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Abstract

While studies on the relationship between health, income, healthcare spending and productivity
is generally consistent, little attention has been brought to the regional contexts. Meanwhile, a
country like Sweden who is generally known for a well-established healthcare system and
welfare state, experiences increasing regional disparities. This thesis investigates the
relationship between health, income, healthcare spending and productivity in Swedish regions
across 26 years. Utilizing panel data, the analysis employs several regression models and
compares the results. The study finds notable differences between models who include and
exclude control variables, where the results found rather counterintuitive relationships such as
higher income is associated with higher mortality rates, and vice versa. One reason for this
might be due to lifestyle factors in higher income regions, such as stress, which affect the
mortality rates. The thesis concludes that it is fundamental to consider contextual factors when
evaluating health, income, healthcare spending and productivity, in particular for policymakers

and future research.
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1. Introduction

It may seem obvious to most people that improved health has positive economic and societal
outcomes and that higher incomes are associated with better health and quality of life. In fact,
research suggests that healthier populations tend to be more productive, with improved health
contributing to lower healthcare spending, improved economic growth and better well-
being (The Health Foundation, 2021).

However, the relationship between health, income, healthcare spending, and productivity is far
more complex, particularly in high-income countries where country-specific factors create
complicated relationships between these variables. Even less is understood when the regional
context is considered, as limited attention has been given to studying these dynamics within
regions of high-income countries. In Sweden, for instance, increasing regional disparities have
been observed, in particular, driven by demographic changes where younger inhabitants move
to larger cities (André et al., 2021). However, little is known about how these regional
inequalities influence the dynamics between health, income, healthcare spending, and
productivity, leaving a significant gap in our understanding of the regional context. This
regional perspective is particularly relevant given that Swedish healthcare is governed at the

regional level, with each region being responsible for funding and organizing healthcare.

As a result, studying these dynamics at the regional level allows for a more comprehensive
understanding of how regional socioeconomic and demographic factors shape the dynamics

between health, income, healthcare spending and regional productivity.

1.1. Aim & Research Question

As a result of the lack of understanding of the Swedish regional, there is a need for more
research that studies this interplay. Thus, this study aims to investigate the relationships
between health, income, healthcare spending, and regional productivity within the context of
Swedish regions, particularly focusing on how these relationships are influenced by contextual
factors such as regional differences and time-specific effects. The purpose of this thesis is to
obtain a broader and more nuanced understanding of the intricate relationships to better support
policymakers when implementing region-specific health policies. To help guide this research,

the following research question is therefore proposed:



How do regional contexts and time-specific effects influence the relationships between health

outcomes, income, healthcare spending, and regional productivity in Swedish regions?
Followed by the sub-question:
What are the implications of the regional contexts and time-specific effects for regional policy?

The research questions aim to examine how the relationship between income, healthcare
spending, and regional productivity changes when confounding factors are considered and
what it might mean for the broader setting and is based on well-established theories of health

and economics, along with previous empirical research.

1.2. Scope

Analyzing the situation in Sweden regarding health outcomes, healthcare costs, income, and
productivity makes for an insightful case study. Given that Sweden has a rather established
welfare state and universal healthcare, one would expect that the access to healthcare and other
services should be quite equal across the country. However, there are still significant regional
disparities in health outcomes and economic performance, which means there is still a question

of how these factors are connected at the regional level that needs to be answered.

This thesis considers contextual factors such as differences in healthcare spending, regional
income levels, and demographic trends rather than individual or household level factors. This
study tries to capture how structural and systemic factors affect the outcomes by focusing on

these regional aspects.

The time period 1997-2023 is chosen both to enhance the sample size and to include all of the
possible trends and changes in the data. These years cover more than two decades of change in
Sweden’s healthcare system and economic policies as well as its population. It is therefore

possible to study how these factors have evolved and interacted over time.



This study attempts to identify the connections between health, income, healthcare costs, and
productivity across Swedish regions and in doing so, contribute to the understanding of the
causes of regional differences. The findings help to understand how these relationships can be
useful in formulating policies that can lead to more unbiased health outcomes and the reduction

of regional inequalities.

1.3. Structure

The thesis begins with the Background, introducing basic information and statistics about the
current situation in Sweden regarding health, healthcare, income and productivity. The two
subsequent sections—Theoretical Framework and Literature Review—present the theoretical
model and previous empirical research utilized to support the thesis’s findings. Thereafter, the
Methodology is introduced, including the usage of variables and model specification. In the
following section, called Result, the obtained findings are presented and thereafter interpreted
in the Discussion section with theoretical and practical implications. Lastly, the thesis is tied

together with some concluding remarks in the Conclusion section.

2. Background

The following section presents an overview of economics and health in Sweden. This includes
healthcare utilization and the healthcare system, along with some statistics in the Swedish
context. Moreover, it presents the economic standards for Swedish citizens and the current
public health situation. The aim is to provide a general outlook of the present conditions in

Sweden.

2.1. The Swedish Healthcare and Healthcare System

In Sweden, healthcare is accessible to all citizens and is essentially free of charge, except for a
smaller fee paid per visit up until reaching a specific threshold per year (Socialstyrelsen, 2019).
The healthcare system is regional, meaning that the 21 regional authorities are responsible for
healthcare provision in each region (Nordic co-operation, 2025). About 80% of Swedish
healthcare is provided by the regional authorities, and the remaining 20% is privately provided.
However, 95% of the private healthcare providers have an agreement with the regional



healthcare providers, thus also essentially being free of charge for Swedish citizens (Statistiska
Centralbyran, 2022).

While Sweden is reported to be in the tenth place on the doctor-inhabitant ratio list and twelfth
place on the nurse-inhabitant list amongst OECD countries, significant differences in access to
and utilization of healthcare professionals have been reported across regions (Socialstyrelsen,
2024b). Region Kalmar, for instance, has twice as many nurses per thousand inhabitants as
Region Stockholm (22.9 and 11, respectively). Similarly, Region Stockholm has about double
the number of healthcare visits, 1900, compared to Region Vastra Gotaland, 900, per thousand
inhabitants in 2021.

Moreover, a prevalent issue in Sweden is waiting times, which have been persistently long for
several years (Socialstyrelsen, 2024c). Table 1 shows the reported mean days waited for the
first context with healthcare in the Swedish regions during 2023. As seen, Region Jonkdping
has the lowest number of days, and Region Norrbotten has the highest number of days
(highlighted in green and red, respectively). That is, in Region Norrbotten, patients had to, on
average, wait 230 days between getting the decision that specialized care is needed and the first

meeting with a specialized healthcare provider.

Table 1: Mean waiting times for first contact with healthcare in 2023

Mean Mean
Region waiting time Region waiting time

(days) ( days)
All regions 101 Region Skine 101
Region Blekinge 87 Region Sormland 57
Region Dalarna 93 Region Stockholm 98
Region Givleborg 92 Region Uppsala 96
Region Gotland 84 Region Virmland 152
Region Halland 52 Region Visterbotten 86
Region Jimtland Hiirjedalen 137 Region Visternorrland 124




Region Jonkopings lidn 49 Region Viastmanland 64

Region Kalmar lin 71 Region Orebro lin 105

Region Kronoberg 77 Region Ostergétland 129
Vistra

Region Norrbotten 230 114
Gotalandsregionen

Source: Sveriges Kommuner och Regioner, 2023b

2.2. Economics and Public Health of Sweden

Sweden generally has a good economic standard and public health, with a mean monthly salary
of 39,900 SEK in 2023 (Statistiska Centralbyran, 2024b). Many prerequisites for good health
have improved but other prerequisites have stagnated or worsened and disparities between
groups have grown (Folkhdlsomyndigheten, 2023). For example, individuals born outside
Europe and those with low socioeconomic status are more likely to experience lower economic

standards, with long-term unemployment affecting these groups.

Due to variations in tax power across regions, that is, some regions are wealthier than others,
Sweden has a tax equalization system to ensure that all residents in all regions and
municipalities have equal economic standards (Sveriges Kommuner och Regioner, 2023a).
This is done in order to guarantee the residents the same level of public services, such as
healthcare and schools. Therefore, a part of wealthier regions’ tax income is redistributed to

less affluent regions and thus decreases inter-regional inequalities.

In addition, public health in Sweden has improved over time, with life expectancy increasing
since 2006. The mean age in Sweden in 2021 was 83.0 years, however, significant disparities
can be seen between groups, such as between men and women and between educational groups.
Sweden spent about 4200EUR per capita on healthcare in 2021, which is slightly higher than
the average for EU countries. Accessibility to healthcare is generally high, but differences in
groups—especially between less and more remote regions—seem to prevail (OECD/European
Observatory on Health Systems and Policies, 2023). Moreover, while mortality rates for
common causes of death have decreased, significant inequalities persist. People with low

socioeconomic status, for instance, have shorter life expectancies and higher mortality rates



before the age of 65. Data also reveals that public health trends show mixed progress. Positive
developments include reduced smoking rates and lower alcohol consumption among certain

groups. However, significant disparities persist (Folkhdlsomyndigheten, 2023).

3. Theoretical Framework

The following section presents the theoretical framework utilized in the thesis. It introduces
the Grossman Model and highlights the aspects relevant to the aim of the thesis. The aim is to

get a theoretical understanding of health and economics, which later is used in the discussion.

3.1. The Grossman Model

Grossman’s work on the human capital model of the demand for health was originally
published in 1972 (Grossman, 1972) and has since then been revised in later works by
Grossman (2000) and several scholars (see for example, Ehrlich & Chuma, 1990; Jacobson,
2000; Muurinen, 1982; Ried, 1998; Zweifel, 2012). This theoretical framework builds on the
revised work from 2000 (Grossman, 2000) which is a comprehensive discussion of his original
work, with some extensions. This version is chosen for this theoretical framework as it is the
recent version and contains more comprehensible perspectives of his original model. Because
this thesis focuses on health outcomes, income, healthcare spending, and productivity, these

aspects of the Grossman model are focused on.

The Grossman model is derived from the human capital theory proposed by Becker (1964;
1967), Ben-Porath (1967), and Mincer (1974). Human capital theory suggests that increases in
individuals' knowledge or human capital promote productivity in the market (where capital
earnings are generated) as well as in the household sector (where goods are created and enter
the utility function). Human capital theory focuses on the productivity a person generates
through knowledge. Grossman emphasized instead that health establishes the aggregate time

that can be spent on producing capital earnings and goods.
Grossman draws his work from the household function, where he includes the distinction
between health as an output and healthcare as one of several inputs. The household production

function is a model that depicts how households combine their time, resources, and goods to
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produce things they value, such as health and knowledge. Of importance, he argues, is to
distinguish between items of choice (which he calls commodities) and market goods and
services, which all enter the utility function. Grossman notes that “Consumers produce
commodities with inputs of market goods and services and their own time.” (p.350). In other
words, consumers use goods provided by the market (such as gym memberships) to produce
commodities, such as enjoyment from exercising. Therefore, the demand for healthcare and

other inputs to health is extracted from the demand for health.

In the model, health is both demanded and produced, and it is considered a choice variable
because it provides satisfaction (demanded) and influences income or wealth (produced).
Health is demanded because it is valuable for well-being, and it is produced because individuals
take action to maintain or improve it. Specifically, people desire to improve their health
because it reduces sick days, allowing them to avoid missing out on income due to illness.
Moreover, Grossman argues that if the shadow price of health (the “true cost” of achieving
better health) increases, the demand for health decreases. Meaning, that if attaining health
becomes more difficult (e.g. through older age, more expensive healthcare) individuals are less

willing to demand (i.e. achieve) health.

