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Stellingen
behorende tot het proefschrift

Unravelling socioeconomic and regional differences in health and
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Eenzaamheid, moeite met rondkomen en regie over eigen leven zijn ook
determinanten van gezondheid en van sociaaleconomische verschillen in
gezondheid (dit proefschrift).

Onderliggende verklaringen voor regionale gezondheidsverschillen in Nederland
betreffen zowel bekende (demografie, sociaaleconomische status en leefstijl)

als minder bekende gezondheidsdeterminanten zoals eenzaamheid, moeite met
rondkomen en regie over eigen leven (dit proefschrift).

Regionale verschillen in zorgkosten in Nederland kunnen verklaard

worden aan de hand van demografie, sociaaleconomische status, leefstijl,
eenzaamheid, regie over eigen leven en gezondheidsstatus, behalve de hogere
huisartsconsultkosten in Zuid-Limburg (dit proefschrift).

De gezondheid van de Zuid-Limburgse bevolking wordt nog steeds negatief
beinvloed door de mijnsluitingen van meer dan 50 jaar geleden (dit proefschrift).

De gezondheidsimpact van beleidskeuzes dienen in alle beleidsterreinen te
worden meegenomen.

Beleid en interventies gericht op het verkleinen van gezondheidsverschillen
moeten verschillende determinanten van gezondheid op individueel- en op
populatieniveau integraal meenemen.

Een data-infrastructuur die het gebruik en koppelen van geanonimiseerde
data over meerdere aspecten van de samenleving mogelijk maakt - zonder
de individuele privacy te schenden - is een aanjager van wetenschappelijk
onderzoek ten behoeve van de samenleving.

De maatschappelijke impact van wetenschap kan worden bereikt door bijdrages
aan beleidsontwikkelingen en laagdrempelige communicatie voor het brede

publiek.

When you are curious, you find lots of interesting things to do (Walt Disney).

10. If I fly orif | fall, least | can say | gave it all (RuPaul).
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General introduction

While global population health has improved over the past decades, not everyone
has benefitted equally. The World Health Organization found that between 2000 and
2019, the global healthy life expectancy at birth increased from 58.3 to 63.7 years [1].
However, for low income populations the healthy life expectancy was still behind the
global average with 56.7 years in 2019 [1]. The Organization for Economic Cooperation
and Development found that across all 33 countries, the least educated were twice
more likely to face poor health with 44% of people in the lowest education category
reporting poor health versus 23% of people with highest education [2]. Inequalities in
health reflect inequalities in society. Health inequalities do not arise by chance and are
not a simple result of ‘bad’ genetics. They reflect differences in living conditions that
accumulate over the life course [3]. Preventable health inequalities that still persevere
in a society are simply unfair and putting them right is a matter of social justice [3].
In addition to the social and ethical aspects of health inequalities, health represents
a fundamental resource and poor health wastes potential, cuts lives short and drains
resources [4]. Whereas the overall health of populations in Europe has also improved
over the last decades, great differences exist in health between and within countries
and these differences are widening [4, 5].

This is also true for the Netherlands as it faces socioeconomic and regional health
inequalities. The National Institute of Public Health and Environment (Dutch:
Rijksinstituut voor Volksgezondheid en Milieu; RIVM) stated that on average, 21% of
the Dutch adults report poor health in 2020 [6]. This percentage was lowest in the
region Hollands Midden, with 18% and highest in the region of South Limburg, with 27%
[6]. The region of South Limburg also has the highest percentage of people reporting
at least one chronic disease (38% compared to 32% national average) [7]. Together
with the region of Groningen, South Limburg has the lowest overall life expectancy
at birth (80.0 years compared to 81.8 years national average) [8] and together with
the region of Rotterdam, South Limburg also has the lowest healthy life expectancy
(59.0 years compared to 62.4 years national average) [9]. Poorer health also results in
draining resources as is shown in inequalities in healthcare expenditures. Healthcare
expenditures (as covered by the basic insurance plan) were compared in 2018 on a
municipal level. On average, €2625,- were spent on healthcare per Dutch adult per year
[10]. However, spending differed greatly per municipality. The highest average cost were
found in the South of Limburg, with €3625,- per person in the municipality Kerkrade
and the lowest in the province of Flevoland, with €1813,- per person in the municipality
Urk. This is a difference of €1700,- per adult per year. After taking into account age
and gender, the difference still remained €1200,- between the municipalities with
the highest and lowest healthcare expenditures (South Limburg, Heerlen: €3273,-
and Gelderland, Rozendaal: €2074,-) [10]. These variations in cost may stem from
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Chapter 1

health inequalities (i.e. less healthy population consumes more health care services)
but may also be caused by other factors such as availability and proximity of health
care services or behavioral aspects in health care consumption. The health inequalities
disadvantaging the population of the province of Limburg, and more specific, the region
of South Limburg, have been common knowledge for the past decades. Substantial
efforts have been made to understand why these health inequalities exist and persist
[11].

The Limburg-factor

In 2015, the report ‘Searching for the Limburg-factor’ was published to shed light on
the underlying mechanisms of these inequalities as a starting point for new provincial
policy to turn the trend. The report aimed to bridge multiple domains in order to
find and explore multi-faceted causes of the reported health inequalities in Limburg.
Based on literature and expert opinions, the report listed the following domains as
contributors to health disadvantages in Limburg: education, labor, mastery, historical
burden, cultural environment, trust and societal participation, unhealthy lifestyles, and
socioeconomic status (SES) [11]. The recommendations provided in the report helped
to formulate new provincial policy, the so called Social Agenda Limburg, in 2016. In
order to provide a baseline measurement, the Province commissioned a quantitative
study in 2018. This study reported on a number of indicators covering each of the five
main themes in the Social Agenda Limburg: education, labor and societal participation,
health, upbringing, and social capital. The study showed that it was the region of South
Limburg that was performing poorly in each of the five themes, specifically in health,
labor and participation [12]. The region of North Limburg scored either average or above
average in all domains [12]. Based on the two reports, further in-depth analyses were
warranted to uncover determinants of health and potential mechanisms underlying
health deficits in the South of Limburg.

Determinants of health

Various models have been developed to describe social determinants of health [13]
such as the multilevel approach by Kaplan, Everson and Lynch [14], the Evans and
Stoddart model [15], or the Dahlgren-Whitehead model [16]. What these models share
in common is that they reflect multiple determinants of health, on macro, meso-, and
micro levels that fall outside the traditional healthcare sector. For instance in sectors
such as government (policies and societal norms), labor market (working conditions)
and education. A more recent model is the Barton and Grant health map [17], which is
an adaptation of the Dahlgren-Whitehead ‘rainbow model’ (represented by Figure 1.1).
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The determinants of health are layered in terms of environments and individuals are
placed at its center. The center represents individual factors such as age and gender.
The layers represent modifiable determinants such as lifestyle factors (first layer), social
factors (second layer), income and investments (third layer) and living and working
conditions (fourth layer). The fifth, sixth and seventh layers represent the overall
societal environment in terms of built environment, the natural environment and the
global ecosystem.

Research has linked each of these potentially modifiable layers to health inequalities.
Health inequalities related to SES, in terms of education, income, and occupation (third
layer) are well researched since the Whitehall studies [18] and the Black report [19].
Empirical studies have reported that lower SES groups face higher risks for poor health
[20-23], chronic diseases [24, 25] and unhealthier lifestyles [26-29] (first layer). Also,
unhealthier lifestyles (in terms of physical activity, alcohol consumption, smoking,
dietary habits and/or body mass index [30]) have been linked to poorer health [31-33].
Research has shown however, that SES and lifestyle factors alone cannot fully explain
observed health inequalities [27, 33].

As a part of the second layer, i.e., the community, loneliness has also received attention
in health inequality research. Loneliness may be defined as i) perceiving a lack of
communication or ii) having less (or lower-quality) relationships with others than desired
or iii) lacking social support [34]. Research in older populations has shown that a lack
of social support is related to poorer health [35, 36], lower life satisfaction [36], and
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reduced physical functioning [37]. However, loneliness is not only a problem for older
aged groups [38, 39]. In other age groups not limited to elderly, loneliness has been
linked to poorer physical [40-43] and mental health [40, 44, 45], unhealthy behaviors
[45, 46] and mortality [40, 47]. Although loneliness is closely related to other known
determinants of health such as the first and third layer of Dahlgren and Whitehead
framework [45], the extent of its contribution to explaining regional and socioeconomic
health inequalities in the general population remained unclear.

Another well-known and extensively researched social determinant of health is income
[48-50], part of the third layer. The relationship between income and health is most
often studied in terms of absolute income. Studies have shown that people with lower
absolute incomes have more difficulties maintaining a good health [48], are at higher
risk of developing unhealthy behaviors [51] and mental health problems [52-54].
However, absolute income does not represent spending patterns, debts, expectations,
aspirations or access to other economic resources [55]. Perceived income inadequacy
does account for these other aspects of income and is therefore conceptually different
to absolute income. This is also shown in research where people with low incomes do
not always report income inadequacy [56], and people with similar absolute income
levels reporting different levels of income adequacy [55]. Perceived income inadequacy
can therefore affect one’s health via other pathways from absolute income levels
[56-58]. To complicate matters, mastery (the sense of personal control [59]) has been
found to (partially) explain the associations between low absolute income, perceived
income inadequacy and poor mental health [60, 61]. Health inequalities are well
established by either absolute income or perceived income inadequacy. However, the
interplay between both aspects of income on health and the role of demographic and
socioeconomic confounders and mastery on these associations is not well known.

Regional variation in healthcare expenditures

As shown in the first part of this introduction, health inequalities are not only apparent
in health measures, but also in healthcare expenditures. International studies have
found that lower SES and poorer self-rated health [62, 63] and unhealthy behaviors
[63, 64] are related to higher healthcare use, and therefore costs. Loneliness was also
found as a contributor to more physician visits [45]. A recent review of cost of illness
studies found that loneliness was related to higher healthcare costs in in three studies
for older adults (samples were over 50, 60 or 75 years of age) [65]. However, for other
age groups beyond older people, little is known about the associations of loneliness and
different types of healthcare costs [65].
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Regional variations in healthcare costs have been linked to both demand- and supply
factors, where demand factors represent patient characteristics and supply represent
characteristics for the healthcare market or healthcare providers [66]. Research based
on movers in the Netherlands has linked 70% of regional variations in healthcare costs
to demand factors [67]. A population health management study found that for patients
with diabetes and depression, regional variations in healthcare costs in the Netherlands
were mostly (for diabetes) or completely (for depression) explained by demand
variables [68]. These studies have analyzed certain subpopulations in the Netherlands,
and accounted for age, gender [67, 68], SES, and self-rated health [68]. However, as
mentioned above, other determinants of health have also been linked to explaining
healthcare costs. With these insights, more research is warranted in explaining regional
variations in healthcare costs with a more extensive list of personal characteristics.

Aim and outline of this dissertation

The aim of this dissertation is to investigate the role of less established determinants

of health in explaining socioeconomic and regional inequalities in health and variations

in healthcare expenditures. First, this dissertation aimed to study less established

determinants of health such as loneliness, income adequacy and mastery in a national

setting to understand their role in socioeconomic health inequalities. Second, these

determinants were added to a set of established determinants of health (demographic

factors, SES, and lifestyle factors) in attempt to further explain the regional health

inequalities and variations in healthcare expenditures in the Netherlands. For this aim,

the following objectives were formulated:

1. What is the role of loneliness and perceived income inadequacy in socioeconomic
health inequalities?

2. To what extent can social determinants of health explain regional health
inequalities in the Netherlands?

3. To what extent can social determinants of health explain regional variations in
healthcare expenditures in the Netherlands?

Chapters 2, 3 and 4 provide answers to the first objective in a national setting.

Chapter 2 explores the contribution of loneliness to the relationship between SES
and health, measured as self-rated health, presence of at least one chronic disease
and psychological distress. It reports the findings for the general adult population,
and subgroups by age, gender, marital status and migration background. Chapter 3
focuses on the associations of loneliness with different type of healthcare expenditures
(total, GP consult, specialized, pharmaceutical and mental healthcare), also by different
age groups. Chapter 4 reports the associations of absolute income levels and perceived

15



Chapter 1

income inadequacy (for different absolute income levels) with the same health outcomes
from Chapter 2.

Chapters 5 and 6 cover the second and third objective and provide a regional perspective
on health inequalities within the Netherlands. Chapter 5 reports the findings on a study
of regional variations for the same health outcomes studied in Chapter 2. Chapter 6
shows the results of a study on regional variations in different types of healthcare care
costs in line with Chapter 3.

Lastly, Chapter 7 contains the general discussion of this dissertation with implications
for policy and practice and directions for future research.
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Chapter 2

Abstract

Loneliness is a growing public health issue. It is more common in disadvantaged groups
and has been associated with a range of poor health outcomes. Loneliness may also
form an independent pathway between socio-economic disadvantage and poor health.
Therefore, the aim of this study was to explore the contribution of loneliness to socio-
economic health inequalities.

These contributions were studied in a Dutch national sample (n = 445,748 adults (219
y.0.)) in Poisson and logistic regression models, controlling for age, gender, marital
status, migration background, BMI, alcohol consumption, smoking, and physical activity.
Loneliness explained 21% of socioeconomic health inequalities between the lowest
and highest socio-economic groups in self-reported chronic disease prevalence, 27% in
poorer self-rated health, and 51% in psychological distress. Subgroup analyses revealed
that for young adults, loneliness had a larger contribution to socioeconomic gaps in self-
rated health (37%) than in 80+-year-olds (16%). Our findings suggest that loneliness
may be a social determinant of health, contributing to the socioeconomic health gap
independently of well-documented factors such as lifestyles and demographics, in
particular for young adults. Public health policies targeting socioeconomic health
inequalities could benefit from integrating loneliness into their policies, especially for
young adults.

24



Is Loneliness an Undervalued Pathway between Socio-Economic Disadvantage and Health?

Introduction

Although average health and life expectancy in Western populations have been
improving over the last few decades, not everyone in society has benefited equally.
Health inequalities between and within countries still persist [1] and are a public
concern from both an economic and social perspective. Health inequalities are well-
documented in terms of differences in socioeconomic status (SES), which include
differences in education, income, and occupation. Research on SES health inequalities
was started by the Black report [2] and the Whitehall studies [3], and studies have
since reported that lower-SES individuals tend to have poorer health [4,5], higher risks
for chronic diseases [6,7], and unhealthier lifestyles. [8,9] According to Dahlgren and
Whitehead [10], the determinants of health are layered with individual (age, gender)
factors at the center, and layers of modifiable determinants such as lifestyle factors
(first layer), social factors (second layer), living and working conditions (third layer), and
the overall societal environment (fourth layer). Although most research has focused on
socioeconomic and lifestyle factors, it is increasingly apparent that these factors alone
cannot fully explain the observed inequalities [9,11].

As one of the social factors (the second layer), loneliness is a public health concern that
is increasingly recognized in the context of poorer health [12,13]. Loneliness is defined
as perceiving a lack of communication or having less (or lower-quality) relationships
with others than desired [14] or lacking social support. A lack of social support has been
found to negatively affect health [15,16], life satisfaction [16], and physical functioning
[17] in elderly populations. Loneliness can be caused by a range of situations (physical
isolation, moving, divorce, or the death of a significant person), internal factors (low self-
esteem), personality factors (introversion), or it can be a symptom of a psychological
disorder (depression) [18]. A growing number of people reporting feeling lonely has
been documented in developed countries across the world. A cross-country study on
loneliness and social isolation in the United States, the United Kingdom, and Japan
reported that 22%, 23%, and 9% of the respondents felt lonely often or always,
respectively. Loneliness is not limited to the elderly, as some studies found that the
majority of the lonely were under the age of 50 and were more likely to be single
or divorced [19,20]. Studies have shown that loneliness is correlated with mortality
[12,21], as well as poorer physical [12,22] and mental health [12,23]. Lonely people
were also more likely to engage in unhealthy behaviors [24,25] and visit physicians
[25,26] and mental healthcare providers [26] more frequently. Although loneliness is
closely interlinked with other known determinants of health [25], to date the extent of
its contribution to socioeconomic health inequalities in the general population remains
unclear. Socio-economic gaps are commonly attributed to unhealthy lifestyles among
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disadvantaged groups. Forexample, lower-educated people might be less knowledgeable
about healthy behaviors, are at higher risk of growing up in poorer neighborhoods with
adverse peer influences, experiencing more stress (i.e., relational, financial, or work-
related), and as a result are at higher risk of adverse health behaviors and poorer health.
Since lifestyle factors alone cannot fully explain the observed inequalities, quantifying
the impact of loneliness in health inequalities after considering the combined effect of
(clusters of) other social determinants might therefore present possibilities for better
targeted public health policies.

We also hypothesized that the impact of loneliness on socioeconomic health
inequalities may vary across population groups (e.g., age, marital, or migration status)
in light of an age-normative life-stage perspective, different life circumstances, and
priorities [20]. In other words, loneliness may have a different impact on persons of
different ages, depending on what is considered the ‘norm’ in society at different
phases of life. Loneliness may interact differently with lower socio-economic status for
divorced or widowed people [27], as well as persons with a migration background [28].
There is currently no consensus in the literature as to whether females or males are
more susceptible to experiencing loneliness and its impact on health [25] and health
inequalities. Therefore, the aim of this study was to use a comprehensive national
population sample in order to (1) assess the contribution of loneliness in addition to
lifestyle factors in the association between SES and health, and (2) explore whether
the contribution of loneliness to the socio-economic health gradient differs across
population groups, defined by age, gender, marital status, and migration background.
Our findings should inform public health policies about the independent contribution
of loneliness beyond the well-documented factors, in search of new modifiable social
determinants to tackle the inequalities.

Materials and Methods

This is a cross-sectional study of associations between individual socioeconomic status,
lifestyle-related factors, and loneliness with self-rated health, chronic disease, and
psychological distress in the Netherlands for the year 2016.

Data and Sample

Data were obtained from two data sources: the Dutch Health Survey [29] and Statistics
Netherlands. The Health Survey is commissioned by the municipalities and the Ministry of
Health, Welfare, and Sport. In accordance with the Public Health Law, Dutch municipalities
are required to assess local public health issues at least once every four years. In order
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to do so, the Health Survey is implemented in collaboration with Statistics Netherlands,
the Public Health Service, and The Dutch National Institute for Public Health and the
Environment (RIVM). The Health Survey runs once every four years nationwide for people
aged 19 years and older. The survey includes questions about respondents’ general physical
and mental health, daily activities, lifestyle, social contacts, participation in voluntary
work, informal care, family life, SES, and housing and neighborhood conditions. Survey
data are collected in a number of ways, including either by paper and pencil, internet, or
interviews via telephone or face-to-face. The response rate for the Health Survey was
40% in 2016 [30], with a total of 445,748 complete responses. These data have been
previously used to, for example, study the association of loneliness and healthcare costs
in a nationally representative sample [26]. For more information regarding the content
and distribution method of the Health Survey, we refer to [29].

The data provided by Statistics Netherlands consisted of the administrative data collected
from the Personal Records Database and the Dutch Tax and Customs Administration
data for the entire Dutch population. The former were collected by municipalities and
provide information on citizens' age, gender, and migration background. The latter
provided annual income records for each individual and household. Based on the
pseudo-anonymized personal social security codes, the Health Survey data were linked
with the Personal Records Database and the Dutch Tax and Customs Administration
data for people aged 19 years and older in the secured environment managed by
Statistics Netherlands. After merging the Health Survey sample with the administration
data, 445,748 responses were retained in our sample.

Measures

Dependent Variables

Three outcome variables were used to operationalize health in this study, namely, ‘having
a chronic disease’, ‘self-rated health’, and ‘psychological distress’. The operationalization
and sources of variables are listed in Supplementary Materials Table S1. The variable
having at least one chronic disease was obtained from the question “Do you have one
or more long-term diseases (expected duration 6 months or longer)” (answer options:
yes or no). The dichotomous variable ‘having a chronic disease’ was categorized as
either none or at least one. Self-rated health was measured using the question “In
general, would you say your health is ...". Answers were given on a five-point Likert scale
with categories “excellent”, “very good”, “good”, “fair”, and “poor”. The answer categories
were dichotomized as “excellent, very good, good” or “fair, poor”. Psychological distress
was measured with the Kessler psychological distress scale (K10) [31]. The scores for
these 10 questions were categorized as “none, low, or moderate” (scores between 10
and 29), or “high” (scores between 30 and 50) psychological distress [32].
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Independent Variables

Loneliness

Loneliness was based on the score for the 11-item de Jong-Gierveld scale [14], a
validated scale which has been applied in various (cross-) national samples. [24,25,33-
37] Eleven statements are listed, based on various aspects of deprivation (“I wish | had
a really close friend”, “Often, | feel rejected”, “| experience a sense of emptiness around
me”, “I miss having people around me”), companionship (“It makes me sad that | have
no company around me”, “I feel my circle of friends and acquaintances is too limited”),
sociability (“There is always someone around that | can talk to about my day to day
problems”), and meaningful relationships (“There are plenty of people that | can depend
on if I'm in trouble”, “There are enough people that | feel close to”, “I can rely on my
friends whenever | need them”, “There are many people that | can rely on completely”).
The statements are scored as ‘yes’, ‘more or less’ or ‘no’.

Confounders

Lifestyle-related variables included body mass index (BMI), alcohol consumption,
smoking, and physical activity, similarly to previous research [38]. We controlled for the
demographic variables age, sex, migration background, and marital status, and for the
mode of completing the survey. Proxies for socioeconomic status included the highest
attained level of education, standardized household income quartile, and self-reported
income adequacy. After performing all analyses for the three SES proxies separately
and finding similar results, one SES construct was created in order to present the
associations for socioeconomic health inequalities. To combine the three SES variables
into one SES construct, they were standardized into z-scores (2(X) s o) e.g., [39].
From the three z-scores, one overall mean score was calculated to represent the overall
SES construct and was further divided into quartiles. The fourth quartile included
persons with the highest SES and was taken as the reference group.

Statistical Analyses

The relative risks for adverse health outcomes were modelled in a series of logistic and
robust Poisson regressions. The outcomes ‘chronic disease’ and ‘self-rated health’ were
modelled in Poisson regressions with robust variance given so called ‘common outcomes’
(more than 10% cases). It is known that the odds ratios (OR) estimates given by logistic
regressions do not appropriately approximate the relative risks (RRs) for such outcomes
[40]. For the outcome ‘psychological distress’ (5% cases), logistic regressions were
run. Per health outcome, four regressions were computed to assess the relationships
between SES and health. Model 1 included the SES construct and demographic factors
(age, gender, migration background, and marital status). Model 2 contained the SES
construct, demographic factors, and lifestyle-related factors. Model 3 contained the
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SES construct, demographic factors, and loneliness. Finally, in model 4 all factors were
included. All models were adjusted for the mode of survey completion (paper, internet,
phone, or face-to-face) and accounted for the complex survey design through survey
weights. The contributions of factors were assessed by comparing the relative risk and
odds ratios, and their percentage change ((*#w=rn—x10), where X is 2, 3, or 4) as done
in previous studies [41-43]. This method has been shown to result in similar findings
as the counterfactual framework approach [43]. The interactions between the SES
construct and (1) age, (2) gender, (3) migration background, and (4) marital status were
tested to check whether the association of loneliness and the SES health gradient was
different between subpopulations. Missing data were imputed by means of the multiple
imputation by chained equations (MICE, 5 imputations, n = 445,748) method [44]. For
the subgroup analyses, interaction effects were tested between the SES construct
and age, gender, migration background, and marital status. For significant interaction
effects, stratified models were run. Model assessments included goodness-of-fit tests
and multicollinearity diagnostics. The significance level was set at alpha = 5%. Analyses
were performed in Stata 16 [45].

Results

Descriptive Statistics

The mean (SD) age was 59.4 (16.9) years and 56% of the sample was female. Dutch-
born respondents represented 88% of the sample, 9% of the respondents had a Western
migration background, and 4% had a non-Western migration background. The majority
of the participants were married or lived together (73%), 11% of the respondents were
single, 10% were divorced, and 7% were widowed. Almost 40% of the people included
in the sample reported having at least one chronic disease, 26% rated their overall
health as fair or poor, and 5% of the respondents were at a high risk of experiencing
psychological distress. Some loneliness was reported by 34% of the participants,
5% reported severe loneliness and 3% reported very severe loneliness (see Table 1).
Model diagnostics are reported in Tables S2 and S3. Respondents from the lowest
SES quartiles reported worse physical and mental health, unhealthier lifestyles, and
were lonelier compared to higher SES quartiles (Table S4). The descriptive statistics per
health outcome are listed in Table S5. Respondents with at least one chronic disease,
poorer self-rated health, or a high risk for psychological distress were more often ((very)
severely) lonely compared to their healthier counterparts.
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Table 1. Sample characteristics (n = 445,748).

