 55,081 cases.

2.2. Operationalization

The dependent variable of the analysis is self-rated health. The wording of the question
is: In general, would you say your health is . . . ; response categories: excellent, very good,
good, fair, poor (or can’t choose). Because of the skewed distribution of the variable and the
widely varying frequencies of expression in the categories, we dichotomized the variable
to obtain the best estimations. The five-digit scale is dichotomized by using the evaluation
strategy of the meta-analysis from Kondo et al. [53], which allows one to compare people
who assess their health as good to excellent with people who place themselves in the
categories from fair to poor (hereinafter: not good).

The monthly sunshine duration is derived from the Climate Data Center of the German
Meteorological Service [51] and then divided by 100. Accordingly, the interpretation is
based on a scale of 100 h of sunshine per month.

Sufficient vitamin D intake occurs only between the 35◦ N and 35◦ S latitude lines [12].
Therefore, these countries were grouped together and compared with countries further
away from the equator.

Confidence in the health care system is measured with the following question: In
general, how much confidence do you have in the health care system in (country)?; response
categories: complete confidence, a great deal of confidence, some confidence, very little
confidence, no confidence at all (or can’t choose). The five-digit scale is dichotomized into
the categories high (complete and great deal) and low (some and below).

Smoking behavior is monitored by the question: Do you smoke cigarettes, and if so
about how many cigarettes a day? and is recoded in four categories differentiating between
persons who have never smoked, former smokers, smokers with up to ten cigarettes a day,
and smokers with more than 10 cigarettes a day.

Sports behavior is surveyed with the question: How often do you exercise physically
for at least 20 min so that you sweat or breathe more than usual? and divided into the
categories never, rarely (once or several times a month) and frequently (several times a
week and daily).

The number of hours worked was open-ended and is included in the analysis as a
metric variable. It should be noted that all persons who do not work are also included in
the analysis using the same variable with a value of zero.
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To measure education, the aggregated form of the International Standard Classification
of Education (ISECD) is used, which has become a well-established tool for national and
international research and summarizes educational levels in the educational groups low,
medium, and high [54].

Age was queried openly and limited in the analysis to persons between 18 and 82 years
of age in order to define a uniform upper and lower limit (18 years of the actual possible
characteristics) to reduce possible survival effects (distortions in favor of survivors) [55].
We wanted to include an additional survivorship variable, but it resulted in too high
multicollinearity and therefore had to be removed again.

Sex was asked dichotomously by asking directly for it (woman or man). No alternative
information could be given. Only persons who indicated their gender were included in the
analysis since a rather negligible number of 11 persons did not want to assign themselves.

Domestic general government health expenditure (as % of gross domestic product)
data are enriched using the word bank group [56]. These are expressed as a percentage,
with the lowest value coming from the Philippines at 1.11% and the highest from Japan at
8.89% and are included as a metric variable.

Skin color is classified according to the procedure of Parra et al., see Figure 1 in [57]. In
total there were eight levels from one white to eight black. Due to too high multicollinearity
in the attempt to include the variable as categorical, we fall back quasi-metric in order to
avoid giving up control of this important variable.

Lastly, we looked at when the surveys were conducted (in which month) and then
adjusted the seasons (spring, summer, fall, and winter) according to the southern and
northern hemispheres. Furthermore, there is a category no seasons for regions of countries
that are too close to the equator to have any seasons.

Each person on the micro-level can be assigned to a country (macro-level, see Figure 1).
On this level, in addition to monthly sunshine duration, latitudes and the Human Develop-
ment Index are also considered. The country-specific context furthermore affects individual
characteristics, as indicated by dotted arrows. The variables needed for the hypothesis
tests are located at the macro level. The variable sunshine represents the mediator, while a
direct arrow from latitude via sunshine leads to self-rated health (SRH). Therefore, while we
have no information on how much a single person was exposed to the sun, we assume that
the number of people who benefit from sun exposure increases with increasing sunshine
duration in a country.

2.3. Methods

The comparison of latitude lines under the mediation of sunshine duration and their
effect on self-rated health is analyzed by comparing countries and their differing monthly
sunshine duration. Integrating country variables into the analysis is important because it is
likely that country affiliation (health care system, politics, etc.) has an effect on individual
persons. A multilevel model is used to perform a country-weighted analysis. Weighting is
applied in order to control for group size differences between countries [58]. About 9 %
of the variance in self-rated health is only explained by the different countries (Interclass
correlation − ICC baseline model 0.091; Confidence interval (CI 95%) = (0.055, 0.147)). Thus,
the central prerequisite for performing the multilevel analysis is fulfilled. Figure 2 illustrates
the variance of self-rated health between countries.

The multilevel analysis was performed with R version 4.0.0 by the package lme4 [59].
For the analysis of mediation, the R package mediation was used, which allows one to exam-
ine mediations in multilevel models. The package is able to indicate average direct effects
(ADE), average causal mediation effects (ACME), total (direct and indirect) effects, and
the proportion of variables that pass through the mediator [60]. We tested the significance
of indirect effects by using bootstrapping methods. Standardized indirect effects were
calculated for each of 1.000 bootstrapping samples, and the 95% confidence interval was
calculated by determining indirect effects with a confidence interval of 2.5% and 97.5%
using the quasi-Bayesian method.
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Figure 1. Description of relevant mechanisms related to sun exposure and self-rated health, health
exp. = domestic general government health care expenditures (as a % of gross domestic product),
interaction from age and sunshine hours not shown, own representation, [±35] means all values
above 35◦ N and below 35◦ S parallel.
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Figure 2. Variance of countries in self-rated health represented with Logit estimators, estimate across all countries shown as
a line (Logit estimation for all = 1.025), own calculation and representation.

2.4. Specifications and Requirements

After extensive analysis and model comparisons, a varying intercept constant slope
model was finally selected. Additional varying slopes of sunshine duration do not result in
any model improvements. The model comparison can be seen in Table 1. AIC, BIC, and
a Likelihood-Ratio-Test were used to determine whether the following model would be
more suitable than the previous one.

Table 1. Model Fit Comparison.

Model Selection AIC 1 BIC 2 LR-Test 3

Baseline Model 21,357.928 21,365.726

Varying Intercept Only 20,239.501 20,255.098 1120.43 **

Varying Intercept Constant Slope 18,253.620 18,432.985 2027.88 **

Varying Intercept Varying Slope 18,255.616 18,442.779 0.00
1 Aikaine-Information-Criterion, 2 Bayesian-Information-Criterion, 3 Likelihood-Ratio-Test (LR-Test) to previous
model, ** p < 0.01, N = 18,006.

Although it is sometimes recommended to center all independent variables in multi-
level models on total mean [61], only the metric variables age and sunshine duration are
centered on total mean in order to receive meaningful reference categories (xage = 46.475,
xsunshine = 179.164). Furthermore, Mayerl and Urban advise against centering dummy
variables on total mean from a statistical point of view [62]. In the present case, this
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means that the interpretation of the latitude line should be done exactly for the value
dummy = 1 (outside interval by getting enough UVB exposure) and not over the entire
statistical mean (which would be the case with centering). Because of our interest in the
second level predictors, sunshine duration and latitude line, we decided against centering
at group mean [63,64].

The number of variables on the macro-level matters in multilevel models. In total,
28 countries could be included in the analysis, whereby several regions and months were
considered for each country and accordingly, 254 characteristics for sunshine hours are
available. Table 2 lists how many data points representing sunshine hours were collected
per country and from how many different regions they originate. It additionally shows the
average skin color in the countries (measured by the region they were in) and the average
domestic general government health care expenditures (measured by the survey years).
It seems odd that Australia has a higher average skin color than South Africa. This is the
case because the analyzed regions in Australia are closer to the equator than those in South
Africa, with three out of five regions located directly on the south coast.

Table 2. Data points per country and country characteristics.

Country Region(s) per
Country

Information on Regional
Sunshine Hours per Month

Average Skin
Color

Average Health
Exp. N

1 Australia 5 15 7 6.18% 712
2 China 3 11 3 2.32% 1146
3 Chile 5 9 3.80 3.19% 631
4 Croatia 1 2 3 6.39% 248
5 Czech Republic 4 8 1 5.87% 789
6 Denmark 4 8 1 8.57% 1105
7 Germany 3 18 1 8.18% 570
8 Finland 2 9 1 7.30% 422
9 France 2 10 1 7.87% 219
10 Great Britain 3 18 1 8.18% 499
11 Israel 1 6 4 4.41% 197
12 Italy 2 8 1 6.66% 182
13 Japan 8 8 2 8.89% 1049
14 Lithuania 3 6 1 4.58% 580
15 Netherlands 3 11 1 6.89% 155
16 Philippines 4 4 5 1.11% 1149
17 Poland 8 8 1 4.48% 543
18 Portugal 3 12 3 6.13% 397
19 Russia 6 6 1.92 3.00% 960
20 Sweden 1 3 1 8.80% 188
21 Switzerland 3 25 1 3.41% 664
22 Slovak Republic 1 3 1 5.41% 183
23 Slovenia 1 4 2 6.17% 225
24 Spain 4 11 2 6.60% 1291
25 South Africa 7 7 6.29 4.08% 2195
26 South Korea 3 9 2 3.52% 1030
27 Turkey 3 9 2 3.68% 507
28 Middle Atlantic (USA) 1 6 2 7.91% 170

Sum 94 254 ø = 2.21 ø = 5.3% 18,006

health exp. = domestic general government health care expenditures (as a % of gross domestic product), Source of skin color values:
D. O’Neil (Behavioral Sciences Department, Palomar College, San Marcos, California), taken from Parra et al. [57].

This means that our data are actually not structured by two, but four levels (country,
region, survey date, individual). We decided to disregard the regional level because on
the one hand regions do not have enough separate characteristics to make meaningful
estimates and on the other hand variance of sunshine durations between regions within
countries is very small. Integrating an additional third regional level would therefore only
increase complexity and make interpretation more difficult. Survey time was recoded
to seasons and accordingly included as a control variable at the individual level, but
associated estimators play no particular role in this case.

In sum, values from 28 countries add to a total sum of 254 values of sunshine duration
from 94 different regions, as different monthly data are available for sunshine duration per
region, see Table 2. For correct estimation of standard errors in case of interest in contextual
effects, at least 50 groups should be available for the macro-level [63]. This means that
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already 50 sunshine durations for the second level would be sufficient to assume correct
standard errors.

A common problem with multilevel models is the multicollinearity between context
variables [64]. In this model, multicollinearity plays no particular role when the variables
skin color, average domestic general government health care expenditures, and season
are removed. However, the problem of multicollinearity exists only if the standard errors
are also distorted. Therefore, the variable average domestic general government health
care expenditures was first added to the model without multicollinearity. Neither for this
variable nor for the other two variables that were added and checked separately, could a
bias be detected.

There is one other requirement for mediation. It must be possible to explain the
independent variable at least in part by the mediator. In our case, this means that the region
in which one lives has an influence on the hours of sunshine. Theoretically, this is proven
by the latitude line. There is another more controversial assumption with two schools of
thought. One says that you need a statistically significant effect of the independent variable
on the dependent variable, the other says that this is not essential [65,66]. As explained
in hypothesis two, this should be the case from a theoretical point of view. During the
mediation, the preconditions are checked statistically again.

Average marginal effects (AMEs) are estimated in order to make interpretation easier.
AMEs allow us to not only observe the statistic significance of influence factors but also
provide a measure for the strength of these effects. For more information, see [67]. Fur-
thermore, this approach enables us to determine the strength of the possible mediator and
compare it with the main effect. All interpretations are made without further mention of
average and with the other variables kept constant, as well as considering counterfactual
assumption of average marginal effect.

3. Results
3.1. Descriptive Statistics

Table 3 gives an overview of categorical variables and Table 4 shows the metric
variables we used. At the individual level, about 28% of respondents stated that they did
not consider their health to be good, whereas 72% said that they were at least well. In
standardized surveys, there is often a perceived distortion in health status, which most
likely occurs due to selection. Particularly sick people are not able to participate in surveys,
which makes it seem as if the majority of people are doing well, which would explain the
skewed distribution here. A total of 40% have high confidence in their health care system,
while 60% have low confidence in it. Most people have never smoked (55%), while 21% are
former smokers, about 13% smoke up to 10 cigarettes a day, and about 11% smoke more
than ten cigarettes a day. A total of 38% of people engage in a great amount of sports, 33%
rarely, and 29% never exercise. Additionally, 35% people have a low, 39% a medium, and
26% a high level of education. Finally, 55% of persons examined are female and 45% are
male. A total of 94 locations (measured on the basis of latitudinal lines) are identified and
23 regions are between 35◦ N and 35◦ S parallels (31%) while 71 are outside of this range
(69%). Australia, Chile, Japan, South Korea, and China belong to both latitudinal groups,
separated at the 35th parallel. Apart from the regions where there are no seasons (with
roughly 7%), the seasons are equally represented.

The standard deviation of 89 sunshine hours per month amounts to almost half
(49%) of the average of 180 sunshine hours. This suggests that variance is sufficiently
high. The health system differences measured by the Domestic general government health
expenditure also show sufficient variance. In terms of skin color (added after region), it is
apparent that most people tend to be white and fewer people are black, with the highest
expression of the scale not occurring at all. We want to acknowledge that this sample of
countries is probably not representative of all countries and especially for countries that
are within 35◦ latitudes. The respondents are 47 years old on average, with a standard
deviation of roughly 17 years. The hours worked appear to be quite low on average and
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have a large standard deviation. However, this is only the case because the persons who
are unemployed are included in the variable.

Table 3. Description for categorial variables, N = 18,006.