The full wealth model, including time and money constraints, is the following:

n PMetQXHWeTLATHAT) _ gy W0 (0
t=0 (1+1)t t=0(14mt © 70

Where the left-hand side in equation (1) above represents total spending over a person’s life,
discounted to account for the value of money over time, and the right-hand side represents total
lifetime wealth, discounted to present value. In its simplest form, the equation depicts that a
person’s total lifetime spending (on health, goods, and time costs) must equal their total lifetime
resources (income from working all available time plus any savings). Adjusting the variables
on either side, we can also detect what effects it may have on the other side. For example, if an
individual spends less time being sick—meaning, is healthier—they have more time to work
and increase their earnings. Vice versa, if an individual has higher total wealth, they can spend

more time and resources on improving health.
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Moreover, Grossman elaborates on how investment in health (in the form of healthcare)
interacts in his model. Going back to Equation 1 above, a two-way relationship could be
indicated. On the one hand, wealthier individuals may have more resources to spend on
healthcare, such as cosmetic procedures or other costly preventative medical care, which in
turn raises personal healthcare spending. On the other hand, if an individual has high total
wealth, it could be argued that personal healthcare spending decreases, due to investments in
other proactive factors that go into the health production function, such as improved diet, better
living conditions, or similar. Perhaps most strongly emphasized in Grossman’s work is the
former argument. However, as is later discussed in the literature review (Section 4) the second
argument may be more suitable in cases where healthcare is free - as in the case of Sweden,
which is the focus of this study. Universal healthcare often focuses on prevention, providing

free health screenings and vaccination programs to lower overall medical costs.

Grossman’s model highlights that health is a dual commodity, meaning, both a consumption
and investment good. The dual role of health means that individuals who invest in health
(treating it as an investment good) experience higher productivity because they use resources
(e.g., funding, labor) more efficiently. This can be interpreted as healthier individuals allocate
resources more efficiently, leading to better productivity outcomes. In addition, the production
function of healthy time shows that as health capital increases, healthy time also increases,

albeit at a diminishing rate.

To summarize Grossman’s model in alignment with the aim of this thesis, it is argued that
individuals treat health as a form of capital that they can invest in to improve productivity and
quality of life. Higher-income regions may have residents who can afford more investments in
health (e.g., better nutrition, healthcare, education, or preventive care), leading to better health
outcomes. Moreover, Grossman’s model also suggests that wealthier individuals (who
collectively contribute to the wealth of regions) may have better access to efficient health
systems and preventive measures, reducing the need for more (and often more expensive)
treatments. Lastly, it is shown that individuals (here, regions) with better health outcomes are
likely to have higher stocks of health capital, resulting in more healthy time for productive

activities.
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4. Literature Review

This section presents previous empirical evidence on the relationships of interest. The
relationship between health, income, healthcare spending, and productivity has been
extensively studied and has generated a diverse body of literature. It is neither feasible nor
practical to elaborate on every aspect of these relationships in detail. Instead, this section aims
to provide an overview of the most widely recognized empirical studies, with a focus on the

evidence most relevant to the research question.

4.1. Health, Income and Healthcare Spending

The relationship between health and income is broadly studied amongst scholars, where various
perspectives have been undertaken. There is a general consensus amongst previous studies
regarding the interplay between health and income in areas characterized by lower
development and/or high-income inequality (Becker, 2007; Benzeval & Judge, 2001,
Grossman, 2017; Institute For Research On Public Policy & Centre For The Study Of Living
Standards, 2002; Rowntree & Orr, 1936). The overall agreement amongst researchers is that
higher income results in better health outcomes. However, less agreement is found when the

reverse relationship is considered, that is, if better health outcomes raise income.

Higher healthcare spending has furthermore often been linked to improved health outcomes,
particularly in lower-income settings (Newhouse, 1977; Singh, 2014; Hall & Jones, 2007).
However, in more developed regions, the link between healthcare spending and outcomes
becomes more complex, as diminishing returns on healthcare spending may limit its impact.
This lack of consensus highlights a gap in understanding how investments in health (healthcare
spending) influence income levels in high-income contexts, where health differences may
remain despite extensive healthcare spending. Thus, the following subsection evaluates what

previous empirical studies have found regarding income, health, and healthcare.

Two well-known studies focusing on income and health are provided by Ecob and Davey Smith
(1999), along with Ettner (1996). Both studies draw data from the mid-80s and focus on
morbidity, but the former investigates England, Wales, and Scotland and the latter focuses on
America. With some slight differences, both studies conclude that higher incomes result in

better health outcomes. What both articles highlight is the focus on morbidity (the disease rate)
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instead of mortality, which added significantly to the body of literature at the time. Their
differences lie in the way they look at income. Ettner (1996) shows a clear and significant
relationship between income and health, with coefficients around 0.11 (dependent variable:
income, independent variable: health rating), however with attention put on the fact that higher
income increases alcohol consumption. Ecob and Davey Smith (1999) argue that the
relationship is true, but with diminishing returns at higher levels of income, concluding that

income inequality is associated with worse health.

Lacking in both studies, albeit touched upon but not thoroughly discussed, is the reverse
relationship between income and health. This is another crucial aspect to consider, as
examining the relationship both ways provide a more comprehensive understanding of the
interplay between health and income. The earlier works have found that the relationship
between health and income is positive (Barro, 2013; Bloom, Kuhn & Prettner, 2019; Bloom &

Williamson, 1998). However, this view has more recently been challenged.

On the one hand, Lorentzen, McMillan, and Wacziarg (2008) demonstrate that health has a
positive impact on income, by looking at how decreasing adult mortality has a positive impact
on income and thus leads to increasing returns on human and physical capital. This view would
be following Grossman’s model of human capital (1972, 2000). On the other hand, Acemoglu
and Johnson (2007) argue that the influence of improved health is negative on economic
development. While Lorentzen, McMillan, and Wacziarg (2008) have a more micro-
perspective, Acemoglu and Johnson (2007) focus on the macro view. The negative economic
development, the authors argue, happens through rapid mortality decline without fertility
decline which may lead to population growth that reduces capital per worker, limiting income

per capita (a “Malthusian response”).

However, both studies aim at lower-income areas, with a specific focus on African countries,
and fail to address higher-income countries and their regions. This limitation is not exclusive
to these studies but reflects a general tendency in the literature, where research focuses on low-
and middle-income countries. Consequently, there is a lack of understanding into how the
health-income relationship appears in higher-income contexts, where the dynamics may differ

due to established healthcare systems, higher living standards, and lower mortality rates.
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Shifting the focus to healthcare expenditures, studies nowadays are quite consistent. It is widely
agreed that increased healthcare spending is associated with better health outcomes. For
example, a study from Canada looking at data from 1978-1992 (Crémieux et al. 1999) finds
through a regression analysis statistically significant results where life expectancy is expected
to rise (coefficient of 0.003 and 0.001 for males and females, respectively) with higher
healthcare spending, whereas infant mortality has decreased. Another study by Martin et al.
(2008) performed in England, obtaining data from 2004-2005, has theorized two healthcare
programs and their possible effect on health outcomes and finds that healthcare spending has a
strong positive effect on the health outputs from the programs. Similarly, a more recent study
utilizing 2015 data from OECD countries also finds that healthcare spending positively impacts
health outcomes, where maternal and infant mortality along with life expectancy are measured

as health outcomes (Karaman et al., 2020).

As seen, there is a consensus on the relationship between healthcare spending and health
outcomes. However, an important limitation in these studies is the use of life expectancy and
infant mortality as proxies for health outcomes. While these measures may be relevant in lower-
income areas where these variables show significant deviations over time, they are of less
relevance in the early 2020s, particularly in higher-income settings where life expectancy and

infant mortality have remained stable.

In these contexts, the more central issue lies in understanding intra-country variations in health
outcomes. Therefore, there is a gap in the existing literature which this thesis aims to address
by focusing on deaths caused by illnesses as a more appropriate measure of health outcomes in
higher-income settings. This approach offers a more nuanced perspective, reflecting current

health challenges that persist even in economically developed areas.

Moreover, it is also of relevance to introduce literature looking at medical care spending and
income. One who does this well is Newhouse (1977) who tries to estimate the relationship

between medical expenditures and income.

Newhouse finds that there is a direct positive relationship between income and healthcare
spending in developed countries. He shows that as GDP per capita increases, so does medical
care spending. Excluding Greece from the regression, the results exhibit a coefficient of 0.0763.

Newhouse suggests that as the price of healthcare to the consumer goes towards zero which,
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according to the author, is true for most developed countries, income elasticity falls. Thus, at
higher levels of income, medical care becomes a necessity. Another argument Newhouse
makes is that this relationship is only true inter-country or intra-country over a period of time.

In the context of this thesis, it would be between regions over several years.

4.2. Health and Productivity

The health-productivity dynamic can be similar to the health-income relationship as it can be
argued that it is a two-way relationship. However, the difference between the two is that health-
productivity regards how health is related to how much output is produced, while health-
income considers how much income is generated. Although related, it is important to

distinguish them.

Health and productivity are extensively considered in the business context nowadays, as
healthier workers are assumed to be more productive, thus yielding better business performance
(Wolf, 2010; Loeppke et al., 2009). However, in the context of this thesis, it is important to
take the macro-perspective into account.

In general, it is found that improved health increases productivity. A large-scale study by
Mitchell and Bates (2011), involving over one million participants and examining health
conditions and lifestyle factors, quantifies the economic impact of poor health. The study finds
that productivity losses among unhealthy workers ranged from $15 to $1,601 per year.
Additionally, the substantial medical costs associated with these workers further burden
society, enhancing the overall economic impact of poor health. This indicates that poor health
not only affects individual productivity but also has broader implications for economic growth
at the macro level. The implication is further illustrated by Arora (2001) who has performed a
long-term study on European countries, including Sweden, investigating health, productivity,
and economic growth. With data from the late 1900s to the mid-1990s, the analysis finds that
improvements in health account for an economic growth rate of 30%-40%. The author argues
that the growth is sourced from improvements in productivity since “Productivity and pace of

growth then increases because a healthier labor force is also more able.” (Arora, 2001, p. 733).
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The existing literature on health and productivity provides valuable insights into the
relationship, particularly in the context of businesses and individual-level productivity. Studies
show the economic impact of poor health, both in terms of lost productivity and increased
social costs, as well as the broader macroeconomic benefits of improved health. However, an
important gap in the literature lies in the lack of research focusing on regional-level disparities
in health and productivity within high-income countries, particularly in more recent years.
Most studies either use a global or national perspective or focus on historical data from the

20th century.

4.3. The Case of Sweden

Some studies have been conducted focusing solely on health, income, healthcare spending, and
productivity in Sweden, although they are somewhat scarce. One study conducted by Fritzell
et al. (2004) looks at the income-health relationship (that is, how income affects health) which,
as previously discussed, lacks consensus amongst scholars. The authors include self-reported
health data from 1996 and 1997 and statistics on income and illustrate that income strongly
relates to health, including when controlling for structural factors. They thus conclude that

higher income is associated with a lower frequency of poor health.