Variable N (%)
Age 19-40 68,434 (15.4%)
41-64 142,790 (32.0%)
65-80 192,640 (43.2%)
81+ 41,884 (9.4%)
Gender Male 204,095 (45.8%)
Female 241,653 (54.2%)
Migration background Dutch-born 389,298 (87.3%)

Marital status

Education

Household income quartile

Self-reported income

adequacy

SES Construct

Physical activity

Body Mass Index (BMI)

Western background
Non-Western background
Married/co-habitant

Single

Widowed

Divorced

Primary school

Lower vocational

Middle vocational/secondary
Higher vocational/university
0-25%

26%-50%

51%-75%

76%-100%

Inadequate, major concerns
Inadequate, some concerns
Adequate, minor concerns
Adequate, no concerns

Q1, lowest SES

Q2

Q3

Q4, highest SES

Sufficient

Insufficient

Underweight (<18.5)
Normal (18.5-25)
Overweight (25-30)

Obese (30>)

38,445 (8.6%)
18,005 (4.1%
313,285 (70.9%
45,853 (10.4%
30,593 (6.9%
51,877 (11.7%
30,981 (7.5%
138,947 (33.5%
125,981 (30.4%
118,985 (28.7%
64,825 (14.6%
122,251 (27.5%
125,196 (28.1%
132,739 (29.8%
12,367 (3.0%
43,640 (10.5%)
146,380 (35.1%)
215,147 (51.5%)
103,316 (25.1%)
102,502 (24.9%)
103,322 (25.1%)
102,697(24.9%)
288,523 (70.1%)
122,855 (29.9%)
)

)

)

)

)
)
)
)
)
)
)
)
)
)
)
)
)
)

5,410 (1.3%
190,365 (44.8%
164,653 (38.8%

64,431 (15.2%
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Variable

N (%)

Alcohol consumption

Smoking

Chronic disease

Self-rated health

Psychological distress

Never

Regular consumption
Excessive

Never smoked
Former smoker
Current smoker
None

At least one

Fair, bad

(Very) good, excellent
No or low risk

47,286 (11.4%
335,675 (80.9%
32,256 (7.8%
170,859 (40.6%
181,412 (43.2%
68,163 (16.2%
261,977 (59.9%
175,086 (40.1%

(

(

315,079 (71.6%
411,536 (95.1%

)
)
)
)
)
)
)
)
125,043 (28.4%)
)
)
)
)
)
)
)
)
)

High risk 21,362 (4.9%

Mode of survey completion Paper 221,433 (49.7%
Internet 223,657 (50.2%

Face-to-face 428 (0.1%

Telephone 230 (0.01%

Mean (sd

Loneliness 3.1(2.9

SES Construct: combination of education, household income quartile, and self-reported income
adequacy. Self-reported variables: education, income adequacy, physical activity, BMI, alcohol
consumption, smoking, loneliness, marital status, chronic disease, and self-rated health. Registry
data variables: age, gender, migration background, and household income quartile.

Socioeconomic Status, Lifestyle, and Loneliness

The results of models 1-4 indicate that people with lower SES had higher odds of
reporting the presence of at least one chronic disease, poor self-rated health, and a
high risk for psychological distress (Table 2 and Figure 1). The differences between the
SES groups were the largest for psychological distress, followed by self-rated health
and chronic disease. That is, individuals in the lowest SES quartile had 8.93- times
(95% Cl 8.16-9.77) higher odds of reporting psychological distress, 3.26-times higher
(3.17-3.35) odds of reporting poor health, and 1.75-times higher (1.72-1.79) odds of
having at least one chronic disease. The RRs and ORs remained statistically significant
for all SES quartiles in the complete model (model 4, adjusted for age, gender, migration
background, marital status, SES, lifestyle-related factors, and loneliness). For example,
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for the lowest SES quartile (Q1) the OR for high risk of psychological distress was 4.09
(3.72-4.51), for self-rated health the RR was 2.28 (2.21-2.34), and for chronic disease
the RR was 1.45 (1.42-1.48), (Table 2).

10

i
3
i i
a
2 .
® Psychological
[ | .
m ™ distress
[ |
1 A Self-rated health
m Chronic disease
0
model 1 model 2 model 3 model 4

Figure 1. Odds ratios of having (1) high risk for psychological distress, (2) poor self-rated health,
and (3) at least one chronic disease for individuals in the lowest SES group compared to the
highest SES group. ORs (95% ClI) (lowest SES group (Q1) vs. highest SES group (Q4)) in model 1
(demographic and SES factors), model 2 (demographic, SES factors, and loneliness), and model
3 (demographic, SES, lifestyle factors, and loneliness) for psychological distress (blue), self-rated
health (orange), and chronic disease (green).
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When chronic disease was the outcome, the RR for the lowest vs. highest SES group
decreased by 21% with the addition of loneliness and 40% when the model was adjusted
for lifestyle-related factors and loneliness (Table 2). Similarly, for self-rated health, the
RR for individuals in the lowest SES quartile was reduced by 27% with the addition of
loneliness. With both lifestyle-related factors and loneliness, the RR for the lowest (vs.
highest) SES group was reduced by 43%, from 2.73 to 2.28. For psychological distress,
loneliness accounted for a 51% reduction in the OR for the lowest vs. the highest SES
group. Together, loneliness and lifestyle resulted in a reduction of 61% (Table 2 and
Figure 1). As a robustness check, we ran our models with each of the SES variables
separately, which yielded similar results, see Tables S6-59.

Analyses in Age and Gender Strata

To assess whether sub-group analyses were warranted, interaction effects were
tested between SES and age, gender, migration status, and marital status for all three
outcomes. Interaction effects between SES and all four demographic factors were
significant when chronic disease or self-rated health were an outcome. For psychological
distress, interactions with age, gender, and migration status were observed. For gender
and migration status, the direction and magnitude of the SES gradient, as well as the
relative role of lifestyles and loneliness, remained similar compared to the general
population (Tables S10 and S11). Loneliness had a slightly larger role in explaining the
socioeconomic health gradient in single (24% for chronic disease and 31% for self-rated
health) and divorced respondents (24% and 29%), compared to married (21% and 27%)
and widowed respondents (22% for both outcomes) (Table S12). For the youngest age
group (19-40 years old), loneliness was relatively more important in explaining socio-
economic differences in self-rated health and psychological distress, compared to older
adults. When accounting for loneliness, the difference between the lowest and highest
SES group in self-rated health was reduced by 37% among young adults vs. 16% in the
80+ age category. For psychological distress, this difference was reduced by 55% and
27% for the youngest and oldest age group, respectively. See Table 3 for the results of
model 3 (loneliness) in the complete sample and the four age groups, and Table S13 for
the results of all age groups in all models.
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Discussion

The aims of this study were to (1) assess the relative contribution of loneliness to the
association between SES and chronic disease, self-rated health, and psychological
health and (2) explore whether the interplay between loneliness, socio-economic status,
and health is different across population subgroups divided by age, gender, migration
background, and marital status. We observed that loneliness can further explain the
socio-economic gradients in health, independent of lifestyle, demographics, and
migration background. In other words, our findings suggest that low-SES individuals
are more often lonely, which could partially explain why they report poorer health.
Importantly, in young adults the role of loneliness in socioeconomic health inequalities
was more pronounced compared to that observed in older people. To our knowledge,
our study is the first to quantify the relative contribution of loneliness to socio-economic
gradients across a range of important health outcomes.

In line with previous research, loneliness was found to be associated with poorer
physical [12,22] and mental health [12,23,25]. In addition to these known associations,
this study showed that loneliness can be seen as an additional pathway between SES
and health, independent of demographic and lifestyle factors. Building on an age-
normative perspective [20], this study found that loneliness accounted for relatively
larger socioeconomic health inequalities for younger people.

Our findings could inform public health policies about the independent contribution
of loneliness beyond the well-documented factors, in search of new modifiable social
determinants to tackle inequalities. Public health policies aiming to reduce the health
gradient could benefit from recognizing loneliness as a potential pathway from socio-
economic disadvantage to poor health. So far, EU public health policy has focused on
reducing the health gap by promoting healthy lifestyles in terms of nutrition, physical
activity, alcohol, tobacco, and drug consumption, without specifically mentioning
loneliness or other social factors [46]. In 2013, Mackenbach et al. assessed the
10 major contributors to health gains with the aim of evaluating European public
health policies, and loneliness was not considered among the major contributors
[47]. In the Netherlands, policies that have been introduced in the past decades to
reduce socioeconomic health inequalities were mostly focused on lifestyle, with an
emphasis on individual responsibility [48]. One of the most recent health policies, the
National Prevention Agreement, focuses on three major lifestyle factors—smoking,
overweight, and excessive alcohol consumption [49]. These policies are mainly focused
on individual change, as are most common interventions targeting loneliness, for
example, befriending interventions, educational programs, leisure or skills development
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programs, psychological therapy, and social facilitations. [50] However, loneliness
may also be targeted with more upstream policies by targeting other ‘causes of the
causes’ [1]. These policies would be implemented on a population level by addressing
unequal opportunities and social exclusionary processes related to proper employment,
education, public spaces, and housing and neighborhood conditions, as part of the third
and fourth levels of Dahlgren and Whitehead's determinants of health [10]. The UK
appears to be one of the few countries integrating loneliness into public health policy-
making for the general population, with a Minister for Loneliness appointed in January
2018, and its first cross-government loneliness strategy released in October of that
year.

Current national policies that do target loneliness focus mainly on elderly populations
[51]. One of the strengths of this study is that the large sample allowed us to explore
differences between subpopulations and revealed the relative importance of loneliness
in the context of health inequalities in the youngest age group. If elderly populations
might to some extent be more accepting of feelings of loneliness as part of their life
phase, in line with the age-normative perspective [20], younger-aged low-SES groups
may struggle more with loneliness in their overall well-being. This could imply that
public health policies targeting loneliness may benefit from expanding the target group
to include younger adults. The UK strategy is not focused on older age groups only
as, for example, it also aims to embed the remediation of loneliness into primary and
secondary school classes. By 2023, all general practitioners in the UK will refer lonely
or socially isolated patients to ‘community activities and voluntary services’ [52]. While
the effects of these policies remain to be seen, evidence points at potential benefits
of integrating social factors into public health agendas to offer opportunities to level
socioeconomic inequalities in diverse population groups.

Although this study accounted for loneliness to help further explain socio-economic
inequalities beyond demographic and lifestyle factors, part of the health gap still remains.
The risk ratios between the lowest and highest SES groups remained 1.45 for chronic
disease, 2.28 for self-rated health, and 4.09 for psychological distress. Other individual
(e.g., genetic) and environmental factors (e.g., housing or neighborhood environment)
[53] could explain socioeconomic health differences further. Future research should
explore the role of loneliness in the context of these other individual and environmental
factors on the pathway from socioeconomic disadvantage to poor health.

Our findings should be interpreted in view of a few limitations. First, the cross-

sectional design hinders the drawing of any causal inferences. Future research with
a longitudinal design is warranted to explore the causal relationships and direction of
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the relationships between loneliness, SES, and health. Second, the Health Survey might
suffer from selection bias, as the most socially disadvantaged individuals tend not to
participate in survey research [54]. Despite deliberate oversampling of disadvantageous
groups by the Health Survey, only 12.8% of the respondents belonged to the lowest
income quartile. Similarly, only 12.1% of the respondents had a migration background,
as opposed to the national average of 22.1% in 2016 [55], possibly because the Health
Survey is administered in Dutch only. Though the analyses used weighted data to
balance out underrepresented groups, the associations of loneliness and SES health
inequalities reported in this study are likely to represent a conservative estimate. Third,
although health was operationalized in three ways that captured various dimensions
of the concept, each operationalization used only a single indicator as a dependent
variable in our models. Future research should explore multiple indicators for each
operationalization of health, as well as different ways of operationalizing health. For
example, the presence of at least one chronic disease as an outcome does not distinguish
the type of the disease. Different types of chronic diseases may be associated differently
with SES, lifestyle-related factors, and loneliness. For example, diabetes, respiratory,
and cardiac diseases may be more related to SES and lifestyle-related factors, whereas
mental diseases may be more strongly related to SES and loneliness. In this study,
socioeconomic health inequalities were more pronounced in psychological and self-
rated health compared to the presence of chronic disease(s), which may be attributed
to the fact that self-rated health and psychological health are a more sensitive proxy
to well-being than the presence of at least one chronic condition. These differences
remain to be explored in future research.

Conclusions

In conclusion, our findings revealed that loneliness is independently associated with
socioeconomic inequalities on top of demographic and lifestyle-related factors.
While current public health policies tend to focus predominantly on lifestyle and
address loneliness specifically in elderly populations, our results suggest that public
health policies may benefit from more integrated approaches. In addition to lifestyle
interventions, tackling loneliness, especially for youth, has the potential to reduce
socioeconomic health inequalities.
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Appendix 1

Table S1. Categories, operationalization, and sources of dependent and independent variables

Western migration background

Statistics Netherlands

Variable Category Coded Source
Age 19-40 0 Statistics Netherlands
41-64 1 Statistics Netherlands
65-80 2 Statistics Netherlands
81+ 3 Statistics Netherlands
Sex male 0 Statistics Netherlands
female 1 Statistics Netherlands
Migration status Dutch born 0 Statistics Netherlands
1
2

Marital status

Education

Household
income
quartile

Self-reported

income adequacy

Physical activity

Body Mass Index
(BMI)

Non-western migration
background

married or living together
single

divorced

widowed

Primary school

Lower vocational

Middle vocational/ secondary
Higher vocational/ university
0-25%

26-50%

51-75%

76-100%

Inadequate, major concerns
Inadequate, some concerns
Adequate, minor concerns
Adequate, no concerns
Insufficient

Sufficient

Underweight (<18,5)
Normal (18,5-25)
Overweight (25-30)

Obese (30>)

W NOFP OFP OFRPDNWOEFRPRNMNWOELDNOWWNMNERLRDO

Statistics Netherlands

Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey

Statistics Netherlands
Statistics Netherlands

Statistics Netherlands
Statistics Netherlands
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
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Variable Category Coded Source
Alcohol Never 0 Health survey
consumption Regular consumption 1 Health survey
Excessive 2 Health survey
Smoking Never smoked 0 Health survey
Former smoker 1 Health survey
Current smoker 2 Health survey
Loneliness Score 0-11 n/a Health survey
Chronic disease None 0 Health survey
At least one 1 Health survey
Self-rated health (very) good, excellent 0 Health survey
fair, bad 1 Health survey
Psychological No or low risk (score 10-29) 0 Health survey
distress High risk (score 30-50) 1 Health survey
Mode of survey Paper 0 Health survey
completion Internet 1 Health survey
Face-to-face interview 2 Health survey
Telephone interview 3 Health survey

Table S2. Goodness-of-fit tests per health outcome and model.

Health Goodness- Model 1 Model 2 Model 3 Model 4
outcome of-fit test
) o) ) o
2 = =) =)
g g g g
w a L a a L a
Chronic Deviance 280641 1.00 243286.9 1.00 271587.1 1.00 231737.3 1.00
disease
Pearson  242381.1 1.00 210064.2 1.00 237570.5 1.00 206915.2 1.00
Self-rated Deviance 256432.6 1.00 215575 1.00 239907.2 1.00 199533.8 1.00
health
Pearson  289834.5 1.00 252750.8 1.00 280249 1.00 2422599 1.00
Psycho- Pearson  0.58 0.82 0.36 0.95 10.42 0.00* 7.80 0.00*
logical
distress

*goodness of fit statistics have been shown to be conservative in complex models in large sample

sizes so these test statistics should be interpreted with caution.

45



Chapter 2

Table S3. Variance Inflation Factors (VIF) per independent variable.

Variable Category VIF 1/VIF
Age 41-64 2.94 0.34
65-80 3.78 0.26
81+ 1.64 0.61
Sex n/a 2.06 0.49
Migration status Western migration background 1.10 0.91
Non-western migration background 1.13 0.89
Marital status Single 1.32 0.76
Divorced 1.15 0.87
Widowed 1.39 0.72
SES Construct Q1, lowest SES 2.10 0.48
Q2 1.92 0.52
Q3 1.88 0.53
Physical activity Insufficient 1.46 0.68
Body Mass Index (BMI) Underweight (<18,5) 1.03 0.97
Overweight (25-30) 1.92 0.52
Obese (30>) 1.40 0.71
Alcohol Regular consumption 6.11 0.16
consumption Excessive 1.59 0.63
Smoking Former smoker 2.32 0.43
Current smoker 1.49 0.67
Loneliness n/a 2.05 0.49
Mode of survey Internet 2.29 0.44
completion Face-to-face interview 1.02 0.98
Telephone interview 1.01 0.99

46



Is Loneliness an Undervalued Pathway between Socio-Economic Disadvantage and Health?

Table S4. Percentages of adverse health outcomes by SES quartile.

Category Variables SESQ1, SESQ2 SESQ3 SESQ4, p-value
lowest highest

Outcome Chronic disease Atleastone 40% 36% 32% 30% <0.01
variables  goi rated health Bad, fair 34% 26% 21% 18% <0.01

Psychological High risk 7% 7% 6% 6% <0.01
distress
Lifestyle- Physical activity Insufficient  35% 32% 34% 35% <0.01
;e'ited Body Mass Overweight 38%  36%  35%  33% <001
actors Index (BMI) (BMI:25-30)
Obese 18% 15% 13% 11%
(BMI>30)
Alcohol Excessive 7% 8% 7% 7% <0.01
consumption
Smoking Former 38% 35% 32% 30% <0.01
smoker
Current 20% 22% 21% 20%
smoker
Loneliness Lonely Some, 48% 44% 41% 40% <0.01
severe, very
severe

SES Construct: combination of education, household income quartile and self-reported income
adequacy. Based on weighted, multiple-imputed data.

Table S5. Percentages of unhealthy lifestyle behaviors and loneliness by health outcome.

Chronic Self-rated Psychological p-value
disease health health
Category Variables none At (very) fair, Noor High
least good (very) low risk
one bad risk
Lifestyle- Physical Insufficient 33% 37% 31% 44% 33% 50% <0.01

related activity

factors Body Mass  Overweight 34% 40% 34% 37% 35% 32% <0.01
Index (BMI)  (BMI:25-30)

Obese 10% 21% 10% 25% 13% 22%
(BMI>30)

Alcohol Excessive 7% 7% 7% 7% 7% 8%  <0.01

consumption

Smoking Former 30% 40% 32% 37% 34% 26% <0.01
smoker
Current 21% 21% 20% 25% 20% @ 36%
smoker

Loneliness Lonely Some, 37% 53% 36% 65% 40% 87% <0.01

severe, very
severe

Based on weighted, multiple-imputed data.
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Does loneliness have a cost?

A population-wide study of the
association between loneliness
and healthcare expenditure
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Chapter 3

Abstract

Objectives
Loneliness has been associated with unhealthy behavior, poorer health, and increased
morbidity. However, the costs of loneliness are poorly understood.

Methods

Multiple sources were combined into a dataset containing a nationally representative
sample (n = 341,376) of Dutch adults (18+). The association between loneliness and
total, general practitioner (GP), specialized, pharmaceutical, and mental healthcare
expenditure was tested using Poisson and Zero-inflated negative binomial models,
controlling for numerous potential confounders (i.e., demographic, socioeconomic,
lifestyle-related factors, self-perceived health, and psychological distress), for four age
groups.

Results

Controlling for demographic, socioeconomic, and lifestyle-related factors, loneliness
was indirectly (via poorer health) associated with higher expenditure in all categories.
In fully adjusted models, it showed a direct association with higher expenditure for
GP and mental healthcare (0.5 and 11.1%, respectively). The association with mental
healthcare expenditure was stronger in younger than in older adults (for ages 19-40,
the contribution of loneliness represented 61.8% of the overall association).

Conclusion

Loneliness contributes to health expenditure both directly and indirectly, particularly
in younger age groups. This implies a strong financial imperative to address this issue.
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Introduction

In recent years, loneliness has become a growing public health issue. Approximately
10% of European citizens (18+) feel left out of society and the problem is greater for
unemployed and low-income groups [1]. While most modern Western societies perceive
loneliness as a problem of old age [2], it is a growing problem in younger age groups
[2, 3]. Extensive research has related poor health to loneliness [4], and conversely,
loneliness to unhealthy behaviors [3, 5], worse physical [6-10] and mental health [3,
10], and increased morbidity and mortality [10]. In addition to the social effects of
loneliness, it can thus also have a considerable impact on the ever-increasing healthcare
costs of most Western countries [11]. While it is imperative for well-informed policy
decisions, such economic consequences of loneliness remain poorly understood.

Despite the growing awareness of loneliness as a health issue [1] and the increasing
pressure on healthcare resources, research on the healthcare costs that could be
attributed to loneliness is scarce. A recent review by Mihalopoulos et al (2019) identified
12 relevant studies conducted in the last 10 years [12]. Four of these studies were cost
of illness studies, which assessed various combinations of inpatient, outpatient, medical,
non-medical (residential care, social services, administrative costs), or indirect costs
(informal care) associated with loneliness in older adults [13-16]. While most of these
found that loneliness was associated with excess healthcare costs, one reported that
it is associated with lower inpatient healthcare expenditure, suggesting that loneliness
might act as a barrier to accessing healthcare [16]. Four economic evaluation studies
reported that interventions addressing loneliness may provide good value for money
[12]. Another five return on investment studies of loneliness interventions studied
various non-monetary values, making results difficult to compare and validate [12].
While some evidence thus suggests that lonely older people do have higher health care
costs, little is known about other population groups [12]. Furthermore, most studies
focused on a limited amount of expenditure categories (e.g. only inpatient hospital
care), control for a limited amount of confounding variables, and utilize relatively small
samples [12].

The present study addresses the question “what is the relation between loneliness and
healthcare expenditure?” using a large, nationally representative, sample of the general
adult (18+) population. We strive to understand the association with health expenditures
in the context of a broad range of potential confounding variables that are known to
have an association with healthcare expenditure. As the impact of loneliness might
differ between age groups and expenditure categories, we investigate the association
between loneliness and general practitioner (GP), pharmaceutical, mental healthcare,
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specialized, and total curative healthcare expenditure in four different age groups (i.e.
19-40,41-64, 65-80, and 81 years and older). Given the relation between loneliness and
worse physical [6-10] and mental health [3, 10], we expect that loneliness is indirectly
(i.e. through poorer health) associated with higher expenditure in all expenditure
categories (hypothesis 1). Furthermore, we expect loneliness to be directly associated
with higher a) mental healthcare and b) pharmaceutical expenditure (hypothesis 2a-
b) because individuals could perceive loneliness as a mental health condition in itself,
which can be treated by a mental healthcare provider or using pharmaceuticals.
Additionally, lonely individuals may visit easily accessible and free-of-charge GP’s more
often in search of social interactions [17]. Therefore, we expect loneliness to be directly
associated with higher GP expenditure (hypothesis 3). Lonely individuals of older age
may lack support networks and thus seek relief for their loneliness through increased
contacts with their GP’s, as opposed to their younger counterparts. Therefore, we expect
differences in the associations between loneliness and GP expenditures between age
groups (hypothesis 3a). For other costs categories, no a priori hypothesis was made for
directions of differences by age as prior research is scarce. Explorative analyses will be
undertaken. Lastly, we expect that the net effect of the previous hypotheses will result
in a direct and an indirect increase of total healthcare expenditure (hypothesis 4). The
hypothesized relationships in this study are visualized in Figure 1. The results of our
work should provide insight to public health policy-makers who seek to understand
the impact of loneliness on healthcare expenditure and economic aspects of programs
targeting at alleviating loneliness.
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Hypothesis 1: loneliness is indirectly related to higher expenditure through poorer physical and mental health (blue arrows)

Hypothesis 2a and b: loneliness is directly related to higher pharmaceutical and mental healthcare expenditure (orange arrows)

Hypothesis 3: loneliness is directly related to higher GP expenditure (yellow arrow)

Hypothesis 4: net effect of the previous hypotheses will result in a direct and an indirect increase of total healthcare expenditure (green arrows)

* Confounding factors considered in this study are age, gender, migration background, marital status, education, income level, and income

inadequacy.

Figure 1. Hypothesized relationships between loneliness and healthcare expenditures.
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Methods

Setting

We use a time-lagged design to study associations between loneliness and healthcare
expenditure in the Netherlands in 2016 and 2017. Roughly, 31 billion euros were spent
on curative care through compulsory health insurance schemes in the country in 2016
[18]. This amounts to approximately €1800 per capita, or 4.3% of the Dutch GDP,
ranking the Netherlands 13 of the 32 OECD countries on curative health expenditure
[18]. Dutch citizens are insured for general practitioner (GP) services, specialized care,
pharmaceuticals, and mental healthcare amongst others through compulsory basic
health insurance [19].

Data sources and linkage

Our dataset combines individual-level data from two sources covering the year 2016
and one source covering 2017. Firstly, we used the Health Survey of the Public Health
Service 2016. It is a nationwide survey completed every four years by adults aged 19
years and older (n=457,150). It covers various subjects including socioeconomic status
(SES), social contacts, lifestyle, and general (physical and mental) health [20]. It is
completed by either paper and pencil, internet, telephone or face-to-face interviews.
Secondly, we used data provided by Statistics Netherlands for 2016. These data included
two administrative databases: the Personal Records Database (PRB) and the Dutch Tax
and Customs Administration data. The PRB is managed by municipalities and provided
information about citizen’s age, gender, and migration background. The Dutch Tax and
Customs Administration data provided income records for each citizen, for both the
personal and household level. Thirdly, we used the 2017 Dutch healthcare claims dataset
provided by Vektis, the healthcareinformation center. Itisanational dataset of reimbursed
individuals’ claims covered by the basic insurance package in a given year. These data
have previously been used to explore associations of neighborhood disadvantage with
healthcare expenditure [21]. All datasets were linked via pseudonymized personal social
security codes in the secured environment of Statistics Netherlands. After data linkage,
our sample included 341,376 respondents.

Measures

Dependent variables

We used five dependent variables. These are 1) GP, 2) mental healthcare, 3)
pharmaceutical, 4) specialized healthcare, and 5) total healthcare expenditure for the
year 2017. Total healthcare expenditure is the sum of all expenditure individuals incurred
under the basic health insurance plan. This includes expenditure for primary care, mental
health care, pharmaceutical care, and hospital care (these four accounted for 88% of
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total expenditure in 2017), as well as several smaller expenditure categories such as
dental-, paramedic-, obstetric-, geriatric-, cross-border care, and ambulance costs [19].
In the Netherlands, GP expenditure consists of an annual enrolment fee per individual
and a fee-for-service component. We use the fee-for-service component as our GP
expenditure variable (i.e. expenditure associated with GP consultations). Specialized
care expenditure include expenditure for specialized in-patient and outpatient clinics
including in-hospital medication and excluding mental health hospitals. Pharmaceutical
expenditure includes all prescription pharmaceuticals provided outside the hospital.
Mental healthcare expenditure includes expenditure for basic and specialized (long and
short-term) mental health services care in ambulatory or hospital settings.