Variable Percentage N

self-rated health
- not good 28.01% 5043
- good 71.99% 12,963

confidence in health care system
- low 60.42% 10,879
- high 39.58% 7127

smoking behavior
- never 54.63% 9837
- formally 20.73% 3732
- up to 10 a day 13.20% 2376
- from 11 a day 11.45% 2061

sport behavior
- never 28.99% 5220
- rare 33.03% 5948
- often 37.98% 6838

Education
- low 34.59% 6229
- medium 39.70% 7149
- high 25.70% 4628

Sex
- women 55.38% 9972
- men 44.62% 8034

latitude lines
- 0–35th 30.93% 5570
- up to 35th 69.07% 12,436

Seasons
- no season 6.78% 1220
- spring 22.63% 4074
- summer 21.73% 3913
- fall 22.96% 4134
- winter 25.91% 4665

Table 4. Description for metric variables.

Variable N Min Max x S

Sunshine hours 254 7 412 179.16 89.92

domestic general gov. health expenditure (% of GDP) 28 1.11 8.89 5.17 2.29

Skin color 94 1 7 2.77 2.03

Age 18,006 18 82 46.47 16.56

working hours 18,006 0 96 23.46 23.96

3.2. Analysis without Control Variables But under Country Control

H1. The more sunshine in a region the better the health.

A logistic multilevel model under control of countries shows a statistically significant in-
fluence of sunshine duration on self-rated health (AME = 0.019, p = 0.016, CI 95% = (0.004, 0.035),
calculation is not shown separately in a table). There is a main effect between sunshine dura-
tion and self-rated health which corresponds to the assumed direction.
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H2. Regions further away from the equator are associated with lower prospects for good
population health.

The latitudinal lines also have a statistically significant effect on self-rated health. Peo-
ple living above 35◦ N and below 35◦ S parallel are 1.5% less likely to be in the good health
group, but not statistically significant (p = 0.317, CI 95% = (−0.044, 0.014), calculation is not
shown separately in a table). This corresponds to the assumed direction. The second prereq-
uisite for testing a mediation effect is thus fulfilled. The second controversial assumption
for mediation is not present here, but we still look at the mediation in Hypothesis 3.

H3. Sunshine duration mediates the effect of latitude lines on population health.

The condition that the region in which one lives has a statistically significant effect
on the hours of sunshine is given, see Figure 3 path latitude to sunshine. The effect of
latitude lines on the likelihood of having good self-rated health was partially mediated via
sunshine duration. As Figure 3 illustrates, the regression coefficient between latitude lines
and self-rated health as well as the sunshine duration and the likelihood of good self-rated
health was statistically significant.

Figure 3. Mediation without control variables, ISSP 2011; average marginal effects; own calculation
and representation; ** p < 0.01, * p < 0.05, proportion mediated: 14.14 %; N = 18,006.

The Average Causal Mediation Effect is calculated from −0.170 times 0.018 and is with
−0.3 percentage points very small, but statistically significant (p = 0.012 CI 95% = (0.000, 0.012)).
The proportion that goes through mediation is around 14.14%. The effect of latitudinal
lines on self-rated health decreases from 1.5 to 1.2 percentage points.

3.3. Multivariate Analysis with Control Variables and Under Country Control

At this point, we first provide an overview of the full model (all control variables, but
without mediation). That is, the influence of latitude and sunshine hours in relation to self-
rated health while controlling for all other variables. This model is used for comparability.
For the first hypothesis, a model is run without the influence of latitudinal lines, and for
Hypothesis 2, a separate model is run without the influence of hours of sunshine to test
for direct effects. In Hypothesis 3, mediation is tested with all variables and just as in the
previous analysis in a separate Figure 4. Finally, all the results are related to each other in
Section 4 Discussion.

In order to examine effects in more detail, the coefficients are shown in Table 5 and
visualized in Figure 5. The R2 according to McKelvey and Zavoina can be interpreted the
same way as the R2 from a (multiple) linear regression [68]. Regarding our model, this
means that we can explain 18.67% of the variability in self-related health through inde-
pendent variables. The interpretation of the following variables is carried out exclusively
under the control of respective other variables included (ceteris paribus), which is not
mentioned for every individual interpretation.
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Table 5 now shows the full model without mediation. This means that the sunshine
hours, as well as the latitude line, are in one model. The first two hypotheses are each
tested without the other influencing variable, which is why the coefficients differ from the
one in Table 5. This again shows relevant relationships between the variables.

Figure 4. Mediation with control variables, Reference: ISSP 2011, average marginal effects, own
calculation and representation, *** p < 0.001; ** p < 0.01, proportion mediated: 5.44 %; N = 18,006.

Table 5. Varying intercepts constant slope model estimates including all control variables without mediation for comparison.

Dependent Variable: Self-Rated Health (1 = Good) AME SE CI 95%

latitudes (reference: −35th to 35th parallel)
- ±35th −0.032 * 0.014 (−0.060, −0.005)
sunshine (100 h) 0.014 0.007 (−0.000, 0.028)
domestic general gov. health expenditure (% of GDP) 0.013 0.007 (−0.001, 0.026)
skin color 0.002 0.006 (−0.010, 0.014)
confidence health care system (reference: no)
- yes 0.074 *** 0.007 (0.061, 0.087)
smoke (reference: never)
- formerly −0.021 * 0.008 (−0.038, −0.005)
- up to 10 a day −0.022 * 0.010 (−0.041, −0.002)
- more than 11 a day −0.064 *** 0.011 (−0.085, −0.042)
Sport
- rare 0.061 *** 0.009 (0.044, 0.078)
- often 0.110 *** 0.009 (0.093, 0.128)
working hours (10 h) 0.012 *** 0.002 (0.010, 0.015)
education (reference: low)
- medium 0.059 *** 0.008 (0.043, 0.075)
- high 0.105 *** 0.010 (0.087, 0.124)
age (10 years) −0.042 *** 0.004 (−0.049, −0.035)
sunshine*age 0.009 *** 0.002 (0.005, 0.014)
latitude*age −0.018 *** 0.004 (−0.026, −0.009)
sex (reference: female)
- male 0.026 *** 0.007 (0.012, 0.039)
Season (reference: no season)
- spring 0.105 * 0.048 (0.010, 0.199)
- summer 0.106 * 0.048 (0.013, 0.199)
- fall 0.073 0.046 (−0.017, 0.164)
- winter 0.047 0.047 (−0.046, 0.140)

Log-Likelihoodbaseline model −10,117.800
Log-Likelihoodfull model −9103.826
R2

McKelvey&Zavoina 18.90%

Note: *** p < 0.001; * p < 0.05, NLevel1 = 18,006; NLevel2 = 28, with 254 sunshine durations and 94 regions (latitude lines).
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Figure 5. Coefficient plot of Varying intercepts constant slope model estimates including all control variables, but without
mediation for comparison, health exp. (% of GDP) = domestic general gov. health expenditure (% of GDP), ISSP 2011, own
calculation, N = 18,006.

The influences of the control variables are as expected: On the individual level, people
with confidence in the health care system are 7 percentage points more likely to be in the
good self-rated health group. People who smoke are up to 6 percentage points less likely
to be in the good self-rated health group. If a person exercises regularly, the likelihood
that they report being in an at least good health condition increases (up to eleven percent
points). The higher the level of education, the higher the likelihood of reporting a good
health status (up to eleven percent points) and men place themselves with 2.6 percentage
points higher likelihood in the good self-rated health group. For every 10 h a person
works, the probability of being healthy increases by 1.2 percentage points. The older
a person is, the less likely they are to be among those who consider their health to be
good to excellent (−4.2 percentage points for every ten years). However, these coefficients
should not be underestimated since these are metric variables with a relative effect and
not an absolute effect like the variables presented above. Age has the expected negative
effect on health, but with sunlight, this effect can be mitigated. The older people are,
the more they (might) benefit from being in a country with more sunshine hours. The
interaction of age and latitude lines has the opposite effect. It amplifies the already negative
effect of age. Both are statistically significant interaction effects (p = 0.000). Apart from
smoking behavior (formerly: p = 0.011 and up to 10 a day: p = 0.027), all control variables
are statistically significant at 0.1% level. None of the context-level control variables are
statistically significant. Even if they do not distort the standard errors and estimators of
the other variables when added, it does not seem reasonable to interpret them here, as they
only serve to control the model.

H1: Sunshine duration shows a statistically significant test result: For every additional
100 h the probability to report having good health increases by 1.55 percentage points
(p = 0.033, CI 95% = (0.001, 0.030), calculation is not shown separately in a table). This
finding supports the previous analysis: By including control variables, the effect drops
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slightly from 1.90 percentage points to 1.55 percentage points and remains statistically
significant. However, Table 5 (sunshine hours and latitude lines are included at once)
shows that this effect is completely moderated by age.

H2: The latitude lines show a statistically significant test result at a 5% level: Persons
living above 35◦ N and below 35◦ S parallel are 3.23 percentage points less likely to be in
good health. This finding supports the previous analysis: By including control variables,
the effect increases from 1.48 percentage points to 3.23 percentage points (more than twice)
and is now statistically significant (p = 0.021, CI 95% = (−0.060, −0.005), calculation is not
shown separately in a table), which was not the case before. Hypothesis 2 can be supported.
The second prerequisite for testing a mediated effect is here also fulfilled.

H3: The condition that the place of residence has a statistically significant effect on the
hours of sunshine is given, see Figure 4 path latitude to sunshine. Mediation is present in
the analysis without control variables (see Figure 3) but the mediation disappears when
all control variables are used (see Figure 4). The effect of Hypothesis 2 on the total effect
remains unchanged.

The average causal mediation effect decreased from −0.3 to −0.2 percentage points
and is no longer statistically significant (p = 0.084, CI 95% = (0.000, 0.084)). The proportion
that goes through mediation is around 5.44%, previously it was 14%. This means that we
chose the control variables sensitively, but there is no mediation left.

4. Discussion

This paper has examined the influence of sun exposure on self-rated health. Since this
analysis required the variation of sunshine, an international comparative approach was
chosen. We based our calculation on data from the ISSP 2011 which we complemented
by adding international sunshine duration data from the German weather service. The
intensity of sun exposure was operationalized by latitude lines and the duration of sunlight
was processed on the level of the smallest possible regional differentiation. Hence, the
differentiation of 94 regions in 28 countries was integrated into a multilevel analysis.

Theoretical considerations and previous empirical findings largely support our hy-
potheses, which suggest associations between duration of local sun exposure and distance
from the equator as influence factors for health prospects. The bivariate regression to
test Hypothesis 1 produces a statistically significant test result (AME = 0.016, p = 0.033),
thus sunshine hours are correlated to subjective health. This suggests that a probability
maximization of about 6 percentage points (1.55 percentage points times 4.12 sunshine
hours = 6.39) is possible, which can be lifted if someone smokes more than eleven cigarettes
a day or someone is ten years older. Therefore, this effect should not be overestimated.
Similarly, under sole examination persons living above 35◦ N and below 35◦ S parallel
(H2) show reduced self-rated health (AME = −0.032, p = 0.021). In an overall model (see
Table 5), sunshine hours lose their effect, while latitude lines remain statistically significant.
Sunshine duration mediates the effect of the latitude line on self-rated health only without
control variables. When the control variables are included, there is no longer a media-
tion (H3). This is a very interesting result and shows how sensitive the control variables
were chosen. Also, this indicates that location is a major determinant of the extent of sun
exposure as well as a determinant on self-rated health.

Even when multivariate mediation is no longer present, the interaction effect between
hours of sunlight and age is statistically significant: the older people are, the more they
(might) benefit from being in a country with more sunshine hours. However, this may
also be reverse causality, more healthy elderly can go out than sick elderly who are more
likely to stay at home. Whereas we have controlled for physical fitness through control
of sports practice and this should cushion the effect. It is also obvious that going out is
more attractive when the sun is shining instead of raining. This result is an indication
that the health-promoting effect for the elderly is present in connection with the hours
of sunshine. However, the effect could also result from economic inequality leading to

46



Int. J. Environ. Res. Public Health 2021, 18, 4101 16 of 19

systematic differences in health and survival, or survivorship bias, which we unfortunately
could not control.

In contrast, a region of residence near the equator has a much stronger influence on
self-rated health. Since countries near the equator differ from more northern countries, the
domestic general government health expenditure (% of GDP) was used as a macro-level
control variable.

This study is not without limitations. It has to be noted that no precise information is
available on how much time participants spent outdoors on each day during the survey
period. This means that it was not possible to investigate how often a person was actually
in the sun and had a chance to produce vitamin D. Factors that influence sun exposure,
such as wearing UV-blocking clothing or using sunscreen, could not be considered either.
Without these variables, it is difficult to prove possible vitamin D deficiency. An assumed
lack of vitamin D was the main reasoning behind the second hypothesis and integrating
more measures for vitamin D deficiency in future research could provide further insights.
However, we have tried to capture this as best as possible using the given data by including
hours worked as well as skin color in the analysis. Theoretically, it can also be assumed
that the measurement errors addressed here should average out under otherwise identical
conditions. Similarly, no information is available on possible vitamin D supplementation
in the countries.

It should also be noted that the so-called Brandt Line separates the Global North from
the Global South and states that people below 30◦ N, all other things being equal, have
worse health. For America, Europe, and Africa, a comparable country classification would
be obtained since we divide the countries at 35◦ latitude. For 35◦ South, it is recognized
that there are few data points represented in the analysis that could compete with the rest.
This is a possible alternative explanation of the effect of the region.