Furthermore, the reverse relationship has been investigated in Sweden. A comparative study of
Sweden and England finds that, although England is “worse” than Sweden, income inequality
still plays a role in health disparities, meaning that individuals with higher incomes tend to
report better health, while those with lower incomes tend to report worse health and that income
inequality is a factor in how people report their health (Yngwe, 2001). Moreover, a more recent
study looking at healthcare utilization and mortality related to income disparities between the
years 2004-2017 finds that lower incomes are associated with both higher healthcare utilization
and higher mortality rates (Flodin et al., 2023). The authors conclude that despite the

prevalence of universal healthcare, income-related health inequalities persist.

Moreover, various studies have been conducted focusing on productivity losses, healthcare
expenditure, and health in Sweden (Bolin, 2018; Bolin et al., 2009; Bolin & Lindgren, 2007;
Bolin et al.,, 2011; Neovius et al., 2012; OECD, 2013). Although focusing on different

conditions and lifestyle habits, such as diabetes, epilepsy, smoking, obesity, physical inactivity,
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and psychological health, all studies conclude that worse health outcomes lead to productivity
losses and higher healthcare spending. Except the scholars arguing that improved health leads
to the “Malthusian response”, the result in Sweden is consistent with the majority of previous

general studies and theories.

Although smaller opposing views, the overall conclusion for health, income, productivity, and
healthcare spending in Sweden is consistent, both within Sweden and across more general
studies. Common for several of the studies looking at the income-health relationship is using
self-reports as the measure of health. This may yield biased results, because individuals may
not state the true case, report what is true for the particular day the report is filled in or be
influenced by the nature of the question (Rosenmann et al, 2011). In consequence, the validity
of the results decreases. Therefore, it may be possible to detect a gap in the literature, which
this thesis aims to fill. Instead, this study uses an alternative measure of health outcomes, deaths

attributable to illnesses, which is further motivated in Section 5.

The existing literature on health, income, healthcare spending, and productivity is extensive
and diverse, providing valuable insights into these relationships. However, much of the
research focuses on low- and middle-income countries or examines national or global
perspectives, portraying a gap in understanding how these variables interact at the regional
level within high-income countries. In the Swedish context, while some studies address health-
income relationships, healthcare utilization, and productivity losses, they seem to often rely on
self-reported data or do not explore the complex dynamics between these factors in modern

settings.

Moreover, traditional measures like life expectancy and infant mortality, commonly used in
health-related studies, are less relevant in high-income regions with less fluctuating health
outcomes. Thus, there is a need for research that encompasses health metrics which invole
health outcomes related to illness and lifestyles choices, such as alcohol consumption and heart
conditions. This thesis therefore aims to fill this gap by analyzing the relationship between
health, income, healthcare spending and productivity across Swedish regions using metrics
more specific to high-income contexts utilizing data over a longer period of time, including
from the last couple of years. Thus, it provides more detailed insights into the role of regional

health and income setting using more relevant variables.
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Henceforth, given the various theories, empirical research, and results that previously have

been conducted, the following hypotheses naturally arise for the regional Swedish context:

Ha1.1: Higher income is associated with lower deaths attributable to illnesses per capita within

Swedish regions.

H1.2: Higher deaths attributable to illnesses per capita are associated with lower income within

Swedish regions.

H2: Higher income is associated with lower healthcare spending per capita within Swedish

regions.

Hs: Higher healthcare spending per capita is associated with lower deaths attributable to

iliness per capita.

Ha4: Higher deaths attributable to illness per capita are associated with lower regional

productivity.

5. Methodology

The following section describes the methodology employed for the study. It starts by
elaborating on the choice of research design and thereafter depicts the data collection procedure
followed. Subsequently, the variables and data are explored. Lastly, it illustrates the data

analysis process.

5.1. Research Design

The chosen methodology of this research is based on the aim of the thesis. To recapitulate, the
aim is to investigate the relationships between health, income, healthcare spending, and
regional productivity within the context of Swedish regions, particularly focusing on how these
relationships are influenced by contextual factors such as demographic regional differences
and time-specific effects. Because the study aims to investigate relationships between

variables—testing theories—there is a need to collect data and statistically analyze them to
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draw viable conclusions (Creswell, 2003). Therefore, a quantitative approach is most

appropriate.

The quantitative approach is based on a set of predetermined theories and literature. This thesis
aims to expand the preexisting knowledge of the dynamics of health outcomes, income,
healthcare spending, and productivity and apply it to the Swedish regional setting. The main
research question evaluated is instrument-based, meaning, can be measured numerically. It is
based on secondary, observational data. The analytical approach in this thesis is statistical and
its results are based on established statistical interpretations. The sub-research question is
answered based on the discussion of the main question. By doing this, the study obtains solid
analytical results which assist in understanding the proposed research question and fulfill the

aim of the study.

In consequence, hypotheses are needed to evaluate the dynamics of health, income, healthcare
spending, and productivity. These hypotheses are developed based on the existing literature
explored in Sections 3-4. In other words, this study employs a deductive approach (Wilson,
2014). This approach is deemed to be the most suitable for the thesis since it conveys the
reasoning of transforming the specific to the general. Since existing theory has established that
the aforementioned variables are associated with each other, this relationship may be said for

the regional Swedish perspective as well, which has not yet been studied.

5.2. Data Collection

The thesis relies on secondary aggregate national data from Kolada (Kolada, 2024.), Statistiska
Centralbyran (Statistiska Centralbyran, 2024a), and Socialstyrelsen (Socialstyrelsen, 2023).
Kolada is managed by the Swedish Council for the Promotion of Municipal Analysis (RKA),
a partnership between the Swedish government and the Swedish Association of Local
Authorities and Regions (SKR). Statistiska Centralbyran (SCB) is Sweden's official statistics
agency, while Socialstyrelsen, the National Board of Health and Welfare, focuses on social
services, health, and medical data collection. These sources provide reliable and

comprehensive data for this study.
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The dataset includes 20 Swedish regions, excluding Gotland due to insufficient data entries.
While regional heterogeneity exists, the regional-specific contexts of Gotland is not
substantially different from the other regions, thereby the exclusion of it should not
significantly bias the results. The data spans 19972023, but not all years are included in the
econometric analyses due to non-consistent data entries for the different regions. After
retrieval, the data is compiled in Microsoft Excel and imported into Stata for analysis. Stata,
an integrated statistical software, is chosen due to its wide variety of statistical tools and the
author’s familiarity with it (STATA, 2023). The data is structured as long-format panel data
with 540 entries, allowing the study to account for both cross-sectional and time-series

variations across regions (Wooldridge, 2012).

The sample size for each regression includes at least 360 observations, which meets the
reliability criteria (Sekaran & Bougie, 2016). This size captures variability across regions, such
as differences in income, health outcomes, and healthcare spending, providing sufficient

statistical power and precision for robust and reliable conclusions.

The collected variables initially had heterogeneous scaling, with, for example, healthcare
spending measured per capita and deceased by illness for the aggregate region. Mixed scales
can lead to explanatory issues, such as larger values dominating analyses or regression
coefficients becoming difficult to compare. To address this, all variables are transformed into

per capita measures for consistency (Wooldridge, 2012).

5.3. Variables

The key variables used in the econometric analysis are:

e Deaths attributable to illness per capita (mortality)
e Mean income per capita
e Healthcare spending per capita

e Gross Regional Product per capita

Deaths attributable to illness per capita is used to evaluate health outcomes, obtained from

Socialstyrelsen’s official statistics database (Socialstyrelsen, 2024a). This measure includes all
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deaths caused by illnesses within Swedish regions. By looking at illness-related mortality
across all age groups, this variable provides a comprehensive morbidity indicator of regional
health, reflecting the quality of healthcare, preventive measures, and the overall health
situation. Focusing solely on deaths under 65, for instance, would overlook chronic conditions
and elderly health, providing an inadequate representation of population health. While neither
being an absolute mortality or morbidity variable, for simplicity, this variable is referred to as
mortality or mortality rates in this thesis. According to the Grossman model presented in the

theoretical framework, this variable is used as both a health input and output in the regressions.

The measure for income is mean income. This variable is collected from SCB (Statistiska
Centralbyran, 2023a). This variable illustrates both general income levels and regional wealth
distribution. It aims to reflect the economic conditions experienced by most residents. For
simplicity, it is referred to as income in this thesis. According to the Grossman model presented
in the theoretical framework, this variable is used as both a health input and output in the

regressions.

Healthcare spending per capita is sourced from Kolada (Kolada, 2024). It measures how much,
each resident “costs” in healthcare utilization. A high value would, for instance, indicate that
residents on average more frequently utilizes (or uses more costly) healthcare services.
According to the Grossman model presented in the theoretical framework, this variable is used

as both a health input and output in the regressions.

Gross regional product per capita measures labor productivity, quantifying the value added
from goods and services produced (Thomson et al., 2019). It is obtained from SCB (Statistiska
Centralbyran, 2023b). It is measured in current prices. GRP per capita is calculated by dividing
the total GRP by the population. For simplicity, it is referred to as GRP in this analysis.
According to the Grossman model presented in the theoretical framework, this variable is used

as both a health input and output in the regressions.

Control variables include mean age, fraction of women, and fraction of higher educational
attainment (university level or above). They are sourced from Kolada and SCB. These variables
aim to represent differences in regional contextual factors. For example, regions with a higher
fraction of women might have different health outcomes or healthcare spending due to

women’s longer life expectancy. In addition, time-fixed effects are added to control for factors
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that vary across time but are constant across regions. Time-fixed effects are discussed in detail
in section 5.5. These variables aim to see how confounding variables may shift the relationship

and what implications the added variables may have on the overall relationship.

In the Grossman model, health outcomes (mortality), income, healthcare spending, and
productivity can be seen as both inputs and outputs within the household production function.
Health, for instance, acts as an input by impacting productivity and to produce income, while
also functioning as an output through the accumulation of health capital. Likewise, income and
productivity can influence investments in healthcare and lifestyle improvements, ultimately

influencing health outcomes.

In summary, the selected variables align with the thesis's aims and hypotheses, providing a
solid foundation for statistical analysis. All independent and dependent variables are log-
transformed to address measurement non-normalities in the data (Feng et al., 2014). Table 2

displays a list of the variables included in the analysis.

Table 2: A detailed list of all variables employed in the analysis, including their type and what
they measure

ABBREVIA-
VARIABLE NAME DENOTED TYPE TRANSFORMED
TION
Dependent
Mean Income Income INC & Log-transformed
Independent
Dependent
Deaths Attributable to
Mortality MORT & Log-transformed
Illnesses Per Capita
Independent
Dependent
Healthcare Spending Healthcare
. HCS & Log-transformed
Per Capita spending
Independent
Gross Regional GRP per
GRP Dependent  Log-transformed
Product Per Capita capita
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Percentage of Higher

- Cv Control Standardized
Education
Percentage of Females - Cv Control Standardized
Mean Age - (O\Y% Control Standardized
Total Residents - - Descriptive Standardized
Year/Time Fixed Time

- 6/ TE -
Effects Effects

5.4. Data

5.4.1. Data Analysis Procedure

The collected data is panel data. Panel data is a type of data form that includes several entities
(here, regions) over a period of time (Wooldridge, 2012). The advantage of panel data is that
it controls for unobserved heterogeneity—differences across regions that do not change over
time. For example, differences in regional policies, cultural attitudes, or historical health
investments may influence the outcomes but stay constant throughout the studied period. Panel
data also increases the sample size and statistical power, making it easier to detect relationships
between variables. This structure is useful in this study as it allows for examining time trends
and region-specific variations in health and income outcomes, thus providing a broader

understanding of their dynamics than a purely cross-sectional or time-series dataset could do.