Independent variable

The main factor of interest in this study is loneliness, a self-reported measure based
on the 11-item de Jong Gierveld scale [22], taken from the Health Survey. Work by
van Tilburg & de Jong Gierveld [23] based cutoff scores on individual’s self-assessed
level on loneliness in order to keep cutoff scores more in line with individuals own
perception rather than arbitrary cutoff scores. Loneliness is subsequently categorized
as follows: “not lonely” (scores between O and 2, reference group), “somewhat lonely”
(scores between 3 and 8), “severe loneliness” (scores of 9 or 10), and “very severe
loneliness” (score of 11).

Potential confounders

Potential confounders included demographic, SES, lifestyle-related factors and general
health measures. The demographic factors were age (19-40 as the reference group, 41-
64, 65-80, and 81 years and older), gender (binary variable with male as the reference
group), migration background (Dutch-born as the reference group, western migration
background, and non-western migration background), and marital status (self-reported
as “living together or married” as the reference group, “single”, “widowed”, or “divorced”).
The three former variables were taken from the BRP, while the latter was taken from the
Health Survey. The SES-variables were individuals’ highest level of completed education
(higher vocational education or university degree as the reference group, secondary or
middle vocational education, lower vocational education, and primary education), self-
reported income adequacy (“adequate, no concerns” as the reference group, “adequate,
minor concerns”, “inadequate, some concerns”, and “inadequate, major concerns”), and
standardized household income based on the number of members in the household
(divided it into quartiles based on the entire Dutch population, with highest quartile as
reference group). The two former measures were taken from the Health Survey and the

latter from the Dutch Tax Authority.
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The lifestyle-related factors include Body Mass Index (BMI), alcohol consumption,
smoking behavior, and physical activity level. These were all taken from the Health
Survey and are self-reported measures. BMI was categorized in “normal” (between 18.5
and 25, reference group), “underweight” (less than 18.5), “overweight” (between 25
and 30), and “obese” (over 30) [24]. Alcohol consumption consists of three mutually
exclusive categories; “never consuming alcohol” (reference group), “regular alcohol
consumption”, or “excessive alcohol consumption” (more than 21 alcoholic beverages
a week for men and more than 14 for women). The norms for alcohol consumption are
based on the guidelines by the Dutch Health Council. Smoking habits were categorized
as “never smoked before” (reference group), “former smoker”, and “current smoker”.
Physical activity was dichotomized as being sufficient (at least 30 minutes of reasonably
intensive activity [like walking] per day for at least five days a week, or a minimum of 20
minutes intense activity [like running] per day for at least three days a week, reference
group) or insufficient based on the Dutch Health Council’s guidelines for sufficient
physical activity [25].

General health indicators were also self-reported measures from the Health Survey:
self-reported health, chronic disease, and psychological distress. Self-rated health was
based on the following question; “In general, would you say your health is ...”. Answer
categories include “excellent”, “very good”, “good”, “fair” and “poor”. The measure was
dichotomized as either “excellent, [very] good” health (reference group) or “fair or poor”
health [26]. Having at least one chronic disease was based on the question “Do you
have one or more long-term diseases (expected duration 6 months or longer)”. Answers
were either no (i.e. no chronic disease) (reference group) or yes (i.e. at least one chronic
disease). Psychological distress was measured with the Kessler psychological distress
scale (K10) [27]. The scores for these 10 questions were categorized as “none or low”
(scores between 10 and 15, reference group), “moderate” (scores between 16 and 29),
or “high” (scores between 30 and 50) psychological distress.

Lastly, as mode of completing the survey (internet, paper and pencil, telephone or face-
to-face interviews) can impact the answers [28], it was adjusted for in each model.

Statistical Analyses

The survey sample was weighted to represent the overall Dutch population, based on
age, gender, ethnicity and urbanization levels. The regression analyses accounted for
survey design.

Healthcare expenditure data are often skewed and/or contain excessive zeros, requiring
specific analytical approaches [29]. Vuong and Zero-Inflated Poisson likelihood-ratio
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tests guided the choice of final model [30]. We consequently performed our analyses
using Poisson (for total expenditure) and zero-inflated negative binomial (ZINB)
regressions (for GP, specialized, pharmaceutical, and mental healthcare expenditure).
In ZINB regressions, the output is two-fold. The first part provides the Incidence Rate
Ratio (IRR) for non-zero expenditure, assuming a Poisson distribution. Second, the
inflated part of the output represents the odds of incurring zero expenditure (vs any
expenditure). For this study, the IRR represents the expected expenditure incurred for
a lonely person (somewhat, severe or very severely lonely), divided by the expected
expenditure incurred for a non-lonely person, accounting for covariates.

For each expenditure category, six models were computed by adding new covariates at
each step. That is, expenditure were first modelled with loneliness as the only predictorin
model 1. Next, demographic variables were added in model 2, SES variables were added
in model 3, lifestyle variables were added in model 4, self-perceived health variables
(self-rated health and chronic disease) were added in model 5, and the psychological
distress variable was added in model 6, which represents the fully adjusted model. The
mode of completing the survey was included in all models 1 through 6. To determine
the need for subgroup analyses, we tested for interaction effects between loneliness
and age in the different expenditure categories. Lastly, to estimate expenditure of
loneliness, marginal expenditure estimates were obtained from the models with all
covariates held constant at their average value. These were than extrapolated to the
entire Dutch population for the year 2017. The significance level was set at alpha=5%.
All analyses were performed in Stata 15 [31].

Results

Descriptive statistics

Table 1 reports the descriptive statistics. The mean (SD) age was 59.3 (16.9) years and
52.7% of the sample was female. The prevalence of loneliness was 41.8%, with 33.5%
of the respondents experiencing some loneliness, 5.4% severe, and 2.9% very severe
loneliness. Chronic diseases were reported at least once for 39.3% of the sample, and
26.1% reported their health as (very) bad or fair. Over half of the population reported
none or low psychological distress (60.7%), 34.8% reported moderate, and 4.5% high
psychological distress. Loneliness was prevalent in all age groups, however more
common in older age groups. The prevalence of loneliness was 34.8% in 19-40 year-
olds, 39.7% in 41-64 year-olds, 43.7% in 65-80 year-olds and 57.4% for respondents of
81 years and older, see Table 2.
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Table 1. Sample characteristics (n = 341,376)

Sample Characteristics N (%)
Age’ 19-40 55,817 (16.4%
41-64 118,814 (34.8%
65-80 143,231 (42.0%
81+ 23,514 (6.9%
Genders Male 161,576 (47.3%
Female 179,800 (52.7%
Migration background® Dutch-born 300,426 (88.0%
Western migration background 28,697 (8.4%
Non-Western migration background 12,253 (3.6%
Marital Married/co-habitant 248,688 (72.8%
status® Single 36,338 (10.6%
Widowed 23,533 (6.9%
Divorced 32,817 (9.6%
Migration background? Dutch-born 300,426 (88.0%
Western migration background 28,697 (8.4%
Non-Western migration background 12,253 (3.6%

Marital
status®

Education*

Household
income
quartile’

Self-reported

income adequacy*

Physical
activity*

Married/co-habitant

Single

Widowed

Divorced

Primary school

Lower vocational

Middle vocational/ secondary
Higher vocational/ university
0-25%

26-50%

51-75%

76-100%

Inadequate, major concerns
Inadequate, some concerns
Adequate, minor concerns
Adequate, no concerns
Insufficient

Sufficient

36,338 (10.6%
23,533 (6.9%
32,817 (9.6%
19,897 (5.8%

106,023 (31.1%
107,937 (31.6%
107,519 (31.5%
43,471 (12.7%
86,582 (25.4%
99,759 (29.2%
111,564 (32.7%
9,690 (2.8%
34,973 (10.2%
117,764 (34.5%
178,949 (52.4%
96,417 (28.2%

(

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
248,688 (72.8%)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
244,959 (71.8%)

table continues
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Sample Characteristics

N (%)

BMI*

Alcohol
consumption*

Smoking*

Chronic
disease*
Self-rated
health*
Psychological
distress*

Loneliness*

Completing
survey

Underweight (<18,5)
Normal (18,5-25)
Overweight (25-30)
Obese (30>)

Never

Regular consumption
Excessive

Never smoked
Former smoker
Current smoker
None

At least one
Excellent, (very) good
Fair, poor

None or low
Moderate

High

Not lonely
Somewhat lonely
Severely lonely

Very severely lonely
Paper and pencil

Internet
Face-to-face
Telephone

4,260 (1.2%)
155,082 (45.4%)
131,625 (38.6%)

50,409 (14.8%)
33,799 (9.9%)
280,475 (82.2%)
27,102 (7.9%)
138,456 (40.6%)
147,920 (43.3%)
55,000 (16.1%)
207,262 (60.7%)
134,114 (39.3%)
252,118 (73.8%)
89,258 (26.2%)
207,079 (60.6%)
1198,853 (34.8%)
15,444 (4.6%)
198,705 (58.2%)
114,428 (33.5%)
18,393 (5.4%)
9,850 (2.9%)
149,630 (43.8%)

191,249 (56.0%)
337 (0.1%)
160 (0.05%)

BMI: body mass index, GP: general practitioner. §Registry data variables *Self-reported variables
extracted from Health Survey.

Table 2. Prevalence loneliness across age groups N (%)

19-40 41-64 65-80 81+
Not lonely 36,383 (65.2%) 71,665 (60.3%) 80,639 (56.3%) 10,018 (42.6%)
Somewhat 15,123 (27.1%) 36,985 (31.1%) 51,611 (36.0%) 10,709 (45.5%)
lonely

Severely lonely

Very severely
lonely

2,870 (5.1%)
1,441 (2.6%)

6,365 (5.4%)
3,799 (3.2%)

7,228 (5.0%)
3,753 (2.6%)

1,930 (8.2%)
857 (3.6%)

64



A population-wide study of the association between loneliness and healthcare expenditure

Associations between loneliness and expenditure categories

Table 3 reports the associations of loneliness with different categories of healthcare
expenditure. In models 1-4, loneliness is associated with higher expenditures, albeit
with smaller (and in specialized care some non-significant) IRRs in models 4, partially
confirming hypothesis 4. After controlling for all potential confounders (model 6, Table
3), loneliness was still directly associated with increased mental healthcare expenditure,
confirming hypothesis 2a. That is, the IRR for loneliness categories ranged between 1.17
[1.04; 1.33] and 1.31 [1.08; 1.58], indicating higher expenditure in mental healthcare
for lonely people compared to non-lonely people. Model 6 also indicates a small
direct increase of GP expenditure for individuals reporting higher levels of loneliness
(1.08 [1.04; 1.13]), in line with hypothesis 3. However, the association of very severe
loneliness with pharmaceutical expenditure was no longer statistically significant (1.00
[0.85; 1.18]) in model 6, rejecting hypothesis 2b. The association between very severe
loneliness and specialized care expenditure was negative in model 6 (i.e. IRR of 0.88
[0.80-0.97]).

Marginal expenditure of loneliness

Table 4 reports the point estimate of marginal spending of loneliness (in million €) for
the different healthcare categories in 2016, with the corresponding 95% confidence
interval, and the percentage of overall annual spending in each category. In the fully
adjusted model (model 6), loneliness was associated with higher expenditure for
mental and GP care (confirming hypothesis 2a and 3) but not for other expenditure
categories. For GP expenditure, loneliness was associated with 5.8 million euros [4.5;
7.1], or 0.8% of the total annual GP spending (Table 4). For mental healthcare, loneliness
was associated with 340.2 million euros [314.7; 365.8], or 10.3% of the annual mental
healthcare spending. For total healthcare and specialized care expenditure, loneliness
was associated with 1.0% (435.4 million euros [-494.8; -376.1]), and 2.0% (449.8 million
[-474.3;-425.2]) fewer spending, rejecting hypothesis 4.
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Subgroup analyses

The interaction effects between age and loneliness were significant for total, pharma-
ceutical and mental healthcare, indicating a different association between loneliness
and expenditure across age groups for these categories. Figure 2 (Appendix) visualizes
the spending patterns incurred per expenditure category for non-lonely, somewhat
lonely, severely lonely, and very severely lonely individuals in the entire sample as well
as in each age group (i.e. 19-40, 41-64, 65-80 and 81+). The corresponding IRR’s and
Cl's of loneliness are reported in the Appendix, Table A2. Figure 2 and Table A1 show
that in the fully adjusted model (model 6) expenditure for adults over 40 (total and
pharmaceutical) tend to be lower with increasing loneliness. Furthermore, age and
loneliness do not have a significant interaction effect for GP expenditure, rejecting
hypothesis 3a. Conversely, for the youngest age group (19-40), total expenditure is
higher for severely lonely respondents compared to those who do not report loneliness.
For mental healthcare, expenditure were even higher with very severe loneliness (IRR
of 1.83 [1.34; 2.50]). In percentages, 6.3% of mental healthcare expenditure can be
attributed to loneliness for age group 19-40, 3.1% in 41-64 year-olds, 0.7% in 65-
80 year-olds, and 0,1% fewer healthcare spending in 81+ year-olds, in fully adjusted
models. This represents 61.8%, 30.0%, 6.9%, and 1.3% of the overall contribution of
loneliness and increased mental healthcare expenditure, per age group respectively.

Discussion

This study assessed the impact of loneliness on different types of healthcare expenditure,
controlling for a range of individual demographic factors, socio-economic, lifestyle, and
health indicators. The study is based on a linked, large dataset resulting in a nationally
representative sample of the Dutch adult population (n = 341,376). Firstly, our results
reveal that loneliness is associated with higher indirect spending in all expenditure
categories (i.e. models 1 - 4), in line with hypothesis 1. However, as the model was further
adjusted for self-perceived health and psychological distress, the positive association
between loneliness and expenditure reversed. The pattern of higher spending for lonely
individuals namely only holds for mental healthcare and GP expenditure, confirming
hypothesis 2a and 3. Contrarily, the association is non-significant for pharmaceutical
and total expenditure (hypotheses 2b and 4) and is even reversed (i.e. lonely individuals
incur fewer expenditure) for specialized healthcare expenditure.

The reduction (and in some cases reversing) of the association between loneliness and

expenditure across the models suggests that the relationship between loneliness and
expenditure might be mediated by self-perceived health and psychological distress.
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While this finding is in line with an extensive body of research that relates loneliness
to worse physical [6-10] and mental health [3, 10], it complicates determining the
total amount of (healthcare related) expenditure associated with loneliness, and
hence rejecting or confirming hypothesis 4. As our results indicate, loneliness may
be associated with an indirect increase of 3,5 billion Euro (8.1%) of total healthcare
expenditure in the simplest estimation, or a direct decrease of 435.4 million Euro
(1.0%) of total healthcare expenditure in the fully adjusted model. Lower expenditure
associated with more loneliness are particularly apparent in specialized care. This could
be explained by avoidance of care by lonely people compared to non-lonely people
[16]. Since specialized care represents a large part of total healthcare expenditure, the
net results of all hypotheses result in lower total healthcare expenditure (hypothesis 4).
Furtherresearch, preferably with longitudinal designs, is required to clarify the underlying
causal or complex mechanisms of loneliness and increased or decreased expenditure in
all categories as well as between potential confounders. Longitudinal study designs could
provide insight into effects of chronic loneliness over time on health care consumption.
Furthermore, longitudinal designs could unravel underlying reverse causal mechanisms
between poor health and loneliness. We hypothesized that loneliness leads to poorer
mental and physical health. Alternatively however, poorer health may also lead to
increased loneliness [4]. In particular, reversed causality between poor mental health
and increased loneliness may arise due to decreasing social support and resources of
mentally ill individuals [4]. In contrast, further research might find poorer physical health
(i.e. accidents or severe illnesses) associated with less loneliness if treatments and social
support are intensified. These potentially alternative pathways cannot be disentangled
in a cross-sectional study, warranting further longitudinal research.

Nevertheless, our results do show a robust association between loneliness and
higher mental healthcare expenditure. Even in the fully adjusted model, loneliness is
associated with 10% (i.e. 340 million Euro) additional mental healthcare expenditure
annually (hypothesis 2a). This implies that (new) policies or societal programs targeted
at combatting loneliness may have the potential to significantly reduce healthcare
expenditure, particularly in mental healthcare. As shown in models 1-6, loneliness
may affect healthcare expenditure through different pathways (i.e. via worsened self-
perceived health and psychological distress). Both economic and health aspects of
loneliness should be considered in the development of new public health policies and
societal programs in practice. Policies and programs combatting loneliness may even
become more relevant in times of pandemic outbreaks and social restrictions as seen in
the recent COVID-19 outbreak.

Secondly, our study is the first to reveal distinct associations of loneliness and healthcare
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expenditure across various age groups. While most policies and research associates
loneliness with older age [2] and we expected healthcare expenditure to be higher
for older age groups, our findings clearly indicate that severe loneliness is associated
with relatively higher expenditure in younger adults (i.e. in aged 19 to 40) compared to
older age groups, particularly for mental healthcare. This is consistent with researchers
reporting that younger generations perceive higher levels of stress in today’s more
individualistic, high-performance society [32]. Programs to address loneliness should
target beyond older aged populations, and potential savings in (mental) healthcare
expenditure should be considered in economic evaluations of programs.

Limitations

This study is not without limitations. First, some subgroups of the general population
are under-represented in the Health Survey dataset. Examples include people of lower
SES, with poorer health [33], or institutionalized citizens. However, survey design has
taken this into account by oversampling low SES groups and the data were weighted
for underrepresentation to mitigate these effects. Nevertheless, the associations for
mental healthcare may still be underestimated as institutionalized citizens were not
included. Second, this study produced cost estimates for the hypothesized relationships
in the conceptual model. In view of the alternative mechanisms mentioned above,
these estimates should only be interpreted very cautiously as an estimate of the
healthcare related cost of loneliness. Simultaneously, we hope, the estimates indicate
that loneliness not only comes with socioemotional costs, but also with financial costs.
Third, more research is needed to further validate the cutoff points suggested by van
Tilburg & de Jong Gierveld [23].

Conclusion

Loneliness is associated with higher healthcare expenditure in all types of curative
healthcare services independent of demographic-, socioeconomic- and lifestyle
factors. For mental healthcare and GP spending, loneliness was associated with higher
expenditure independent of demographic-, socioeconomic-, lifestyle factors, self-
perceived health, and psychological distress. In the other categories, the association
of loneliness and increased expenditure may be indirect (i.e. mediated in particular by
self-perceived health and psychological distress). Furthermore, contrary to common
perceptions of loneliness as an old-age problem, our results show that it plays a larger
role in explaining healthcare expenditure in younger adults than it does in older adults.
Societal programs targeting at loneliness thus have the potential to generate significant
savingsin healthcare expenditure, especially in mental healthcare and foryounger people.

71



Chapter 3

References

10.

11.

12.

13.

14.

72

Eurofound. European Quality of Life Survey 2016: Quality of life, quality of public services,
and quality of society. Luxembourg: Publications Office of the European Union; 2017.
Victor CR, Yang K. The prevalence of loneliness among adults: a case study of the United
Kingdom. J Psychol. 2012;146(1-2):85-104.

Beutel ME, Klein EM, Brahler E, Reiner |, Jinger C, Michal M, Wiltink J, Wild PS, Miinzel T,
Lackner KJ. Loneliness in the general population: prevalence, determinants and relations
to mental health. BMC Psychiatry. 2017;17(1):97 https://doi.org/10.1186/s12888-017-
1262-x.

Burholt V, Scharf T. Poor health and loneliness in later life: the role of depressive symptoms,
social resources, and rural environments. J Gerontol: Series B. 2013;69(2):311-24 10.1093/
geronb/gbt121.

Lauder W, Mummery K, Jones M, Caperchione C. A comparison of health behaviours in
lonely and non-lonely populations. Psychol Health Med. 2006;11(2):233-45 https:/doi.
org/10.1080/13548500500266607.

Macdonald S, Nixon J, Deacon L. ‘Loneliness in the city’: examining socio-economics,
loneliness and poor health in the North East of England. Public Health. 2018;165:88-94.
Hawkley LC, Burleson MH, Berntson GG, Cacioppo JT. Loneliness in everyday life:
cardiovascular activity, psychosocial context, and health behaviors. J Pers Soc Psychol.
2003;85(1):105 https:/doi.org/10.1037/0022-3514.85.1.105.

Cacioppo JT, Hawkley LC, Crawford LE, Ernst JM, Burleson MH, Kowalewski RB, Malarkey
WAB, Van Cauter E, Berntson GG. Loneliness and health: potential mechanisms. Psychosom
Med. 2002;64(3):407-17.

Nummela O, Seppanen M, Uutela A. The effect of loneliness and change in loneliness on
self-rated health (SRH): a longitudinal study among aging people. Arch Gerontol Geriatr.
2011;53(2):163-7.

Hawkley LC, Cacioppo JT. Loneliness matters: A theoretical and empirical review of
consequences and mechanisms. Ann Behav Med. 2010;40(2):218-27 https:/doi.
org/10.1007/s12160-010-9210-8.

World Health Organization. Public spending on health: a closer look at global trends. World
Health Organization; 2018.

Mihalopoulos C, Le LK-D, Chatterton ML, Bucholc J, Holt-Lunstad J, Lim MH, Engel L. The
economic costs of loneliness: a review of cost-of-illness and economic evaluation studies.
Soc Psychiatry Psychiatr Epidemiol. 2019 10.1007/s00127-019-01733-7.

Fulton L, Jupp B. Investing to tackle loneliness: a discussion paper. London: Social Finance.
2015.

Landeiro F, Leal J, Gray A. The impact of social isolation on delayed hospital discharges of
older hip fracture patients and associated costs. Osteoporosis Int. 2016;27(2):737-45.



15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

A population-wide study of the association between loneliness and healthcare expenditure

McDaid D, Park A, Fernandez J-L. Reconnections evaluations interim report. London:
Personal Services Research Unit (PSRU), London School of Economics and Political Science;
2016.

Shaw JG, Farid M, Noel-Miller C, Joseph N, Houser A, Asch SM, Bhattacharya J, Flowers L.
Social isolation and Medicare spending: among older adults, objective isolation increases
expenditures while loneliness does not. J Aging Health. 2017;29(7):1119-43.

Baumeister RF, Leary MR. The need to belong: desire for interpersonal attachments as a
fundamental human motivation. Psychol Bull. 1995;117(3):497-529.

OECD. Health expenditure and financing. In: OECD.state, editor. 2019

Kroneman M, Boerma W, Berg M, Groenewegen P, Jong Jd, Ginneken Ev. The Netherlands:
health system review. Health system in transition. 2016;18(2):1-239.

van den Brink CL, van Herten MH, Boeker S. Gezondheidsmonitor 2012The Dutch public
health monitor 2012. Tijdschrift voor gezondheidswetenschappen. 2017;95(5):222-7.

de Boer WI, Buskens E, Koning RH, Mierau JO. Neighborhood socioeconomic status
and health care costs: a population-wide study in the Netherlands. Am J Public Health.
2019(0):el-e7.

de Jong-Gierveld J, Kamphuls F. The development of a Rasch-type loneliness scale. Appl
Psychol Meas. 1985;9(3):289-99 https:/doi.org/10.1177/014662168500900307.

Van Tilburg T, De Jong-Gierveld J. Cesuurbepaling van de eenzaamheidsschaal. Tijdschr
Gerontol Geriatr. 1999;30:158-63.

Body Mass Index: World Health Organization; 2019 [Available from: http:/www.euro.who.
int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle/body-mass-index-
bmi.

Gezondheidsraad. Beweegrichtlijnen 2017. Den Haag: Gezondheidsraad; 2017.https:/
www.gezondheidsraad.nl/binaries/gezondheidsraad/documenten/adviezen/2017/08/22/
beweegrichtlijnen-2017/kernadvies-Beweegrichtlijnen-2017.pdf.

Manor O, Matthews S, Power C. Dichotomous or categorical response? Analysing self-rated
health and lifetime social class. Int J Epidemiol. 2000;29(1):149-57 10.1093/ije/29.1.149.
Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand S-L, Walters EE,
Zaslavsky AM. Short screening scales to monitor population prevalences and trends in non-
specific psychological distress. Psychol Med. 2002;32(6):959-76 https://doi.org/10.1017/
s0033291702006074.

Carini RM, Hayek JC, Kuh GD, Kennedy JM, Ouimet JA. College student responses
to web and paper surveys: does mode matter? Res High Educ. 2003;44(1):1-19
10.1023/A:1021363527731.

Austin PC, Ghali WA, Tu JV. A comparison of several regression models for analysing cost of
CABG surgery. Stat Med. 2003;22(17):2799-815.

Loeys T, Moerkerke B, De Smet O, Buysse A. The analysis of zero-inflated count data:
beyond zero-inflated Poisson regression. Br J Math Stat Psychol. 2012;65(1):163-80
10.1111/j.2044-8317.2011.02031 x.

73



Chapter 3

31. StataCorp. Stata Statistical Software: Release 15 College Station, TX: StataCorp LLC 2017

32. Association AP. Stress in America: Generation Z.: Stress in America™ Survey.; 2018.

33. LorantV, Demarest S, Miermans P-J, Van Oyen H. Survey error in measuring socio-economic
risk factors of health status: a comparison of a survey and a census. Int J Epidemiol.
2007;36(6):1292-9 10.1093/ije/dym191.