Furthermore, it was not possible to consider different health care systems in the
countries as a substantively appropriate international classification of health care systems
has not yet been developed [69]. It would certainly have been important to control for
differences in the capacity of health care systems. To some extent, this circumstance
could be brought into line with the respondents’ assessment of institutional trust in the
local health care system, at least at the individual level. We also used domestic general
government health spending (% of GDP) to best address this issue.

Systematic differences between the sample and the whole ISSP sample do not exist
at first sight, but countries and also individual regions have been more or less arbitrarily
excluded due to lack of data, which could possibly lead to distortion. The aforementioned
multicollinearity is notwithstanding, the standard errors were not distorted and are within
the acceptable range with regard to coefficient.

Due to the leeway given to respondents when asked about their health, their mood,
which may be influenced by the weather, can also systematically affect their answer.
Similarly, cultural differences between countries, for example, in terms of communicating
with strangers or assessing one’s own health, may do so at the country level.

Answering the question of whether the influence of sunlight and health is due to
vitamin D or to positive psychological effects is not easy because of the multitude of
assumptions and confounding factors. It should be reemphasized how many proxies we
had to choose to test our theoretical assumptions as best we could.

5. Conclusions

In summary, it can be noted that this study was able to show that sun exposure
improves the variation on self-rated health across countries, even if this effect is quite small.
The influence of the region plays a decisive role in contrast to the hours of sunshine. This
result can be considered unsatisfactory as the distance to the equator cannot be influenced
by health promotion measures (unless people migrate to other countries). However,
older individuals seem to benefit from the hours of sunlight (subject to reverse causality),
although there is no main effect of the sunshine hours. This suggests (subject to reverse

47



Int. J. Environ. Res. Public Health 2021, 18, 4101 17 of 19

causality) for older people that an increase in self-reported health might be achieved if they
spend regular time in the sun.
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Abstract: Until now, health care systems have been compared by means of macro criteria, an approach
that might have its shortcomings in assessing the actual benefits that health care systems may provide
for people. Therefore, a new health care index is presented which combines individual assessments
of health care systems with objective macro health care system criteria. Two steps are taken for
furthering this approach: First, a data-driven procedure is used to determine the influence of self-
rated health on confidence in the health care system through macro criteria of health care systems. The
macro indicators are weighted accordingly and created into an index, which adds to the subjective
level of the link. In a second step, the constructed health care index is tested in a multilevel model
with self-rated health being the dependent variable, to avoid tautological conclusions. The index is
able to reduce country differences, decrease explained variability and has a statistically significant
effect without affecting other estimates.

Keywords: health care systems; index; subjective; objective; micro; macro

1. Introduction

In most countries of the world, there is an understanding that the state should provide
adequate health care for the population. However, health care systems are complex and
differ greatly between countries [1]. Originally, health care systems are divided into tax-
financed care networks (Beveridge) and care that is based on the (social) insurance system
(Bismarck) [2].

The Beveridge model is built on a central supply principle of the state and financed
by taxes. It is a public provision of services for the entire population and implemented for
example in Denmark, Finland, Great Britain, Italy, Spain, Norway, Portugal and Sweden [2].
The Bismarck model is based on health insurance financed by social contributions from
the insured and their employers. It is implemented in countries such as France, Belgium,
Luxembourg, Japan, Austria, Germany, Netherlands and Switzerland. Comparing them
with each other is and always has been a particular challenge [2]. This original classification
dates back a long time. In the meantime, much has changed. Yet the interest in and
importance of comparing health care systems is accounted for by the amount of already
existing health care system indices.

The Euro Health Consumer Index (EHCI), for example, covers five dimensions: patient
rights and information, waiting times for common treatments, success of treatment and
generosity of the system, as well as access to medication [3]. Another example, the Global
Health Security Index (GHSI) attempts to provide a global overview of health care systems
by measuring, among other things, their resilience. It operationalizes indicators such as
staff protection, number of staff, hospital facilities and proportion of people with access to
the health care system [4]. Further, the Future Health Index examines how decision makers
are meeting today’s health care demands [4]. In addition, the Kakwani Index measures
the equitable financing of health care [5]. Lastly, the Bloomberg Global Health Index looks

Int. J. Environ. Res. Public Health 2022, 19, 9686. https://doi.org/10.3390/ijerph19159686 https://www.mdpi.com/journal/ijerph

2.2 Article 2

51



Int. J. Environ. Res. Public Health 2022, 19, 9686 2 of 16

at a variety of factors that contribute to a country being considered healthy or unhealthy,
for example, low pollution rates, access to quality health care and clean drinking water
but also health risks such as smoking, hypertension, obesity, life expectancy, malnutrition
and causes of death [6]. It would be possible to write a whole book just about different
health indices.

These indices, although covering a wide range of indicators, all have one thing in
common: they include exclusively objective macro criteria. By objective macro indicators,
it is meant that something can be measured in an unbiased way and aggregated statistic
indicates how well this is done from country to country. The shortcomings of these kinds of
measures become clear when looking at a case study such as the United States of America
(U.S.). The U.S. is highly advanced in terms of medical research, while there is at the same
time only limited access to the health care system. In reality, therefore, very few residents
can take advantage of the resources (subjective access on micro level). The U.S. case study is
a good example for the fact that an aggregate measure in itself does not allow for inferences
about the individual level, a statistical condition which when neglected is also known as
an ecological fallacy [7]. In order to get a full picture of the situation within a country and
considering that populations have different access requirements to health care systems, it is
important to capture the individual assessment of residents on access to their health care
system as well.

Hence, I suggest that when comparing health care systems, it is not only important to
include objective macro criteria, but also to evaluate access to the health care system and
the actual benefits it provides for citizens. In other words, the focus from a sociological
perspective should not only be on the hypothetical availability of resources as indicated by
objective macro criteria but rather on the actual well-being of people.

Therefore, I present a new health care index which combines people’s individual
assessment of national health care systems with objective macro health care system criteria.
Against the backdrop of the previous considerations, my research question for creating the
new index is: How are people actually doing in their country?

Is the quality of a health care system more dependent upon the hypothetical availability
of resources or upon what people in reality have access to? Needless to say, for a country
comparison the objective macro criteria must not be ignored. They play an important role.
Therefore, it is of great interest to combine both levels and to look at them simultaneously.

For this purpose, the impact of self-rated health on confidence in the health care
system is considered and explored using established objective macro indicators of health
care systems. The objective criteria are then weighted according to subjective relevance
and combined to form a new index. How this is done is described in Section 2.3.2 Index
construction. In the following the index is validated stepwise in several multilevel models
with self-rated health as the dependent variable and known control variables like sport
(whereby endogeneity problems arise in the cross-section: Does more exercise lead to better
health, or do healthier people exercise more?), sex, age and education. Confidence in the
health care system is included as an independent variable. (The fact that these are two
different dependent variables will be explained in more detail later).

Hypotheses

This paper focuses on index construction and the related theoretical background. For
subsequent quality control, the index is included in various multilevel models. Multilevel
models are commonly used to control for country differences [8]. If the index in the mul-
tilevel model is able to reduce the variance between countries, it suggests that the index
is measuring the right factors to control for country differences at a given level. Since the
index should be able to control for country differences, I assume that the variance between
countries (inter class correlation—ICC) is reduced with respect to self-rated health, which
leads to my first hypothesis:
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H1. If the index is included, the variance of self-rated health between countries will be reduced.

The relevance of a variable can be shown, among other things, by how much variability
of the dependent variable it can explain in a regression model [9]. Therefore, the index is
valuable if including it into the model adds to explaining variability (R2), which leads to
the second hypothesis:

H2. Including the index will increase the amount of variability of self-rated health.

Personal or supplementary insurance policies can be taken out for which people pay
themselves and thus invest in their own protection. In contrast, people can also have only
basic security through their state. This means that the respective country invests. In other
words, there are three outcomes: (a) people with no health insurance at all; (b) people with
insurance through their country of residency; or/and (c) people who additionally insure
themselves. Not every country has the same basic health care coverage.

The last hypothesis relates directly to the constructed index. The higher the values,
the more people should be able to benefit from the health care system in their country. Low
index values indicate that there is lower access to the health care system, while high values
indicate that there is good access to the health care system. This means that a positive
influence is assumed:

H3. The higher the index value, the better the self-rated health.

In the following section on data base and methods, I will proceed to explain the data
sets, the indicators and variables that were used and their connections. Afterwards, I will
present the methods which I have applied. In doing so I will explain the theoretical back-
ground behind each method step-wise. Lastly, the results will be explained and discussed.

2. Data Base and Methods
2.1. Datasets

The dataset used here is the International Social Survey Programme (ISSP): Health
and Health Care—ISSP 2011, founded in 1984 and currently compassing of 42 member
states worldwide [10]. The survey takes place annually and has changing focus topics.
So far, 2011 is the only survey wave with a focus on health and health care. Therefore
cross-sectional data are available for the study. Between February 2011 and April 2013, a
total of 55.081 people from 32 countries were interviewed. The data set is used because this
is the only one that includes over 30 countries and additionally asks about self-rated health
and confidence in the health care system.

In addition, the ISSP—Health and Health Care is complemented with macro health
care criteria from the Global Health Expenditure Database (GHED) as collected by the World
Health Organization [11]. The Global Health Expenditure Database includes 275 indicators
from 192 countries over 20 years. It is updated annually with a two-year lag, and the data
are collected by member states or estimated by WHO in case of gaps [11]. The additional
process-generated data allows for combining individual assessment and objective macro
criteria of health care systems for international comparison. Many GHED indicators are
available in different units, which is why the number of 275 indicators sharply decreases
when it comes to analysis. Likewise, not all indicators are available for the available
countries of the ISSP 2011 and the corresponding year, which is why in sum 52 indicators
are included in the analysis. This is only health care expenditure, as all other macro
indicators, such as the availability of hospital beds, are not available.

One country (Taiwan) is excluded because the GHED dataset does not provide any
data for the year 2011. Therefore all in all a total of 31 countries are included in the
international comparison: Australia, Belgium, Bulgaria, Chile, China, Croatia, Czech
Republic, Denmark, Finland, France, Germany, Great Britain, Israel, Italy, Japan, (South)
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Korea, Lithuania, Netherlands, Norway, Philippines, Poland, Portugal, Russia, Slovak,
Slovenia, Spain, Sweden, South Africa, Switzerland, Turkey, and Middle Atlantic (United
States of America).

2.2. Objective Macro Indicators

Since this is a country comparison, the analysis is not based on absolute values, but
rather relative measures. The main relation refers to percentage of gross domestic product
(GDP) spend in each country. It is used to measure current health expenditure and health
capital expenditure in health care systems as well as general government expenditure and
all health expenditure data. The gross domestic product is recorded as U.S. dollars per
capita. Then, current health expenditure is mostly the reference for all indicators, as shown
in Table 1. Government subsidy to social health insurance and self-employed contributions
to social health insurance provide the reference to percentage of social health insurance. If
it had been possible, only one unit would serve as reference (percent of GDP). Since this
was not possible, the references were chosen so that they are, as far as possible, the same or
do not vary too often. The most common reference is gross domestic product, followed
first by current health expenditures and second by social health insurance.

Each indicator is assigned a weight to predict the impact of self-rated health on
confidence in the health care system. In the end all indicators are included in the index,
except countries and gross domestic product. They are included for reference and control
reasons in estimating the weight for constructing the index and play no role in creating
the index. However, the country variable is important for validating the index, as it is
implemented as a second level control in the multilevel models.

Table 1. GHED indicators with reference and shortcut used to create the index.

Shortcut Indicator

indicators
1 CHE current health expenditure (CHE) as % of gross domestic product (GDP)
2 HCE health capital expenditure as % of GDP
3 DHE domestic health expenditure as % of CHE
4 DGGHE domestic general government health expenditure as % of CHE
5 DPHE domestic private health expenditure as % of CHE
6 VHI voluntary health insurance as % of CHE
7 OOP out-of-pocket as % of CHE
8 OPHE other private health expenditure as % of CHE
9 EHE external health expenditure as % of CHE
10 CFA compulsory financing arrangements as % of CHE
11 GFA government financing arrangements as % of CHE
12 CHI compulsory health insurance as % of CHE
13 SHI social health insurance (SHI) as % of CHE
14 VFA voluntary financing arragements as % of CHE
15 RofW rest of the world as % of CHE
16 CPHI compulsory private health insurance as % of CHE
17 GSUB government subsidy to social health insurance as % of SHI
18 SEC self-employed contributions to social health insurance as % of SHI
19 GGE general government expenditure as % of GDP

health expenditure data (all in % of GDP)—revenues
20 CHE_R current health expenditure by revenues of health care financing schemes
21 TRA transfers from government domestic revenue (allocated to health pur-

poses)
22 TRA_I international transfer and grants
23 TRA_GOV transfers by government on behalf of specific groups
24 TRA_SUB subsidies
25 TRA_O other transfers from government domestic revenue
26 TRA_for transfers distributed by government from foreign orgin
27 SIC social insurance contribution
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Table 1. Cont.