The general model of panel data regression looks as follows:

Yie = Bo + B1Xitn + BoXiezx + - BuXiek + a; + €t

Where:
vi: = Dependent variable

Bo = Intercept

B1, B2, -, By Coefficients for the independent variables

Xit1, Xit2, --» Xite: Independent variables for entity i at time t
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«; : Unobserved time-invariant effect for entity i (fixed or random)

€;¢: Error term for entity 1 at time t.

5.5. Model Specification

Specifying a model when performing panel data regressions is a crucial step in generating
reliable, valid, and generalizable results (Creswell, 2003). A simple linear regression, for
example, is not a feasible choice when working with panel data, as it defies the assumption of
a regular linear regression model, such as independence of observations and homoscedasticity
(Wooldridge, 2012). To address these challenges, other models are needed, such as fixed-
effects (FE) and random-effects (RE) models. The fixed-effects model controls for unobserved
differences (heterogeneity) that do not change over time by allowing each entity (here, region)
to have its own intercept while the random-effects model assumes that the unobserved variation
is uncorrelated with the independent variables (Clark & Linzer, 2014). Because of the
complexities associated with the data, it is essential to carefully choose which model to use.
On the one hand, it is important to have a model which accurately captures the effects. On the

other hand, it is important to not overcomplicate the model, as it may lose efficiency.

There are several factors to keep in mind when choosing the model specification. Hoechle
(2007) has written a journal article that elaborates on the different models available in Stata for
panel regressions and acts as the basis of choice of model for this thesis. The initial regression
in this thesis used a simple panel data regression model (Equation 2) with robust standard
errors. However, when running the diagnostics, it is found that autocorrelation is highly
present. Thus, clusters are added which account for autocorrelation and heteroskedasticity
(Hoechle, 2007). This, on the other hand, fails to account for cross-sectional dependence (data
points from different regions are related to each other) which also is present in the regression
models. Instead, Hoechle suggests using Driscoll and Kraay's standard errors (Driscoll and
Kraay, 1998). It accounts for autocorrelation, heteroskedasticity, and cross-sectional
dependence. Because all dependent and independent variables are log-transformed, this thesis
employs a log-log model.

Because this study aims to investigate the relationships between health, income, healthcare
spending, and regional productivity within the context of Swedish regions, focusing on how

these relationships are influenced by contextual factors such as regional disparities and time-
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specific effects, the regressions are first performed without any control variables. That is, the
regression exclusively includes the dependent and independent variables. After this is
performed, the regression models are re-performed two times: once where only the control
variables are considered and once where control variables and year-fixed effects are added.
Year-fixed effects (or time-fixed effects) control for factors that vary across time but are
constant across regions within each year, such as macroeconomic trends, national policies, or
technological developments (Baltagi, 2005, p. 6). This variable therefore captures and controls
for the possible effects on the dependent variables from, for instance, structural shifts or

national policies.

The first regression performed uses a simple panel regression equation, as seen in equation (2),

with only one independent variable. It looks as follows:

log (Dependent;;) = B, + fi(Independent;;) + a; + €; 3)

Where the variable on the left-hand side of the equal sign in equation (3) is the dependent
variable in region i, year t, So is the intercept, 1 is the independent variable in region i, year t.
All hypothesis suggests 1 < 0. ai is fixed or random effects and eit is the error term for region
i at time t. The standard errors are robust, computed using Driscoll and Kraay’s method, which
accounts for potential issues with heteroscedasticity, autocorrelation, and cross-sectional

dependence. Thereafter, control variables are added:

log (Dependent;,) = By + By(Independent;,) + Yk_1 Br(CViie) + a; + € (4)

Where The sum of Sk(log(CVx«it)) is the control variables (k) as described in section 5.3. in

region i, year t. Lastly, the third model specification adds time-fixed effects:

log (Dependent;,) = B, + f1(Independent;.) + Y X_, B (CViir) + a; + 8; + € (5)

Where §; are the added time-fixed effects. All hypotheses are estimated using equations (3),
(4) and (5), consecutively, to observe the effects of adding region-and time specific variables.

Hi.1 and Hi2 measure the years 1997-2022, H2 measures 2001-2023, Hs measures 2001-2023
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and Ha measures 1997-2022. The regression results are estimated using the “xtscc” command
in Stata, implementing this robust error correction for panel data, which accounts for
heteroscedasticity, autocorrelation, and cross-sectional dependence. The equations used for

each of the hypotheses can be found in Appendix B.

The reason one model omits the year fixed effects, and one includes it is twofold. On the one
hand, comparing the two models is an interesting aspect to add, since it is possible to detect
whether time-specific factors affect the result or not. If the coefficients change substantially,
this suggests that unobserved time-varying factors play a role in the studied relationships. On
the other hand, as is discussed below, including year-fixed effects is accompanied by the risk
of multicollinearity. Including both models acknowledges the tradeoffs contained in regression
modeling. The model without year-fixed effects provides more precise estimates but risks
omitting important time-specific factors. The model with year-fixed effects accounts for these
factors but has potential multicollinearity. By presenting both, the analysis offers a balanced

perspective, enhancing the reliability, validity, and credibility of the study.

However, before performing regression analysis to evaluate the hypotheses, an exploratory
data analysis (EDA) is conducted. EDA is a crucial step in data analysis, as it assists in
detecting possible patterns, and variances and provides an initial understanding of the
relationship between variables. Thus, descriptive statistics are performed to get familiar with
the data.

5.5.1. Exploratory Data Analysis and Descriptive Statistics

Table 3 summarizes the mean values of the original, non-transformed variables used in the
analysis. The red highlights illustrate the lowest values, and the green highlights depict the
highest values. As seen, all income-related variables show the highest values in Region
Stockholm, perhaps unsurprisingly as it is the capital. Except for that, at first glance, there are
no obvious outliers or patterns. Table 4 further illustrates basic descriptive statistics for the data

for all regions across all years.
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Table 3: Mean values for all regions included in the study for all utilized variables

MEAN MORT- HEALTH HIGHER % MEAN TOTAL
REGION INCOME  ALlTy GRP SPEND-  EDU- . _ " 2°' RESID-
ING  CATION ENTS
Region
! 222 723 0,011 313081 27758 0,20 0,493 42,9 153949
Blekinge
Region 223177 0,011 316663 26752 0,17 0,498 432 280648
Dalarna
Region 223 146 0,012 302835 26951 0,17 0,499 431 280603
Givleborg
Region 239 527 0,009 308196 24811 0,21 0,501 415 302917
Halland
Region Jamtland 4., 0012 315365 26937 0,20 0497 429 128857
Harjedalen
Region 227 827 0,010 339923 25377 0,18 0,498 412 342342
Jonkoping
Region 218 569 0,012 306265 26008 0,18 0,499 434 238085
Kalmar
Region 223515 0,010 354466 24986 0,20 0494 415 187174
Kronoberg
Region 232 819 0,011 390611 28473 0,20 0,490 429 251787
Norrbotten
I;f(gall?: 227 373 0,010 336606 24856 0,24 0,504 409 1249916
Region 279 508 0,008 531263 25296 0,30 0,504 39,1 2082215
Stockholm
Region 226 242 0,010 289051 25570 0,18 0,501 421 275069
Sormland
Region 238 631 0,008 355649 26259 0,28 0,502 396 337691
Uppsala
Region 220 765 0,011 306724 26524 0,19 0,500 431 276 760
Varmland
_Region 224 346 0,010 331831 29005 0,25 0,496 411 262 460
Visterbotten
_ Region 230 169 0,012 346630 27651 0,19 0,498 433 244818
Visternorrland
_ Region 232 000 0,010 317036 26125 0,20 0,499 419 262326
Vistmanland
 Region 224 615 0,015 328357 26677 0,20 0,502 416 285634
Orebro lan
. Region 225785 0,007 331739 25439 0,22 0,497 411 435161
Ostergotland
| Vastra 236 835 0,009 379973 25018 0,23 0,500 40,8 1600513
Gotalands ldn
Total 229 790 0,010 340113 26324 0,210 0499 41,858 473 946
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Table 4: Observations, mean, standard deviation, minimum and maximum values for all
variables in the study

VARIABLES OBS MEAN STD. DEV. MIN MAX
Mean Income 520 229790 52110 140500 402700
Mortality 540 0,01 0,00 0,01 0,02

GRP 540 340113 100411 175115 795950
Health
. 439 26324 6007 16295 43448
Spending
Higher
540 0,2 0,05 0,12 0,36
Education
Percent
440 0,5 0,00 0,49 0,51
Female
Mean Age 520 42 1 38 45
Total Residents 540 473946 517079 126201 2454821

The Exploratory Data Analysis found that several variables had skewed distributions. Skewed
distributions can be problematic because they indicate that the data is not symmetrically
distributed, which can affect statistical analyses and interpretations. Skewed data can lead to
biased estimates and misleading conclusions, as well as hide the true relationship between

variables, making it harder to draw reliable conclusions (Wilcox, 2003).

To address skewed distributions, the independent and dependent variables are log-transformed,
and the control variables are standardized. Log-transformation reduces skewness by reducing
larger values and expanding smaller ones, bringing the data closer to a normal distribution.
Standardization further warrants comparability by changing variables to have a mean of zero
and a standard deviation of one. The independent and dependent variables are not standardized

as it requires to interpret the regression coefficients in terms of standard deviation, which is not
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optimal for interpretation. These steps improve the reliability of statistical analyses and make
it easier to interpret the relationships between variables (Feng et al., 2014). The variables before

and after the log transformation can be found in Appendix A, Tables 7-10.

5.5.2. Diagnostics

Fixed vs Random Effects

Before performing the panel data regression, it is essential to determine whether the regression
calls for fixed or random effects. Fixed effects control for unobserved, time-invariant
characteristics of the regions that may influence the dependent variable, for instance,
geography or cultural factors. A key assumption is that the unobserved characteristics are
correlated with the independent variables. Random effects, on the other hand, assume
unobserved characteristics are uncorrelated with the independent variables. That is, geography

or cultural factors do not affect the independent variables.

Although there are tests to perform to aid in the decision, such as the Hausman test, it is
important to consider the context of the analysis to be performed. In this thesis, it is reasonable
to assume that unobserved effects are related to the independent variables. For example, income
levels may be affected by the availability of natural resources or cultural differences. Similarly,
healthcare spending can be influenced by healthcare infrastructure or regional policies.

Therefore, this thesis employs fixed effects for all regressions.

Stationarity & Unit-Root

One of the main assumptions of regression analysis is stationarity. Stationarity refers to a
property of a time series where its statistical properties, such as mean, variance, and
autocorrelation, remain constant over time (Wooldridge, 2012). Non-stationary data can lead
to biased regression results, such as untrue relationships, because the relationships between
variables may only reflect general trends rather than actual associations. Thus, a Unit-Root test

is performed.
The initial test showed that the variable for log-transformed healthcare spending is non-

stationary, regardless of using trends and lags. To address this issue, the variable is

differentiated to remove the unit root. Differencing is a common method to handle non-
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stationarity, as it removes trends by looking at changes between observations, year by year,
rather than absolute levels (Hyndman & Athanasopoulos, 2018). By transforming the variable
into a stationary series, it becomes possible to use it in regression analysis without going against
the assumptions of the model. The consequence of this transformation is that the healthcare

spending variable is interpreted in terms of growth rates.