74



A population-wide study of the association between loneliness and healthcare expenditure

Appendix

'snjels

JIWIOU0D30ID0S (GG ‘[BAISIUI SIUSPLUOD 3| ‘OLjed D1l 9dUapIdUl 1Yy “auonideld [eiauas o "plog ul aie GO'0>d YHM Sjuaidysaod)

(6£°0-19°0) 69°0
(T£°0-£570) ¥9°0
(28°0-0£°0)9£°0

49y

(ze'T-€0°T) LT'T
(€T'T-€0T)ETT
(£0'T-660)€0°T

IEN|

(8T'T-€6°0) ¥O'T
(8T'T-T0'T) 60'T
(S0'T-86'0) TO'T

$3Y

(0 T-¥0T)9T'T
(TT°1-560) €0°T
(¥0'T-£6'0) 00°'T

(6€°0-1€°0) S€0
(T¥'0-€€°0) LEO
(19°0-£5°0) £SO

oY

(LT'T-16'0)€0°T
(€T'T-96°0) ¥O'T
(#0'1-96°0) 00'T

IEN|

(60'T-£8°0) L60
(TT'T-G6'0) €0°T
(20'1-56°0) 860

IEN|

(0T'T-68°0) 66°0
(66'0-980) 260
(66°0-26'0) 960

(82°0-22°0) S0
(ze'0-92°0) 62°0
(55°0-8%°0) TS0

IEN|

(9£:0-65°0) L9°0

(98°0-2£°0) 6£°0

(6°0-£8°0) 06°0
R

(€£0-65°0) 99°0

(¥8'0-€£°0) 8£°0

(26'0-98°0) 68°0
R

(£8°0-0£°0) 8£°0
(¥8°0-2£°0) 8£°0
(£6'0-£8°0) 06°0

(£z'0-TT0) V20
(T€°0-92°0) 820
(¥S°0-£¥"0) TS0

49y

(S£°0-85°0) 99'0
(¥80-1£°0) LL'O
(€6'0-98°0) 060

R

(€£0-¥S°0) 59°0
(S80-z£°0) LL°O
(T60-58'0) 88'0

R

(98°0-0£°0) 8£°0
(€80-z£'0) 8L°0
(€6'0-£8°0) 06'0

(Tz’0-£1°0)8T0
(9z'0-1T°0) €20
(6t°0-£1°0) 9¥°0

19y

(85°0-s¥'0) 1S°0
(T£0-09'0) 59'0
(£8°0-08°0) £8°0

R

(09°0-6%°0) ¥S°0
(€£0-€9'0) 89'0
(98°0-18'0) £8°0

R

(#£0-19°0) £L9°0
(5£°0-59°0) 0£°0
(68'0-£8°0) 98°0

(6T°0-9T°0) LT'0 AJoUO| A]949A3s AJap
(5T°0-T2°0)€T0 Ajauo| A|j212A3S
(ZS°0-S'0) 6¥°0  Aj2U0| 3IeyMaWOS
Jal Ajpuo| 10N
ainjipuadxa aledyjjeay |ejusin
(95°0-E7°0) 6770 Al]oUO| A]91aA3Ss AJap
(89°0-85°0) 290 Ajauo| Aj2J2A3S
(08°0-7£°0) LL'0  AloUO| Jeymawos
Jal A]puo| 10N
ainjipuadxa |esynaseulieyd
(65°0-67"0) #5°0 AloUO| A]949A3S AJap
(T£'0-29°0) 990 Ajauo| A|2J9A3S
(08'0-5£°0)8£°0  A]ouo| JeYymawos
J2d Ajsuo| JoN
ain}ipuadxs aJed pazijedads
(S£°0-19°0) 89°0 AJoUO| A]94aA3s AJap
(5£°0-99°0) 0£°0 AJ]2uo| A|2J3A3S
(88°0-28°0) G8'0  AJ]ou0| Jeymswos

IEY Jal IEY IEY Jal Ja1 Aj2uo] J0N
ainyupuadxa 49
ssauljauo|
pue ‘ssassip
|eai8ojoydAsd
pue |edisAyd ssaulauo|
‘9]A1s94l] ‘S35 pue ‘Yijeay |edisAyd  ssauijsuo| pue ssauljauo|
‘d1ydeisowsp ‘aA15941] ‘53S ‘a1A1594]] ‘S3S pue‘s3ys  sssuljsuol pue (12%S6)
lelol ‘9 ‘olydesSowap ‘g ‘olydesSowsp ‘4 “olydesSowsp ‘g oiydesSowsp °g ssauljsuo| ' Uyl pajepul

(§60°CHE = U) SuoissaiSai [ejwoulq dAeSaU pajejjul
-0197 WoJj S}NSaY "24edy}jeay |ejusw pue ‘|esynadeweyd ‘pazijerdads ‘4o 1oy ain}puadxa 043z Ul SSAUI[UO| JO SUOLIIOSSY "TV 3|qeL



Chapter 3

‘(4n31puadxa Aue sA) ainjpuadxa 049z SulINdUL JO Y| Y} 393142 [Spow 3y} Jo sied pajejju| , ‘|eAIa3ul S2USPYUOD

}[D ‘ol3ed 93e4 3dUBPIdUL 1YY | P|Og Ul 3Je GO0 >d Ylm SJUSIDLY207) 98k puk SSaUIjaUO| J0) S10a448 UoLDeIalul JuUedLIUSIS Y)M Sa11033ed ainjipuadxd

(89'0-22°0) 6€°0
(95°0-92°0) 8€°0
(20'T-€50) ¥£°0

Jal
(9%'1-2+°0) 820
(8€'2-940)GE'T
(06'1-85°0) ¥6°0

Jol
(96°C-£60) LS'T
(TT°C-S0°T) 6¥'T
(61°T-18°0) 860

Jol
(T6'0-8£70) #8°0
(#0'1-06°0) L6°0
(66'0-16°0) 60

Jal
(c0'1-€8°0) 260
(9T'T-66°0) 80'T
(90°'T-96°0) TO'T

(28'0-5°0) 99°0
(96°0-99°0) 08°0
(00'T-6£°0) 68°0

Jol
(82°1-99°0) 160
(z5'1-82£°0) 60T
(85°1-860) ¥T'T

Jol
(62°'T-58°0) ¥O'T
(81°1-88°0) 20T
(80°T-£6'0) 20T

Jol
(00°'T-18°0) 060
(96°0-28°0) 68°0
(TO'T-16°0) 960

IEN|
(£6°0-€8°0) 68°0
(T6°0-18°0) 98°0
(£L6'0-06°0) €6°0

(¥£°0-25°0) 29°0
(#£°0-55°0) #9°0
(£8°0-1£°0)8L°0

Jal
(#¥2'1-18°0)00°T
(61°7-08°0) 860
(¥C'1-68°0)SO'T

IEN]
(¥€'T-960 €T'T
(92'1-660)CT'T
(£0'1-L60) 20T

IEN]
(SO'T-180) 260
(0T°1-680) 66°0
(TT'1-960)€0°T

BN
(86'0-££70) £8°0
(£6'0-08°0) 88°0
(96'0-58°0) 060

(68°0-0£°0) 68°0
(6£°0-75°0) §9°0
(z8'0-¥9°0)2L0

Jol
(05°C-¥€°1) €8T
(€S'T-¥0'T) 92T
(6S'T-ET'T) ¥E'T

IEN|
(85°'T-10'T) 92T
(c€1-660)¥T'T
(€T'T-86°0) GO'T

IEX|
(#8°'1-9£°0) 8T'T
(T9'T-¥60) €T'T
(£0'1-580) G6°0

Jol
(T¥r'1-T60) ET'T
(P7'1-90°T) ¥2'T
(8T°1-660) 80T

A]ouo| Aj919A9S Auop
AJ]ouO| AjaJaA9s
AJ]2u0| 1eymawiog
A|suo| JoN

A]Suo| A|219A3S Auap
A]puo| Ajauanas
Ajauo| 1eymawios
Aj]auo| 10N

AJ]2UO| A[919A3S AJSA
A]Puo| Ajauanas
Ajauo| Jeymawios
Ajauo| JoN

AJ]2UO| A[919A3S AJSA
AJ]2uo| AjauaA9S
Ajsuo| 1eymawiog
Aj]suo| 10N

Ajauo| Ajauanas Adap
AJ]ouo| Aja19A9S
AJ]2u0| 1eymawiog

«P210YJu]

ainjipuadxa
aiedyjjeay [eJudp|

p2apyul

ainjipuadxa
|eonnaseweyd

Jal Jod Jal Jol Ajuoj10N  aunjipuadxs |ejol
SIv'€ec=N TE€TEVTI=N #18'81T=N £18°G65=N

+18 08-59 ¥9-1¥ ov-6T ssaujjauo (1D%56) ¥yl
dnou8 ady dnou8 a8y dnou8 ady dnou8 ady

‘S|opow [elwioulq dALeSaU pajepul

-0197 pUE UOSSIOd WoOJy S}NSaY "2injipuadxa aiedyjjeay [eusw pue jeaynadewrteyd ‘pazijeidads ‘|ejo} Joj a8e Aq sasAjeue paylelss “Zy d|qelL

76



A population-wide study of the association between loneliness and healthcare expenditure

A. Based on model 6: fully adjusted model
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B. Based on model 2: basic model
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Healthcare costs in €
Measure Names
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[ Mental healthcare expenditures
[@ Pharmaceutical care expenditures
W Specialized care expenditures

Figure 2. Marginal effects of loneliness on healthcare expenditures based on model 6 (fully
adjusted) and 2 (basic), in age categories.

GP: general practitioner.

A. model 6 is the fully adjusted model, which includes loneliness, demographic, SES, lifestyle, self-
perceived health, and psychological distress.

B. model 2 is the basic model, which includes loneliness and demographic factors.
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Two sides of the same coin?
Absolute income and perceived
income inadequacy as social
determinants of health
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Chapter 4

Abstract

Background

Absolute income is commonly used in studies of health inequalities, however it does
not reflect spending patterns, debts, or expectations. These aspects are reflected in
measures concerning perceived income inadequacy. While health inequities by absolute
income or perceived income inadequacy are well established, few studies have explored
the interplay of absolute income and perceived income inadequacy in relation to health.

Methods

Multiple data sources were linked into a nationally representative dataset (n = 445,748)
of Dutch adults (18+). The association between absolute income, perceived income
inadequacy and health (self-reported health, chronic disease and psychological distress)
was tested using logistic and Poisson regressions, controlling for various potential
confounders (demographics, education and mastery). Interactions were tested to check
the association between perceived income inadequacy and health for different absolute
income groups.

Results

Perceived income inadequacy was reported at every absolute income group (with 42%
of individuals in the lowest income group and 5% of individuals in the highest income
group). Both absolute income and perceived income inadequacy were independently
associated with health. The adjusted relative risk (RR) for lowest absolute income group
is 1.11 (1.08-1.1.14) and 1.28 (1.24-1.32) for chronic disease and self-reported health
respectively, and the Odds Ratio (OR) for psychological distress is 1.28 (1.16-1.42).
For perceived income inadequacy the RR’s were 1.41 (1.37-1.46) and 1.49 (1.44-1.54)
and the OR for psychological distress is 3.14 (2.81-3.51). Mastery appeared to be an
important confounder for the relationship between perceived income inadequacy, poor
self-rated health and psychological distress, in particular in higher absolute income
groups.

Conclusions

Absolute income and perceived income inadequacy reflect conceptually different
aspects of income and are independently associated with health outcomes. Perceived
income inadequacy should be recognized as an important determinant of health,
especially for mental health. For policymakers, this implies that interventions to address
perceived income inadequacy should be considered to reduce health inequalities. For
researchers, the results imply that perceived income inadequacy should be accounted
for in health inequality studies, alongside measures of absolute income.
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Absolute income and perceived income inadequacy as social determinants of health

Introduction

Decades of research have established income inequality as an important determinant
of health [1-6]. In analyzing socioeconomic health inequalities, most studies account
for an absolute measure of income [7, 8] from either questionnaires that inquire about
annual or monthly household income levels [9], or tax-based registries [10]. Studies
show that people with lower absolute incomes are limited in their resources to maintain
good health [1], more likely to engage in unhealthy behaviors [11] and are more likely
to experience psychological problems like anxiety and depression [4, 5, 9]. However,
absolute income measures do not account for, for example, consumption, expense
patterns, debts, aspirations or access to other economic resources [12].

Perceived income inadequacy, on the other hand, does account for spending patterns
and expectations, and can be influenced by social class, cultural and personality factors
[8]. People with lower absolute incomes do not always report income inadequacy [8]
and individuals with comparable absolute incomes can report different levels of income
inadequacy [12]. Research on perceived income inadequacy shows that it can, in turn,
affect one’s functioning and health in a number of ways [7, 8, 13-17]. Regardless of
their absolute income level, people who experience income inadequacy are not only
worried about their financial constraints, the scarcity mindset theory poses that they
are also impeded in their cognitive resources by constantly juggling, or being distracted
by, expenses and trade-offs [13, 14]. These processes leave less cognitive resources
available for other choices and actions in general and in health behaviors. Moreover,
according to the risk sensitivity theory, perceived scarcity leads to increased risk taking
behaviors [14]. In facing scarcities, individuals are more likely to make high-risk/high-
reward decisions in order to get the necessary resources they require to satisfy their
perceived (unmet) needs.

While both absolute income and perceived income inadequacy are important in
studying health inequities, they are likely to impact health differently [7, 8]. In analyzing
mental health in older adults, absolute financial measures had little effect, whilst
perceived income inadequacy was found to be a predictor for anxiety and depression
[16]. To complicate matters, mastery was found to (partially) explain the associations
between low absolute income, perceived income inadequacy and poor mental health
[18]. Low socioeconomic status and perceived income inadequacy are associated with
less mastery skills [19], and people with less mastery are more likely to experience poor
mental health [20].

81



Chapter 4

Whereas health inequities by absolute income or perceived income inadequacy are well
established, few studies have explored the interplay of absolute income and perceived
income inadequacy in relation to health. This study aims to 1) estimate the prevalence
of income inadequacy across different absolute income levels, 2) investigate the
association between perceived income inadequacy and health across different absolute
income levels and 3) assess the role of demographic and socioeconomic confounders
and mastery in these associations.

Methods

This is a cross-sectional study of associations between absolute income, perceived
income inadequacy, and health in the Netherlands for the year 2016. The data for this
study were obtained from a combined dataset from the Dutch Public Health Survey and
Statistics Netherlands. The Dutch Health Survey is administered once every four years
by the Dutch Public Health Service, Statistics Netherlands, and the Dutch National
Institute for Public Health and Environment (RIVM) to monitor local public health issues
of the adult population. The Health Survey is completed either online, by paper and
pencil, via telephone interviews or face-to-face, with a response rate of 40% in 2016
[21]. The Health Survey data were enriched with data from Statistics Netherlands,
based on the Personal Records database (migration background) and the Dutch Tax and
Customs Administration Data (annual household income). The datasets were linked in
the secured Statistics Netherlands environment via pseudonymized personal security
codes. The linked dataset has been used in international studies before, for example, in
analyzing the associations of loneliness in healthcare costs [22] and in socio-economic
health inequalities [23].

Measures

Outcome measures

Three dependent variables were used for this study to operationalize different
aspects of health, namely ‘having at least one chronic disease’, ‘self-rated health’, and
‘psychological distress’. The operationalizations and sources of variables are listed in the
Appendix Table Al. The dichotomous variable ‘having at least one chronic disease’, was
based on the question “Do you have one or more long-term disease (expected duration
6 months or longer)”. Self-rated health was based on the question “In general, would
you say your health is ...”. Answer categories were given on a five-point Likert scale
and dichotomized into “excellent or (very) good” or “fair or poor” health. Psychological
distress was measured with the Kessler (K10) psychological distress scale [24]. The K10
scale resulted in a score between 10 and 50 and was dichotomized into “none, low or
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moderate risk” (scores between 10 and 29) or “high risk” (scores between 30 and 50) for
psychological distress [25]. For the K10 questionnaire, see Appendix Table A2.

Income measures

In line with previous studies [7, 26], perceived income inadequacy was based on the
question “In the past 12 months, have you had any concerns making ends meet with
your household income?”. The answer categories included “No, no concerns”, “No,
minor concerns”, “Yes, some concerns” or “Yes, major concerns”. Absolute income was
based on the household income, as taken from the Statistics Netherlands registry. The
household income represents all disposable income from labor and social benefits
minus taxes and insurance premiums. The household income was standardized for the
number of household members and then divided into quartiles based on the income
distribution of the entire Dutch population.

Confounders

In line with previous research on the relationship between income inequality and
mental health [4], the models are adjusted for age, gender, marital status (married,
single, widowed or divorced), migration background (Dutch-born, Western migration
background, non-western migration background) and highest level of completed
education. The highest level of completed education was categorized into primary
education, lower vocational education, secondary or middle vocational education, and
higher vocational education or university degree. Mode of survey completion (internet,
paper-and-pencil, face-to-face and telephone) was included as a control variable to rule
out discrepancies due to the setting in which respondents were questioned. Mastery
was based on the score for the seven-item Pearlin Mastery Scale [27]. Each item (see
Appendix Table A3 for the list of items) reflected an aspect of coping and answers were
given on a five-point Likert scale (from totally disagree to totally agree), resulting in a
score between 7 and 35.

Statistical analyses

The relative risks (RR’s) for adverse health outcomes were modelled in a series of
logistic and robust Poisson regressions. Since Odds Ratios (OR’s) estimated by logistic
regressions do not appropriately approximate RR’s for so-called common outcomes
(more than 10% of cases)[28], the outcomes ‘having at least one chronic disease’ and
‘self-rated health’ were modelled in Poisson regressions with robust variance. For the
outcome ‘psychological distress’, the adverse outcome was present in approximately
5% of cases, and was therefore modelled in logistic regressions. For each outcome
variable, a model was adjusted for age, gender, marital status, migration background,
highest completed level of education, mastery, absolute household income and
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perceived income inadequacy. Next, interactions were tested between perceived
income inadequacy and absolute income to check whether the association between
perceived income inadequacy and health was different for different levels of absolute
income. For significant interaction effects, stratified models were run. Given the fact
that sociodemographic factors like age, gender, marital status, and migration status
can be considered non-modifiable determinants of health and mastery a modifiable
determinant, the added value of controlling for mastery was shown separately.
Therefore, in the stratified models, and extra step was added in order to see the
difference between adjustment with and without mastery for each absolute income
group. All models were adjusted for mode of survey completion and accounted for
complex survey design through survey weights. Missing data were imputed by means
of Multiple Imputation by Chained Equations, (MICE, 5 imputations, n=445,748) [29].
The significance level was set at alpha=5%. Analyses were performed in Stata 16 [30].

Results

Descriptive statistics

Databases were linked for 445,748 individuals. The sample’s mean (SD) age was 59.4
(16.9) years and 56% of its respondents were female (Table 1). For migration background,
87.3% of the respondents were Dutch-born, 8.6% had a western migration background
and 4.1% a non-western migration background. Most respondents were married or lived
together (70.9%), 10.4% were single, 6.9% widowed, and 11.7% divorced. The majority
of respondents reported adequate incomes, with 51.5% no concerns and 35.1% minor
concerns. The other 13.5% reported inadequate incomes, with some concerns for
10.5% of respondents and 3.0% of respondents had major concerns. Primary school
was the highest completed level of education for 7.5% of respondents, lower vocational
education represented 33.5% of the sample, middle vocational or secondary education
30.4% and higher vocational or university degree represented 28.6% of the sample.
The lowest household income quartile represented 14.6% of the sample, 27.5% of
the respondents belonged to the second, 28.1% to the third and 29.8% to the highest
income quartile. The mean (SD) score for mastery was 26.7 (5.2) (Table 1). Table 2
states the percentages of the different income inadequacy categories per standardized
household income quartile. Perceived income inadequacy was present in all absolute
income levels, even in the highest quartile, however at a much smaller scale (5%) than
in the lowest income quartile (42%).
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Table 1. Sample characteristics (n = 445,748)

Sample Characteristics N (%)
Gender Male 204,095 (45.8%

Female 241,653 (54.2%
Migration background Dutch-born 389,298 (87.3%

Marital status

Education

Absolute income quartile

Perceived

income inadequacy

Chronic disease

Self-rated health

Psychological distress

Mode of survey completion

Age
Mastery

Western background
Non-western background
Married/co-habitant
Single

Widowed

Divorced

Primary school

Lower vocational

Middle vocational/ secondary
Higher vocational/ university
0-25%

26-50%

51-75%

76-100%

Major concerns

Some concerns

Minor concerns

No concerns

None

At least one

Fair, bad

(very) good, excellent

No or low risk

High risk

Paper

Internet

Face-to-face

Telephone

)
)
)
38,445 (8.6%)
18,005 (4,1%)
313,285 (70.9%)
45,853 (10.4%)
30,593 (6.9%)
51,877 (11.7%)
30,981 (7.5%)
138,947 (33.5%)
125,981 (30.4%)
118,985 (28.6%)
64,825 (14.6%)
122,251 (27.5%)
125,196 (28.1%)
132,739 (29.8%)
12,367 (3.0%)
43,640 (10.5%)
146,380 )
215,147 )
261,977 )
175,086 )
125,043 (28.4%)
315,079 (71.6%)
411,536 (95.1%)
21,362 (4.9%)
221,433 (49.7%)
223,657 (50.2%)
428 (0.1%)
230 (0.01%)
Mean (sd)
59.4 (16.9)
26.7 (5.2)

35.1%
51.5%
59.9%
40.1%

P

Self-reported variables: marital status, education, perceived income inadequacy, chronic disease,

self-rated health, psychological distress and mastery. Registry data variables: age, gender,

migration background, absolute income quartile.
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Table 2. Percentage of perceived income inadequacy category per absolute income quartile.

Perceived income inadequacy

No Minor Some Major
concerns concerns concerns concerns
Absolute income 0-25% 19% 38% 27% 15%
quartile 26-50% 33% 44% 18% 5%
51-75% 50% 38% 10% 2%
76%-100% 71% 24% 4% 1%

Based on weighted data after multiple imputation

Absolute income and perceived income inadequacy
Table 3 shows that after correcting for age, gender, marital status, migration background,
highest completed level of education and mastery, low absolute income and perceived
income inadequacy are both independently associated with poorer health across all three
outcome variables. The associations were strongest for perceived income inadequacy
and psychological distress. For the lowest absolute income quartile, the RR’s are 1.11
(1.08-1.14) and 1.28 (1.24-1.32) for chronic disease and self-rated respectively, and
the OR for psychological distress is 1.28 (1.16-1.42). For major income inadequacy
concerns, the RR’s for chronic disease and self-rated health are 1.41 (1.37-1.46) and
1.49 (1.44-1.54) and the OR for psychological distress is 3.14 (2.81-3.51; Table 3).

Table 3. Associations between absolute income, perceived income inadequacy and health
outcomes (n = 445,748).

RR/OR (95% Cl) Chronic disease  Poor self-rated Psychological
health distress

Absolute 0-25% 1.11(1.08-1.14) 1.28(1.24-1.32) 1.28 (1.16-1.42)
:‘::rm 26-50% 1.04 (1.02-1.06) 1.19 (1.16-1.22) 1.13(1.03-1.25)

51-75% 1.01(0.99-1.03) 1.10(1.07-1.13) 1.10(0.99-1.21)

76%-100% ref ref ref
Perceived Major concerns 1.41(1.37-1.46) 1.49 (1.44-1.54) 3.14 (2.81-3.51)
income Some concerns  1.32(1.29-1.35)  1.49 (1.45-1.53) 2.03 (1.86-2.21)
inadequacy

Minor concerns
No concerns

1.15(1.14-1.17)
ref

1.24 (1.22-1.27)
ref

1.41 (1.30-1.52)
ref

All models include age, gender, marital status, migration background, highest completed level of

education, mastery, absolute income quartile and perceived income inadequacy. Analyses are

based on weighted, multiple-imputed data. Associations in bold are significant p<0.05.
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Chapter 4

The interactions between absolute income and perceived income inadequacy were
significant for all three health outcomes. In unadjusted models, the effect sizes of
perceived income inadequacy were higher for self-rated health and mental health in
higher absolute income groups (Table 4, model 1). In fully adjusted models, the effect
sizes of income inadequacy leveled out across absolute income groups (Table 4, model
3). Further analyses showed that of all confounders mastery was mainly responsible for
the decrease of effect sizes in higher income groups (Appendix Table A4).

Discussion and Conclusion

This study estimated the prevalence of perceived income inadequacy across absolute
income levels and investigated the associated between perceived income inadequacy
and health across absolute income levels in a nationally representative sample of the
Dutch adult population. First, the results show that perceived income inadequacy
concerns are reported at every level of absolute income. Income inadequacy concerns
were reported by 42% of individuals in the lowest income group and 5% of the people
in the highest absolute income group. This indicates that these measures address
conceptually different aspects of income as even the highest income group members
report income inadequacy. This means that focusing on either absolute income or
perceived income inadequacy is not sufficient in studies of health inequalities. Second,
the results show that both absolute income and perceived income inadequacy are
independently associated with health. Of all three health outcomes used in this study,
perceived income inadequacy was most strongly related to poorer mental health.
Third, this study compared the association of perceived income inadequacy and health
across different income groups and found similar patterns in the highest and lowest
absolute income groups. In other words, independent from the income one earns,
facing income inadequacies has similar negative associations with their health, after
adjusting for socio-demographic confounders and mastery. These similar patterns were
found after including sociodemographic factors and mastery in the models. Before
inclusion of mastery, perceived income inadequacy was more strongly associated with
poor self-rated health and psychological distress in higher absolute income groups. This
suggests that mastery may have a moderating or mediating role in perceived income
inadequacies and health as consistent with previous research [18]. Our results suggest
that for people with high absolute incomes, it is mastery that explains the impact of
perceived income inadequacy on health.

The findings are consistent with previous research in finding perceived income
inadequacy to occur in all income groups [8], however being more prevalent in the
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lowest income group. In line with other studies, associations were found between
perceived income inadequacy and poorer self-rated health [7, 8, 31] and poorer mental
health [16]. The association of absolute income and self-rated health, while accounting
for perceived income inadequacy, as found in this study seems to contradict previous
findings from a study based in Italy [32]. The authors found absolute income levels
to be of lesser importance to health once adjusting for perceived income inadequacy.
This difference could be potentially attributed to the measurement of absolute income.
The current study used registry data for absolute income and the study by Cialani and
Mortazavi used self-reported measures. Respondents may find reporting their net
annual household income correctly too complicated, or too privacy-sensitive. As Cialani
and Mortazavi indicated, there was a lack of sufficient detail in the absolute income
indicator (annual income) [32]. Another possibility is that the observed difference
is context specific and the studied associations work differently across countries or
cultures. Further (cross-national) research is needed to investigate this.