Shortcut Indicator

28 SIC_ee social insurance contribution from employees
29 SIC_er social insurance contribution from employers
30 SIC_self social insurance contribution from employees
31 SIC_O other social insurance contributions
32 CP compulsory prepayment
33 VP voluntary prepayment
34 ODR other domestic revenues
35 ODR_HH other revenues from households
36 ODR_C other revenues from corporations
37 ODR_NPISH other revenues from non-profit institutions serving households (NPISH)
38 DFE direct foreign transfers
health expenditure data (all in % of GDP)—financing schemes
39 CHE_F current health expenditure by financing schemes
40 SYS government schemes and compulsory contributory health care financing

schemes
41 GOV government schemes
42 CC compulsory contributory health insurance schemes
43 CC_SHI social health insurance schemes
44 CC_CPI compulsory private insurance scheme
45 VHC voluntary health care payment schemes
46 VHC_HI voluntary health insurance schemes
47 VHC_NPISH non-profit institutions serving households financing scheme
48 VHC_EFS enterprise financing scheme
49 HHOOP household out-of-pocket payment
50 RofWFS rest of the world financing schemes (non-resident)
general macro data
51 GDP gross domestic product in US dollar per capita
52 country countries from ISSP 2011

2.3. Methods

A chronological explanation of the methods is given, with index construction being
the focus of this work. First, missing data are imputed for macro indicators (GHED
subset), using the R package “missForest” [12]. Then two steps are taken for furthering
my approach: First, a data-driven procedure, called causal forest, is used to identify the
individual’s confidence in their respective health care systems, with regards to the available
objective macro criteria of health care systems. Afterwards, a weighted index is formed.

In a second step, the created health care index is validated in stepwise multilevel
models with self-rated health being the dependent variable. There are two different models:
a first one to construct the index and a second one to validate the index. Confidence in
the health care system is the dependent variable to form the index, as it is the proxy for
access to the health care system [13,14]. The dependent variable used to validate the index
is self-rated health. Two different dependent variables are intentionally used to avoid
tautological inferences. Further reasons for this decision are explained in Section 2.3.2
Index construction.

2.3.1. Imputation Algorithm “missForest” for GHED Subset

The algorithm ’missForest’ is used to impute missing values particularly in the case
of mixed-type data. The advantage of this imputation method is that categorical and
continuous variables are considered at once and that it therefore does not ignore possible
relations between different variable types including complex interactions and nonlinear
relations [12]. Although most of the variables used have a continuous structure, it is of high
relevance to control for the country level as well.

The basic idea is to quickly replace missing data and then iteratively improve the
missing imputation using proximity. The fraction of trees for which a pair of observations
shares a terminal node gives the approximation matrix and therefore explicitly uses the
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class label. First, a training set is drawn, which replaces the missing values with the average
value. This is repeated until the algorithm is satisfied. Then a random forest is trained by
using the imputed values computed so far. In the next step the approximation matrix is
calculated and proximity is used as a weight for imputing missing values as a weighted
average of the non-missing values [12].

The implemented out-of-bag (OOB) imputation error indicates the strength of the
imputation error. The “missForest” algorithm shows two OOB imputation errors, one for
categorial (PFC— proportion of falsely classified entries) and one for continuous variables
(NRMSE—normalized root mean squared error). The value can be between zero and one
and is better when closer to the lower bound [12].

Given that the number of macro indicators should be as large as possible, the GHED
subset will be imputed. The ISSP is not imputed to avoid errors in self-rated health values.
These are so individual that imputation seems questionable here.

2.3.2. Index Interpretation

Confidence in the health care system is the dependent variable for the index construc-
tion, because it better reflects access to health care systems. Many studies show that people
who trust their health care system also think that their access is better [13,14]. As mentioned
before it is of great interest to look at subjective and objective level of health care systems
simultaneously and therefore find a way to combine them in the index.

Various macro indicators, all of which are related to health care expenditure in one way
or another, are weighted by importance. The importance of these indicators is determined
from the influence of self-rated health on confidence in the health care system. It is
considered which indicator moderates the relationship and to what extent. All indicators
are included in the model at the same time and therefore control each other. This means
that although only health expenditure is considered, a subjective level is built in. Since
health care expenditure now explains the subjective link between self-rated health and
confidence in the health care system.

This approach may seem somewhat questionable. However, it is an attempt to connect
the objective level (country macro criteria) with the subjective level (influence of self-rated
health on confidence in the health care system). Variable importance then indicates the
extent to which the objective macro criterion is relevant for people’s access to their health
care system, which is measured through the subjective link with the previous justification
that people who trust their health care system more also assume better access [13,14].
Afterwards it is incorporated into the index accordingly. The relevance is measured by
the moderating strength of each macro indicator [15]. This means that although the index
shown consists purely of data on health care expenditures, these are weighted in such a
way that they ultimately represent access to the health care system. More details about the
index construction can be found in the next chapter.

2.3.3. Index Construction

Implementing causal forests is a fairly new method that allows to calculate conditional
average treatment effects [16]. It is likely that this method will soon become very popular
in the social sciences, as it is the first data-driven method that is able to calculate estimators
and confidence intervals, instead of the usual black box models. The technical details of the
procedure are beyond the scope of this paper and can be found in the following source [16].
In this paper, causal forest is used to consider the variable importance and determine each
indicators weight. The higher the variable importance, the more frequently the indicator
moderates, which suggests that it has a broader influence and should therefore be weighted
more highly [15]. For this, the independent variable (self-rated health) and the dependent
variable (confidence in the health system) are fixed and all other indicators are included
at once. Figure 1 presents the relationship, with which the variable importance for each
indicator is determined:
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self-rated healthsubjective (micro): confidence

each GHED indicatorobjective (macro):

Figure 1. Link used for indicators weight; confidence = confidence in the health care system.

To determine variable importance I considered confidence in the health care system
and self-rated health to be quasi-metric, an approach which is necessary from a method-
ological point of view, because causal forest cannot include categorical dependent or
independent variables [16]. Furthermore, the advantageous distribution of both variables
and the loss of information this approach prevents in comparison to dichotomising the
variables make it a reasonable choice.

Confidence in the health care system was measured with the following question: “In
general, how much confidence do you have in the health care system in [your country]?”
with response categories: none, very little, some, a great deal and complete confidence. Self-
rated health was inquired by asking: In general, would you say your health is [excellent,
very good, good, fair, poor, or can’t choose]? An index from 0 to 100 is formed to have a
simple interpretation in percentage points, see Table 2.

Table 2. Distribution of self-rated health and confidence in the health care system before and after
recoding.

original scale 1 2 3 4 5
new scale (%) 0% 25% 50% 75% 100%
Nconfidence 2.655 7.293 17.399 15.192 3.297
Nself-rated health 2.277 10.141 18.147 11.431 3.840

N = 48.836, confidence = confidence in the health care system.

2.3.4. Multilevel Analysis for Validating the Constructed Index

In order to determine the correct weighting of the indicators for the index using causal
forest (index construction), confidence in the health care system was used as the dependent
variable [13,14]. The reason for this is that confidence in the health care system at the
individual level best reflects access to the health care system. Those who trust their health
care system will also assume that they can rely on it in the event of an emergency [17]. In
the multilevel models the index is tested using self-rated health as the dependent variable.
Many analyses rely on self-rated health as a measure because, unlike objective indicators,
it is easy to survey and the correlation between objective and subjective health is very
high [18]. Therefore, it is relevant whether the constructed index works in the context of
the dependent variable self-rated health.

In order to control for potentially associations, several variables are included that
show an impact on self-rated health: sport, education, sex and age as well as confidence in
the health care system, see Figure 2.

Even if confidence in the healthcare system was the dependent variable for construct-
ing the index, it serves as an independent variable when validating it. Including this
variable into the model is supposed to prevent the index from reflecting just confidence
in the healthcare system. Given the case that the index only reflects confidence in the
healthcare system, it should lose its relevance after including confidence. Additionally,
there is a significant and positive relationship between confidence in the health care system
and self-rated health [19].
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micro SRH

countriesmacro

index

confidence

sport

education

age

male

+

+

+

–

+

Figure 2. Full multilevel model for validating the created index. SRH = self-rated health, confidence =
confidence in the health care system, dashed arrows indicate the potential influence through, for
example, laws or regulations of countries at the micro level.

Physical activity does not only prevent physical problems. It can also be integrated in
the treatment and rehabilitation of various diseases. People who are physically active on
average consider themselves to be healthier and have fewer health problems [20]. Sports
behaviour is surveyed with the question: How often do you exercise physically for at least
20 min so that you sweat or breathe more than usual? No sport at all is the reference, while
the other outcomes are: once a month or less often, several times a month, several times a
week and daily.

A low educational level is associated to a lower number of psychosocial resources [21,22],
implying that educational background is positively associated to health outcomes [23].
Primary school is the reference, while the other five outcomes are: lower secondary, up-
per secondary, post secondary, non-tertiary, lower level tertiary, first stage and upper
level tertiary.

Longitudinal studies show that self-rated health changes with age [24]. Physical health
objectively deteriorates with age, but people tend to think that they are healthier than they
are as they get older [25]. Age was queried openly and limited in the analysis to people
between 18 and 82 years of age in order to define a uniform upper and lower limit (18 years
of the actual possible characteristics) to reduce possible survival effects (distortions in
favour of survivors) [26].

Men and women differ in their self-rated health and illness [27]. Based on the survey
results, it is also important to consider the gender health paradox, which describes the
observation that men consider themselves to be healthier than women, even though the
latter have a higher life expectancy [28]. Sex was asked dichotomously by asking if one is
a woman or a man. No alternative information could be given. Eleven people chose ’no
information’ and are excluded from the analysis due to the small number of cases.
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3. Results
3.1. Imputation Algorithm ’missForest’ for GHED Subset

The normalised root mean squared error (NRMSE) for continuous parts of the imputed
dataset is 0.0005. This accounts for a very good performance [12]. The second value is the
proportion of falsely classified entries (PFC) in the categorical part of the imputed data
set [12], which in this case is zero, because there is no country missing and therefore no
error can occur. Imputation errors are thus virtually excluded.

3.2. Variable Importance Through Causal Forest

Figure 3 shows variable importance (VI) for the influence of self-rated health (inde-
pendent variable) on confidence in the health care system (dependent variable).
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Figure 3. Variable importance of each macro indicator from the GHED subset. Causal forest with
dependent variable confidence in the health care system and independent variable self-rated health.
Meaning of macro indicator shortcuts see Table 1, N = 45.836.

It seems that out of all 52 objective macro criteria voluntary prepayment (VIVP = 0.115)
and voluntary health insurance schemes (VIVHC_HI = 0.095) have the strongest moderating
relationship with the other variables. It appears that people, who are comfortable with
providing adequate coverage and insurance for themselves, are statisfied with their health
care system. Transfers distributed by government from a foreign origin (VITRA_for = 0.068)
is the third strongest influence factor and voluntary health care payment schemes come in
fourth place (VIVHC = 0.064).

Variable importance cannot be interpreted in relation, but the scale still shows what is
more, less or similarly relevant [15]. Compulsory private health insurance (VICPHI = 0.011)
and current health insurance (VICHI = 0.011) for example are equally relevant.

Least important are compulsory private insurance schemes (VICC_CPI = 0.001), social in-
surance contributions (VISIC = 0.002) and social health insurance schemes (VICC_SHI = 0.013),

59



Int. J. Environ. Res. Public Health 2022, 19, 9686 10 of 16

which seem to have almost no influence. The country of residency does seem to have a rather
small influence (VIcountry = 0.013) as well as the gross domestic product (VIGDP = 0.014).

Although the variable importance is not to be interpreted as a relative measure, these
variable importance values are used to weight the macro indicators for the index. Even
though variable importance does not actually indicate weight, they determine how much
an indicator moderates others. This shows the influence in a different way and is weighted
accordingly. The country indicator as well as the gross domestic product are not included,
since they were just included for control and reference reasons. Therefore, the additive
index is constructed through this formula:

index = ∑ valuevariable importancei
× valueindicatori (1)

Afterwards, the constructed index is limited to zero and 100 in order to allow easier
interpretation through percentage points:

index0−100 =
valueindex − minindex
maxindex − minindex

(2)

Without the subjective level in the index, a value of of zero means that a country
invests very little in their health care system and 100 means that the most is invested,
regardless of who the investment actually comes from (people individually or country of
residence). Weighting ensures that the subjective level, which depicts what people find
most important (who invests how much), is taken into account in assessing how accessible
they think their health care system is to them, as estimated by their confidence in the health
care system. In other words, a low score means that people assume little access to the health
care system, while a high score means that people assume good access.

3.3. Descriptive Statistics

Table 3 shows the descriptive statistics for the metric characteristics. For self-rated
health, there is a value of zero if health is rated to be very bad and 100 if it is rated to be very
good. The median of 50 and the mean of 52.41 show that the distribution is only minimally
skewed to the left. In the index, a value of zero means that almost no access is assumed and
100 means that the access is very good. There is a left-skewed distribution, which means
that more often less access is expected and less often more. Age is approximately normally
distributed, averaging about 47 years with a standard deviation of about 16 years.

Table 3. Description of metric variables.

Variable N Min Max x̃ x̄ S

SRH 45.836 0 100 50.00 52.41 24.94
index 45.836 0 100 27.94 34.88 24.51
age 45.836 18 82 46.00 46.77 16.29

SRH = self-rated health.

Table 4 shows the descriptive statistics of the categorical variables.

Table 4. Description of categorial variables, N = 45.836.

Variable Percentage N

confidence health care system
none 5.79% 2.655
very little 15.91% 7.293
some 37.97% 17.399
a great deal 33.14% 15.192
complete 7.19% 3.297
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Table 4. Cont.

Variable Percentage N

sport
never 24.01% 11.004
once a month or less 14.63% 6.704
several times a month 20.10% 9.213
several times a week 26.09% 11.960
daily 15.17% 6.955

sex
female 54.35% 24.911
male 45.65% 20.925

education
primary 9.73% 4.461
lower secondary 24.99% 11.456
upper secondary 25.43% 11.654
post secondary 12.76% 5.848
lower level tertiary 16.04% 7.351
upper level teritary 11.05% 5.066

3.4. Bivariate

Figure 4 shows the countries and the index in bivariate context. It indicates that the
Czech Republic has the lowest index value (zero) and the Middle Atlantic has the highest
(100). Switzerland has a similar value as South Africa, Denmark, Sweden, Great Britain
and Portugal. Philippines, Croatia, Japan and South Korea have the lowest values after
Czech Republic. As already mentioned in the descriptive statistics there are more countries,
which expect less access in their health care systems (20 out of 31 countries).