Autocorrelation

Autocorrelation means the correlation of a variable with itself across different years, meaning
that the value of a variable at one time may be influenced by its value at a previous time
(Wooldridge, 2012). Autocorrelation can be problematic in regression analysis because it
violates the assumption of independent errors, leading to biased standard errors and unreliable
significance tests. However, since the regression uses Driscoll and Kraay standard errors,

autocorrelation is already accounted for and needs therefore not to be taken into account.

Multicollinearity

Multicollinearity occurs when two or more independent variables in a regression model are
highly correlated, making it difficult to evaluate the individual coefficient of each variable on
the dependent variable (Murel & Kavlakoglu, 2023). High multicollinearity can increase

standard errors and reduce the reliability of coefficient estimates.

When initially testing for multicollinearity, it is found that all regressions exhibit high levels
of multicollinearity. To further investigate this, a correlation matrix with p-values is created,
revealing that some control variables are highly correlated. One common solution is to omit
one of the two highly correlated variables (Wooldridge, 2012). In this case, the fraction of the
population aged 65+ is excluded from all regressions and instead only included mean age. After
this adjustment, the test for multicollinearity is re-performed, and the results confirm that
multicollinearity is no longer present. However, when including a time-fixed variable in the
regression, all analyses are found to have multicollinearity. This, on the other hand, is not a
major problem when using fixed effects. Multicollinearity caused by fixed effects is generally
not a serious issue when the main focus is the key variables of interest. In this case, since the
focus is solely on the dependent and independent variable, it does not bias the coefficient

estimates but can make them less exact (Allison, 2012). It is also quite reasonable to see
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multicollinearity in instances where variables have increased over time, such as income and

healthcare spending.

Heteroscedasticity

Heteroscedasticity refers to a situation where the variance of the error terms in a regression
model is not constant across observations, potentially leading to less efficient estimates and
unreliable statistical outcomes (Wooldridge, 2012). Heteroscedasticity can be addressed by

using Driscoll and Kraay standard errors.

The advantage of using these standard errors is that they adjust for heteroscedasticity, ensuring
that the standard errors and significance tests stay valid even when the assumption of constant
variance is violated. A potential disadvantage is that robust standard errors may lead to a loss

of precision. This is, however, not an issue in this thesis.

6. Results

The following section presents the results obtained from the analysis. The section is divided by
the hypotheses, where the results of the three models are compared. The aim is to portray what
happens when gradually adding effects to the regressions, to later discuss its implications in

the next section.

Table 5 illustrates the coefficient results of the three models used for each hypothesis. The p-
values are reported in the adhering parenthesis. In this log-log model, the coefficients represent
elasticities, indicating the percentage change in the dependent variable associated with a 1%
change in the independent variable, holding other factors constant. For simplicity, the model
without control variables is referred to as the exclusion model, whereas the two models
including control variables—either with or without time-fixed effects—are referred to as

inclusion models.
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Table 5: Results of coefficients and p-values for all regressions performed

Control Control
No control
variables variables
Model variables
excl. Time incl. Time
(Eq. 3)
(Eq.4) (Eq.5)
Coefficient  Coefficient  Coefficient
Hypothesis Dependent Independent
(p-value) (p-value) (p-value)
-0.194 0.183 0.312
H1.1 Mortality Income
(0.00)*** (0.05)** (0.03)**
-2.82 0.096
HI1.2 Income Mortality 0'022 «
(0.00)*** (0.14) (0.04)
HC 0.007 0.179 -0.136
H2 ‘ Income ‘
Spending (0.528) (0.00)*** (0.13)
HC -0.230 -0.051 -0.060
H3 Mortality _
Spending (0.03)** (0.54) (0.19)
-3.030 0.157 0.150
H4 Productivity Mortality
(0.00)*** (0.29) (0.08)**

*Significant at the 10% level, **Significant at the 5% level, ***Significant at the 1% level

Hai1: Higher income is associated with lower deaths attributable to illnesses per capita
within Swedish regions

Hai1 is first evaluated using log-transformed deaths attributable to illnesses (mortality) as
dependent variable and log-transformed mean income as independent variable, without any
control variables (exclusion model). The regression is significant at the 0.1 level and exhibits
negative coefficient of -0.19. This means that for every 1% increase in income, mortality
decreases by approximately 0.19%. In other words, higher income may lead to fewer illness-
related deaths. Given the coefficient is less than one in absolute value, this represents an
inelastic relationship which means that the change in mortality is not very large in relation to
the change in income. Thus, when excluding control variables, we reject the null hypothesis

and conclude that higher incomes are associated with fewer deaths.
However, when control variables are included, irrespective of incorporating time-fixed effects,
the results instead portray statistically significant and positive coefficients of 0.18 and 0.31,

without and with time effects respectively. This means that for every 1% increase in income,
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mortality rates increase by approximately 0.18% (disregarding time effects) or 0.31%
(regarding time effects). These relationships are also inelastic. These findings contradict the
hypothesis that higher income is associated with fewer deaths and instead suggest that higher

income is associated with more deaths attributable to illnesses.

Hi2: Higher deaths attributable to illnesses per capita are associated with lower income
within Swedish regions.

Hi2 is examined using mean income as dependent variable and mortality as independent
variable. Excluding the control variables, the regression model is statistically significant and
depicts negative correlation between income and mortality, with a coefficient of -2.8. This
implies that a 1% increase in mortality is associated with a decrease in income of 2.8%. Hence,
it suggests that worse health outcomes result in lower income levels, as suggested by hypothesis
1.2. Because the absolute value of the coefficient is greater than one, this represents an elastic
relationship. That is, changes in income levels are relatively responsive to changes in mortality.

Therefore, in the exclusion model, we reject the null hypothesis.

On the other hand, while no significant results are depicted for the model omitting the time-
variable, adjusting for time effects reach statistical significance. With a positive coefficient of
0.02, the regression illustrates that a 1% increase in mortality is associated with a 0.02%
increase in income. This is an inelastic relationship, meaning that changes in income are not
very responsive to the change in mortality. In other words, higher levels of deaths attributable
to illnesses seem to increase income levels, although quite weakly. This finding contradicts the

suggested hypothesis and instead proposes the reverse relationship.

H2: Higher income is associated with lower healthcare spending per capita within
Swedish regions.

H2 is investigated where the dependent variable is the first difference of the log-transformed
healthcare spending per capita, and income is the independent variable. Because healthcare
spending is differentiated, the variable is interpreted as the change in growth rate. The results
of the exclusion model do not show significant results (p=0.538) thus meaning that the
regression fails to reject the null hypothesis. Therefore, it is not possible to conclude that higher
income is associated with lower healthcare costs per capita within Swedish regions when

excluding control variables.
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However, the Hz regression shows statistically significant results when omitting the time
variable. A 1% increase in income (level) is associated with a 0.13% increase in the growth
rate of healthcare spending. This suggest that higher income levels drive healthcare spending
to grow slightly faster over time. This relationship is inelastic which means that the change in
mortality is not very large in relation to the change in income. These findings are inconsistent
with the hypothesis that higher income is associated with lower healthcare spending per capita.

When the time variable is considered, statistically significance is not achieved.

Hs: Higher healthcare spending per capita is associated with lower deaths attributable to
illness per capita

The third hypothesis, Hs, takes log-transformed mortality as the dependent variable and the
first difference of the log-transformed healthcare spending as the independent variable. In the
exclusion model, a significance level of 0.03 is obtained and yields a coefficient of -0.23, which
means that a 1% increase in the growth rate of healthcare spending is associated with a 0.23%
decrease in mortality rates. The negative sign indicates an inverse relationship: as healthcare
spending grows faster, mortality rates decline. This relationship is inelastic, thus the change in

mortality is not very large in relation to the change in healthcare spending.

When excluding control variables, the results thus support the hypothesis that higher healthcare
spending per capita is associated with lower deaths attributable to illness per capita. However,
neither regression in the inclusion models show significant results. Therefore, it is not possible
to reject the null hypothesis and instead conclude that there is not enough evidence to state that
higher healthcare spending per capita is associated with lower deaths attributable to illness per

capita.

Ha: Higher deaths attributable to illness per capita are associated with lower regional
productivity

Lastly, Ha is evaluated by looking at log-transformed GRP per capita as the dependent variable
and log-transformed mortality as the independent variable. In the exclusion model statistical
significance is obtained (p = 0.00) and generates coefficient of -3.03, which means that a 1%
increase in mortality is associated with a 3% decrease in GRP per capita. This represents an
elastic relationship, thus indicating that the change in GRP per capita is relatively large in

relation to the change in mortality. This finding is consistent with the hypothesis that higher
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levels of death are associated with lower levels of productivity. This suggests that regions with

worse health outcomes have lower productivity levels when excluding other external effects.

When further including control variables, omitting the time variable it is not possible to obtain
statistical significance and thus fails to reject the null hypothesis. However, including the time
variable, it significant at the 10% level. Here, the coefficient is positive at 0.15, which indicates
that a 1% increase in mortality is associated with a 0.15% increase in GRP. This is an inelastic
relationship. These findings contradict the hypothesis that more deaths are associated with
lower productivity and instead show that higher levels of mortality are related to higher levels

of productivity.

6.1. Sensitivity Analysis

To ensure the robustness of the results and assess the reliability of the findings, a sensitivity
analysis is conducted. Given the complexities of regional differences in income, health,
productivity, and healthcare costs, a sensitivity analysis investigates how different
assumptions, and methodological alternatives affect the outcomes. It also identifies to which
extent specific variables and model specifications influence the relationships. Employing this
thereby ensures that the conclusions are not overly dependent on specific assumptions. The

results of the sensitivity analysis can be found in Appendix B, Tables 11-12.

To address potential skewness and multicollinearity, the main analysis uses log-transformed
variables. Sensitivity tests using raw and non-standardized data are conducted to examine the
robustness of results to these transformations. The most interesting aspect to consider is

whether the coefficients are positive or negative, compared to the primary model.

The first sensitivity analysis evaluated the same three models (no control variables, control
variables excluding time effects and control variables including time effects) as in the main
analysis but used non-transformed variables. That is, the raw data without log-transformations
or standardization. Disregarding the values of the coefficients, the direction of the relationships
are almost identical to the original model. The exceptions are not statistically significant in

either the sensitivity analysis or the main model. This indicates that the applied transformations
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(log-transformations and standardizations) do not drastically affect the relationships, meaning

the model is robust to these adjustments.

Moreover, the sensitivity analysis performed is based on the key methodological assumptions.
The used model uses Driscoll and Kraay’s standard errors (assumes panel-specific
autocorrelation and heteroskedasticity) and employs fixed effects. Sensitivity tests using an
alternative model (xtreg in Stata), and random effects are conducted to evaluate the robustness
of the results to these assumptions. Moreover, regressions are performed where only data
measured after 2010 is tested, as well as one case where two extremes (highest and lowest
income regions) are excluded. All regressions use the same transformed variables as in the

original model.