For public health policymakers and researchers, the findings imply that perceived income
inadequacy is another important determinant of health in addition to absolute income,
especially for mental health. Perceived income concerns can arise at any income level
and its relation to poorer health is similar in all absolute income groups. This finding
points policymakers at a potential target for interventions to reduce health inequities. A
few existing examples include a peer-to-peerintervention based in a primary care setting
in Canada [33]. Guided by a trained facilitator, groups of participants (in a similar stage
of life) helped each other in improving their understanding of personal finances, taxes,
benefits, savings and practice skills such as budgeting, collaboration, decision making
and problem solving. After completing the intervention, the majority of participants
reported a higher optimism towards their financial situation, a higher degree of financial
control and lower finance-related stress [33]. Positive results have also been found in
the UK when implementing Citizen Advice Bureaus in general practitioner settings for
both users and providers [34].

This study is not without limitations. First, as this study uses cross-sectional data,
no causal conclusions can be drawn. We cannot conclude that absolute income and
perceived income inadequacy lead to poorer health or conversely, that poor health
results into lower absolute incomes and in turn, in perceived income inadequacy.
Second, a selection bias may be present in the sample as it is known that people with
low SES and/or poor health are less likely to participate in survey research [35]. The
Public Health Service and Statistics Netherlands have taken this underrepresentation
into account in their survey design by oversampling low SES groups and by providing
weighted data for their dataset. Despite oversampling and weighted data, the reported
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associations of perceived income inadequacy and health may still represent conservative
estimates. Third, the personal trait of negative affect may influence responses in terms
of self-rated health and perceived income inadequacy [36]. Those respondents who are
more likely to experience negative emotions may have completed their evaluation of
health and income inadequacy both more negatively. Future research with longitudinal
design is warranted to draw causal conclusions, preferably together with possibilities to
control for negative affectivity in surveys, for example with the Positive and Negative
Affect scales (PANAS) [37].

Conclusions

Perceived income inadequacy is present in all income groups, with even the highest
income earners reporting inadequate incomes. Our findings indicate that perceived
income inadequacy should be recognized as an important determinant of health in
addition to absolute income, especially for mental health. As such, perceived income
inadequacy should be accounted for in health inequality studies.

90



Absolute income and perceived income inadequacy as social determinants of health

References

10.

11.

12.

13.

14.

Adler NE, Newman K. Socioeconomic disparities in health: Pathways and policies. Health
Affairs. 2002;21(2) https://doi.org/10.1377/hlthaff.21.2.60.

Braveman PG, L. Thesocial determinants of health: It'stime to considerthe causes of the causes.
Public Health Rep. 2014;129:19-31 https:/doi.org/10.1177/00333549141291S206.
Pickett KE, Wilkinson RG. Income inequality and health: A causal review. Soc Sci Med.
2015:316-26.

Tibber MS, Walji F, Kirkbride JB, Huddy V. The association between income inequality and
adult mental health at the subnational level—a systematic review. Soc Psychiatry Psychiatr
Epidemiol. 2022;57(1):1-24 https://doi.org/10.1007/s00127-021-02159-w.

Patel V, Burns JK, Dhingra M, Tarver L, Kohrt BA, Lund C. Income inequality and depression: a
systematic review and meta-analysis of the association and a scoping review of mechanisms.
World Psychiatry. 2018;17(1):76-89 https://doi.org/10.1002/wps.20492.

Lago S, Cantarero D, Rivera B, Pascual M, Blazquez-Ferndndez C, Casal B, Reyes F.
Socioeconomic status, health inequalities and non-communicable diseases: a systematic
review. J Public Health. 2018;26(1):1-14 10.1007/s10389-017-0850-z.

Arber S, Fenn K, Meadows R. Subjective financial well-being, income and health inequalities
in mid and later life in Britain. Soc Sci Med. 2014;100:12-20 https://doi.org/10.1016/j.
socscimed.2013.10.016.

Angel RJ, Frisco M, Angel JL, Chiriboga DA. Financial strain and health among elderly
Mexican-origin individuals. J Health Soc Behav. 2003:536-51.

Santiago CD, Wadsworth ME, Stump J. Socioeconomic status, neighborhood disadvantage,
and poverty-related stress: Prospective effects on psychological syndromes among
diverse low-income families. J Econ Psychol. 2011;32(2):218-30 https:/doi.org/10.1016/j.
joep.2009.10.008.

Bosma H, Jansen M, Schefman S, Hajema K, Feron F. Lonely at the bottom: a cross-
sectional study on being ill, poor, and lonely. Public Health. 2015;129(2):185-7 https://doi.
org/10.1016/j.puhe.2014.11.016.

Aue K, Roosen J, Jensen HH. Poverty dynamics in Germany: Evidence on the relationship
between persistent poverty and health behavior. Soc Sci Med. 2016;153:62-70 https:/doi.
org/10.1016/j.socscimed.2016.01.040.

Kahn JR, Pearlin LI. Financial Strain over the Life Course and Health among Older Adults. J
Health Soc Behav. 2006;47(1):17-31 10.1177/002214650604700102.

Mani A, Mullainathan S, Shafir E, Zhao J. Poverty impedes cognitive function. Science.
2013;341(6149):976-80.

Liang S, Ye D, Liu Y. The Effect of Perceived Scarcity: Experiencing Scarcity Increases Risk
Taking. The Journal of Psychology. 2021;155(1):59-89 10.1080/00223980.2020.1822770.

91



Chapter 4

15.

16.

17.

18.

19.

20.
21

22.

23.

24.

25.

26.

27.

92

Layte R. The association between income inequality and mental health: testing status
anxiety, social capital, and neo-materialist explanations. European Sociological Review.
2012;28(4):498-511 https://doi.org/10.2307/23272534.

Wilkinson LR. Financial Strain and Mental Health Among Older Adults During the
Great Recession. The Journals of Gerontology: Series B. 2016;71(4):745-54 https://doi.
org/10.1093/geronb/gbw001.

French D, Vigne S. The causes and consequences of household financial strain: A systematic
review. International Review of Financial Analysis. 2019;62:150-6 https://doi.org/10.1016/j.
irfa.2018.09.008.

Koltai J, Bierman A, Schieman S. Financial circumstances, mastery, and mental health: Taking
unobserved time-stable influences into account. Soc Sci Med. 2018;202:108-16 http://doi.
org/10.1016/j.socscimed.2018.01.019.

Ross CE, Mirowsky J. The Sense of Personal Control: Social Structural Causes and Emotional
Consequences. In: Aneshensel CS, Phelan JC, Bierman A, editors. Handbook of the Sociology
of Mental Health. Dordrecht: Springer Netherlands; 2013. p. 379-402.

Mirowsky J, Ross CE. Social causes of psychological distress (2nd ed.). Routledge; 2017.
Documentatie Gezondheidsmonitor Volwassenen en Ouderen 2016. Centraal Bureau voor
de Statistiek; 2018.  Available from: https:/www.cbs.nl/nl-nl/onze-diensten/maatwerk-
en-microdata/microdata-zelf-onderzoek-doen/microdatabestanden/gemon-2016-
gezondheidsmonitor-volwassenen-en-ouderen

Meisters R, Westra D, Putrik P, Bosma H, Ruwaard D, Jansen M. Does loneliness have a cost?
A population-wide study of the association between loneliness and healthcare expenditure.
Int J Public Health. 2021;66 https:/doi.org/10.3389/ijph.2021.581286.

Meisters R, Putrik P, Westra D, Bosma H, Ruwaard D, Jansen M. Is Loneliness an Undervalued
Pathway between Socio-Economic Disadvantage and Health? International Journal of
Environmental Research and Public Health. 2021;18(19):10177.

Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand S-L, Walters EE,
Zaslavsky AM. Short screening scales to monitor population prevalences and trends in non-
specific psychological distress. Psychol Med. 2002;32(6):959-76 https://doi.org/10.1017/
s0033291702006074.

Spee H, Smits N, de Koning H. Bruikbaarheid van Kessler Psychological Distress Scale
(K10) voor prevalentieschatting van depressie en angststoornissen. Tijdschrift voor
gezondheidswetenschappen. 2012;90(3):144-8  https://doi.org/10.1007/s12508-012-
0056-2.

Litwin H, Sapir EV. Perceived Income Adequacy Among Older Adults in 12 Countries:
Findings From the Survey of Health, Ageing, and Retirement in Europe. The Gerontologist.
2009;49(3):397-406 10.1093/geront/gnp036.

Pearlin LI, Schooler C. The structure of coping. J Health Soc Behav. 1978:2-21 https://doi.
org/10.2307/2136319.



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Absolute income and perceived income inadequacy as social determinants of health

Chen W, Qian L, Shi J, Franklin M. Comparing performance between log-binomial and robust
Poisson regression models for estimating risk ratios under model misspecification. BMC
Med Res Methodol. 2018;18(1):63 https://doi.org/10.1186/s12874-018-0519-5.

Van Buuren S. Flexible imputation of missing data. CRC press; 2018.

StataCorp. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC; 2019
Stoller MA, Stoller EP. Perceived Income Adequacy among Elderly Retirees. J Appl Gerontol.
2003;22(2):230-51 10.1177/0733464803022002004.

Cialani C, Mortazavi R. The effect of objective income and perceived economic resources
on self-rated health. International Journal for Equity in Health. 2020;19(1):196 10.1186/
$12939-020-01304-2.

Pinto AD, Da Ponte M, Bondy M, Craig-Neil A, Murphy K, Ahmed S, Nair P, Swartz A, Green
S. Addressing financial strain through a peer-to-peer intervention in primary care. Fam Pract.
2020;37(6):815-20 10.1093/fampra/cmaa046.

Burrows J, Baxter S, Baird W, Hirst J, Goyder E. Citizens advice in primary care: a
qualitative study of the views and experiences of service users and staff. Public Health.
2011;125(10):704-10 10.1016/j.puhe.2011.07.002.

Lorant V, Demarest S, Miermans P-J, Van Oyen H. Survey error in measuring socio-economic
risk factors of health status: a comparison of a survey and a census. Int J Epidemiol.
2007;36(6):1292-9 https://doi.org/10.1093/ije/dym191.

Tharp DT, Seay MC, Carswell AT, MacDonald M. Big Five personality traits, dispositional
affect, and financial satisfaction among older adults. Pers Individ Dif. 2020;166:110211
https://doi.org/10.1016/j.paid.2020.110211.

Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive
and negative affect: The PANAS scales. Journal of Personality and Social Psychology.
1988;54(6):1063-70 10.1037/0022-3514.54.6.1063.

93



Chapter 4

Appendix

Table A1l. Categories, operationalization, and sources of dependent and independent variables.

Variable Category Coded  Source

Age’?t 19-40 Statistics Netherlands
41-64 Statistics Netherlands
65-80 Statistics Netherlands
81+ Statistics Netherlands

Sex® male Statistics Netherlands
female Statistics Netherlands

Migration status® Dutch born Statistics Netherlands

Marital status*

Education*

Household income
quartile’

Perceived income
inadequacy*

Mastery*?

Mode of survey
completion

Chronic disease*

Western migration background

Non-western migration background

Married or living together
Single

Divorced

Widowed

Primary school

Lower vocational

Middle vocational/ secondary
Higher vocational/ university
0-25%

26-50%

51-75%

76-100%

Major concerns

Some concerns

Minor concerns

No concerns

Score 7-35

Paper

Internet

Face-to-face interview
Telephone interview
None

At least one

O FRP N WO FPR DN WOEFPRNOWWMNEPEPLONEPORFPOWNRLDO

>
~
[+5)

=, O W NN +~» O

Statistics Netherlands
Statistics Netherlands
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Statistics Netherlands
Statistics Netherlands
Statistics Netherlands
Statistics Netherlands
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
Health survey
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Variable Category Coded  Source
Self-rated health*  (Very) good, excellent 0 Health survey
Fair, bad 1 Health survey
Psychological No or low risk (score 10-29) 0 Health survey
distress™® High risk (score 30-50) 1 Health survey

§Registry variables. *Self-reported variables. 'Age is used as a continuous variable in the regression
models and used as a categorical variable in analyzing the interaction effects between age groups
and income inadequacy. ®Mastery is a continuous variable. The seven statements (see Table A3)
are answered on a 5-point Likert scale, leading to a score between 7 and 35. A score of 19 or
lower is considered as insufficient mastery. "Psychological distress is based on the Kessler-10
questionaire. The 10 questions (see Table A2) are answered on 5-point Likert scale, leading to a
score between 10 (no risk) and a maximum of 50 (high risk).

Table A2. Questions for psychological distress (Kessler 2002) [K10]*.

1.

R A

._.
e

About how often did you feel tired for no good reason?

About how often did you feel nervous?

About how often did you feel so nervous that nothing could calm you?
About how often did you feel hopeless?

About how often did you feel restless of fidgety?

About how often did you feel so restless that you could not sit still?
About how often did you feel depressed?

About how often did you feel that everything was an effort?

About how often did you feel so sad that nothing could cheer you up?
About how often did you feel worthless?

The K10 questions are answered on a 5-point Likert scale (always, usually, sometimes,
ocassionally, or never).

Table A3. Statements for mastery (Pearlin and Schooler 1978)2.

1.

A o

| have little control over the things that happen to me.

There is really no way that | can solve some of the poblems | have.
There is little | can do to change many of the important things in my life.
| often feel helpless in dealing with the problems of life.

Sometimes | feel that | am being pushed around in life.

What happens to me in the future mostly depends on me.

| can do just about anything | relly set my mind to do.

2 The 7 statements by Pearlin & Schooler are answered on a 5-point Likert scale (totally agree,
agree, neither agree or disagree, disagree or totally disagree).
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Chapter 5

Abstract

Like in most Western countries, regional health inequalities are also present in the
Netherlands. Explaining these inequalities is necessary for policymakers to target
interventions to reduce them. Regional health inequalities are usually attributed to
demographic and socio-economic factors, while lifestyle and psychosocial factors are
increasingly shown to impact individuals’ health. Therefore, this study analyses the role
of lifestyle, loneliness, and self-mastery in explaining regional inequalities, in addition
to demographic factors and SES, for self-rated health, presence of chronic diseases, and
psychological distress. Analyses are performed in the linked dataset from the Dutch
Public Health Services, Statistics Netherlands, and the National Institute for Public
Health and the Environment for the year 2016 (n= 334,721). The results show that
lifestyle, loneliness and self-mastery contribute to the regional health inequalities in
self-rated health and presence of chronic diseases. For psychological distress, both
loneliness and self-mastery contribute to the regional health inequalities. Addressing
lifestyle and psychosocial factors can offer policymakers additional pathways to bridge
regional health inequalities. In this study, the region of Zuid-Limburg represents the
reference region. Use Compare Regions for Health and Healthcare Costs (Regiovergelijker
gezondheid en zorgkosten), in order to select all other Dutch regions as reference region.
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Introduction

Large socioeconomic health differences are prevalent in the Netherlands, and these
differences have barely changed or have even increased in recent decades [1]. There are
also regional differences. For example, 78.5% of all adults in the Dutch Public Health
Services region of Central Holland (Hollands Midden) report a (very) good self-perceived
health, compared with 69.5% of those living in South Limburg (Zuid-Limburg) [2]. The
underlying determinants of health inequalities are very complex. They are often related
to socioeconomic status (SES) [3], accumulate over different stages of life, and often lie
outside the domain of the health sector [3]. Factors in the areas of housing, well-being,
working and living environment, and education are related to health [4]. Moreover, the
prevalence of the determinants of health differs greatly per region.

When explaining health differences between regions, the population is usually adjusted
for differences in age, gender, income, education level, and migration background.
According to studies based on the Health Monitor 2016, 11% of the variation in
perceived health can be explained by these factors [5]. The authors suggested that in
follow-up research, factors based on well-being and lifestyle should also be included
to explain differences in perceived health. There is a large body of evidence for the
negative health effects of lifestyle habits, such as smoking, alcohol consumption,
and (inadequate) physical activity [6]. Lifestyle determinants alone, however, are not
sufficient to explain health differences [3, 7].

In recent years, well-being and psychosocial factors related to health have gained
increasing attention. For example, loneliness (the physical experience of a lack of
connection with other people [8]) has been directly associated with increased mortality
[9], morbidity, poorer mental health [10], and unhealthy habits such as smoking [10,
11], higher body mass index (BMI) [11], and less physical activity [11]. Moreover, in
our current participatory society, citizens need better mastery skills to direct their
own lives, even when they rely on support or care from others [12]. Although this is
important for good (self-rated) health, it is not realistic for everyone [13]. Degrees of
loneliness and mastery skills can vary per region and can thus contribute to regional
health inequalities. All these factors together complicate efforts to diminish health
inequalities. These inequalities represent a complex social issue, which requires a
broader view [3]. In addition to demographic factors and SES, more research is needed
to determine the contribution of lifestyle, loneliness, and mastery to explaining regional
health inequalities.

The aim of this study was to further explain regional health inequalities in self-rated
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health, chronic disease, and psychological distress by using a more extensive set of
lifestyle factors, loneliness, and mastery, in addition to demographic factors and SES.
With the results of this research, we aimed to provide more insight into the factors
associated with regional health inequalities in order to provide policymakers with more
leads to help diminish health inequalities.

Methods

Data and sampling

This was a cross-sectional study based on data from the Dutch Health Survey (2016)
and registry data from Statistics Netherlands. In accordance with the Dutch Public
Health Law, Dutch municipalities are obliged to assess local public health issues. For this
purpose, the Health Survey is held once every four years. This survey is a collaboration
between the Dutch Public Health Services, the Dutch National Institute for Public
Health and the Environment (RIVM), and Statistics Netherlands. The survey covers
various topics regarding the respondent’s personal situation, such as lifestyle, mental
and physical health, loneliness, household, and mastery. As a result of the sampling
method used (complex sample method), weighting factors were calculated based on a
number of individual and regional background characteristics to ensure the sample was
representative of the entire Dutch population [14]. The sample (N= 457,150; response
rate: ~40% [14]) included the non-institutionalized population aged 19 years and over.
The registry data provided by Statistics Netherlands were based on the Dutch Personal
Records Database and data from the Dutch Tax and Customs Administration for the
entire Dutch population. All data were linked in a secured environment, which is
managed by Statistics Netherlands, and processed anonymously. After data linkage and
exclusion of missing data, the sample included 334,721 respondents.

Dependent variables

Forthis study, three different dependent variables from the Health Survey were used. The
variable “self-rated health” was assessed with the question “How would you rate your
healthin general?”,whichisanswered on a five-point Likert scale. The response categories
were dichotomized into good self-rated health (“good” or “very good”) and poor self-rated
health (“fair”, “poor”, or “very poor”). The variable “chronic disease” was derived from the
guestion “Do you have one or more long-term diseases (expected duration six months
or longer)?”, with the answer options “yes” and “no”. This question does not differentiate
between physical and mental diseases. Psychological distress was derived from the
Kessler-10 questionnaire (K10) [15]. The ten questionsin this questionnaire are answered
on a five-point Likert scale, resulting in a total score ranging from 10 to 50. Scores of 30
and higher were considered as “high risk” (see Appendix Tables A1 and A2 for details).
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Independent variables

The independent variables in this study included region, demographic factors, SES,
lifestyle, loneliness, and mastery. The variable “region” was based on the 2016 division
of the Dutch Public Health Services (resulting in 25 regions). The region of Zuid-Limburg
was the reference group as this region scores worst on many health-related factors
and outcome measures based on the information published by the RIVM [2]. Zuid-
Limburg has the highest percentages of adults with a chronic disease (38.7% vs 33.9%
nationwide), adults with (very) poor or fair self-rated health (30.5% vs 24.4%), lonely
adults (47.8% vs 43.0%), and adults with insufficient mastery (12.5% vs 9.9%) [2].

Demographic factors included age, gender, migration background, and marital status.
SES consisted of the highest attained level of education, the quartile of standardized
household income, and income inadequacy. Household income was standardized for the
number of persons in the household and then classified into quartiles based on income
dataofthe entire Dutch population. Thevariable “income inadequacy” was examined with
the question “In the past 12 months, have you had any concerns making ends meet with
your household income?” Income inadequacy is considered to be a subjective measure
of income as part of SES since it is also related to health, in addition to the objective
income [16]. Lifestyle variables included BMI category [17] and sufficient physical
activity (at least 2.5 hours of moderately intensive exercise or intense training twice a
week, as defined by the Health Council [18]) as a proxy for eating and exercise behavior,
smoking history, and alcohol consumption (“never”, “moderately”, or “excessively” (i.e.,
>14 alcohol beverages a week for women and >21 alcohol beverages a week for men)).
The variable “loneliness” was based on the total score on the eleven statements of the
De Jong-Gierveld scale [8]. These statements refer to feelings of severe loneliness,
problematic situations, companionship, and sociability (e.g., “I experience a general
sense of emptiness” or “There are many people | can trust completely”). The answer
options are “yes”, “more or less” and “no”. An individual is considered to be somewhat
lonely if their score is in the range of 3 to 8, severely lonely with a score of 9 or 10, and
very severely lonely with a score of 11 [19]. The variable “mastery” was assessed with
the seven statements of the Pearlin and Schooler Mastery Scale [20]. These statements
(e.g., “I have little control over the things that happen to me”) are answered on a five-
point Likert scale (ranging from “strongly agree” to “strongly disagree”), with a total score
of 7-35. The higher the total score, the more control one experiences over their life.

Statistical analyses

The relative risks for the negative health outcomes were modeled using a series of
logistic and Poisson regressions. The outcomes “poor self-rated health” and “at least
one chronic disease” were modelled with robust Poisson regressions because of the
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frequency of these outcomes (prevalence >10%). Odds ratios (ORs) of logistic regressions
can substantially overestimate the prevalence ratios (PRs) for this type of outcome
variables [21]. For the outcome “psychological distress”, logistic regressions were used.
For each outcome variable, six regression models were compared. Model 1 was only
adjusted for region. This is a categorical variable with 24 dummies and the region of
Zuid-Limburg as reference group. In Model 2, region, demographic factors, and SES
were accounted for. In Model 3, the outcomes were corrected for region, demographic
factors, SES, and a) lifestyle, b) loneliness, or c) mastery, respectively. Finally, in Model
4, all independent variables of this study were accounted for.

Given the number of missing data, all analyses were also performed with multiple
imputed data (multivariate imputation by chained equations, 5 imputations, n=
452,664) [22]. These results and the original findings were comparable, making the
findings robust. All analyses were performed using Stata 16 [23] and applied to the
sampling design of the data.

Results

The sample included 334,721 persons, of whom more than half were women (52.4%),
with amean age of 59.2 years (standard deviation (SD): 16.9) (Table 1). The majority of the
respondents was Dutch-born (88.0%), 8.4% had a Western migration background, and
3.6% had a non-Western migration background. In addition, 67.0% of the respondents
were married or living together, 10.7% had never been married, 6.9% was widowed,
and 9.4% was divorced. Furthermore, 74.0% of the respondents experienced a (very)
good health, 60.7% had no chronic diseases, and 95.5% had no, a low, or a moderate
risk of psychological distress. The mean loneliness score was 2.8 (SD: 3.1) (scores 0-3
indicated “not lonely”). For mastery, the mean score was 26.7 (SD: 5.2) (scale 7-35). The
outcomes and factors were also weighted and are described per region (see Appendix
Tables A4 and A5). An overview of the missing data can be found in Appendix Table A3.

Table 1. Sample characteristics (hn= 334,721)

Variable Category n (%)
Gender® Male 159,251 (47.6%)
Migration background® Dutch-born 294,573 (88.0%)
Western migration background 28,204 (8.4%)
Marital status’ Married/living together 224,234 (67.0%)
Never married 35,899 (10.7%)
Widowed 23,052 (6.9%)

table continues
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Variable Category n (%)
Highest attained level of Primary school 19,061 (5.7%)
education” Lower vocational education 102,886 (30.7%)
Middle vocational/secondary 106,341 (31.8%)
Standardized household 0-25% 42,250 (12.6%)
income quartile® 26-50% 84,243 (25.2%)
51-75% 98,107 (29.3%)
Self-perceived income Inadequate, major concerns 9,490 (2.8%)
inadequacy” Inadequate, some concerns 34,273 (10.2%)
Adequate, minor concerns 115,299 (34.4%)
Physical activity* Insufficient 94,343 (28.2%)
Body mass index, kg/m?* Normal (18.5-25) 152,321 (45.5%)
Overweight (25-30) 128,977 (38.5%)
Obese (>30) 49,223 (14.7%)
Alcohol consumption* Never 32,663 (9.8%)
Moderate 275,392 (82.3%)
Smoking history* Never smoked 135,642 (40.5%)
Former smoker 144,994 (43.3%)
Chronic disease* None 203,330 (60.7%)
Self-rated health* Very (good) 247,707 (74.0%)
Psychological distress* No, low or moderate risk 319,533 (95.5%)
Average (SD)
Age, years® 59.2 (16.9)
Loneliness score* 2.8 (3.1)
Mastery score* 26.7 (5.2)

Basedonunweighted,non-imputeddata.SD:standard deviation.§Registrydata. *Self-reported data

Compared with residents of Zuid-Limburg, all residents of other Dutch regions had
a lower risk of poor self-rated health in the uncorrected model, with PRs ranging
from 0.72 to 0.93 (Table 2). In other words, if differences between regions remained
uncorrected for any population characteristic, residents of Zuid-Limburg had a higher
chance of poor self-rated health (8%-39%) than residents of other regions. After adding
demographic and SES factors, 23 regions remained significantly different. After adding
lifestyle factors, 19 regions remained significantly different, and after adding loneliness,
21 regions remained significantly different. After addition of mastery, 20 regions
remained significantly different from Zuid-Limburg (Figure 1 and Appendix Table Aé).
When using the most extensive model, the regional differences in self-rated health
remained significant in 17 of the 24 regions, with PRs ranging from 0.83 to 0.95 (Table 2).
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PR region
(compared to Zuid-Limburg)

0.70 1,00
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Figure 1. Prevalence ratios of having less than good self-rated health in other Dutch regions

compared with Zuid-Limburg

Accounted for (1) region; (2) region, demographic factors, and socioeconomic status (SES);
(3a) region, demographic factors, SES, and lifestyle; (3b) region, demographic factors, SES, and
loneliness; (3c) region, demographic factors, SES, and mastery; and (4) region, demographic
factors, SES, lifestyle, loneliness, and mastery.