The order is surprising in some respects and differs from other health care indices at
the time, such as NUMBEO [29]. In the 2012 NUMBEO index, Japan ranks first, followed
by Israel, Denmark, Sweden, Slovenia, Belgium, France and Switzerland. The weaker
countries in terms of NUMBEO are Poland, China and Russia. A new order was to be
expected in the new index, since the subjective level is included and not only objective
macro indicators are compared. The approach shows a new arrangement of the countries,
which needs to be validated.

Czech Republic
Philippines

Croatia
Japan

South Korea
Lithuania

Poland
Turkey

Bulgaria
Slovak Republic

Germany
Slovenia

Russia
Chile

China
Israel

Belgium
Netherlands

France
Italy

Australia
Finland

Spain
Norway

Portugal
Great Britain

Sweden
Denmark

South Africa
Switzerland

Middle Atlantic (USA)

0 25 50 75 100
Index

Figure 4. Link index and countries, N = 45.836.
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3.5. Multilevel Models for Validating the Constructed Index

Health care systems can change, but this often takes several decades [30]. Therefore,
fixed effects are assumed and a varying intercept and constant slope models are used. The
multilevel analysis is performed with R version 4.0.0 by the package lme4 [31] in order to
validate the index by using the hypotheses that have been established, see Table 5.

Table 5. Varying intercept constant slope model: estimation (standard error) [95% confidence
interval].

Dependent Variable: Intercept Only Model (ICO) Bivariate Model Multivariate Models

SRH (0–100%) ICO ICO + Index Bivariate Bivariate + Index Multivariate Multivariate +
Index

index 0.105 * (0.044)
[0.020, 0.191]

0.096 * (0.040)
[0.018, 0.175]

0.078 * (0.037)
[0.005, 0.150]

confidence
reference: none

- very little 2.643 ** (0.550)
[1.561, 3.716]

2.639 ** (0.550)
[1.561, 3.716]

2.232 ** (0.515)
[1.223, 3.241]

2.228 ** (0.515)
[1.219, 3.237]

- some 5.517 ** (0.515)
[4.509, 6.526]

5.513 ** (0.515)
[4.504, 6.521]

4.892 ** (0.482)
[3.947, 5.837]

4.888 ** (0.482)
[3.943, 5.833]

- a great deal 9.867 ** (0.528)
[8.832, 10.902]

9.860 ** (0.528)
[8.825, 10.895]

9.305 ** (0.495)
[8.335, 10.276]

9.298 ** (0.495)
[8.328, 10.269]

- complete 12.142 ** (0.643)
[10.881, 13.403]

12.140 ** (0.643)
[10.879, 13.401]

12.645 ** (0.603)
[11.464, 13.827]

12.643 ** (0.603)
[11.461, 13.825]

sport
reference: never

- once a month or less 1.017 ** (0.357)
[0.317, 1.716]

1.015 ** (0.357)
[−0.315, 1.714]

- several times month 3.526 ** (0.334)
[2.872, 4.180]

3.521 ** (0.334)
[2.867, 4.175]

- several times week 7.497 ** (0.320)
[6.868, 8.125]

7.488 ** (0.320)
[6.859, 8.115]

- daily 7.447 ** (0.356)
[6.749, 8.145]

7.441 ** (0.356)
[6.753, 8.115]

sex
reference: female

- male 1.694 ** (0.212)
[1.278, 2.110]

1.695 ** (0.212)
[1.279, 2.111]

education
reference: primary

- lower secondary 2.385 ** (0.426)
[1.550, 3.220]

2.390 ** (0.426)
[1.1556, 3.225]

- upper secondary 5.252 ** (0.438)
[4.409, 6.417]

5.262 ** (0.438)
[4.403, 6.120]

- post secondary 5.415 ** (0.507)
[4.394, 6.111]

5.412 ** (0.507)
[4.419, 6.404]

- lower level tertiary 7.989 ** (0.472)
[7.064, 8.915]

7.990 ** (0.472)
[7.065, 8.915]

- upper level tertiary 11.075 ** (0.511)
[10.073, 12.077]

11.073 ** (0.511)
[10.071, 12.075]

age −3.997 ** (0.069)
[−4.132, −3.862]

−3.825 ** (0.081)
[-3.984, -3.666]

intercept 52.140 ** (1.194)
[49.800, 54.481]

48.555 ** (1.850)
[44.930, 52.180]

45.663 ** (1.191)
[43.328, 47.998]

42.394 ** (1.761)
[38.942, 45.846]

35.876 ** (1.158)
[33.607, 38.145]

33.241 ** (1.674)
[29.959, 36.523]

σ2 584.91 584.91 575.21 575.21 503.93 503.93
τcountry 43.75 37.64 36.88 31.81 30.04 26.92
ICC 0.070 0.060 0.060 0.050 0.060 0.050
conditional R2 0.070 0.070 0.077 0.079 0.187 0.191
marginal R2 0.000 0.010 0.018 0.028 0.139 0.148
LLmodel −211,130.94 −211,128.09 −210,743.41 −210,740.59 −207,704.61 −207,702.41
AIC 422,267.88 422,264.17 421,500.81 421,497.19 415,445.21 415,442.81

* p < 0.05, ** p < 0.01, Ncountries = 31, Nindividual = 45.836, Nmin = 752, Nmax = 4.125, τcountries = random effect
variance of country level, LL = Log-Likelihood, AIC = Akaike information criterion, BIC = Bayesian information
criterion.

The full model explains about 15% of the variance in self-rated health. The control
variables corroborate the influence that was assumed: An increase in physical activity
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comes with an increase in self-rated health (up to 7%), men assess their health to be better
than women do (around 1.7%), the higher the educational level, the healthier one thinks to
be (up to around 11%), and the older one is, the worse one estimates one’s own health to
be (by around 4% per year). People who have more confidence in their health care system
also consider themselves to be healthier (up to 13%). All control variables are statistically
significant at the 1% level.

H1. If the index is included, the variance of self-rated health between countries will be reduced.

In all models, the ICC decreases slightly after adding the index. This suggests that the
index reduces differences between countries and therefore considers the appropriate factors
on the macro level even with the weighting on the micro level link between confidence in
the health care system on self-rated health. Additionally, the Akaike information criterion
as well as the log-likelihood decreases slightly across the models. Therefore, it still measures
macro indicators and is applicable for a between country comparison.

H2. Including the index will increase the amount of variability of self-rated health.

In all models, the marginal R2 increases slightly after adding the index, which implies
that the index helps to explain more variability in the models. If we look at the full model,
we see an increase of 0.9 percentage points, from 13.9% to 14.8%, which at first does not
seem to be much, but in relative terms amounts to a marginal increase of 6.1%. The rela-
tive difference between the bivariate models is 35.7% or 1.0 percent point, from 1.8% to 2.8%.

H3. The higher the index value, the better the self-rated health.

The estimates for the index are approximately equally strong and positive across
all models (coefficients ranging from 0.078 to 0.105) and all are statistically significant at
the 5% level. Which means that, as expected, the higher the index values, the better the
self-rated health.

The added index does not change the influence of other estimates, which suggests that
it adds in control and does not change the true effects of the other variables on the subjective
level, especially confidence in the health care system. The index also does not lose its effect
when confidence in the health care system is included. In addition, the following finding
supports the index: τcountry decreases over all models after adding the index. This suggests
that the deviation of countries from overall average decreases. There is also no change in
deviation of individuals and countries, which is indicated by an equally large σ2 within
the models.

4. Discussion

An attempt was made to create a comprehensive index that can mitigate the previous
ecological fallacy of inferring from the macro level to conditions on the micro level. For
this purpose, the link between self-rated health and confidence in the health care system
was examined at the micro level and the relevance of typical macro indicators was assessed
on this basis. This was the first attempt of creating such an encompassing index which
makes it difficult to compare it to similar research or put it in context. In the following, I
will briefly discuss the approach, summarise the results, and discuss them individually.

The combination and weighting of the indicators was chosen by the algorithm exclu-
sively. In terms of content, a fairly logical picture emerged: people who are self-insured are
more satisfied with their health care system. All indicators were weighted and not only
selected ones in order to discover all possible correlations. For further analysis, it would
be useful to see if the same results can be achieved with fewer indicators (only the more
relevant ones), so that individual index construction on different datasets can be facilitated
and made accessible to everyone.
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The goal would be to make it easy to create this index based on the dataset used, for
example, let us say with the ten most relevant indicators. This presupposes that self-rated
health as well as confidence in the health care system were surveyed. Self-rated health must
be present in the data set in order to make subjective country comparisons for which this
index is relevant. In the case of confidence in the health care system, trust in institutions
could be used if necessary, although this still needs to be examined.

As a reminder, a low index score implies that very little access in health care systems
is expected, while high scores suggest that a lot of access to health care systems is assumed.
The index consists of weighted health care expenditures. The index does not differ if people
individually or the state of residence spend money. However, it seems that individuals
who spend more, whether through the government or personally, feel better about their
health, which means that they have a better access to their health care system. Additionally,
the index reduces country differences and increases the explained variance, even if just
minimally. The connection between the objective macro level and the subjective micro level
seems to be successful.

The index also corroborates that the average deviation of countries from the overall
average decreases. This means that the countries become more similar and thus have less
variance. At the same time, however, the variance of the individuals and the countries does
not change and is thus constant, which suggests that the estimations for the individuals are
robust, as one can see in Table 5. This is another advantage of the index; although it was
constructed using confidence in the health care system, its inclusion does not change the
estimates of the control variables or the estimates of confidence in the health care system.

To return to the example of the United States of America (U.S.): even after weighting
health care expenditures at the individual level, they are at the top of the index. The U.S.
is known to have very high private health care spending (similar to Switzerland), which
even in highly developed countries does not necessarily indicate a good health care system.
However, in this analysis, private spending was the determining factor of whether or not
one trusted their health care system, which in turn was the proxy for access to the health
care system. This seems reasonable, since people who self-insure also know the extent to
which they are insured and their access to specific benefits. What gives the U.S. the first
place is the excellent education in the field of medicine. People from all over the world,
who can afford it, travel to the U.S. to get the best treatment from specialists.

In Figure 4, we see that countries from the Middle Atlantic receive the highest index
value, followed by Switzerland, South Africa, Denmark, Sweden and the United Kingdom.
In other health comparisons across countries, South Africa would have never been placed
in this group [29], but perhaps South Africa is underestimated. In the COVID-19 pandemic,
South Africa was even credited by the World Health Organization [32]. This is still a very
interesting finding and should be investigated in detail in future studies. In this case, the
countries with the worst access to the health care system are Japan, Croatia, Philippines
and the Czech Republic. Croatia and the Czech Republic are ranked at a similarly low level
by NUMBEO, with Japan and the Philippines coming in better. As explained above, these
differences are to be expected due to the inclusion of the subjective level.

It would also be interesting to see to what extent the index can capture different types
of insurance to include not only the macro level but also the meso level.

5. Conclusions

The new index combines the objective macro level and the subjective micro level and
should measure the access to the health care system. In consideration of self-rated health, it
reduces country differences and increases the explained variance. It also suggests that the
better the access to the health system, the healthier people feel. This is the first step towards
a more meaningful analysis for country comparisons. The inclusion of self-rated health
provides a series of nuances that enrich the vision of the perception of health care systems,
since it includes the vision of the perception of people’s health from different countries and
cultures. Now it is important to keep at it and carry out further analyses in this regard, so
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that it will soon be possible to create such an index individually, for example, if one wants
to compare countries in health issues on the subjective level.
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Abstract

Comparing health care systems is important for several reasons. E.g. lower-resource health
care systems can learn from higher-resource ones, and country-specific progress can be
made. Previous rankings of health care systems have been based on objective factors such
as the number of available hospital beds or health care spending. An index is considered
here that includes a subjective level that is intended to represent access to the health care
system. Therefore, this study investigates the divergence between subjective and objective
indices related to health care expenditure, with a focus on the influence of involuntary and
voluntary payments. Utilizing the Rational Choice Theory as a framework, it explores how
individual preferences and perceived benefits affect these indices. The analysis reveals that
social insurance contributions, which are mandatory and beyond individual control, are eval-
uated differently in subjective indices compared to objective indices. This discrepancy is
less pronounced for voluntary expenditures, where individuals have decision-making
power. The findings highlight significant variations in the correlations between macroeco-
nomic health care indicators and the indices, emphasizing the critical role of autonomy in
financial decisions related to health care.

Introduction

The main purpose of health care systems is to improve health with limited resources [1, 2].

Ranking health care systems accordingly is important for several reasons. First of all, to be able

to compare them with each other. Comparisons strengthen better health care systems and

expose weaker ones. Based on this it is easier for policymakers to make decisions and to evalu-

ate the Sustainable Development Goals of the World Health Organization (WHO) [3]. Which

is probably why the WHO made the first proposal decades ago to rank health care systems [4].

Since then, there have been several new attempts, which also differ minimally in the indicators,

but mainly in the way, these indicators are weighted in the end [5].
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However, all these approaches miss one crucial aspect: the access to the health care system,

which is based on the subjective perception. So far, the indicators used for health care system

rankings are all objective numbers, for instance: How many hospital beds are available or how

much health care expenditure the country has. The question of whether people have the feeling

that it is easy to get appointments and that they are being treated well has–to my best knowl-

edge—so far been left out on the macro level.