The alternative model (xtreg) depicts the same relationship between the variables (in terms of
the direction) as the primary model. These results further confirm the robustness of the results
across methodological choices. This is also true for the regression which excludes the highest-
and lowest income regions. Moreover, the model utilizing random effects shows almost
identical results as the fixed-effects model, with the exception of Hz which, on the other hand,
is statistically insignificant in the sensitivity analysis. This means that the choice of fixed
effects does not seem to significantly alter the conclusions. Lastly, the post-2010 model
deviates from the primary model, where only Hs and Ha are consistent. This indicates that the
relationships in the data may have changed over time, suggesting that results from the full

dataset could be influenced by earlier years.

To conclude, this sensitivity analysis finds that the majority of the tests are consistent with the
primary model which suggests that the main results are robust and reliable. However, the
deviations in the post-2010 model may be due to shifts in economic circumstances, healthcare
policies, or regional inequalities after 2010. These findings call for further research to
investigate potential differences in the relationships between health, income, healthcare costs,
and productivity. Future studies could benefit from focusing specifically on post-2010 data,

exploring what factors might explain these deviations.
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6.2. Limitations

To further investigate the results, it is necessary to introduce possible limitations and what has
been done in the data analysis process to minimize them. By doing this, the thesis further

ensures that the obtained results are valid, reliable and credible.

First, data-related limitations could appear. As mentioned in Section 5.2., not all variables have
data for all years due to non-consistent data entries. This could potentially lead to gaps in the
time trends and influence the robustness of the findings. The study further relies solely on
secondary data sources, which may have limitations related to how accurate the data is.
However, this limitation has been tried to be minimized by firstly ensuring a large sample size
to account for non-consistent data entries and, secondly, only obtaining data from nationally
recognized and official sources. While there is a possibility that the data might be biased

regardless of using well-known sources, the measures taken minimize the risks.

Second, there could be limitations related to the methodological approach. While the
methodology accounts for autocorrelation, heteroskedasticity, and cross-sectional dependence,
The adjustments might not completely reflect all the complex, non-straightforward
connections. However, these issues have been accounted for by employing the “xtscc” model
in Stata, which provides robust standard errors that account for such complexities, thereby
reducing the risk of misinterpreting the results. Moreover, there is a risk of the omitted variable
bias. Omitted variable bias occurs when a regression model excludes one or more relevant
variables that are correlated with both the dependent and independent variables (Hanck et al.,
2024). This can lead to biased and inconsistent estimates of the coefficients, as the effects of
the omitted variables are incorrectly associated with the included ones. This risk has however
been minimized through the inclusion of fixed effects. The fixed effects model accounts for
unobservable, time-invariant factors, thus controlling for potential causes of omitted variable

bias.

Finally, there is the limitation of human error. There is always a risk that something has not
been correctly performed, documented, or transferred into the software, which could affect the
reliability of the results. However, this risk has been minimized through continuous checks and

controls of the data to ensure the accuracy and rationality of the results throughout the process.
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Moreover, the use of software familiar to the author, Stata, has further reduced the likelihood

of errors arising from incorrect implementation or misinterpretation of results.

6.3. Summary of Results

To sum up, the exclusion model validates all hypotheses except for Hz, where there is not
enough evidence to draw any conclusions. This suggests that higher levels of income and
general wealth of regions are associated with better health outcomes, while regions that have
higher (growth rate of) healthcare spending per capita also have healthier residents (lower
mortality per capita). Further, it is found that regions with worse health outcomes (higher
mortality) are less productive. Thus, it is possible to see that higher income may contribute to

better health outcomes, which in turn increases productivity.

However, the results shift in the inclusion models. When omitting the time variable, enough
evidence (statistical significance) is found for Hi.1 and Hz and both have positive correlations.
That is, regions with higher incomes are associated with worse health outcomes (higher
mortality) and have higher healthcare spending per capita. When the time variable later is
introduced, the relationship between the variables shifts somewhat further. First, Hi2 and Ha
also become statistically significant. Hi2. finds that contrary to the inclusion model, regions
with worse health outcomes portray higher income levels. Similarly, Ha finds that regions with
worse health outcomes seem to have higher productivity. Second, while the observed
relationship for Hi1 does not change, H: instead illustrates that when time-fixed effects are
included, wealthier regions seem to have lower healthcare expenditures per capita. A summary

of the observed relationships can be found in Table 6 below.

The sensitivity analysis further reveals that the observed results in the primary model seem to
be robust and reliable for most tests. However, the post 2010-data warrants for future studies
where more independent variables can be included to see what might yield the adverse effects

compared to the primary model.
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Table 6: Simplified summary of results with direction of relationship for all regression models

EXCLUSION INCLUSION INCLUSION MODEL
HYPOTHESIS MODEL MODEL EXCL. INCL. TIME
(EQ.3) TIME (EQ.5)
(EQ.4)
HL1 1 Income — T Income — 1 Income —
' | Mortality 1 Mortality 1 Mortality
Mortality — Mortality —
H12 T y ) T y
| Income 1 Income
1 Income — 1 Income —
H2 -
1T HCS 1 HCS
THCS — |
H3 - -
Mortality
Ha 1 Mortality — 1 Mortality —
| GRP T GRP

7. Discussion

The following section discusses and interprets the results from the previous section by
considering the theoretical framework and previous research. It starts by reviewing the

differences in findings and thereafter presents possible theoretical and practical implications.

In this section, for simplicity, Hi.1 is named income-health relationship, Hi2 is denoted as the
health-income relationship, Hz is called income-healthcare spending, Hs is called healthcare

spending-health and Ha is referred to as health-productivity.

7.1. The dynamics of Health, Income, Healthcare Spending and

Productivity

While the regression results show weak (inelastic) relationships between health, income,
healthcare spending and productivity, this can be attributed to several factors, including the

complexities of these variables and the challenges of including all relevant regional differences.

40



This therefore warrants the question: Why do we see these differences, and what do they

mean?

At first glance, when solely looking at the relationship between health, income, healthcare
spending, and productivity without external influences (the exclusion model), it seems as if
both positive growth rate of healthcare spending per capita and income have a positive
influence on mortality. That is, these results suggest that improvements in income and faster
(in terms of growth rate) healthcare spending could positively influence the health outcomes
of the population or, conversely, lower the mortality rates. The results further show that higher
levels of mortality have negative effects on income levels, meaning, regions with worse health
outcomes are less wealthy. Similarly, higher mortality rates seem to harm GRP per capita

which implies that worse health outcomes are negative for regional productivity.

These findings are consistent with both the Grossman model (1972, 2000) and previous
empirical studies (see for example Becker, 2007; Benzeval & Judge, 2001; Mitchell & Bates,
2011). Grossman’s wealth model (Equation 1) showed, for example, that higher total wealth
results in more time to spend on improving health. Here, we see that that is true. Regions with
higher incomes are seen to have lower mortality thus aligning with Grossman’s model.
Similarly, Ettner’s study (1996) in England finds a comparable result, highlighting that
increased income is associated with improved health.

The observed reverse relationship—health-income—is somewhat consistent with the earlier
studies, such as Barro (2013) Bloom, Kuhn, and Prettner (2019), and Bloom and Williamson
(1998), who argue that better health outcomes (here, lower mortality) are associated with higher
incomes. Similarly, it is consistent with the theoretical framework, which suggests that
individuals desire to be healthier to have a greater opportunity to generate income. That is,
better health is associated with higher income. That would thus mean that healthier regions
experience higher wages. Due to the choice of variables, the result of this thesis indicates that
poorer health is related to decreased income. Although the relationship is not identical, the
interpretations and implications align, as both suggest a link between health outcomes and
income levels. However, the result of this thesis from the exclusion model finds that this
relationship also holds on the regional level in higher-income countries. This finding adds
significance to the current body of research, as it highlights that the “pure” relationship between

income and health is true in the regional context as well.
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The exclusion model further suggests consistencies with the healthcare spending-health and
health-productivity relationships and previous studies. First, similar to the studies by Crémieux
et al (1999) and Martin et al. (2008), where their empirical findings show that increased
healthcare inputs have positive impacts on health outcomes, the exclusion model suggests that
increases in healthcare spending per capita are associated with better health outcomes. Second,
the analysis finds results consistent with Mitchell and Bates (2011) and Arora (2001), which
also find evidence that better health outcomes are associated with better productivity in high-
income countries. This thesis further contributes to the body of literature by confirming the

pure (i.e., non-control variable) relationship on the Swedish regional level.

However, the result of this thesis finds that when including the control variables (the inclusion
model), these relationships are no longer true. While the relationships seem weak, it is not
much different from previous studies. Ettner (1996), for example, depicts coefficients of 0.11
and Ecob and Davey Smith (1999) show coefficients around the same values. Thus, while the

relationships are weak, they are within the standards of previous studies.

First, it is found that higher income is associated with higher mortality (income-health
relationship). In other words, wealthier regions seem to experience worse health
outcomes. This finding is interesting because it to some extent contradicts Grossman’s model,
along with the classical literature on the health-income relationship. Although the Grossman
model is mostly considered on the micro level, the result of this thesis can argue that it does
not hold for the macro perspective. Instead, the findings of the income-health relationship in
this thesis may be more aligned with the research suggested by Ecob and Davey Smith (1999),
which argue that the income-health relationship has diminishing returns. For a high-income
country like Sweden, this becomes evident when comparing the results from the inclusion and
exclusion model. When time effects are excluded, the proposed hypothesis suggesting higher
income leads to lower mortality rates seems to be true. This is further emphasized when
evaluating the sensitivity analysis conducted where only post-2010 data is included as it,
similar to the exclusion model, found a negative correlation (see Appendix B, Tables 11-12).
This highlights that over a shorter period of time, the conventional income-health relationship

is true. However, over time, the return on health from income is diminishing.
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On the one hand, it may be argued that there is a paradox in the income-health relationship.
Beyond a certain income threshold, income increases may lead to diminishing returns in terms
of health improvements, as suggested by Ecob and Davey Smith (1999). For instance, in
wealthy regions like Stockholm, where healthcare access is good and income is high, the
benefits of wealth in improving health outcomes are over time diminished. Increases in income
within regions might initially improve health outcomes, as suggested by Hii and previous
research (Lorentzen, McMillan, & Wacziarg, 2008). As the population grows, the pressure on
resources increases. In turn, the system may not be able to support the greater demand for
healthcare, and thus illness-related mortality rates may increase. While the findings of this
thesis contradict the Grossman model, the theoretical framework also highlights that if
healthcare is more difficult to obtain, demand for healthcare decreases. In turn, more illness

may prevail and thus, despite higher incomes, health outcomes may worsen.

Moreover, as mentioned in the Background (Section 2), Sweden’s tax equalization system
redistributes tax income to reduce regional inequalities. While this system aims to ensure equal
access to public services, these findings suggest that it may not effectively address health
inequalities. If the system fully equalized health outcomes, the observed relationship would
generate a coefficient of -1 (unitary elasticity). That is, if income increases with 1%, mortality
decreases with 1%. While the relationship is seen to be inelastic, the statistically significant
coefficient indicates that wealth does not necessarily translate into better health. This highlights
a potential fault in the equalization system. While it ensures equal access to public services, it
may not account for other factors driving unequal health outcomes such as stressful lifestyle
habits.