The risk of having at least one chronic disease differed significantly between 22 regions
and Zuid-Limburg in the uncorrected model; the PRs ranged from 0.81 to 0.95 (Table 2).
The regional differences for chronic disease could be partly explained by demographic
factors and SES (17 significantly different regions), lifestyle (15 significantly different
regions), loneliness (15 significantly different regions), and mastery (14 significantly
different regions) (Figure 2 and Appendix Table A7). In the most extensive model,
residents of Zuid-Limburg had a higher risk (4%-18%) of having at least one chronic
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disease compared with the residents of 12 other regions (significant PRs ranged from
0.85 to 0.96). Residents of the region of Groningen had a higher risk of having at least
one chronic disease compared with Zuid-Limburg residents in the most extensive model
(PR: 1.06; 95% confidence interval (Cl): 1.02-1.11).

PR. region
(compared to Zuid-Limburg)
0,80 1,20

4)

Figure 2. Prevalence ratios of having at least one chronic disease in other Dutch regions compared
with Zuid-Limburg

Accounted for (1) region; (2) region, demographic factors, and socioeconomic status (SES);
(3a) region, demographic factors, SES, and lifestyle; (3b) region, demographic factors, SES, and
loneliness; (3c) region, demographic factors, SES, and mastery; and (4) region, demographic

factors, SES, lifestyle, loneliness, and mastery.
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Figure 3. Odds ratios of having high risk of psychological distress in other Dutch regions compared
with Zuid-Limburg

Accounted for (1) region; (2) region, demographic factors, and socioeconomic status (SES);
(3a) region, demographic factors, SES, and lifestyle; (3b) region, demographic factors, SES, and
loneliness; (3c) region, demographic factors, SES, and mastery; and (4) region, demographic
factors, SES, lifestyle, loneliness, and mastery.

The risk of psychological distress differed significantly between the 18 other regions
and Zuid-Limburg in the uncorrected model; the ORs ranged from 0.65 to 0.86. The
regional differences for the risk of psychological distress could be largely explained by
demographic factors, SES, loneliness, and mastery (Figure 3 and Appendix Table A8).
Of the 19 significantly different regions in Model 1, 12 remained significantly different
when demographic factors and SES were added, 10 remained significantly different
with the addition of lifestyle, 6 remained significantly different with the addition of
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loneliness, and 5 remained significantly different with the addition of mastery. In
the most comprehensive model, residents of three other regions had a lower risk of
psychological distress compared with residents of Zuid-Limburg. These three regions
were South Holland-South (Zuid-Holland-Zuid) (OR: 0.76; 95% Cl: 0.60-0.96), Zeeland
(OR: 0.80; 95% Cl: 0.64-0.99), and Northern Limburg (Limburg-Noord) (OR: 0.84; 95%
Cl: 0.71-0.99). The residents of Twente (OR: 1.49; 95% Cl: 1.20-1.84) and Haaglanden
(OR: 1.22; 95% CI: 1.03-1.44) had a higher risk of psychological distress compared with
those living in Zuid-Limburg. After adding demographic factors, SES, lifestyle, loneliness,
and mastery, there were no significant differences between the other 19 regions and
Zuid-Limburg. The results of the multiple imputed data set were comparable with the
results based on the sample of 334,721 respondents.

Discussion

The aim of this study was to explain the regional health differences in self-rated health,
chronic disease, and psychological distress based on an extensive set of lifestyle factors,
loneliness, and mastery, in addition to demographic factors and SES. When we corrected
for all explanatory factors, the number of regions that differed from the region of Zuid-
Limburg with respect to self-rated health decreased from 24 to 17. Lifestyle, loneliness,
and mastery partly contributed to this difference, with 19, 21, and 20 significant regions,
respectively (out of 23 after adjusting for demographic factors and SES). With regard
to chronic disease, residents of 12 regions were less likely to have a chronic disease
than residents of Zuid-Limburg after accounting for all explanatory factors. Lifestyle
and loneliness (number of significantly different regions reduced from 17 to 15 for both)
and mastery (from 17 to 14 significant regions) contributed to the differences between
regions in self-perceived health and presence of chronic diseases. Of the 19 regions
with significant differences in the risk of psychological distress, 14 were no longer
significantly different when correcting for the explanatory factors. This could be largely
explained by loneliness (from 12 to 6 significant regions) and self-mastery (from 12 to 5
significant regions), in addition to the corrections for demographic characteristics and
SES (from 19 to 12 significant regions) and lifestyle (from 12 to 10 significant regions).
This study presented regional differences compared with the reference region Zuid-
Limburg. In the tool Compare Regions for Health and Healthcare Costs (Regiovergelijker
gezondheid en zorgkosten), users can select any reference region and display the results
of the uncorrected model (Model 1) and the fully corrected model (Model 6) [24].

The correction for demographic factors and SES partly contributed to the explanation
of regional differences in self-rated health. This finding is similar to the results of
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previous research in the Netherlands, in which municipal differences in self-rated health
were partly explained by age, migration background, income, and education level [5].
Similarly, international studies have shown that regional health inequalities can be
partially explained by personal characteristics. In the United States, 30% of mortality
differences for women are explained by individual characteristics (demographic factors
and SES), whereas 53% is attributed to contextual features per state (social cohesion,
economic, and socio-political structure) [25]. In England, the north-south divide in
cardiovascular diseases can also be partly explained by demographic factors and SES, in
this case by smoking behavior, BMI, and blood pressure [26].

After adding all explanatory factors to the model, there were still some regional health
inequalities. Which factors can further explain these differences? It is well known that
neighborhood characteristics such as social cohesion, facilities, perceived safety, and less
nuisance are associated with better health [27, 28]. Statistics Netherlands has published
national and regional data on this topic in its Safety Monitor. These data showed that
residents of the regions of Amsterdam, Rotterdam, parts of The Hague region, Utrecht
city, and Zuid-Limburg feel less safe, experience more nuisance, and are less satisfied
with the quality of life in neighborhoods [29]. In addition, the Dutch Opportunity Map
(KansenKaart), which makes regional differences in upward mobility (i.e., the ability to
improve one’s social status relative to that of another social group) insightful, has shown
that upward mobility in income is less common in people who grew up in the northern
provinces of the Netherlands [30]. Upward mobility in education level (higher vocational
training or university), on the other hand, is less common in people who grew up in the
Dutch Bible Belt and the northern regions. These regional differences could be further
investigated, in combination with lifestyle and psychosocial factors.

When explaining poorer health outcomes, cultural and historical aspects are often taken
into consideration. For Zuid-Limburg, for example, its mining history is often considered
[31]. When the mines closed, not only did many jobs disappear, but the social structures
of mine, church, and state also collapsed. These structures provided education,
healthcare, social cohesion, and housing in Zuid-Limburg. A possible consequence
is that residents of Zuid-Limburg have a more dependent attitude and therefore
experience a lower sense of mastery [31]. The disappearance of these structures, and
the absence of adequate alternatives [32], has also led to a greater feeling of loneliness
and less mastery. Nevertheless, even when we corrected for mastery and loneliness,
regional differences remained (5%-20% higher chance of poorer health and 4%-18%
higher chance of having a chronic disease). This may indicate the presence of other
determinants we did not include or may imply that the used scales insufficiently measure
loneliness and mastery. Although these are validated scales, feelings of loneliness and
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lower sense of mastery may not have been fully covered by the questions, as people
feel politicians and government have abandoned them [32]. Perhaps future (qualitative
and) longitudinal research can unravel the mechanisms behind these factors.

Our results offer leads for policymakers to reduce regional health inequalities by tackling
unhealthier lifestyles and loneliness and strengthening mastery in the population. For
some factors, interventions can be fairly simple by using straightforward programs, such
as lifestyle campaigns. To combat loneliness, group interventions are recommended that
focus on educational or social activities for specific target groups and not only on home
visits or learning how to make friends [33]. In addition, as lifestyle habits, loneliness, and
mastery are formed in the broad context of the individual’s living environment, the causes
of the causes need to be assessed as well [4]. This requires consideration of a broad range
of domains beyond healthcare, such as labor, housing, education, and living environment
[3, 34]. More qualitative and regional research is needed to determine exactly which
problems are prevalent and which interventions are best suited for these problems.

Based on this study, no recommendations on specific interventions can be made, but
we have shown that investments in these interventions can reduce regional health
inequalities. Prioritization of vulnerable regions and populations is recommended
[34], which is also in the interest of a regional approach of making healthcare more
sustainable and looking at a broader perspective of prosperity [35, 36]. Regions are
taking on a greater role in realizing local partnerships at the border of medical and social
care and in bringing coherence in health, income, and well-being [35]. Aside from the
possible leads this research offers based on the corrected differences, the uncorrected
differences visualize the actual situation in vulnerable regions and indicate that extra
attention and investments are needed.

A possible limitation of the study is related to the composition of the sample. It is known
that certain groups are less inclined to participate in surveys, for example people with
a lower SES and/or worse health, which can lead to selection bias [37]. In addition,
people in the lowest income quartile were underrepresented in this dataset (12.6% of
the respondents). This was taken into account when sampling and analyzing the data by
adding weighting factors. Nevertheless, the weighted data showed that 18.7% of the
respondents belonged to the lowest quartile. In addition, institutionalized residents are
not included in the sample of the Health Survey. The underrepresentation of this group
of citizens may have underestimated the actual regional health inequalities.

A second limitation is the use of cross-sectional data. This made it impossible to draw
causal conclusions, and we could only analyze possible associations. For example,
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regions with more lonely residents can, as a result, become unhealthier. At the same
time, citizens become lonelier as a result of their poorer health.

In conclusion, lifestyle factors, loneliness, and mastery are possible starting points for
the explanation of regional health inequalities in the Netherlands. Lifestyle factors
contribute to the explanation of regional differences in self-rated health and presence
of chronic disease. In addition, loneliness and mastery contribute to explaining regional
differences in self-perceived health, chronic disease, and psychological distress.
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Appendix

Regional differences in health further explained

Table Al. Categories, codes, and sources for dependent and independent variables.

Variable Category Code Sources

Gender$ Male Statistics Netherlands
Female Statistics Netherlands

Migration Dutch-born Statistics Netherlands

background? Western migration background Statistics Netherlands
Non-western migration background Statistics Netherlands

Marital Married/living together Health Survey

status’

Highest attained
level of education*

Standardized
household income
quartile’

Self-perceived
income
inadequacy*

Physical activity*

BMI*

Alcohol
consumption*

Smoking*

Never married

Widowed

Divorced

Primary school

Lower vocational education
Middle vocational/secondary
Higher vocational/university
0-25%

26-50%

51-75%

76-100%

Inadequate, major concerns
Inadequate, some concerns
Adequate, minor concerns
Adequate, no concerns
Insufficient

Sufficient

Underweight (<18.5)
Normal (18.5-25)
Overweight (25-30)

Obese (30>)

Never

Moderate
Excessive
Never smoked
Former smoker
Current smoker

O W NOFP O FP OFPDNWORFRPRDNOWOERLRNOWWMNELEONDNMEREeEROW®RLDO

N », ODN -

Health Survey
Health Survey
Health Survey
Health Survey
Health Survey
Health Survey
Health Survey

Statistics Netherlands
Statistics Netherlands
Statistics Netherlands
Statistics Netherlands

Health Survey
Health Survey
Health Survey
Health Survey
Health Survey
Health Survey
Health Survey
Health Survey
Health Survey
Health Survey
Health Survey

Health Survey
Health Survey
Health Survey
Health Survey
Health Survey

table continues
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Variable Category Code Sources
Loneliness* Continuous score 0-11* n/a Health Survey
Mastery* Continuous score 7-352 n/a Health Survey

Chronic disease* None 0 Health Survey
At least one 1 Health Survey
Self-rated health*  Very (good) 0 Health Survey
Fair, (very) poor 1 Health Survey

0

Psychological No, low or moderate risk (score 10-
distress* 29)

High (score 30-50)’ 1 Health Survey
BMI: body mass index. §Registry data *Self-reported data (Health Survey). * The variables loneliness

Health Survey

and mastery are continuous variables. The 11 statements for loneliness (table A2) are answered
“yes”, “more or less” or “no” and result in a score between 0 and 11. Respondents scoring 0,1
or 2 are considered not lonely, respondents scoring between 3 up until 8 are somewhat lonely,
respondents scoring 9 or 10 are severely lonely and respondents scoring 11 are very severely
lonely. The 7 statements for mastery are answered on a 5-point Likert scale (totally agree [lowest
score 1], agree, neither agree or disagree, disagree or totally disagree [highest score 5]). This
results to a score between 7 and 35, a score of 19 or lower is considered as insufficient mastery.
" The variable risk for psychological distress is based on the Kessler-10 questionnaire. The 10
questions (table A2) are answered on a 5-point Likert scale (all the time, most of the time, some
of the time, a little of the time, and none of the time). The K10 score varies between 10 (no risk)
and maximum 50 (high risk).

Table A2. Statements/questions fort he variables loneliness, mastery and psychological distress.

Loneliness 1. There is always someone | can talk to about my day-to-day problems.
(De Jong-Gierveld 5 | pjss having a really close friend.
1985)* . .
3. | experience a general sense of emptiness.
4. There are plenty of people | can lean on when | have problems.
5. | miss the pleasure of the company of others.
6. | find my circle of friends and acquaintances too limited.
7. There are many people | can trust completely.
8. There are enough people | feel close to.
9. I miss having people around me.
10. | often feel rejected.
11. | can call on my friends whenever | need them.
Mastery 1. | have little control over the things that happen to me.
(Pearlin & 2. No way | can solve some of the problems | have.
Schooler 1978)*

3. There is little | can do to change many of the important things of life.
4. | often feel helpless in dealing with the problems of life.
5. Sometimes | feel that | am being pushed around in life.

table continues
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Psychological
distress
(Kessler 2002)
[K10]®

In the past 4
weeks...

6. What happens in the future mostly depends on me.

7.1 can do just about anything | really set my mind to.

1. About how often did you feel tired out for no good reason?
2. About how often did you feel nervous?

3. About how often did you feel so nervous that nothing could calm you
down?

4., About how often did you feel hopeless?

5. About how often did you feel restless or fidgety?

6. About how often did you feel so restless you could not sit still?

7. About how often did you feel depressed?

8. About how often did you feel that everything was an effort?

9. About how often did you feel so sad that nothing could cheer you up?
10. About how often did you feel worthless?

» o«

' The 11 statements by De Jong-Gierveld are answered “yes”, “more or less” or “no”. > The 7

statements by Pearlin & Schooler are answered on a 5-point Likert scale (totally agree, agree, neither

agree or disagree, disagree or totally disagree). * The K10 questions are answered on a 5-point Likert

scale (all the time, most of the time, some of the time, a little of the time, and none of the time).

Table A3. Missing data (n=457,150)

Variable N (%)
Region* 0 (0)
Age® 0 (0)
Gender$ 0 (0)
Migration background? 0 (0)
Marital state* 11,192 (2.4)
Highest attained level of education * 31,422 (6.9)
Standardized household income quartile® 737 (0.2)
Income inadequacy* 35,643 (7.8)
Physical activity* 33,488 (7.3)
BMI* 21,261 (4.7)
Alcohol consumption* 36,967 (8.1)
Smoking* 32,605 (7.1)
Chronic disease* 8,808 (1.9)
Self-rated health* 5,730 (1.3)
Psychological distress* 20,103 (4.4)
Loneliness* 36,364 (8.0)
Mastery* 36,612 (8.0)

BMI: body mass index. §Registry data *Self-rated data (Health Survey).
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Table A4. Descriptive weighted data

Variable Category %
Gender’ Male 50.9
Migration background? Dutch-born 78.8
Western migration background 4.9
Marital status’ Married/living together 66.1
Never married 20.3
Widowed 7.4
Highest attained level of education* Primary school 6.2
Lower vocational education 24.4
Middle vocational/secondary 35.0
Standardized household income 0-25% 18.7
quartile® 26-50% 23.7
51-75% 27.4
Self perceived income inadequacy* Inadequate, major concerns 4.7
Inadequate, some concerns 13.5
Adequate, minor concerns 35.2
Physical activity* Insufficient 34.7
Body Mass Index* Normal (18,5-25) 49.4
Overweight (25-30) 35.1
Obese (30>) 13.8
Alcohol consumption* Never 24.4
Moderate 75.6
Smoking* Never smoked 45.8
Former smoker 33.3
Loneliness* Somewhat or (very) severely (scores >2)t 42.8
Mastery* Insufficient (score <20)? 9.9
Chronic disease* None 66.0
Self-rated health* Very (good) 75.6
Psychological distress* No, low or moderate risk 93.5

BMI: body mass index. §Registry data *Self-rated data (Health Survey). 'The variables loneliness
and mastery are continuous variables. The 11 statements to determine degree of loneliness (table
A2) are answered “yes”, “more or less” or “no” and result in a score between 0 and 11. Respondents
scoring 0,1 or 2 are considered not lonely, respondents scoring between 3 and 8 are somewhat
lonely, respondents scoring 9 or 10 are severely lonely and respondents scoring 11 are very severely
lonely. The 7 statements for mastery are answered on a 5-point Likert scale (totally agree [lowest
score 1], agree, neither agree or disagree, disagree or totally disagree [highest score 5]). This results to
a score between 7 and 35, a score of 19 or lower is considered as insufficient mastery. ‘The variable
risk for psychological distress is based on the Kessler-10 questionnaire. The 10 questions (table A2)
are answered on a 5-point Likert scale (all the time, most of the time, some of the time, a little of the
time, and none of the time). The K10 score varies between 10 (no risk) and maximum 50 (high risk).
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Chapter 6

Abstract

Healthcare costs in the Netherlands are rising, and vary considerably among regions.
Explaining regional differences in healthcare costs can help policymakers in targeting
appropriate interventions in order to restrain costs. Factors usually taken into account
when analyzing regional differences in healthcare costs are demographic structure and
socioeconomic status (SES). However, health, lifestyle, loneliness and mastery have
also been linked to healthcare costs. Therefore, this study analyzes the contribution
of health, lifestyle factors (BMI, alcohol consumption, smoking and physical activity),
loneliness, and mastery to regional differences in healthcare costs. Analyses are
performed in a linked dataset (n= 334,721) from the Dutch Public Health Services,
Statistics Netherlands, the National Institute for Public Health and the Environment
(year 2016), and the healthcare claims database Vektis (year 2017) with Poisson and
zero-inflated binomial regressions. Regional differences in general practitioner consult
costs remain significant even after taking into account health, lifestyle, loneliness, and
mastery. Regional differences in costs for mental, pharmaceutical, and specialized care
are less pronounced and can be explained to a large extent. For total healthcare costs,
regional differences are mostly explained through the factors included in this study.
Hence, addressing lifestyle factors, loneliness and mastery can help policymakers in
restraining healthcare costs. In this study, the region of Zuid-Limburg represents the
reference region. Use Compare Regions for Health and Healthcare costs (Regiovergelijker
gezondheid en zorgkosten), in order to select all other Dutch regions as reference region.
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Introduction

Healthcare costs in the Netherlands continue to increase annually [1]. Before the
coronavirus pandemic, the average annual growth for the coming decades was
calculated to be 2.8%, according to the Dutch National Institute for Public Health and the
Environment [1]. With rising healthcare costs, the affordability of the Dutch healthcare
system is under increasing pressure. In addition, average healthcare costs vary strongly
between regions and municipalities in the Netherlands. In 2018, the average healthcare
costs, as reimbursed by the basic health insurance plan, averaged €2,625 per insured
year (insured years are insured persons weighted for the registration period in the
particular municipality; this makes it possible to compare municipalities regardless of
births, deaths, or relocations). Between the municipalities with the highest and lowest
healthcare costs, however, there was a difference of more than €1,700 (for example,
€3,625 in Kerkrade and €1,853 in Urk). Even after adjusting for age and gender, the
difference between the municipalities with the highest and lowest healthcare costs was
approximately €1,200 (for example, €3,273 for Heerlen and €2,074 for Rozendaal) [2].
The regions with higher healthcare costs are the border regions of Zeeland, Groningen,
Drenthe, and South Limburg (Zuid-Limburg) in particular. In order to reduce the increase
in healthcare costs, explanations for regional differences are needed to provide insight
into possible leads.

A study based on relocations in the Netherlands between 2006 and 2013 showed
that 70% of regional differences in total healthcare costs are explained by demand
factors [3]. Demand factors are all factors that pertain to the individual, such as level
of education and health status. In a previous study on population funding, regional
differences in specific groups of the chronically ill (people with depression and diabetics)
were largely explained by demand factors [4]. In these healthcare cost studies, a part of
the Dutch population was assessed, adjusted for age and gender [3, 4], socioeconomic
status (SES), and self-reported health [4]. In addition to demographic characteristics,
SES, and self-reported health [5], there are other factors that appear to play a role in
higher healthcare utilization and, as a result, higher costs, such as an unhealthy lifestyle
[6, 7] and loneliness [8, 9]. Lonely citizens visit a doctor more often [8, 9], are more
frequently in need of mental healthcare [8] and inpatient care, and are more likely to
take antidepressants and anxiolytics [9].

In this national study, we aimed to explain regional variations in healthcare costs based
on lifestyle factors, loneliness, and mastery, after adjusting for demographic factors,
SES, and general and mental health. In an accompanying article in a special issue of
the Journal for Health Sciences (Tijdschrift voor gezondheidswetenschappen), we also show
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that lifestyle, loneliness, and mastery partly explain regional differences in general and
mental health (operationalized by means of self-perceived health, chronic illness, and
psychological distress) [10].

The research question for the current study was: “Do lifestyle factors, loneliness, and
mastery contribute to explaining regional differences in healthcare costs in addition
to age, gender, SES, and health status?” The results can direct future preventive
interventions and policies to help reduce regional differences in healthcare costs.

Methods

Data and sampling

Data were extracted from a linked dataset provided by the Dutch Public Health Services,
Statistics Netherlands, and the healthcare claims-based database Vektis. The Health
Survey 2016 provides information about demographic factors, SES, lifestyle, loneliness,
mastery, and physical and mental state of health of the respondents [10]. Registry data
from Statistics Netherlands (based on the Dutch Personal Records Database and the
Dutch Tax and Customs Administration) were linked to the survey data. This linkage
provided more information about the migration background of respondents and their
household income. Finally, data on national healthcare claims (covered by the basic
health insurance under the Healthcare Insurance Act) provided by Vektis were linked
for the year 2017. The datasets were linked using pseudonymized RIN numbers
provided by Statistics Netherlands in a secured digital environment. After data linkage
and exclusion of missing data, the sample consisted of 334,721 persons. To ensure the
representativeness of the sample, weighting factors were added to the Health Survey[10].

Dependent variables

The dependent variables were the following five cost categories: total costs (all costs
reimbursed by the Healthcare Insurance Act), general practitioner (GP) consultation
costs, pharmaceutical costs, specialized care costs (hospital and curative care), and
mental healthcare costs (inpatient and outpatient mental healthcare and long-term
mental healthcare). For inpatient mental healthcare, costs are covered by the Healthcare
Insurance Act for up to three years. After three years, these costs are covered by the
Dutch Long-term Care Act. The costs covered by the Long-Term Care Act were not
included in the Vektis data.

Independent variables

The independent variables were region, demographic characteristics, SES, general and
mental health, lifestyle, loneliness, and mastery. For the variable “region”, we used the
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regional classification of the Public Health Survey 2016, with the region of Zuid-Limburg
as the reference group. Zuid-Limburg was chosen because this is the region with the
highest healthcare costs, the highest number of adults with a chronic disease [11], the
lowest percentage of adults with a good self-rated health [12], the highest number of
lonely adults [13], and the highest number of adults with insufficient mastery [14].

Demographic factors were age, gender, migration background (“Dutch”, “Western
migration background”, or “non-Western migration background”), and marital status
(“married/living together”, “never married”, “widowed”, or “divorced”). SES consisted
of the highest attained level of education (“primary education”, “lower vocational
education”, “middle vocational or secondary education”, or “higher vocational education
or university”), standardized household income quartile, and income inadequacy
(“inadequate, major concerns”, “inadequate, some concerns”, “adequate, minor
concerns”, or “adequate, no concerns”) [10]. To assess general health, self-rated health
(“(very) good” or “fair, (very) poor”) and self-reported chronic disease (“yes, one or more”
or “no”) were used. The variable “psychological distress” (assessed with the Kessler-10
questionnaire [15]) was used as a proxy for the mental component of health, resulting
in a total score ranging from 10 to 50 (a score of 10-29 indicated “no or low risk”, and a
score 30 indicated “moderate or high risk”). Lifestyle factors included body mass index
category (<18.5 kg/m? was considered “underweight”, 18.5-25 kg/m? was “normal’,
25-30 kg/m? was “overweight”, and >30 kg/m? was “obese”), smoking history (“never”,
“former smoker”, or “current smoker”), alcohol consumption (“never”, “moderate”, or
“excessive”) and (in)sufficient physical activity. Loneliness was assessed with the De
Jong-Gierveld scale [16] (continuous score ranging from O to 11, whereby a score of 3-8
was considered “moderate”, 9-10 was “severe”, and 11 was “very severe loneliness”).
Mastery was assessed with the Pearlin Mastery Scale (continuous score ranging from 7

to 35, whereby a score <19 was considered “insufficient mastery”) [17].

Statistical analyses

For total healthcare costs, the incidence rate ratio (IRR) was assessed with Poisson
regressions. The IRR represented the change in costs per change of the particular
independent variable. For the cost categories of GP consultations, pharmacy, specialist
care, and mental healthcare, zero-inflated binomial (ZINB) distributions were used,
because most people do not need all these types of healthcare and these cost data
therefore contain many zeros (Table 1). The ZINB model is a combination of two separate
models. Thefirst partisalogistics model that estimates the probability thata personincurs
no costs. The second model is a negative binomial model, which modulates the amount
of costs for those who do incur costs. The ZINB model yields two sets of estimates:
the odds ratio (OR) for the logistic model and the IRR for the negative binomial model.
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For Model 1, only region was included. In Model 2, the demographic characteristics and
SES were added to region. Self-perceived health was added in Model 3a, self-reported
chronic disease in Model 3b, and psychological distress in Model 3c. In Model 4, the
correlation of region with healthcare costs was corrected for demographic factors,
SES, self-perceived health, chronic illness, and psychological distress. Lifestyle was
added in Model 5a, loneliness in Model 5b, and mastery in Model 5c. In Model 6, all
beforementioned factors were included.