South Africa, for example, is the country with the greatest difference between rich and

poor. The health care system, especially of the private sector, there is good, but poorer people

hardly have the opportunity to see a doctor locally. This means that there is a good health care

system in place, but not everyone can use it in the same way [6]. This is also well known from

the United States of America.

A comparison of health care systems is not only relevant for policymakers, but is also indis-

pensable in research, especially in international comparative health research. Since cross-

national data sets with surveys on objective health measures would be very expensive, the sub-

jective level of health is used instead. In other words, country records usually contain a ques-

tion about the self-assessed health, which is mostly called self-rated health.

Although self-rated health often consists of only one item, it activates complex cognitive

processes at different levels, which can all be read in detail in [7]. It is important that every

aspect is included of how the person rates and thinks about their own health. If you have had

trouble getting an important doctor’s appointment several times and it is always been more

than six months away, then this likely affects the self-rated health, especially when asked about

current health. As a practical matter, studies show that it does not make much difference

whether one uses subjective health or objective measurements [8].

When comparing subjective health internationally on the micro level, a health care system

comparison is currently used that consists solely of objective measures on the macro level, but

does not include the subjective level (e.g., access to the health care system), which can lead to

incorrect conclusions being drawn from the macro to the micro level [9].

Therefore, I created a new index, which includes a subjective level on the macro level. Dif-

ferent health indices usually result from different weighting. The weighting chosen here is gen-

erated by a subjective attitude on the micro level. The used database contains roughly 50

different macro indicators of the Global Health Expenditure Database–GHED [10], and

weighted by subjective importance [11]. For this purpose, the macro indicators were merged

to the ‘International Social Survey Programme–ISSP 2011 [12]: Health and Health Care’ data-

set and examined how relevant each indicator is to the link between self-rated health and con-

fidence in the health care system. Studies show that trust in the health care system reflects the

access to it [13, 14]. Thus, confidence in the health care system is the dependent variable in the

index construction.

The ISSP consists of 55.081 people from 32 countries. The survey takes place annually and

has changing focus topics. So far, 2011 is the only survey wave with a focus on health and

health care. In 2021, there was a new wave of ISSP focused on health. Unfortunately, the full

version it is not publicly available yet [15]. Taiwan had to be excluded because the GHED data-

set did not have any data for the specific period. Fig 1 shows how the individual relevance of

each GHED indicator was tracked.

Accordingly, the macro indicators were weighted in an additive index and thus created a

ranking including a subjective level on the macro level. The 50 indicators used cover almost all

health care expenditures that exist, e.g., financing arrangements, prepayments, out-of-pocket

costs, government and contributory financing schemes for health care, private (compulsory)

insurance, government transfers, social insurance contributions, health insurance systems,

and so forth. All indicators can be found in Table 3. In a comparison of health care systems,
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only indices that included health care expenditures were compared. Although only health care

expenditures are available, a strong influence of the subjective level is evident. The next para-

graph briefly explains how this can work.

In the end, all health care expenditures can be divided into three categories: (1) expenses

that have to be made individually, (2) expenses that the government (more or less) takes over

for you, and (3) expenses that you make voluntarily. After all, the only difference between the

objective index and the subjective index is the weighting of the indicators. The differences

should therefore occur in the correlations of macro indicators, which also have a direct impact

on people or can even be influenced by people, like social insurance contributions, which

belong to the first group of the three mentioned expenditures above. People must pay the

expenses depending on their salary and have no influence on changing the rates, even if they

are dissatisfied with it [16]. It is assumed that the indices will differ in this aspect. The evalua-

tion of these indicators on the subjective index may differ from the ones on the objective

index, because the people do not have any influence on them.

A causal forest was used to determine the variable importance of each GHED variable, see

Fig 1. An additive index was formed from all GHED variables and weighted according to vari-

able importance. After rescaling, the index takes values from zero to one hundred. The weight-

ing represents the individual relevance of each health care expenditure and the perceived

access to the health care system. Accordingly, the subjective index weights health care expendi-

tures lower when the subjective perception—access to the healthcare system is presumed here

—is worse and weights other expenditures upwards when the access to the health care system

is better. In this way, the subjective level is placed on top of the objective health care expendi-

ture, thus linking the two levels. The result is an index which has been shown to be robust and

reduces country differences when comparing several multilevel models [11].

The ISSP 2011: Health and Health Care dataset was established between 2011 and 2013

[12]. From the current perspective, the used dataset is ten years old. However, more recent sur-

vey data is not available for the index construction, because, on the one hand, many countries

would be required, at least 30 in order to be able to make predictions on the macro level [17],

and, on the other hand, the questions about self-rated health and confidence in the health care

system are necessary to build an index with a subjective level. Among the freely available data,

the choice was therefore unfortunately limited.

The aim of this paper is to validate an health care index that includes a subjective level for

the assessment of health care systems in different countries. The validation is intended to sup-

port the use of this index in order to be able to use self-rated health as an outcome in health

research when comparing countries without creating a false conclusion from the macro to the

micro level.

It is very challenging to validate an index that does not exist in this form yet. Therefore, it is

not possible to show that the new index is particularly good as this question cannot be

Fig 1. Link used for indicators weight. The arrow of GHED on the effect between self-rated health and trust in one’s

own health care system does not represent a moderation effect but the weighting based on the variable importance in a

causal forest.

https://doi.org/10.1371/journal.pone.0304834.g001
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answered satisfactorily with purely statistical calculations. Rather, it will be demonstrated

where differences and similarities are, and support this argumentatively. In doing so, the fol-

lowing questions will be addressed: How does the created subjective index differ from the

same index without weighting (objective index)? When do high or low correlations show up?

And from a theoretical point of view: Why do differences occur and what could this mean?

Accordingly, the index is not only examined to statistical logic, but also validated in terms of

content.

Hereafter, it is explained how exactly the subjective index is validated in terms of content

and hypotheses proposed accordingly. Under Results, the country ranking is presented

through mean differences of the countries resulting from the subjective index and compare it

with the objective index as well as the Human Development Index health component. Various

health-related multilevel models are calculated to compare within and between variances of

these indices and determine the best estimates. Then, the correlations of the individual macro

indicators with the subjective as well as the objective index will be shown. Existing and non-

existing correlations between macro indicators and the subjective index as well as their possi-

ble effects regarding the subjective level are explained. Lastly, the results will be summarized,

compared and discussed.

Methods

Validity for new achievements

There are several types of validity [18]. In this case it is primarily a matter of investigating

where similarities with other health care indices lie (convergent validity) and where differences

emerge (discriminant validity).

There is no statistical test which can tell how valid a new index is. Usually, one tries to build

up everything that is included argumentatively, meaning one explains the operationalization

and tries to present it as plausibly as possible. This is only possible to a limited extent. All avail-

able indicators were included. Thus, no preselection took place. This is due to the fact that a

special method–Causal Forest [19]–was chosen for the index construction, which can handle

huge amounts of data. In addition, a possible preselection should not distort the results. From

a theoretical point of view, it is not necessary to make a preselection of indicators as well, since

all of them have an impact on the health care system and thus on how people are doing in their

country of residency.

The GHED indicators used for index construction are a total of 50 items, with only 31

countries examined, which makes a validity check difficult, since the assumption that more

cases than items must exist is violated [20]. Therefore, methods such as principal component

or factor analyses are questionable, and correlations are relied upon. Simultaneously, there is a

limited empirical diversity, meaning that there are no more than 31 countries with this data

basis.

Validity refers to a correspondence of the content of an empirical measurement with a logi-

cal measurement concept. In general, this is the degree of accuracy with which the characteris-

tic under inspection is actually measured [21]. Thus, the new index with the subjective level

should not be exactly like already existing indices, which means the ranking should vary.

There should be differences that can be explained by the subjective level, but also similarities

that testify to the fact that the index can meaningfully compare health care systems with each

other.

Comparisons of various indices. For this purpose, the weighted index (with a subjective

level) is considered and compared with the unweighted index (without a subjective level) and

the health components of the Human Development Index (HDI). The health component
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measures the chance of a long and healthy life, as measured by life expectancy at birth [22].

The objective index follows the same construction as the subjective index, except that there is

no weighting. Which means low index values just imply that countries invest little in their

health care system, while high values suggest that countries invest a lot in their health care sys-

tems, regardless of who the investments actually stem from (individual people or their country

of residency).

Resulting from this the question is: How can it be proven what distinguishes the subjective

index from others? It will be based on convergent and discriminant validity. That means, first

the subjective index without weights (further called ‘objective index’) is reproduced and com-

pared with both indices (subjective and objective) by their index values and country rankings.

Afterwards, both indices are compared in a multilevel regression with a health subcomponent

of an already existing one, called Human Development Index [22] and look at the variance

within and between countries. Lastly, correlations between the macro indicators and the two

constructed indices are analyzed. Since only metric characteristics of the indices are given, Bra-

vais-Pearson correlations are used and interpreted.

Hypotheses

Since the subjective index contains another level, it is assumed that the subjective index can

explain more than the objective index. The subjective index gives additional weight to objec-

tive health care expenditures (another level). That is why the unexplained variance in the mul-

tilevel model should be lower for the subjective index than for the other indices, which leads to

Hypothesis 1.

Hypothesis 1: The additional level in the subjective index reduces the unexplained variance

compared to the objective indices.

Correlations between individual GHED indicators and indices. To analyze the

described phenomenon, the sociological theory of Rational Choice Theory could be helpful.

This theory assumes that individuals make decisions by weighing different courses of action

and choosing the one that maximizes their utility. It could explain why subjective and objective

indices differ, as individual preferences and perceived utility play a significant role. People

evaluate involuntary expenses (such as social insurance contributions) differently from volun-

tary expenses because they have no control over involuntary expenditures.

It is assumed that the subjective index has similarities with the objective index, but also rele-

vant differences that reflect precisely the subjective level. After all, the only difference between

the objective index and the subjective index is the weighting of the indicators. The differences

should therefore occur in the correlations of macro indicators, which also have a direct impact

on people or can even be influenced by them, like social insurance contributions, which belong

to the first group of the three above mentioned expenditures. People have to pay this depend-

ing on their salary and have no influence to change the rates, even if they are dissatisfied with

it [16]. In this respect, it is assumed that the indices will differ here. People will evaluate these

indicators differently in the subjective index than in the objective index, because they cannot

change them and are forced to pay them. Hypothesis 2 examines this link, whereby the differ-

ence between the indices is not of interest, but whether there are differences.

Hypothesis 2: The correlations between the GHED macro indicators and the subjective as

well as objective index differ when health care expenses are imposed on people.
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It is more difficult with the second group of the three spending options. Although services

are covered by the state, a person still does not have the opportunity to choose from an individ-

ual benefits catalog and is accordingly forced to use the existing one. For example, the national

health care system in Great Britain, is financed by taxes but is controlled by gatekeepers [23].

In Germany, the benefits can be adjusted voluntarily by means of additional services [24].

Since the choice is not completely unrestricted, it is assumed that there are also differences in

the correlations between subjective and objective indices and the indicators.

Conversely, voluntary payments (third group of the three expenditures), which each person

can make on their own, should not vary, because people are not forced to pay for services that

they might not want. Since it is their own decision, it should not make any difference whether

the service is desired or not and accordingly have the same effect on both indices, which leads

to Hypothesis 3.

Hypothesis 3: There are barely any differences between the correlations of the GHED macro

indicators and the subjective as well as objective index, when people can decide for them-

selves what health care expenses they will incur.

Results

Comparisons of various indices

Bivariate country comparison of objective and subjective index. First, the indices are

compared in terms of countries and their individual index ranking as well as associated mean

index values. Fig 2 shows the differences in country ranking between the subjective and the

objective index. The indices agree more or less on the ranking of five countries: Philippines,

Spain, Portugal, Finland, and the Middle Atlantic (USA).

The objective index rates Belgium, France, the Netherlands, Switzerland and the Middle

Atlantic (USA) as the wealthiest countries. It is interesting to note that the subjective index

places Belgium, the Netherlands and France in the lower midfield and the Middle Atlantic

(USA) at the top, followed with a larger gap by Switzerland and South Africa.

The objective index ranks Germany, Czech Republic, Slovenia, Croatia, Japan, Poland,

Chile, Israel and Lithuania in the upper midfield. The subjective index places Switzerland, Fin-

land, Portugal, Denmark, Sweden, Spain, Great Britain, South Africa, Norway, Australia and

Italy in the middle to upper midfield. Admittedly, the ranking of the subjective index seems

more trustworthy. Apart from South Africa, these are all countries with a high level of prosper-

ity in contrast to Slovenia, Czech Republic, Poland, Croatia or Lithuania according to another

health care index called NUMBEO in 2012 [25].

Turkey, Bulgaria, South Korea, China and Russia are in the midfield of the objective index

and have a large gap to the Philippines. In the subjective index, the Philippines are also in last

place and these countries are similarly poorly positioned as Germany, Czech Republic, Slove-

nia, Croatia, Japan, Poland, Chile, Israel, Lithuania, Belgium, the Netherlands and France.

Even Fig 2 shows the distribution at a glance, a table is more suitable for viewing and com-

paring individual index values. In Table 1 the individual ranks and the corresponding index

values are compared with each other.