Thus, on the other hand, urbanization and stress may also play an important role in this
dynamic. For example, higher-income jobs are often associated with a more sedentary behavior
and higher levels of stress which consequently can give rise to worse health outcomes in the
long run. As suggested by the Grossman model, health is produced through market goods (e.g.
healthcare) and time spent on improving health (e.g. resting). If individuals spend more time
working (generating income) the Grossman model would suggest that they have less time to
use market goods and time on improving health, which may therefore decrease health
outcomes. Therefore, regions with higher incomes may see higher mortality. This issue is not
captured or solved by the tax equalization system since it primarily focuses on redistributing

financial resources between regions rather than addressing behavioral factors. Thus, in larger
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cities such as Stockholm, stress-related and poor lifestyle choices may contribute to higher
illness-related mortality despite high incomes. While the results to some extent contradict
previous studies, they help fill the gap in understanding income and health by showing that,
while the relationships seem true at first glance (inclusion model), including time effects and

contextual factors is crucial for understanding the relationship.

Second, the thesis finds that regions with higher levels of mortality, that is, regions with worse
health outcomes, seem to have higher income levels when considering the unobserved time
effects such as inflation rates and technological advances. Similarly, the regression implies a
similar dynamic for the health-productivity relationship where regions with higher mortality

seem to be associated with better productivity.

This observation could be reflected in the ‘“Malthusian Response” Acemoglu and Johnson
(2007) argue for, however, somewhat reversed. While Acemoglu and Johnson suggest that
improved health would lead to worse economic outcomes through mortality decline but no
fertility decline (that is, population growth) which then “diluted” income per capita, the case
for Swedish regions could be that regions with higher levels of deaths attributable to illnesses
may rather “concentrate” income per capita. In other words, higher illness-related mortality
rates may lead to a reallocation of wealth or resources which can increase income for the
remaining population. In return, increased income may assist households to invest in
productivity-enhancing features such as education and technology which consequently could

improve productivity.

Moreover, one explanation for the negative health-productivity relationship may be
demographic. Since the data reflects mortality for all ages, the relationship might suggest that
a region's workforce remains highly productive despite these deaths, as the economy is pushed
by a younger, healthier labor force. For example, in larger cities, high illness-related mortality
due to pollution or other stress may exist with high productivity because urban areas often draw

highly skilled, economically active workers and industries.

Another reason for this observed relationship in the inclusion model (with the time variable)
might also be technological advances such as Al, captured by the time variable, may allow
production to be more efficient without the need for the human workforce. In that way,

productivity could increase regardless of the health of individuals and rather be more dependent

44



on technology. These findings diverge from much of the previous literature, which generally
emphasizes that improved health is positively associated with improved productivity. The
divergence in results could be explained by the focus of previous studies on national-level or
low-income populations, where the health-income and health-productivity relationships are
more prominent due to less differences in socioeconomic and technological factors. On the
contrary, this thesis examines these dynamics in a regional context within a high-income
country, where disparities across regions and other confounding factors play a more significant

role.

Indeed, the exclusion model in this study depicts results more in line with previous research,
as the relationships are less influenced by confounding variables. However, when control
variables and time-specific effects are accounted for, the results reveal more complex
dynamics, highlighting how regional factors and technological progress may form these
relationships differently. This thesis thus contributes to the current body of knowledge by
providing a regional and contextual perspective on the health-productivity relationship,

particularly within higher-income settings, where traditional observations may not fully apply.

The inclusion model further finds ambiguous results for Hz. When not controlling for the time
variable, the observed coefficient does not support the hypothesis that higher income is
associated with lower healthcare spending per capita. Instead, it is suggested that higher income
accelerates the growth of healthcare spending. This finding is, on the one hand, consistent with
Newhouse’s (1977) study, which suggests that higher income levels are associated with higher
medical spending. Although the current result reflects an effect on the growth rate of healthcare
spending rather than its level, it aligns with the literature showing that higher income levels are
linked to increased healthcare spending. When not considering the time variable, the reason
higher income leads to higher healthcare expenditure may be similar to why higher income
seems to be associated with higher mortality rates, that is, regions with higher-income
individuals may take on lifestyles that could lead to health issues like stress and chronic
conditions (such as diabetes, cardiovascular diseases). These conditions require long-term

healthcare, contributing to higher costs.

Although this is true when excluding the time variable, the results shift when time is included
in the model, and the reverse relationship is highlighted. While the regression showed

statistically insignificant results, the regression was just slightly above the 10% threshold.
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Therefore, it is still of relevance to discuss why the relationship shift. That is, when one also
considers year-specific effects that might influence income levels across all regions, such as
inflation or national events, the result suggests that healthcare spending per capita decreased.

As regions’ incomes increase, healthcare spending per capita decreases.

This finding is inconsistent with Newhouse. However, it is consistent with the Grossman model
(1999, 1972), which suggests that wealthier individuals put investments into other proactive
factors into the production function, such as improved diet or living conditions. Because
Sweden has free universal healthcare, it is reasonable to assume that some proportion of
individuals’ income could be put on preventive measures instead of utilizing healthcare. These
investments could lead to a less need for public healthcare services, thereby lowering per capita
healthcare spending at the regional level. Thus, higher-income regions may have more
resources to put on preventive health measures, such as better school lunches and outdoor gym

facilities, which could reduce the need for consuming healthcare.

In addition, when time effects are included for and the relationship instead highlights that
higher income lowers healthcare spending per capita, the time variable possibly shows the
effects of technological improvements. This could decrease healthcare spending over time and
wealthier regions may adopt these technologies faster, making healthcare distribution more
efficient and less expensive. Wealthier regions may also experience diminishing returns to
healthcare utilization. For example, wealthier regions may initially experience high healthcare
spending because of high healthcare utilization. Over time, as populations become healthier,

the demand for expensive healthcare treatments falls.

While the results to some extent contradict current studies, this thesis contributes to the existing
literature by emphasizing the complexity and context-specific characteristics of the relationship
between income and healthcare spending. While much of the previous research has focused on
national or cross-country analyses, this study provides a regional perspective within a high-
income context, highlighting how socioeconomic and time-fixed effects influence healthcare
spending. By accounting for time-specific effects and considering the analysis within Sweden’s
healthcare system, these findings offer a more detailed understanding of how income and
healthcare spending interact over time, highlighting the importance of regional and time

variations in health and economic studies.
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To sum up, the results are quite obscure and could be argued to suggest varying perspectives.
While the results of the thesis suggest counterintuitive relationships between all variables, the
findings of this thesis highlight several important factors that need to be considered. First, the
weak relationship observed may be explained by unaccounted-for external factors, such as
socioeconomic variables or environmental influences that were not included in the model.
However, the weak coefficients also align with previous studies. Furthermore, the
methodological approach, including the exclusion of time effects or other region-specific

factors, may have contributed to the ambiguity in the results.

Then, the research question of this thesis resurfaces: How do regional contexts and time-
specific effects influence the relationships between health outcomes, income, healthcare

spending, and regional productivity in Swedish regions?

First, regions with higher incomes may experience higher levels of mortality, and regions that
experience increased levels of income may see worse health outcomes. Second, regions with
higher levels of mortality may experience higher income levels. Third, regions that also see
higher incomes may find that the growth rate of healthcare spending per capita decreases. This
means that improved income could lead to lower growth rate of healthcare spending, giving
room to reallocate spending to other public resources—such as education and infrastructure.
Lastly, regions that experience higher levels of deaths attributable to illnesses may see higher

levels of productivity.

Second, the importance of accounting for confounding variables is seen when comparing the
inclusion and exclusion models. As seen, the relationships shift when control variables are
included, suggesting that the relationship between health, income, healthcare spending, and
productivity is not as evident as initially thought. Rather, it implies a far more complex
depiction, highlighting the second point: context is of utter importance when estimating these
relationships. While it seems that higher income is associated with higher mortality rates, or
that higher mortality is associated with higher levels of productivity, the discussion above
highlights that other contextual factors, such as demographic structures and technological
advances, should be considered when establishing conclusions for the relationships. As seen,
the obtained results are likely not casual but should rather be interpreted as correlational

findings. Therefore, decision-makers must account for these points when formulating policies.
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7.2. Theoretical and Practical Implications

Because of the ambiguous results obtained, highlighting the theoretical and practical
implications is beneficial for future research and implementation of policy, given the following
sub-research question: What are the implications of the regional contexts and time-specific

effects for regional policy?

First, one important theoretical implication is that the results show the complexity and
ambiguity of the income-health-productivity relationship, highlighting that relationships
observed at the macro level may differ from those at the micro level (as observed from
Grossman’s model). This suggests the need for further research to develop theoretical models

that look at this complexity in high-income contexts.

Second, the comparison between the inclusion and exclusion model shows to the importance
of integrating external variables in empirical research. Future studies should thus prioritize data
collection to control for demographic, technological, and systemic factors. Moreover, future
research could focus on the inclusion of several independent variables to examine how other
variables may influence the relationships. Similarly, the findings suggest that previous studies
may not fully explain the dynamics in high-income countries which emphasizes the importance
of considering contextual factors when implementing ideas from previous studies. For
example, the diminishing returns of income on health outcomes, as highlighted by Ecob and
Davey Smith, may provide a more suitable theoretical perspective for understanding these
relationships in similar contexts. The weak relationship observed in this analysis suggests a
need for future research to better account for regional and time-specific factors that could
provide a better understanding of the health-income-productivity relationship. Further
consideration into the impact of confounding variables, such as social determinants of health,
would be beneficial. Future research should therefore account for the contextual and country-

specific factors when performing analyses.

Third, the observed relationships challenge future researchers to distinguish between
correlation and causation. This further supports the need for robust and suitable econometric
techniques with careful consideration for model specificity and diagnostic precision. For
example, this study does not have enough evidence to conclude anything about healthcare

spending and deaths attributable to illnesses, which thus could be better modeled and studied
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in future studies. Lastly, the findings of this thesis suggest an increasing importance of
considering technological advancements and structural differences when establishing the
relationship between income, health, healthcare spending, and productivity. Future studies
should therefore integrate these factors to better reflect the current reality. Moreover, an
interesting aspect for future research could be to study the influence of the tax equalization
system more closely by, for instance, seeing which effects its removal in the regression analysis

would have on the overall outcome.

For policy makers, the results suggest that preventive measures may ease potential negative
effects of income-related health outcomes, which highlights that policymakers should have a
proactive approach to improving health when implementing policies and strategies. Moreover,
the findings in this thesis imply that regions with higher incomes, but worse health outcomes,
may need targeted health interventions such as stress management programs and public
resources promoting active lifestyles. Thus, policymakers should aim to investigate closer into
the income-health relationship in various regions to improve the quality of life for the

residents.

Decision makers should further also examine whether high-income regions experience
overstrained healthcare systems, as possibly found in this thesis, and actively work to invest in
measures that improve the size and efficiency of the healthcare system in that specific region.
In addition, while the tax equalization system balances the financial service power of the
regions, this thesis found that it may not equalize the health inequalities. Therefore, policy
makers could consider implementing strategies which, alongside with tax equalization, create
more equitable health outcomes across regions. This could, for instance, be to impose stress-
management programs or lifestyle-enhancing policies in regions who experience higher stress

levels.