Marginal average costs were calculated based on the unadjusted costs (Model 1)
and the adjusted costs (Model 6). Marginal costs per region represented the average
costs per person in a particular region if the population of this region shared the same
demographic factors, SES, general and mental health, lifestyle, loneliness, and mastery
as the entire Dutch population. All analyses were performed in Stata 15 [18]. Multiple
data imputation to account for missing data was considered. However, in Stata, ZINB
models cannot be performed with data imputation, and the analyses were therefore
performed with complete data. From previous analyses with this dataset, it appeared
that the results of the complete data (complete case analyses) were comparable with the
results of the multiple imputed data [10], which indicated that the missing completely at
random assumption could be made. Therefore, only the complete case sample was used.

Results

Slightly over half of the sample was female (52.4%), and the mean age was 59.2 years
(standard deviation (SD): 16.9) (Appendix Table A1) [10]. The majority of the respondents
reported a (very) good health (74.0%) and no chronic disease (60.7%), whereas 4.5%
of the respondents reported psychological distress. With regard to healthcare costs
in 2017, 17.3% of the respondents incurred no GP consultation costs, 20.1% did not
incur any pharmaceutical costs, 26.9% did not incur any specialist care costs, and 96.7%
of the respondents incurred no mental healthcare costs (Table 1). The percentages of
missing data per variable are shown in Appendix Table A2.

The results for total healthcare costs in the unadjusted model (Model 1) and the most
comprehensive model (Model 6) are shown in Table 2. For total healthcare costs, most
regional differences with Zuid-Limburg could be explained. Residents of 22 of the other
24 regions incurred significantly lower healthcare costs compared with residents of
Zuid-Limburg in the unadjusted model; the IRR varied from 0.77 to 0.90 (Table 2). In
the most comprehensive model, residents of Northern Holland (Hollands Noorden) (IRR:
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0.93) and South Holland-South (Zuid-Holland-Zuid) (IRR: 0.92) incurred significantly
lower total healthcare costs than residents of Zuid-Limburg. Residents of the region of
Amsterdam incurred significantly higher healthcare costs (IRR: 1.14) (Table 2).

Table 1. Descriptive data for healthcare costs based on unweighted data
Total sample (N= 334,721)

Respondents with costs

Cost Median Q1 Q3 n (%) Median Q1 Q3

category (IQR) (IQR)

Total¥ €814.78 €220.17 €2,582.11 334,276 €817.44 €221.45 €2,586.32
(€2,361.94) (99.9%) (€2,364.87)

GP €31.55 €9.07 €65.37 276,873 €40.80 €18.62 €76.62
consultation¥ (€56.30) (82.7%) (€58.00)
Mental €0.00 €0.00 €0.00 10,946 €1,323.88 €805.69 €3,449.56
healthcare¥ (€0.00) (3.3%) (€£2,643.87)
Pharmaceuti- €96.65 €15.27 €352.96 267,385 €161.87 €54.08 €475.28
cal care¥ (€337.69) (79.9%) (€421.20)
Specialist €217.86 €0.00 €1155.40 244,774 €576.23 €144.13 €1,869.89
care¥ (€1,155.40) (63.1%) (€1,725.76)

IQR: interquartile range; Q1: lowest quartile; Q3: highest quartile; GP: general practitioner.

*Vektis data

Table 2. Incidence rate ratios per region for total healthcare costs compared with Zuid-Limburg

based on Poisson regressions (h= 334,721)

IRR (95% CI)

Region Model 1 (region) Model 6 (total)
Zuid-Limburg 1.00 (ref) 1.00 (ref)
Zuid-Holland-Zuid 0.78 (0.71-0.85) 0.92 (0.86-1.00)
Zeeland 0.91 (0.84-0.99) 1.02 (0.95-1.09)
Zaanstreek-Waterland 0.86 (0.80-0.93) 1.00 (0.93-1.06)
West-Brabant 0.89 (0.82-0.95) 1.04 (0.97-1.11)
Utrecht 0.79 (0.74-0.84) 1.01 (0.96-1.08)
Twente 0.89 (0.80-0.99) 1.08 (0.97-1.20)
Rotterdam-Rijnmond 0.90 (0.84-0.96) 1.02 (0.96-1.09)
Noord- en Oost-Gelderland 0.84 (0.79-0.90) 0.98 (0.92-1.04)
Limburg-Noord 0.93(0.86-1.01) 1.03 (0.95-1.11)
Kennemerland 0.82(0.76-0.88) 1.03 (0.96-1.10)
IJsselland 0.84 (0.77-0.91) 1.02 (0.95-1.10)
Hollands Noorden 0.77 (0.72-0.83) 0.93(0.87-1.00)
Hollands Midden 0.80(0.75-0.86) 0.95(0.89-1.01)
Hart voor Brabant 0.85 (0.76-0.94) 1.02 (0.92-1.13)
Haaglanden 0.90 (0.83-0.97) 1.06 (0.98-1.14)
Groningen 0.81(0.75-0.88) 0.98 (0.91-1.06)

table continues
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Region

Model 1 (region)

IRR (95% CI)

Model 6 (total)

Gooi en Vechtstreek
Gelderland-Zuid
Gelderland-Midden
Friesland

Flevoland

Drenthe
Brabant-Zuidoost
Amsterdam

0.85(0.77-0.94)
0.87 (0.79-0.96)
0.82(0.76-0.90)
0.85(0.78-0.91)
0.78 (0.69-0.87)
0.85(0.77-0.95)
0.87 (0.81-0.93)
0.86 (0.79-0.94)

1.00(0.91-1.10)
1.06 (0.96-1.17)
0.97 (0.90-1.05)
1.00 (0.93-1.07)
0.96 (0.86-1.06)
0.99 (0.89-1.09)
1.02 (0.96-1.09)
1.14 (1.04-1.25)

IRRs in bold are significant (P< 0.05). IRR: incidence rate ratio; Cl: confidence interval. Model
1 only takes region into account. In Model 6, the association between region and healthcare
costs was corrected for demographic factors, socioeconomic status (SES), general and mental
health, lifestyle, loneliness, and mastery. Registry data: age, gender, migration background, and
household income. Self-reported data: marital status, education, income inadequacy, general and
mental health, lifestyle, loneliness, and mastery.

The results for GP consultation, mental healthcare, pharmaceutical, and specialist care
costs are twofold and are shown in Appendix Tables A4-A7. In addition, the marginal
costs were calculated based on both parts of the ZINB model. These are visualized in
Appendix Figures A1-A4.

By adjusting for demographic factors, SES, and general and mental health, the observed
cost differences between regions could be largely explained. The differences that
persisted after these corrections could be partly explained by lifestyle, loneliness, and
mastery (Appendix Tables A3-A7). Lifestyle (Model 5a) mainly contributed to (small)
regional differences in total, GP consultation, pharmaceutical, and specialist care
costs. Loneliness (Model 5b) contributed to explaining the (small) regional differences
in GP consultation, mental healthcare, and specialist care costs. Mastery (Model 5c)
contributed to the (small) differences in mental healthcare and pharmaceutical costs.

The marginal costs for total healthcare are shown in Figure 1, with the greatest (positive)
difference seen in Models 1 and 6 for Zuid-Limburg. Here, the average marginal costs
decreased significantly from €2,705 per person (based on uncorrected data) to €2,277
per person (based on corrected data). The biggest (negative) difference was observed in
the region of Amsterdam, where the average marginal costs rose from €2,327 to €2,595
per person after adjusting for demographic factors, SES, general and mental health,
lifestyle, loneliness, and mastery. For the other cost categories, the confidence intervals
for Zuid-Limburg did not overlap or only overlapped minimally. The average marginal
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costs decreased for GP consultations (from €52 to €48), pharmaceuticals (from €318
to €286), and specialist care (from €1,453 to €,1257) (see Appendix Figures A1-A4).
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Figure 1. Marginal costs of region for total healthcare costs based on unadjusted costs (Model 1)
and fully adjusted costs (Model 6)

Model 1 was only adjusted for region. In Model 6, the association between region
and healthcare costs was adjusted for demographic factors, socioeconomic status
(SES), general and mental health, lifestyle, loneliness, and mastery. The marginal costs
in Model 6 reflect the average costs per person in a specific region if the population
of this region shared the same level of demographic factors, SES, general and mental
health, lifestyle, loneliness, and mastery as the entire Dutch population. Registry data:
age, gender, migration background and household income. Self-reported data: marital
status, education, income inadequacy, self-rated health, chronic disease, psychological
distress, lifestyle, loneliness, and mastery.
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Discussion

We observed large regional differences in healthcare costs in the Netherlands. Based
on total healthcare costs, regional differences could be explained. In addition to the
most common factors (demographic factors and SES), health status, lifestyle, loneliness,
and mastery contributed to these variations in different ways. General and mental
health explained a large part of the regional differences in healthcare costs. Lifestyle,
loneliness, and mastery contributed directly and to a small extent to the explanation of
regional differences in healthcare costs. Our other published study showed that lifestyle,
loneliness, and mastery contributed to regional differences in health and thus indirectly
to regional differences in healthcare costs as well [10]. This study presented regional
differences based on the reference region of Zuid-Limburg. In the Dutch-language
tool Compare Regions for Health and Healthcare Costs (Regiovergelijker gezondheid en
zorgkosten), users can choose their own reference region and compare the results of the
uncorrected model (Model 1) and the comprehensive adjusted model (Model 6) [19].

With regard to various healthcare cost categories, a number of findings stand out.
First, residents of Zuid-Limburg incurred the highest GP consultation costs, even in
the most comprehensive model. In other words, with the same demographic factors,
SES, general and mental health, lifestyle, loneliness, and level of mastery, residents
of Zuid-Limburg still had more GP consultations. This corresponds with earlier, albeit
anecdotal, evidence from research into the health inequalities in Limburg [20]. Even
though cost savings for the entire healthcare system are small (in 2017, GP consultation
costs represented 1.7% of total healthcare costs), the higher demand for GP care does
correspond with the increasing pressure that GPs experience, especially during the
coronavirus pandemic [21]. GPs increasingly have to deal with patients with (psycho)
social problems, who require other types of care [22, 23]. The results of this study
suggest that by intervening in the (causes of) socioeconomic problems, differences in
lifestyle, loneliness and mastery, the differences in GP costs—and thus the pressure on
GPs—can perhaps be reduced.

Second, regional differences in mental healthcare costs (reimbursed under the
Healthcare Insurance Act) were less frequently observed, but they were more persistent
than regional differences in other healthcare cost categories. Even when we included
all factors in this study, regional differences remained. Further research is needed to
determine which factors can further contribute to explaining regional differences in
mental healthcare costs. A further breakdown of mental healthcare costs (specialist
versus generalist care, inpatient care versus outpatient care versus long-term mental
healthcare) possibly provides more insight into regional cost differences. In addition,
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combining cost data from the Healthcare Insurance Act and the Long-Term Care Act
offers opportunities for improved analyses of long-term, inpatient mental healthcare
costs. Moreover, differences between urban and less urban areas within regions or
between areas on a smaller geographic scale, such as on a municipal, neighborhood, or
neighborhood level, may also contribute to explaining regional differences in healthcare
costs in future research.

Our findings help health insurance companies and policymakers justify investments
in basic conditions for health, lifestyle, loneliness, and mastery. Although the direct
contribution of lifestyle, loneliness, and mastery seems limited, these contributions
still result in large variations in healthcare costs between regions. The differences in
GP consultation costs, for example, became significantly smaller in 23 regions, and the
differences in mental healthcare costs were significantly smaller in three regions. At
the population level (difference in marginal costs per person times the average number
of residents aged 19 years and over, per region in 2017), we were able to explain €1.6
million in GP consultation costs and €4 million in mental healthcare costs (see Appendix
Tables A8 and A9).

In addition to this direct contribution, the three factors also contributed to the
explanation of regional health differences [10]. These health differences play a major
role in explaining variations in regional healthcare costs. Given these results, the three
factors appear to be related to healthcare costs both directly and indirectly. This offers
clues for investments in prevention programs and facilities aimed at reducing unhealthy
lifestyles and loneliness and improving mastery. In collaboration with partners in social
work and informal care, these investments could lead to savings for the medical sector
and health insurance companies.

A second implication is extension of the set of individual characteristics in
determining healthcare budgets. For example, in order to prevent risk selection and
premium differentiation, health insurance companies receive a contribution from
the Health Insurance Fund in addition to the premiums collected. This contribution,
the risk equalization, is calculated based on, among other things, demographic and
socioeconomic characteristics and zip code area [24]. However, certain regions are faced
with budget shortages. The results of this research show that factors such as lifestyle,
loneliness, mastery, and health contribute to regional differences in healthcare costs.
Data on these factors are not available for the entire population and can therefore not
be included in the risk equalization calculations for now. As a result, health insurance
companies cannot adequately prepare for possible shortages. However, shortages
are not unique to health insurance companies, as they also arise in local government

137



Chapter 6

budgets with regard to the Social Support Act, Youth Care Act, and the Participation
Act in, for example, Zuid-Limburg [25] and Zeeland [26]. The distribution models for
these budgets also do not take into account all individual factors [20] that contribute to
health inequalities and healthcare costs.

A potential limitation of this study is the composition of the sample. Selection bias may
occur as certain groups of people are less likely to participate in research, such as those
with a lower SES and/or poorer health [27]. The sampling method and weighting factors
were used to counter this limitation. In addition, the use of the Health Survey sample
may have resulted in an underestimation of mental healthcare costs. Even though the
size of the group of mental healthcare users in the sample was in line with the national
average (approximately 5%), inpatient mental health patients were not included, while
they incur (extremely) high costs. This underrepresentation did apply to every region in
the Netherlands, making a regional comparison possible, with the assumption that there
were no regional differences in policies on institutionalization or inpatient admission in
mental healthcare. A second limitation is the use of cross-sectional data. As a result,
we could only analyze associations and were unable to draw any causal conclusions.
We know that an unhealthy lifestyle and loneliness are related to healthcare costs [6-
9]. However, we do not know whether lifestyle and loneliness lead to poor health and
thereby to higher healthcare costs, nor whether poor health leads to (more) loneliness
and an unhealthy lifestyle. Little is yet known about the relationship between mastery
and healthcare costs. Our results show that respondents with sufficient mastery have
lower healthcare costs (not tabulated).

The association between mastery and healthcare costs is increasingly important
as the role of the citizen (or patient) is becoming more important as society and the
healthcare system are increasingly complex [28]. In addition, terms such as “mastery”,
“self-management”, and “positive health” are conceptually different, while at the same
time they overlap in practice [29]. The Pearlin Mastery Scale specifically relates to
individual problem-solving skills. In self-management and positive health, emphasis is
placed on an adaptive capacity to deal with challenges, using the individual’s own skills,
in combination with their social network and professional support. One of the reason
why residents of Zuid-Limburg have the lowest mastery score may be related to the
disappearance of the social welfare system that was set up by the Catholic Church and
the mining companies in the past [10]. In the measurement of mastery, support by a
social network and professionals is not explicitly included. Hypothetically, low mastery
may also be related to inadequate social networks and/or professional help. Further
research into the association between mastery and self-management and its relation
with healthcare costs is required.
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In conclusion, the factors included in this study could largely explain regional differences
in total healthcare costs. This offers leads for preventive investments aimed at a wide
range of individual factors in conjunction. This does not imply an approach that is merely
focused on combating an unhealthy lifestyle but also on combating loneliness and
improving mastery. This calls for a comprehensive approach and further cooperation
between the social and medical sector and with education, housing, and public spaces
that may affect health skills and self-reliance. In addition, the most vulnerable regions
benefit from reconsidering distribution models for risk equalization, since a wider range
of individual factors contribute to health, and thus healthcare costs, than the factors
that are currently taken into account.
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Appendix
Table A1. Descriptive data (n = 334,721) based on unweighted data.
Sample N (%)
Gender® Male 159,251 (47.6%)
Female 175,470 (52.4%)
Migration Dutch-born 294,573 (88.0%)
background® Western migration background 28,204 (8.4%)
Non-western migration background 11,944 (3.6%)
Marital Married/living together 224,234 (67.0%)
status’ Never married 35,899 (10.7%)
Widowed 23,052 (6.9%)
Divorced 31,356 (9.4%)
Highest attained Primary school 19,061 (5.7%)
level of education® | g\er vocational education 102,886 (30.7%)
Middle vocational/secondary 106,341 (31.8%)
Higher vocational/university 106,433 (31.8%)
Standardized 0-25% 42,250 (12.6%)
household income 74509 84,243 (25.2%)
quartile® 51-75% 98,107 (29.3%)
76-100% 110,121 (32.9%)
Self-perceived Inadequate. major concerns 9,490 (2.8%)
income inadequacy® |hadequate. some concerns 34,273 (10.2%)
Adequate. minor concerns 115,299 (34.4%)
Adequate. no concerns 175,659 (52.5%)
Chronic disease* None 203,330 (60.7%)
At least one 131,391 (39.3%)
Self-rated health* Very (good) 247,707 (74.0%)
Fair. (very) poor 87,104 (26.0%)
Psychological No. low or moderate risk 319,533 (95.5%)
distress™ High 15,188 (4.5%)
Physical activity* Insufficient 94,343 (28.2%)
Sufficient 240,378 (71.8%)
BMI* Underweight (<18.5) 4,200 (1.3%)
Normal (18.5-25) 152,321 (45.5%)
Overweight (25-30) 128,977 (38.5%)
Obese (30>) 49,223 (14.7%)
Alcohol Never 32,663 (9.8%)
consumption® Moderate 275,392 (82.3%)
Excessive 26,666 (8.0%)

table continues
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Sample N (%)
Smoking* Never smoked 135,642 (40.5%)
Former smoker 144,994 (43.3%)
Current smoker 54,085 (16.2%)
Mean (sd)
Age® 59.2 (16.9)
Loneliness* 2.8 (3.1)
Mastery* 26.7 (5.2)
§Registry data. *Self-reported data (Health Survey 2016).
Table A2. Missing data (n=457.150)
Variable N (%)
Region* 0 (0)
Age® 0 (0)
Gender® 0 (0)
Migration background® 0 (0)
Marital state* 11,192 (2.4)
Highest attained level of education * 31,422 (6.9)
Standardized household income quartile® 737 (0.2)
Income inadequacy* 35,643 (7.8)
Physical activity* 33,488 (7.3)
BMI* 21,261 (4.7)
Alcohol consumption* 36,967 (8.1)
Smoking* 32,605 (7.1)
Chronic disease* 8,808 (1.9)
Self-rated health* 5,730 (1.3)
Psychological distress* 20,103 (4.4)
Loneliness* 36,364 (8.0)
Mastery* 36,612 (8.0)

§Registry data. *Self-reported data (Health Survey 2016).
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Figure A1. Marginal costs of region for GP consultation costs based on unadjusted (model 1) and
fully adjusted costs (model 6).

* Model 1 is adjusted for region only. In model 6, the association of region and healthcare costs is
adjusted demographic factors, SES, general and mental health, lifestyle, loneliness and mastery.
Registry data: age, gender, migration background and household income. Self-reported data:
marital status, education, income inadequacy, self-rated health, chronic disease, psychological
distress, lifestyle, loneliness and mastery.
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Figure A2. Marginal costs of region for mental healthcare costs based on unadjusted (model 1)
and fully adjusted costs (model 6).

* Model 1 is adjusted for region only. In model 6, the association of region and healthcare costs is
adjusted demographic factors, SES, general and mental health, lifestyle, loneliness and mastery.
Registry data: age, gender, migration background and household income. Self-reported data:
marital status, education, income inadequacy, self-rated health, chronic disease, psychological
distress, lifestyle, loneliness and mastery.
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Figure A3. Marginal costs of region for pharmaceutical costs based on unadjusted (model 1) and
fully adjusted costs (model 6).

* Model 1 is adjusted for region only. In model 6, the association of region and healthcare costs is
adjusted demographic factors, SES, general and mental health, lifestyle, loneliness and mastery.
Registry data: age, gender, migration background and household income. Self-reported data:
marital status, education, income inadequacy, self-rated health, chronic disease, psychological
distress, lifestyle, loneliness and mastery.
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Figure A4. Marginal costs of region for specialized care costs based on unadjusted (model 1) and

fully adjusted costs (model 6).

* Model 1 is adjusted for region only. In model 6, the association of region and healthcare costs is
adjusted demographic factors, SES, general and mental health, lifestyle, loneliness and mastery.
Registry data: age, gender, migration background and household income. Self-reported data:
marital status, education, income inadequacy, self-rated health, chronic disease, psychological

distress, lifestyle, loneliness and mastery.
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General discussion

While global population health has improved, not everyone has benefitted equally [1-
5]. The World Health Organization found that low income populations still face lower
healthy life expectancy at birth [1] and The Organization for Economic Cooperation
and Development found that the least educated were twice more likely to face poor
health compared to people with the highest education across 33 countries [2]. In
Europe, overall health has improved, however, great differences exist in health between
and within countries and these differences are widening [4, 5]. This is also true for the
Netherlands as it is faced with socioeconomic and regional health inequalities [6-10].
Based on two reports commissioned by the Province of Limburg[11, 12], furtherin-depth
analyses were warranted to uncover determinants of health and potential mechanisms
underlying health inequalities between Limburg and the rest of the Netherlands.

The aim of this dissertation was to investigate the role of less established social
determinants of health in explaining socioeconomic and regional inequalities in health
and variations in healthcare expenditures. In addition to established determinants
of health, such as demographic factors, socioeconomic status and lifestyle factors,
the research in this dissertation studied loneliness, income inadequacy and mastery.
Three objectives were formulated for this dissertation, one on a national and one on a
regional scale. First, this dissertation aimed to investigate the role of loneliness, income
inadequacy and mastery in socioeconomic health inequalities in a national population-
based study. Second, these determinants were added to a set of established determinants
of health (demographic factors, SES, and lifestyle factors) in attempt to further explain
the regional health inequalities in the Netherlands. Third, all of the aforementioned
determinants of health were used to further explain regional variations in healthcare
expenditures in the Netherlands. These objectives were met by five empirical studies,
which have been presented in this dissertation. The empirical studies in Chapters 2,
3 and 4 provide answers for the first objective and the studies in Chapters 5 and 6
provide answers for the second and third objective.

The remainder of this chapter summarizes the main findings of these studies.
Subsequently, several theoretical and methodological reflections are described. Finally,
implications for policymakers and practitioners are discussed. This chapter concludes
with an agenda for future research.

Summary of the main findings

The main findings of the studies in this dissertation are as follows:

1. Loneliness is an important determinant of health as it contributes to the
socioeconomic health gap across a range of important health outcomes. The
contribution of loneliness is independent of well-established determinants such as
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lifestyle and demographic factors. This contribution is particularly pronounced for
people between 19 and 40 years old.

2. Loneliness has an independent association with healthcare expenditures. In
particular for mental health care costs of people between 19 and 40 years of
age. Contrary to common perceptions and expectations of loneliness as an ‘old
age’ problem, loneliness is found to play a larger role in explaining variations in
healthcare expenditures in younger adults than it does in older adults.

3. Income inadequacy (i.e. perceived concerns with making ends meet) is associated
with poor health outcomes, in particular poor mental health, and independent of
absolute income level. Therefore, income inadequacy represents another social
determinant of health.

4. An extensive set of social determinants of health underlies but not necessarily
fully explains regional variations in health in the Netherlands. Aside from well-
established determinants (such as demographic, socioeconomic factors, and
lifestyle factors) loneliness and mastery are also associated with regional health
differences.

5. Regional variations in healthcare expenditures in the Netherlands can be explained
by accounting for demographic, socioeconomic and lifestyle factors, loneliness,
mastery and health status. The exception is expenditures for GP consultations as
these remain significantly higher in the South of Limburg compared to the rest of
the Netherlands.

6. Explanations for high GP consultation expenditures were found both in the
demand side and consequent supply-side factors. Due to socioeconomic problems
resulting from the historical context in the region, GP’s felt the need to expand
their responsibilities in order to better fit to population needs. This may also have
lowered the barrier for people in the South of Limburg to visit their GP.

The research in this dissertation started with the notion of a ‘Limburg-factor’. The
‘Limburg-factor’ represents multi-faceted causes for reported health inequalities in
Limburg. The following domains are considered as contributors to health disadvantages
in Limburg: education, labor, mastery, historical burden, cultural environment, trust and
societal participation, unhealthy lifestyles, and socioeconomic status [11]. Through the
course of the research undertaken for this dissertation, a model was developed in a step-
wise manner to include determinants of health simultaneously in explaining regional

174



General discussion

health inequalities and regional variations in healthcare expenditures. Loneliness and
mastery were also included in the model, in addition to well-established determinants,
in order to further explain regional variations in health outcomes. The inclusion of these
determinants reduced variations between Limburg and the rest of the Netherlands,
in other words, this reduced the ‘Limburg-factor. When accounting for demographic,
socioeconomic and lifestyle factors, loneliness and mastery, the remaining ‘Limburg-
factor’ was found to be mainly a ‘South-Limburg-factor’ as it was primarily the
population in South-Limburg that still had worse health outcomes compared to other
Dutch regions while the population in the North of Limburg was not different from
other regions.

Theoretical reflection

Broad perspective on health inequalities

The research in this dissertation is based on the notion that health inequalities arise in
a broad system of factors and layers of determinants. As Barton and Grant [13] visualize
in their adaptation of the Dahlgren and Whitehead health map [14], the determinants
of health are layered in various levels including the people, their lifestyle and their
community, local economy, activities, built and natural environment and the global
ecosystem. As a consequence of this broad system of factors and layers, it is imperative
to look for the causes of the causes of health inequalities [15]. The research in in this
dissertation is focused on determinants linked to the four inner circles of the health
map.