Although both indices are built on the same scale, the weighting of the subjective index has

a strong influence on the individual index values. The mean value of the subjective index is

only about half (34.8) in contrast to the objective index (60.5). However, there are also coun-

tries that have a higher index value after weighting, for example Denmark with 65.41 in con-

trast to the objective index value of 47.51. The same applies to Sweden, Great Britain, Portugal,

Norway, Spain, Australia, Italy, South Africa and the Philippines, with South Africa making
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the biggest skip. Whereby the Philippines are only minimally improved upwards (from 0 to

5.76). All other countries are downgraded by the subjective weighting further than in the

objective index value. It can be seen that the objective index has a spread of 24.98% between

the two lowest countries (Philippines and Italy). The subjective index does not have this

spread. On the other hand, the subjective index has a margin of 31.4% between the top two

countries (Middle Atlantic (USA) and Switzerland). This shows the influence of the subjective

level for all countries, except for the Middle Atlantic (USA).

In the objective index, for example, France and the Middle Atlantic (USA) are on an equal

footing. This means that they spend roughly the same amount of money according to the data

overall. If the weighting for the subjective index is now built in and the two countries are com-

pared, the Middle Atlantic (USA) lands in first place, while France drops down to rank 13.

Although France takes first place with an objective index value of 100, it only has a value of

38.05 for the subjective index.

In the United States of America, the individual freedom is of great importance. On average,

people from the United States of America tend to rate themselves better in health than the rest

of the world [own calculation using ISSP 2011]. Likewise, it is questionable how many poorly

positioned people are included in the survey that they cannot afford their own housing and

Fig 2. ISSP 2011. Country comparison of indices with and without subjective level (objective). USA = United States of

America, N = 31.

https://doi.org/10.1371/journal.pone.0304834.g002
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thus are not registered. These would most likely give different answers than financially well-

positioned people who could also help themselves in the greatest need [26]. These characteris-

tics probably lead to the result that the Middle Atlantic (USA) ranked first. Simultaneously,

this could also be one of the reasons why South Africa comes off so well in the ranking.

Hypothesis 1. The health-related multilevel model is estimated with the dependent vari-

able of self-rated health and includes the following control variables: physical activities, educa-

tion, age, and sex.

Physical activity does not only prevent physical problems. It can also be integrated into the

treatment and rehabilitation of various diseases. People who are physically active on average

consider themselves to be healthier and have fewer health problems [27]. Sports behavior is

surveyed with the question: How often do you exercise physically for at least 20 min so that

you sweat or breathe more than usual? No sport at all is the reference, while the other out-

comes are: once a month or less often, several times a month, several times a week and daily.

Table 1. Comparison of subjective and objective index values.

Rank Subjective index Country Objective index Country

1 100 Middle Atlantic (USA) 100 France

2 68.60 Switzerland 99.35 Middle Atlantic (USA)

3 66.21 South Africa 93.16 Belgium

4 65.41 Denmark 91.84 Netherlands

5 64.35 Sweden 91.30 Switzerland

6 61.64 Great Britain 80.00 Germany

7 60.66 Portugal 73.76 Slovak Republic

8 57.38 Norway 73.13 Slovenia

9 54.71 Spain 71.48 Chile

10 54.66 Finland 71.01 Czech Republic

11 52.30 Australia 70.81 Croatia

12 46.36 Italy 70.11 Japan

13 38.05 France 69.77 Poland

14 34.86 Netherlands 68.20 Israel

15 27.93 Belgium 65.65 Lithuania

16 26.64 Israel 58.89 Finland

17 22.98 China 50.53 South Korea

18 22.51 Chile 50.19 Portugal

19 17.40 Russia 49.72 Turkey

20 17.33 Slovenia 49.63 Bulgaria

21 15.58 Germany 47.51 Denmark

22 12.39 Slovak Republic 46.75 Sweden

23 12.14 Bulgaria 46.07 China

24 11.70 Turkey 41.84 Spain

25 9.52 Poland 41.30 Great Britain

26 9.14 Lithuania 40.14 Russia

27 6.122 South Korea 37.69 Norway

28 6.08 Japan 36.72 South Africa

29 6.03 Croatia 33.87 Australia

30 5.76 Philippines 24.98 Italy

31 0 Czech Republic 0 Philippines

Mean overall 34.80 60.50

* Own calculations. Database: ISSP 2011 and GHED.

https://doi.org/10.1371/journal.pone.0304834.t001
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The proportion of people with mental impairments is smaller among those with higher

educational status [28], implying that educational background is positively related to health

outcomes [29]. Primary school is the reference, while the other five outcomes are: lower sec-

ondary, upper secondary, post-secondary, non-tertiary, lower level tertiary, first stage and

upper level tertiary.

Longitudinal studies show that self-rated health changes with age. Physical health objec-

tively deteriorates with age, but people tend to think that they are healthier than they are as

they get older [30]. Age was queried openly and limited in the analysis to people between 18

and 82 years of age in order to define a uniform upper and lower limit (18 years of the actual

possible characteristics) to reduce possible survival effects (distortions in favor of survivors)

[31].

Men and women differ in their self-rated health and illness [32]. Based on the survey

results, it is also important to consider the gender health paradox, which describes the observa-

tion that men consider themselves to be healthier than women, even though the latter have a

higher life expectancy [33]. Sex was asked dichotomously by asking if one is a woman or a

man. No alternative information could be given.

There is no multicollinearity in the models (each VIF value is smaller than 4.7). The estima-

tor of the subjective index is statistically significant at the 5% level (p = 0.031). The objective

index as well as the HDI health components are not statistically significant. Since the individ-

ual estimators of the covariates are not of interest here, only the variances of the models and

the estimators of the indices are presented, see Table 2.

The estimators of the variables in the different models behave as assumed and differ only

minimally, if at all: self-rated health increases the more one does exercise (p < 0.007), the

more educated (p < 0.001), the younger one is (p < 0.001), and if one is a man (p < 0.001).

The within group variance is not explained by the model (σ2) is for the subjective as well as

the objective index and the health components of the HDI the same. Which makes sense, since

the countries do not change within. In addition, the following finding supports the subjective

index: τ00 country decreases from the objective as well as the HDI health components to the

subjective index. This suggests that the deviation of countries from overall average decreases

more for the subjective index. The ICC is the same for all indices, which means that there are

the same differences between countries. The Conditional as well as the marginal R2 is bigger at

the subjective index in comparison to the others and it is the only model with a significant pos-

itive subjective index estimator (p = 0.031). Hypothesis 1 can therefore be supported. The sub-

jective index reduces the unexplained variance and leads to better model parameters than the

objective indices.

Table 2. Variance comparison of the models.

Subjective index Objective index HDI health components

σ2 513.97 513.97 513.97

τ00 country 30.88 35.29 35.22

ICC 0.06 0.06 0.06

Marginal R2 0.128 0.119 0.120

Conditional R2 0.177 0.175 0.176

Estimator [0.01,0.16] [-0.06,0.13] [-0.22,0.49]

N Individual 45.836

N Countries 31

* Own calculations. Database: ISSP 2011 and GHED.

https://doi.org/10.1371/journal.pone.0304834.t002
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The next step is to look at the individual correlations between the subjective index and the

objective index in order to filter out similarities and differences on a theoretical basis. These

are then used to explain what exactly distinguishes the subjective and objective indices from

each other and thus to find out what the subjective level actually represents.

Correlations between individual GHED indicators and indices

In order to determine the underlying cause of the differences, Table 3 shows the correlations

of the indices with each GHED indicator used. In addition, the absolute difference between

Table 3. Comparison of subjective and objective index values.

GHED indicator robjective rsubjective difference weight

1 current health expenditure (CHE) as % of gross domestic product (GDP) 0.180 0.087 0.093 0.015

2 health capital expenditure as % of GDP 0.162 0.127 0.035 0.018

3 domestic health expenditure as % of CHE 0.207 -0.090 0.297 0.006

4 domestic general government health expenditure as % of CHE 0.006 0.081 0.075 0.008

5 domestic private health expenditure as % of CHE 0.011 -0.090 0.101 0.017

6 voluntary health insurance as % of CHE -0.052 -0.042 0.010 0.013

7 out-of-pocket as % of CHE -0.198 -0.099 0.099 0.012

8 other private health expenditure as % of CHE 0.222 -0.016 0.238 0.029

9 external health expenditure as % of CHE -0.199 0.067 0.266 0.009

10 compulsory financing arrangements as % of CHE 0.214 0.079 0.135 0.006

11 government financing arrangements as % of CHE -0.430 0.288 0.718 0.043

12 compulsory health insurance as % of CHE 0.520 -0.249 0.769 0.011

13 social health insurance (SHI) as % of CHE 0.381 -0.363 0.744 0.005

14 voluntary financing arrangements as % of CHE -0.215 -0.078 0.137 0.009

15 rest of the world as % of CHE 0.095 -0.195 0.290 0.022

16 compulsory private health insurance as % of CHE 0.399 0.289 0.110 0.011

17 government subsidy to social health insurance as % of SHI 0.184 0.015 0.169 0.014

18 self-employed contributions to social health insurance as % of SHI -0.229 -0.021 0.208 0.006

19 general government expenditure as % of GDP 0.164 0.042 0.122 0.017

health expenditure data (all in % of GDP)–revenues
20 current health expenditure by revenues of health care financing schemes 0.037 0.042 0.005 0.021

21 transfers from government domestic revenue (allocated to health purposes)- -0.373 0.306 0.679 0.034

22 international transfer and grants international transfer and grants -0.383 0.299 0.682 0.012

23 transfers by government on behalf of specific groups 0.187 -0.210 0.397 0.007

24 subsidies 0.125 0.340 0.215 0.007

25 other transfers from government domestic revenue -0.250 0.187 0.437 0.007

26 transfers distributed by government from foreign origin 0.083 -0.160 0.243 0.068

27 social insurance contribution 0.435 -0.296 0.731 0.002

28 social insurance contribution from employees 0.409 -0.412 0.821 0.009

29 social insurance contribution from employers 0.242 -0.355 0.597 0.006

30 social insurance contribution from self-employed 0.055 -0.296 0.351 0.009

31 other social insurance contributions 0.294 -0.186 0.480 0.010

32 compulsory prepayment 0.329 0.028 0.301 0.023

33 voluntary prepayment -0.044 -0.071 0.027 0.115

34 other domestic revenues -0.009 -0.132 0.123 0.020

35 other revenues from households -0.059 -0.097 0.038 0.006

36 other revenues from corporations 0.200 0.127 0.073 0.031

37 other revenues from non-profit institutions serving households (NPISH) -0.136 -0.214 0.078 0.044

(Continued)
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the two indices is given and the weights of each indicator (weight), which was used to build the

subjective index. This shows which indicators were weighted particularly high or low.

Often, the correlations at least headed in the same direction. However, there are indicators

where deviations occur and the sign of the correlation changes accordingly, which is the case

for (11) government financing arrangements, (12) compulsory health insurance, (13) social

health insurance, (21) transfers from government domestic revenue, (22) international transfer

and grants, (23) transfers by government on behalf of specific groups, (25) other transfers

from government domestic revenue, (27–31) all social insurance contributions, (41) govern-

ment schemes, (42) compulsory contributory health insurance schemes, (43) social health

insurance schemes and (48) enterprise financing scheme.

The individual correlations and the difference between them are interesting, but it makes it

easier to get an overview if this table is converted into percentages and summarized. A distinc-

tion is made between five categories. Indicators that are more or less the same between the

subjective and objective index show a difference of less than 15% percent. Indicators that show

a slight difference are between five and 15%, with a medium influence between 15% and 25%,

with a big effect between 25% and 35% and with most impact over 35%, see Table 4.

All the before and above mentioned indicators distinguish the subjective from the objective

index. These indicators each account for a difference between the indices of at least 15%. Each

social insurance contribution has a larger impact on the subjective and the objective index.

While those correlate positively with the objective index, they show a negative correlation with

the subjective index, which supports Hypothesis 2. For the objective index it seems obvious

that the more contributions, the more payments for the health care system are available. In

contrast, it has a negative effect on the subjective index if people do not have the possibility to

determine for themselves, for example, their social insurance contributions.

While government financing schemes are negatively correlated with the objective index,

they are positively correlated with compulsory health insurance and social health insurance.

Table 3. (Continued)

GHED indicator robjective rsubjective difference weight

38 direct foreign transfers -0.151 0.117 0.268 0.006

39 current health expenditure by financing schemes 0.037 0.042 0.005 0.025

40 government schemes and compulsory contributory health care financing schemes 0.085 0.083 0.002 0.028

41 schemes -0.415 0.322 0.737 0.009

42 compulsory contributory health insurance schemes 0.518 -0.288 0.806 0.004

43 social health insurance schemes 0.386 -0.443 0.829 0.003

44 compulsory private insurance scheme 0.388 0.281 0.107 0.001

45 voluntary health care payment schemes -0.056 -0.013 0.043 0.064

46 voluntary health insurance schemes -0.079 -0.035 0.044 0.095

47 non-profit institutions serving households financing scheme -0.195 -0.165 0.030 0.008

48 enterprise financing scheme -0.088 0.351 0.439 0.017

49 household out-of-pocket payment -0.057 -0.101 0.044 0.006

50 rest of the world financing schemes (non-resident) 0.082 -0.059 0.141 0.004

51 gross domestic product in US dollar per capita 0.091 0.107 0.016

52 objective index (without subjective weights) 1 0.001 0.999

* r = Bravais-Pearson correlation, objective = index without weights, subjective = index with weights, difference = absolute difference between correlation of the

subjective and the objective index, weights = weights for the subjective index.

https://doi.org/10.1371/journal.pone.0304834.t003
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For the subjective index, this is the other way around, which also supports Hypothesis 2. Gov-

ernment financing arrangements do not directly impact people, but health insurance does.

In the case of (other) transfers from the government’s domestic revenues and internal

transfers and grants, a negative correlation with the objective index and positive correlations

with the subjective index are shown. This is to be interpreted analogously to the government

financing schemes, which does not explain why it is the other way around for transfers by the

government on behalf of specific groups.