This thesis further reveals the importance of accounting for context-specific factors when
implementing regional policies. Policies should aim to address underlying issues, such as
resource distribution inefficiencies or unequal access to preventive measures, rather than
drawing conclusions from correlational findings, as well as consider region-specific
characteristics when implementing policies. Ultimately, while this thesis provides valuable
insights into regional variations in income, health outcomes, healthcare spending, and

productivity, it emphasizes that correlations should not be mistaken for causation. This
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highlights the importance of policymakers carefully considering the findings with the context
of other evidence to create strategies that promote equal economic growth, improved health

outcomes, and sustainable productivity across all regions.

To conclude, these implications highlight that while the findings may seem counterintuitive,
they suggest valuable insights for policymakers, researchers, and theorists. By emphasizing
context, complexity, and the need for detailed modeling, this thesis contributes to a more
nuanced understanding of the interplay between health, income, healthcare spending, and

productivity on the regional level in high-income countries like Sweden.

8. Conclusion

This thesis aimed to investigate the relationships between health, income, healthcare spending,
and regional productivity within the context of Swedish regions, focusing on how these
relationships are influenced by contextual factors such as regional disparities and time-specific
effects. This field of study was important because, although Sweden is generally a high-income
country with low mortality rates, increasing inequalities between regions have become more
pronounced. Simultaneously, few studies have been dedicated to investigating the relationship
between income, health, healthcare spending and productivity in the regional context.
Therefore, this thesis tried to fill this gap by examining the variables on the Swedish regional
level, thus trying to obtain more clarity in how income, health, healthcare spending and
productivity interact in the regional setting. By doing so, this thesis contributes to the literature
by providing new empirical insights into these dynamics, specifically focusing on the less
examined context of Swedish regions. This was directed by answering the following research

question:

How do regional contexts and time-specific effects influence the relationships between health

outcomes, income, healthcare spending, and regional productivity in Swedish regions?
Followed by the sub-question:

What are the implications of the regional contexts and time-specific effects for regional policy?
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The study undertook a quantitative methodology with secondary panel data to answer the
research question. The data consisted of inputs related to income, health, healthcare spending
and productivity as the key variables, along with control variables for 20 Swedish regions
between 1997-2023. Based on the Grossman model and previous research, five hypotheses

were formulated. They were as follows:

Ha.1: Higher income is associated with lower deaths attributable to illnesses per capita within

Swedish regions.

H1.2: Higher deaths attributable to illnesses per capita are associated with lower income within

Swedish regions.

H2: Higher income is associated with lower healthcare spending per capita within Swedish

regions.

Hs: Higher healthcare spending per capita is associated with lower deaths attributable to

illness per capita.

Ha4: Higher deaths attributable to illness per capita are associated with lower regional

productivity.

The hypotheses were studied using panel regressions. First, the relationships were analyzed
directly, without any confounding variables. Thereafter, control variables were included in
order to see what effects external factors had on the relationships. Lastly, time-fixed effects
were added to assess which impact time trend might have had on the dynamics. In addition, a

sensitivity analysis was conducted to evaluate the robustness of the results.

This study found counterintuitive results. When excluding the confounding variables, all
regressions except for Hz, that lacked significance, obtained results aligned with the proposed
hypothesis and the majority of previous empirical studies. That is, higher income regions
seemed to experience lower mortality rates, while regions with higher mortality portrayed
lower levels of health and productivity. Similarly, regions with higher growth rate of healthcare

spending per capita had lower mortality rates.
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However, when the control variables were included the direction of the results shifted
considerably. While only Hi1 and H2 were statistically significant when excluding the time
variable, the model including the time variable found contrary results. On the one hand, Hz was
now significant and in accordance with the suggested hypothesis and previous research. That
is, higher income regions seemed to have lower healthcare expenditure (in terms of growth
rate) per capita. On the other hand, regions with higher incomes also now showed to have
higher levels of mortality. Similarly, regions with higher mortality levels seemed to have higher
income and productivity. The sensitivity analysis thereafter conducted confirmed the

robustness of the results.

The thesis proposed several reasons why this relationship may have been observed. One reason,
also highlighted in previous studies, is the prevalence of diminishing returns. That is, as income
rises, the return on health decreases. Another reason attributed to the higher income—higher
mortality relationship may have been that healthcare systems are overstrained. Moreover, one
explanation for the high mortality-high income dynamic was that the income is “diluted” over

a smaller population—also known as a “Malthusian Response”.

While the results may seem weak or illogical, they reflect the complexity of income, health,
and productivity, which are shaped by various contextual, regional, and time-specific factors
which complicates the ability to establish straightforward relationships. Therefore, this thesis
contributes methodologically by emphasizing the value of incorporating detailed models and
control variables when analyzing these relationships. This thesis highlights the importance of
comprehensive models in capturing these dynamics. Future research should refine theoretical

models to better account for this complexity.

This thesis further highlights the need for policymakers to critically assess results and account
for regional contexts when designing health policies. Strategies should be tailored to address
underlying issues like preventive care and resource distribution to ensure equitable healthcare
outcomes across Swedish regions. Ultimately, achieving balanced health, income, productivity,
and healthcare spending requires a multifaceted approach that integrates empirical evidence

with regional-specific considerations.

To sum up, while many studies have found clear positive relationships between income, health,

and productivity at the national level, this thesis contributes to the literature by highlighting the
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complexity of these relationships at the regional level within a high-income context. The results
suggest that, rather than a direct, linear relationship, a more complex dynamic exists, influenced
by regional characteristics and time-specific effects. This challenges the relevance of existing
models, such as Grossman’s, to regional data in high-income countries and creates new

opportunities for future research.
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Appendix A

Table 7: Histogram Comparison Before and After Log-Transformation, Mean Income Per
Capita

Histogram of Mean Income, SEK/capita Histogram of Log-Mean Income, SEK/capita

Frequency
Frequency

150000 200000 250000 300000 350000 400000 11.5 12 12.5 13
Mean Income Log-Mean Income

Table 8: Histogram Comparison Before and After Log-Transformation, Deaths Attributable to
Iliness Per Capita

Histogram of Log-Deaths Attributable to Illness, per capita

Histogram of Deaths Attﬁbgtable to Illness, per capita
80

60

Frequency
Frequency
B
<

20

-5.2 -5 -4.8 -4.6 -4.4 -4.2

006 .008 01 012 .014 016
Log-Deaths Attributable to Illness

Deaths Attributable to Illness
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Table 9: Histogram Comparison Before and After Log-Transformation, Healthcare Spending
Per Capita

Histogram of Hqglthcare Spending, SEK/capita Histogram of Log-Healthcare Spending, SEK/capita
40

10000 20000 30000 40000 50000 9.6 9.8 10 10.2 104 10.6
Healthcare Spending, SEK/capita Log-Healthcare Spending, SEK/capita

Table 10: Histogram Comparison Before and After Log-Transformation, GRP Per Capita

Histogram of GRP, SEK/capita Histogram of GRP, SEK/capita

200000 400000 600000 800000 12 12.5 13 13.5
GRP, per capita Log-GRP, per capita
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Appendix B
Equation Specification for Hypotheses

Equations used for each of the hypotheses. The controll variables are the same for each
hypothesis and are mean age, percentage of women and percentage of higher education in the
regional population.

Hi.1: Higher income is associated with lower deaths attributable to illnesses per capita within

Swedish regions.
log(MORT) = o + 31(109(”\/6&)) + Yk=1 Be(CViie) + a; + 8¢ + € (6)

Hi.2: Higher deaths attributable to illnesses per capita are associated with lower income within

Swedish regions.
log(INCy) = Bo + 51(109(M0RTit)) + Vo1 B (CVige) + a; + 8 + € (7

Hz: Higher income is associated with lower healthcare spending per capita within Swedish

regions.

log(HCS;) = Bo + ﬁ1(log(1NCit)) + Y1 B (CVii) + a; + 6, + € 3

Hs: Higher healthcare spending per capita is associated with lower deaths attributable to illness

per capita
log(MORT;) = By + P1(log(HCS;)) + Xizq B(CViie) + a; + 8¢ + € 9)

Ha4: Higher deaths attributable to illness per capita are associated with lower regional

productivity.

log(GRP,) = By + B1(log(MORT,)) + YK_, B (CViie) + a; + 8: + € (10)
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Appendix C

Sensitivity Analysis
Table 11: Sensitivity Analysis Comparing Three Models with Unadjusted Variables
No Control CO{Itl‘Ol Coptrol
. Variables Variables
Model Variables . . .
(Eq. 3) excl. Time incl. Time
1 (Eq. 4) (Eq. 5)
. Independen Coefficient  Coefficient  Coefficient
Hypothesis  Dependent ¢ (p-value) (p-value) (p-value)
H1.1 Mortality Income -8.49¢-09 6.56¢-09 4.56e-09
(0.00)**x* (0.09)* (0.194)
H1.2 Income Mortality -6.56e+07 3819805 423136
(0.00)**x* (0.1)* (0.13)
H2 HC Income 0.122 0.125 -0.087
Spending (0.00)**x* (0.00)*** (0.00)***
H3 Mortality HC -5.38e-08 2.16e-08 3.96e-08
Spending (0.00)**x* (0.00)*** (0.04)**
H4 Productivity Mortality -1.03e+08 1.15e+07 7836609
(0.00)**x* (0.09)* (0.05)**

*Significant at the 10% level, **Significant at the 5% level, ***Significant at the 1% level

Table 12: Sensitivity Analysis Comparing Different Methods with Adjusted Variables

Excluding
Post
Random highest &
Model Xtreg 2010-
Effects lowest income
data
region
Hypo- Depen- Indepen- Coefficient Coefficient Coefficient Coefficient
theses dent dent (p-value) (p-value) (p-value) (p-value)
Morta- 312 0.175 -.046 521
H1.1 Income
lity (0.12) (0.05)** (0.88) (0.00)***
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.020 0.080 -.001 .0037
H1.2  Income Mortality
(0.12) (0.12) (0.81) (0.00)***
HC
-.136 0.022 .028 -.155
H2 Spen- Income
(0.41) (0.15) (0.86) (0.10)*
ding
03 Morta- HC -.060 -0.051 -.042 -.040
lity Spending (0.36) (0.58) (0.19) (0.46)
Produc- 150 176 142
H4 Mortality 0.147 (0.21)
tivity (0.02)** (0.01) (0.07)*

*Significant at the 10% level, **Significant at the 5% level, ***Significant at the 1% level
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Appendix D

The Usage of Generative Al

Tools:
ChatGPT

Usage:

Generative Al (ChatGPT) has been utilized in this thesis to the greatest extent for language
purposes. It has been used for synonyms throughout the entire text (with the exception of the
first page, titles and subtitles) where formal synonyms and other ways of describing text were
requested. For instance, in the result section, re-formulating of sentences such as “the results
find” or ““is statistically significant” has been supported by generative Al It has also been used

to find grammatical errors.

In addition, generative Al has been used to assist the author in using the statistical software
(Stata). This was done by receiving the correct code needed for, for instance, performing unit-
root tests and to create two histograms in one graph (Appendix A). However, the idea and

performance of the analysis and diagnostics is not Al generated.

Lastly, while all analyses, diagnostics and methodical approaches have been conducted using
the author’s knowledge and published material, some explanations found in books and articles
have been clarified using generative Al by saying, “Explain xxxx simply such that someone
who has no knowledge about it could understand”. This has been done for the Methodology,
in particular for the diagnostics (section 5 and 5.5.2.). However, Al has not performed the tests

nor told how to conduct them. It has solely assisted in clarifying difficult concepts.
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