Even if there is occasionally a change of sign in other correlations between the GHED

macro indicators and the indices, the correlations do not differ enough that it seems worth

mentioning (less than 15%).

Differences in correlations are below five percent for the following variables: (1) current

health expenditure, (2) health capital expenditure, (4) general domestic health expenditures,

(6) voluntary health insurance, (7) out-of-pocket costs, (20) current health expenditure by rev-

enues of health care financing schemes, (33) voluntary prepayment, (35) other revenues from

households, (36) other revenues from corporations, (37) other revenues from non-profit insti-

tutions serving households, (39) current health expenditure by financing schemes, (40) gov-

ernment and compulsory contributory health care financing schemes, (45) voluntary health

care payment schemes, (46) voluntary health insurance schemes, (47) non-profit institutions

serving household financing scheme and (50) rest of the world financing schemes (non-

resident).

A large proportion of these are indicators that are ‘mandated’ but do not directly affect one

(current health expenditures, health investments, other revenues). With the exception of vol-

untary financing arrangements, all indicators for voluntary payment are also in the first group.

Voluntary financing arrangements have only a very small effect and, at 0.133, just exceeded the

0.1 limit, see Table 3, which supports Hypothesis 3. When people can make their own deci-

sions regarding health care expenses, their perceptions of access to the health care system, as

reflected in the indices, remain stable.

If in addition the second category is considered in which differences up to 15% are

imposed, then the correlations between expenditures on health care are very similar. This

Table 4. Proportion of influence on the diversity of indices.

[0% - 5%] Current health expenditure; health capital expenditure, domestic general government health

expenditure, voluntary health insurance, out-of-pocket, current health expenditure by revenues of

health care financing schemes, voluntary prepayment. other revenues from households, other revenues

from corporations, other revenues from non-profit institutions serving households, current health

expenditure by financing schemes, government and compulsory contributory health care financing

schemes, voluntary health care payment schemes, voluntary health insurance schemes, non-profit

institutions serving household financing scheme, rest of the world financing schemes

[5% - 15%] domestic health expenditure, domestic private health expenditure, other private health expenditure,

external health expenditure, compulsory financing arrangements, voluntary financing arrangements,

rest of the world, compulsory private health insurance, government subsidy to social health insurance,

self-employed contributions to social health insurance, general government expenditure, subsidies,

transfers distributed by government from foreign origin, compulsory prepayment, other domestic

revenues, direct foreign transfers, compulsory private insurance scheme, household out-of-pocket

payment

[15% -

25%]

transfers by government on behalf of specific groups, other transfers from government domestic

revenue, social insurance contribution from employees, enterprise financing scheme

[25% -

35%]

transfers from government domestic revenue, international transfer and grants, social insurance

contribution from employers, other social insurance contributions

[35% +] government financing arrangements, compulsory health insurance, social health insurance, social

insurance contribution, social insurance contribution from employees, government schemes,

compulsory contributory health insurance schemes, social health insurance schemes

https://doi.org/10.1371/journal.pone.0304834.t004
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means that they have the same effect on both indices, which is slightly positive and these also

do not directly affect the human being.

Interestingly four of those which make almost no difference to the indices have a very large

weighting in the creation of the subjective index. These include (33) voluntary prepayment,

(37) other revenues from non-profit institutions serving households, (45) voluntary health

care payment schemes and (46) voluntary health insurance schemes, see Table 4.

This shows that despite high weighting within the subjective index, the differences to the

objective index are not only in the strong weighting factors, but totality is responsible for a var-

iation. Transfers distributed by the government from foreign origin are also weighted quite

high in the subjective index, making up a difference of less than 15 percent. The only indicator

that is highly weighted in the subjective index, but in the sixth rank, is the government financ-

ing arrangements, which differ very much between the correlations of the subjective and

objective index (more than 35%). The results shown here are discussed in the next section.

Discussion

It is likely that there are several latent levels behind the subjective index. One is the macro level

from the GHED data set for the countries. This was combined with the ISSP 2011 country data

set consisting of over 50.000 individuals who provided information on their self-rated health

and confidence in their health care system. This approach was chosen to consider the subjec-

tive level at the macro level in case self-rated health is the desired outcome variable in further

studies. The subjective index will be used to evaluate residents’ access to their health care

system.

For this purpose, the country rankings were first considered: With the exception of South

Africa and the Middle Atlantic, the assignment of countries by the subjective index seems

plausible. In South Africa, extreme poverty and extreme wealth coexist. Inequality from the

apartheid era persists after more than 20 years of democracy [6]. This could be a decisive rea-

son for South Africa achieving such a high ranking. The private health care system in South

Africa is well developed meanwhile. People who are included in the sample may be wealthier,

which is why they are more likely to be in the private health care sector. It is also a pity that the

United States of America ranked first due to its very high health care spending. This is often a

problem with health care system indices. It is well known that the United States of America

does not have the best access to the health care system, because it is socio-economically condi-

tioned. The ranking nevertheless seems reasonable, since people who self-insure also know to

what extent they are insured and what access they have to certain services. What might addi-

tionally put the United States of America at the top is the excellence in medical education. Peo-

ple from all over the world who can afford it travel to the United States of America to receive

the best treatment from specialists. The arrangement of the remaining countries does not

seem unlikely. The fact that the subjective index also differs from NUMBEO is a good indica-

tion that other levels are considered. Since it is not exactly known what is involved in the sub-

jective level, it could in addition to access to the health care system also be assumed that the

number of hours of sunshine or the influence of the latitude within a country plays a role [34,

35].

In the multivariate model, the subjective index already showed robustness [11]. Now the

subjective index was compared with the health component of the Human Development Index

and with the same index without subjective weights. Although the same estimators and statisti-

cal significances were found for the control variables across all models, only the subjective

index was statistically significant (p = 0.031). At the same time, the model with the subjective

index has the highest explained variance (R2
subjective = 12.8, R2

objective = 11.9, R2
HDI = 12.0) and
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the deviation of countries from the overall average decreases more for the subjective index (τ00

country_subjective = 30.88, τ00 country_objective = 35.29, τ00 country_HDI = 35.22).

It is now necessary to discuss whether these statements also appear plausible in terms of

content. Correlations between expenditures on health care are very similar overall indices.

This means that they have the same effect on both indices. This makes sense, since in this

respect expenditure on health cannot be influenced by an individual. Neither can compulsory

financing arrangements, prepayments, private insurances, transfers from abroad distributed

by the government, and so forth. It is different from voluntary payments or financing arrange-

ments. It must not be forgotten that even if they are voluntary, the schemes are already in place

and the individual only has the option to choose a product or not, but cannot look for one

with individual benefits. According to the applied Rational Choice Theory this could be the

reason why even voluntary benefits do not show any difference between the indices.

Social insurance contributions have a different impact on the subjective and the objective

index. While these correlate positively with the objective index (the more contributions, the

more payments for the health care system), they show a negative correlation with the subjec-

tive index. This means that it is no longer possible to assume a pure measurement of payments

and further levels are identified in the subjective index. The more social security contributions,

the worse the subjective index turns out to be. People who pay a lot of social security contribu-

tions often sit in higher positions and have to bear more responsibility, which can also result in

distress [36]. It is quite possible that precisely these people do not feel well taken care of in

their health care system due to the increased risk of falling ill.

Government financing arrangements are rated positively in the subjective index. This could

be because it is perceived as positive that these financing arrangements exist at all. In contrast,

it has a negative effect on compulsory contributory health insurance and social health insur-

ance. This affects the individual directly and one cannot choose one’s corresponding benefit.

The state financing arrangements affect one only indirectly and one is grateful to be able to fall

back on them in various situations.

That (other) transfers from the government’s domestic revenues and internal transfers and

grants are positively associated with the subjective index show that people perceive them as

helpful in accessing the health care system. After all, these come from the state and have a sup-

portive effect. This is contradicted by the fact that the situation is the other way around when

it comes to transfers from the state for specific groups. Perhaps because this is about specific

groups where people are nevertheless directly affected.

Without question, this paper is not without limitations. On the one hand, as mentioned at

the beginning, it is difficult to validate something that has not existed in this form before. This

also includes the data selection, which left little room for choice. Data had to be taken that

were exclusively available for the financing of health care systems, since there were no other

freely available data in the 31-country comparison. Now, this train of thought, on the other

hand, is difficult to link to a subjective level, but a suggestion has been made about how a sub-

jective level could also play a role in the form of health care spending. It is claimed that the

index represents access to the health care system. Even though the paper provides good con-

tent reasons to assume this different countries also have different cultural and political charac-

teristics, which are included in the equation. The very distinction between National Health

Systems and Social Security Systems has a major impact, too. It is possible that the index also

reflects these, but it cannot be said exactly.

Despite these limitations, the subjective index also offers some significant advantages. It

allows for the consideration of aspects of access to the healthcare system that may not be cap-

tured by purely objective indicators. This could contribute to a more comprehensive under-

standing of how people perceive and utilize their health care systems.
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Furthermore, the subjective index provides a means to capture the significance of factors

such as government financing arrangements and social security contributions for the percep-

tion of the health care system. This can provide important insights into how governmental

interventions and policy decisions influence the perception and access to the health care

system.

Overall, it can be observed that the subjective index represents a promising tool for evaluat-

ing health care systems, providing valuable insights beyond purely objective indicators. How-

ever, future research should conduct further validation studies and utilize a more

comprehensive database to enhance the reliability and relevance of the subjective index and

expand its potential applications.

Future research should clarify the results presented here. For this purpose, larger country

data sets would be beneficial. Likewise, it would be good to have more than just the health care

expenditures for the Causal Forest and accordingly the calculation of the subjective weights.

Conclusion

This research underscores the significant divergence between subjective and objective indices

in evaluating health care expenditures, highlighting the critical role of individual autonomy in

financial decision-making related to healthcare. The subjective level of the index, calculated

based on confidence in the health care system through various expenditures, differs notably

from the objective index. This study finds that social insurance contributions, which are man-

datory and beyond individual control, correlate negatively with subjective indices and posi-

tively with objective ones. This divergence is minimal for voluntary expenditures, where

individuals exercise choice, reflecting a stable perception across indices.

The subjective index not only holds statistical significance in the multilevel model but also

indicates that the direct impact of health care spending on individuals versus their freedom to

choose their insurance significantly affects their evaluations. According to the Rational Choice

Theory this makes sense; when people can choose their health care benefits, they likely priori-

tize what is personally important, leading to more favorable subjective assessments.

Moreover, the correlations between GHED macro indicators and the indices vary in mean-

ingful ways, with plausible country rankings further validating these differences. It is evident

that numerous latent variables influence the perceived ’access to the healthcare system’.

Despite this complexity, the subjective index can be reasonably interpreted as a measure of

access to healthcare, leading to the designation of this measure as the Health Care Assessment

Index. This new index provides valuable insights into how financial autonomy and compul-

sion in health-related expenditures impact overall perceptions, offering important implications

for health policy and economic planning.
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6 German summary

Die Dissertation von Sandra Jaworeck, eingereicht an der Fakultät für Soziolo-

gie der Technischen Universität Chemnitz, untersucht die Verbindung zwischen

maschinellem Lernen und Mehrebenenanalyse, um sowohl subjektive als auch ob-

jektive Kriterien in der Gesundheitsforschung zu integrieren.

Im Mittelpunkt ihrer Arbeit steht die Entwicklung eines neuartigen Indexes

zur Messung des Zugangs zu Gesundheitssystemen, der sowohl subjektive als auch

objektive Kriterien berücksichtigt. Traditionell werden hauptsächlich objektive

Kriterien wie die Anzahl der Krankenhausbetten und die Gesundheitsausgaben

eines Landes genutzt um den Wert eines Gesundheitssystems darzustellen. Diese

objektiven Messungen bieten zwar wertvolle Einblicke, übersehen jedoch oft die

subjektiven Erfahrungen und Wahrnehmungen, die das Wohlbe�nden und damit

auch die Gesundheit von Menschen erheblich beein�ussen können.

Jaworeck argumentiert, dass sowohl subjektive als auch objektive Messun-

gen ihre Vor- und Nachteile haben, und dass ihre Kombination zu tiefergehen-

den Erkenntnissen in der Gesundheitsforschung führen kann. Durch den Einsatz

von maschinellen Lernverfahren entwickelt sie erstmals einen Index, der durch

den Einbezug von subjektiven und objektiven Indikatoren am Ende die subjektive

Wahrnehmung des Zugangs zu Gesundheitssystemen in verschiedenen Ländern er-

fasst.

Dieser fortschrittliche Ansatz erö�net neue Wege, um die oft unsichtbaren Un-

terschiede zwischen den Gesundheitssystemen verschiedener Länder besser zu ver-

stehen und gezielt zu analysieren. Letztlich kann Jaworecks Arbeit dazu beitragen,

die Gerechtigkeitswahrnehmung im Zugang zu Gesundheitsleistungen zu erklären.

Ihre Dissertation schlieÿt eine wichtige Lücke in der internationalen Gesundheits-

forschung, indem sie einen fehlenden Index entwickelt, validiert und mit beste-

henden Gesundheitsindizes vergleicht, um dessen Relevanz und Aussagekraft zu

unterstreichen.

Zusammenfassend trägt Jaworecks Arbeit dazu bei, die Bedeutung der In-

tegration subjektiver Perspektiven in die Gesundheitsforschung hervorzuheben

und zeigt innovative Methoden auf, wie diese zusammen mit objektiven Kriterien

genutzt werden können, um Gesundheitssysteme umfassender zu bewerten.
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