LOBAL ECOSYSTE,

Figure 1. The health map by Barton
and Grant 2006 [13], developed

The determinants of

health and well-being from the Dahlgren and Whitehead
in human habitation 1991 model of the determinants of
health [14]
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From unadjusted to adjusted regional health inequalities and variations in
healthcare expenditures

This dissertation focuses on the associations of less established factors such as
loneliness, income inadequacy and mastery in health inequalities and variations in
healthcare expenditures. In Chapters 5 and 6, various models are presented in a step-
wise manner to show the associations of lifestyle factors, loneliness, mastery and health.
The very first step in the models however, is a correction for well-known demographic
and socioeconomic factors such as age, gender, marital status, migration background,
education, and income. These factors help explain regional health inequalities and
variations in healthcare expenditures and are well known to confound with other lifestyle
and psychosocial factors. When controlling for these demographic and socioeconomic
differences (i.e. assuming that distribution of these factors across regions is equal), the
gaps between regions narrow. However, regions are still characterized by populations
with a certain set of characteristics which means that absolute differences in health and
healthcare expenditures will persist as long as underlying population characteristics
differ. Various border regions and former industrialized regions such as Twente, the
East of Groningen and the South of Limburg, face population decline and aging.
These regional differences are not unique to the Netherlands. For example, a North-
South divide in UK, where Northern parts of the UK, including Scotland and Wales,
also represent (former) industrialized regions that have suffered more from decline in
manufacturing and mining employment than Southern regions in the UK [16]. While we
can account for these demographic and socioeconomic differences in statistical models,
policymakers and practitioners still face the consequences of these demographic and
social trends.

The contribution of loneliness and income inadequacy to health inequalities and
variations in healthcare expenditures

Chapter 2 shows that loneliness can further explain socioeconomic health inequalities
after controlling for age, gender, marital status, migration background, education,
absoluteincome,incomeinadequacy and lifestyle factors. The findings in Chapter 3 reveal
that loneliness also has an independent association with healthcare expenditures. Both
studies include a broad range aged group (19 years and older) and find that loneliness
plays a larger role in explaining socioeconomic health inequalities and regional variations
in mental healthcare expenditures in young adults (19-40 years old) compared to older
aged groups. Chapter 4 shows that absolute income and perceived income inadequacy
are independently associated with health outcomes and represent different aspects
of income. Based on Chapters 2, 3 and 4, the authors recommend that public health
policies include loneliness and income inadequacy as determinants of health in tackling
health inequalities. Furthermore, policies targeting loneliness should broaden the target
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group to include young adults as opposed to policies targeting loneliness mainly in
elderly populations [17]. Programs aimed at targeting loneliness could not only benefit
from including younger target groups, they could also potentially lead to savings in
healthcare expenditures, especially for mental healthcare. Both loneliness and income
inadequacy will present even more important determinants of health in light of two
recent phenomena. First, as a result of the COVID-19 pandemic, and its subsequent
detrimental consequences for loneliness [18] and mental health [19], especially for
youth and young adults. Second, as the energy crisis drastically raises cost of living,
livelihood concerns become more common in the general population and concerns
worsen for already disadvantaged population groups. As a result, financial-related stress
and depressive symptoms are also expected to increase [20]. The National Association
of General Practitioners already warns for an increase of patients with physical and
mental health problems caused by financial problems and related stress [21].

Regional health inequalities, regional variations in healthcare expenditures and
the ‘South-Limburg factor’

The modifiable determinants included in the models, such as lifestyle, loneliness and
mastery, provide directions to regional policymakers where interventions are needed to
reduce health inequalities and variations in healthcare expenditures. These modifiable
factors also play a part in reducing the ‘Limburg factor’. However, even after accounting
for these factors, significant differences still remain between South-Limburg and the
rest of the Netherlands in terms of higher GP consultation expenditures, poorer self-
rated health and higher risk for chronic disease. This means that even with a similar
population in terms of age, gender, socioeconomic status, lifestyle, loneliness and
mastery, people in the South-Limburg are still more often confronted with poor self-
rated health and chronic disease than people in some other Dutch regions and incur
higher GP consultation expenditures compared to most other Dutch regions. The
findings of this research were able to explain the ‘Limburg factor’ but not the ‘South-
Limburg factor’.

In order to find explanations for the remaining ‘South-Limburg factor’ in GP consultation
expenditures, local GP’s were interviewed. The results of this qualitative study are not
presented in a separate chapter but discussed here to help contextualize the findings
from Chapter 6. GP’s recognized the findings that people living in the South of Limburg
feel less healthy, are more often faced with chronic disease, have unhealthier lifestyles
and are more often lonely than other people in the Netherlands. Previous research
[11, 22, 23] and the GP interviews point at the direction that these problems have
developed from the specific socioeconomic historical context in this region. In the first
half of the 20 century, the region of South-Limburg was characterized by three pillars:

177



Chapter 7

the church, the state and the mines [23]. The mines provided employment for many
people and social security for their families. The region was one of the most prosperous
in the Netherlands. After the closure of the mines in the nineteen seventies, and a lack
of proper replacement for other work opportunities, people with the best qualifications
left and those with lesser qualifications stayed behind [22]. Unemployment and work
disability rose among the remaining population. Along with secularization, and a lack
of replacement in social structures the church and the mines once provided, people in
the South of Limburg faced socioeconomic problems and less social support. In some
neighborhoods and families, unemployment, work disability, unhealthier lives and
inadequate social support were passed down through the generations. As Chapter 5
shows, aside from unhealthier lifestyles, people in South-Limburg also experience the
most loneliness and the least mastery in the Netherlands. What made this possible?
Perhaps it is the sheer societal change that people in South-Limburg faced that was
imposed on them from outside, top-down forces that they could not control. Not
only did many employment opportunities and social structures disappear in less than
a decade, no proper alternatives were implemented in their place [22]. As such, the
population in the South of Limburg today is still affected by events set off more than
fifty years ago.

GP’s in South Limburg recognize this phenomenon and find that even today, they
are faced with populations that require more assistance than what the current social
structures can provide. GP’s describe an overrepresentation of people with low health
literacy skills, intellectual disabilities and psychological distress. They argue that as
a result of the socioeconomic historical context in the region, GP’s in the South of
Limburg may have expanded their responsibilities to better fit with local population
needs. This in turn may have lowered the barrier for people in the South of Limburg to
visit their GP’s.

As a result of this socioeconomic historical context, health inequalities observed in the
South of Limburg compared to the rest of the Netherlands are partially socioeconomic
inequalities that developed over this time. The research in this dissertation adjusted
models for socioeconomic status in terms of education, income and income inadequacy.
However, these proxies to socio-economic status in 2016 probably fail to completely
reflect the socioeconomic history and context the people in South-Limburg were
burdened with over last decades.
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Methodological reflection

Need for linkage to upstream data

The linked dataset used in the research for this dissertation provided many opportunities
in studying socioeconomic and regional health inequalities. However, the microdata in
this dataset are based on mostly downstream determinants of health on the individual,
community and local economy levels of the health map [13]. There is a need to link
upstream data in order to incorporate determinants of health from the built and natural
environment of the health map. The differences between downstream and upstream
factors are best explained by the classic parable of medical sociologist Irving Zola [24]
about a witness at a river current. The witness hears cries for help and responds by
helping people out of the water and resuscitating them one after the other. He wonders
who is pushing these people in the river, but he is too busy saving people to walk
upstream and see. Upstream factors represent underlying, structural determinants of
health such as neighborhood characteristics (leisure space, green space, safety, social
cohesion, housing quality and nuisance), environmental factors (water, air and soil
quality) but also quality of education, labor, income and taxation policies. The sum of
all these environmental drivers of health is defined as the exposome (as opposed to the
genetic factors defined as the genome)[25]. Exposome research presents opportunities
to simultaneously model various factors related to ecosystems, physical and social
environments and individual behaviors to various health outcomes [25]. With this
approach, it will be possible to include all layers from the Barton and Grant health map
[13] and include both upstream and downstream determinants of health.

Linked microdata

The studies presented in this dissertation are based on a linked dataset with so called
microdata. In other words, data about individuals. The data were made available
by Statistics Netherlands. The researcher linked the various datasets based on
pseudonymized identification numbers. Some data are based on what individuals
reported themselves in the Public Health Survey and some data are based on registries
that are monitored by the municipalities, the Tax authority or Vektis. Vektis collects
healthcare claims data that are covered by the basic insurance plan from all insurers in
the Netherlands on an annual basis.

The linkage between the Public Health Survey data, Vektis data, and various registry data
provide a unique opportunity to study regional variations in 1) various health outcomes,
2) a range of health care expenditure types, 3) with a broad range of determinants of
health using data from a substantial number of subjects, allowing for in-depth analyses.
The studies in this dissertation operationalized health status with three different
outcomes: self-reported health, self-reported chronic disease and psychological
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distress (as operationalized by the Kessler Psychological Distress Scale, K10 [26]). In
addition, different categories of healthcare expenditures are also studied in relation to
social determinants of health. This helped answer questions raised in previous studies
for example, the association of loneliness and different types of healthcare costs in a
broad-ranged age group [27]. The data linkage provided information on a broad set of
determinants of health. These data are broad in the sense that they cover demographic
factors (age, gender, marital status and migration background), socioeconomic
status (educational level, absolute income and income inadequacy), lifestyle (BMI,
alcohol consumption, smoking and physical activity) and psychosocial factors such as
loneliness and mastery. This enabled the authors to add less researched determinants
of health, such as loneliness and mastery, to well-known determinants of health such
as demographic, socioeconomic and lifestyle factors in studying health inequalities.
Previous studies showed that these well-known determinants alone could not explain
observed health inequalities [28, 29]. For socioeconomic status, it was possible to
study associations of both absolute income levels (as registered by the Tax authority)
and the perceived level of income inadequacy that people reported themselves in the
Public Health Survey. Previous research has shown that these definitions of income
are conceptually different and are related to health differently [30, 31]. The research
in this dissertation could adjust analyses for both concepts of income. The sample size
of roughly 350,000 Dutch adults allowed the researchers to perform in-depth analyses
in demographic subgroups such as gender, age and migration groups and sensitivity
analyses for robustness of the results.

Challenges to causal inference

The dataset used in this research is limited in the sense that it includes data on health
and determinants of health for the year 2016 and healthcare expenditures for the year
2017. While CBS microdata includes time-series of data on, for example, income or
health expenditure, public health survey data is cross-sectional and thus inference
for this research cannot be causal. The results can only be interpreted in terms of
associations between the studied phenomena. For loneliness and health for example,
cross-sectional research has related loneliness to poor mental [32, 33] and physical
health [33-37], and reversely, poor health to loneliness [38]. In longitudinal research,
loneliness was found to both affect [39] and simultaneously be affected by, mental
and physical health [40]. This reversed causality cannot be excluded in the studies
of this dissertation. Similarly, cross-sectional research has linked unhealthy lifestyles
and loneliness to healthcare expenditures [32, 41, 42]. However, the research in this
dissertation cannot conclude whether lifestyle and loneliness lead to poor health and
therefore high healthcare expenditures, or if poor health leads to (more) loneliness
and unhealthier lifestyles. Likewise, various cross-sectional studies have linked
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low absolute incomes to poor physical [43] and mental health [44-46] and income
inadequacy to poor self-rated [30, 31] physical [31, 47] and mental health [47-49].
Chapter 4 shows that both absolute income and income inadequacy are independently
associated with health. However, based on the presented findings we cannot conclude
whether low absolute income and perceived income inadequacy lead to poor health,
or that poor health in turn leads to less absolute income and therefore (more strongly)
perceived income inadequacy. Considering mastery, there is not much known about
the relationship between mastery and healthcare expenditures. Chapter 6 points in
the direction that people with adequate mastery incur less healthcare expenditures.
However, more longitudinal research is needed to build substantial evidence for this
relationship. This relationship will become more important over time, especially in the
current neoliberal society which emphasizes individuals’ own responsibilities and role
in participation and patient-centered care together with the ever growing complexity of
society and the healthcare system [50].

Implications for policy and practice

Health policies need to transcend domains and include upstream factors

The research is this dissertation shows that multiple determinants of health, both less-
and well-established, play a role in explaining socioeconomic health inequalities on
a national level and in regional health inequalities. The causes of these determinants
are complex, accumulate over the life course and are often found outside the public
health domain [51]. Therefore, healthcare and public health policies need to transcend
domains, to for example social domain, housing, labor market, spatial planning,
education, income and taxation policies, in order to capture more determinants of health
that influence socioeconomic health inequalities [52]. The World Health Organization
coined this cross-domain cooperation approach Health in All Policies (HiAP) [53]. The
HiAP approach systematically considers health implications of decisions across policy
domains. The COVID-19 pandemic has highlighted the multiple links between health
and other policy domains and demonstrated the need for an integrated governmental
approach [54]. The HiAP approach could even go one step further in Health for
all policies, where health gains are considered beneficial for other domains, such as
education and the labor market, and the overall economy [55]. This approach relocates
the focus from health promotion (influencing individual lifestyles) to health protection
(adjusting the overall environment to a healthy environment) [55].

In addition to health policies crossing domains, they should also incorporate both
downstream and upstream approaches. The Zola parable [24] shows that our health
system is mostly concerned with (emergency) curative treatments. As Mackenbach
states, medical care is needed to treat ‘symptoms’ and public health is needed for dealing
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with ‘causes’ [56]. However, relatively little attention is paid to the underlying problems
and structural determinants of health that lie upstream, the causes of the causes [4].
For example, living wage policies, progressive taxation on income and assets, affordable
and sustainable housing, high quality education, neighborhood improvements in terms
of green space and social cohesion, and improvements in environmental conditions all
provide structural opportunities to help enhance population health and provide larger
scaled protection from harmful health effects.

Cross-domain cooperation in practice

Cross-domain cooperation should not only be strived for in policy development, but
also in policy implementation. In practice, professionals will also need to look across the
borders of their own profession for fruitful cooperation. Local networks of professionals
need to be formed around citizens with for example GP’s, district nurses, social workers,
debt counselors, housing and volunteer associations. These local networks know of
opportunities in neighborhoods where people can get easy accessible help before
(multiple) problems worsen. An example of this cross-domain cooperation in practice
is the intervention ‘Social Prescribing’ (Welzijn op Recept). This practice enables GP’s
to refer patients with psychosocial problems to local well-being organizations [57]. It
helps people improve their sense of mastery, confidence and social contacts, resulting
in overall better health. It is important that networks of local partners provide support
during the life course and support starts at the earliest life phase. As shown by the
Heckman curve [58], the most impact is generated in the earliest phases of life. In the
Netherlands, local consortia currently offer the ‘Solid Start’ (Kansrijke Start) program
which aims to provide every child the best opportunities in the first 1.000 days (during
pregnancy and first two years of life) [59]. This program is a collaboration between
professionals in the medical domain (GP’s, midwives, nurses and health insurers) and
social domain (municipality, social support and youth care) to improve and protect
health and enhance future opportunities for newborns and their parents.

Budget models in health and social care need improvements

In the Netherlands, every insurer is obliged to accept everyone for health insurance, and
insurers are forbidden to charge different premiums based on individual characteristics.
In this system, insurers prefer as many healthy, low cost individuals and as few unhealthy,
high costs individuals as possible. To minimize this risk selection behavior, insurers are
compensated for their population with the risk equalization model [60]. Currently, the
model compensates insurers based on personal characteristics such as age, gender,
source of income, regional characteristics, socioeconomic status, number of household
members and previously incurred healthcare expenditures [61]. This model however,
does not properly compensate insurers [61]. For people who report their health as
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(very) good the model overcompensates (with €145 per person). Conversely, for people
reporting their health as fair or (very) poor the model undercompensates (with €428
per person) [61]. The results of the research in this dissertation should be viewed as
a sign of urgency to cooperate with partners in other fields and invest in preventive
programs. With the current risk equalization model, predicted losses due to an unhealthy
population may incentivize insurers to invest in cross-domain prevention programs in
order to improve population health so that said under compensation is lowered. On the
other hand, predicted losses may discourage insurers to invest as no budgets remain
available for prevention programs. This will also complicate meeting the intentions of
the national discussion paper ‘Healthcare for the Future’ [62] for a more sustainable
future health system by encouraging investments in prevention and regional cross-
domain collaboration. Currently, the National Health Care Institute [63, 64] and the
Dutch Healthcare Authority [64] also advise to improve the risk equalization model.
The model could be improved to better predict future necessary regional budgets if
the models incorporated a more extensive set of data related to health status, lifestyle,
loneliness and mastery.

National budgetary model improvements are not only relevant for healthcare insurers,
but also for local government in providing support in the social domain. Since the
2015 transformation of finance and implementation for youth care, social support
and participation, many municipalities and regions are faced with budget deficits,
for example in the regions of South-Limburg [65] and Zeeland [66]. The models that
calculate municipal budgets for youth care, social support and participation do not
incorporate factors related to health or healthcare use [11]. Factors related to health
and healthcare use need to be researched in relation to social domain support use in
order to improve national budgetary models.

Directions for future research

The studies presented in this dissertation show that less researched determinants
of health such as loneliness and mastery, should not be overlooked when studying
socioeconomic and regional health inequalities. Researchers, policymakers and health
insurers should not solely focus on demographic, socioeconomic or lifestyle factors in
targeting health inequalities. Instead, a broad view on health and its determinants is
needed. The research in this dissertation sought to combine several determinants of
health that cover demographic, socioeconomic, lifestyle and psychosocial factors such
as loneliness and mastery. In doing so, this research combined factors from the first four
layers of the Barton and Grant health map [13] in socioeconomic and regional health
inequality research. Several directions for future research emerge from this dissertation.
First and foremost, future research should incorporate determinants of health that
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include the outer layers of the health map such as the built and natural environment.
Mackenbach expands the perspective on health inequalities further in stating that
health and mortality improvements for humans have come at the cost of other species
and overall planetary health [56]. Future endeavors aimed at improving population
health should therefore also fit in ‘ecological sustainable boundaries’ in order to preserve
planetary health and other living species on this planet [56]. The current effects of
climate change already become apparent with more extreme weather events, climate
migration, food insecurity, air pollution and increased zoonotic diseases (diseases that
are transmitted from animals to humans) [54]. Zoonotic diseases, global travel and
transport and overcrowded housing all facilitate the speed of disease transmission such
as the case of the COVID-19 pandemic [54]. This pandemic increased health inequalities
further as the impacts were disproportionally carried by already disadvantaged groups.
COVID-19 is therefore coined a synergistic pandemic, a phenomenon where at least
two categories of diseases (COVID-19 and a range of non-communicable diseases such
as cardiovascular disease and diabetes) are more prevalent in particular social groups
that already face all kinds of adversities (medical and social), including of course low
socioeconomic status [54, 67]. Within these disadvantaged groups, the health effects
of each separate disease are worsened. This in turn widens the gap between already
existent health inequalities. This implies that more attention is needed for upstream,
structural factors that influence population and planetary health. This requires a
multitude of data sources that need to be linked on different levels, such as micro level
(the individual), meso level (the neighborhood, employer or school level) and the macro
level (national policies and environmental factors).

Second, more longitudinal research is needed to unravel complex causal relationships
between demographic, socioeconomic, lifestyle, loneliness, mastery, health and
healthcare expenditures. While registry data from Statistics Netherlands and the Tax
Authority and healthcare claims data provided by Vektis are available nationwide
annually in the period 2012-2020 for the whole Dutch population, the Public Health
Survey is run every four years with different samples which hinders longitudinal
analyses of the data. Ideally, if the Public Health Survey implemented a cohort study
design, this would provide opportunities for longitudinal research into socioeconomic
and regional health inequalities in the future. However, the reality shows that the Public
Health Survey already faces lower response rates with each new round over the last
decade, suggesting that longitudinal cohort design is unfeasible. Existing examples
of longitudinal cohort surveys such as the Survey of Health, Ageing and Retirement
in Europe (SHARE) shows a complicated sample development after 8 waves, with a
decreasing baseline sample and 4 subsequent refreshment samples over time [68]. Low
retention rates pose challenges to analyses and may introduce strong selection biases
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to the data. On the other hand, modern digital society collects more data than ever
in nearly all spheres of life. This offers opportunities for generating new insights and
analyzing complex social problems. It requires procedures to ensure individual privacy
in line with strict regulations such as the General Data Protection Regulation. The work
in this thesis demonstrated the power of safe linkage of existing data repositories in
the remote research environment of Statistics Netherlands. Further work with data
owners and improving data infrastructure is required to expand the number of available
datasets to enable future research.

Third, the research in this dissertation studying underlying determinants of regional
inequalities in healthcare expenditures focused on the expenditures in the five biggest
cost categories as reimbursed by the basic health insurance package. For specialized
care, pharmaceutical and mental healthcare expenditures it may be relevant to
pursue in-depth analyses in more detailed cost categories such as specific treatments
or pharmaceuticals related to certain (chronic) diseases or specific types of mental
healthcare (inpatient or outpatient, short term or long term care).

Fourth, aside from expenditures incurred by health insurers, it is worthwhile to study
socio-economic causes of regional health inequalities in other public expenditures
such as the social domain, for example youth care, social support or participation. This
could help inform and fine-tune budgetary models to actual spending, thus lowering
municipal budgetary deficits.

Conclusion

The studies in this dissertation highlight the role of loneliness, income inadequacy and
mastery in explaining socioeconomic and regional health inequalities beyond the well-
established social determinants including demographic, socio-economic and lifestyle
factors. We have been also able to demonstrate that these factors help explain Dutch
regional variations in healthcare expenditures. With the addition of these determinants
to well established determinants of health we were able to explain the so called
‘Limburg-factor’: after controlling for these determinants, no differences were observed
in health or health expenditure between Limburg and other Dutch regions. However, a
‘South-Limburg’ factor (i.e. difference in outcomes between South Limburg and other
Dutch regions) remained for self-rated health, presence of chronic disease and GP
consultation costs. Through qualitative work with local GP’s it appeared that further
explanations of ‘South-Limburg factor’ should be sought in the socioeconomic historic
context of the South of Limburg and long-term impact on its population.
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Summary

Summary

While global population health has improved over the years, not everyone has benefitted
equally. People with lower incomes and education still face poorer health and lower
healthy life expectancy at birth compared to people with higher income and education.
Following the global trend, overall health in Europe has also improved, however, great
differences exist in health between and within countries and recent research showed
that these differences are widening. The Netherlands is no exception as socioeconomic
and regional health inequalities are also observed in the Dutch population. Also, the
ever increasing costs of healthcare show some regional variation which cannot be
explained by demographic factors. In 2017 and 2022, two reports were commissioned
by the Province of Limburg in order to see if the inequalities in Limburg had narrowed
compared to the rest of the Netherlands. Based on the findings of these reports, further
in-depth analyses were warranted to study factors underlying health inequalities
between Limburg and the rest of the Netherlands.

The aim of this dissertation is to investigate the role of less established determinants
of health in explaining socioeconomic and regional inequalities in health and regional
variations in healthcare expenditures. In the context of this dissertation, less
established determinants of health represent loneliness, mastery and perceived income
inadequacy. The less established determinants of health were added to established
determinants of health, which represent demographic, socioeconomic and lifestyle
factors. Three objectives were formulated for this dissertation, one on a national and
two on a regional scale. What is the role of loneliness and perceived income inadequacy
in socioeconomic health inequalities? Second, to what extent can social determinants
of health explain regional health inequalities in the Netherlands? Third, to what extent
can social determinants of health explain regional variations in healthcare expenditures
in the Netherlands?

Chapters 2, 3 and 4 provide answers for the first objective of this dissertation. Chapter
2 demonstrates that loneliness can further explain the socioeconomic gradient in
health across a range of important health outcomes (self-reported health, presence
of chronic disease and psychological distress) independently of well-documented
determinants such as lifestyle and demographic factors, in particular for (young) adults.
As such, loneliness presents a modifiable social determinant of health in tackling health
inequalities.

Chapter 3 shows that loneliness is directly and indirectly (i.e. via poor health and
psychological distress) associated with higher healthcare expenditures, especially for
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mental healthcare. Contrary to common perceptions and expectations of loneliness in
old age, loneliness is found to play a larger role in explaining variations in healthcare
expenditures in younger adults than it does in older adults.

Chapter 4 reports that income inadequacy is associated with poor health outcomes,
in particular poor mental health, independent of absolute income level. It shows that
absolute income and perceived income inadequacy represent conceptually different
aspects, as some individuals in the highest income group still perceive their incomes as
inadequate. This implies that focusing on either absolute income or perceived income
inadequacies is not sufficient in health inequality research. Together, Chapters 2,3 and
4 indicate that both loneliness and income inadequacy are determinants of health and
should be included in research studying health inequalities and in policy programs
targeting health inequalities in a broad aged population.

For the second and third objectives, Chapters 5 and 6 describe studies that include an
extensive set of sociodemographic factors in analyzing regional inequalities in health and
healthcare costs. Aside from established factors (such as demographic, socioeconomic
factors and health status), lifestyle factors, loneliness and mastery are also associated
with regional health differences. The studies started with the notion of a Limburg-factor
which implies that factors from various domains contribute to health disadvantages
in Limburg (education, labor, mastery, historical burden, cultural environment, trust
and societal participation, unhealthy lifestyles, and socioeconomic status). Through
the course of the research undertaken in chapters 5 and 6, the Limburg-factor was
found to be mainly a South-Limburg-factor as the socioeconomic disadvantages and
health inequalities were mainly found in the South-Limburg population instead of the
population in the North of Limburg.

Chapter 5 explores regional health inequalities in three health outcomes namely, self-
reported health, presence of chronic disease and psychological distress. After adjusting
for the abovementioned extended set of factors, the differences between the South of
Limburg and the rest of the Netherlands were considered explained for psychological
distress while differences in self-reported health and presence of chronic disease
reduced but remained relevant and statistically significant.

In Chapter 6, variations in healthcare expenditures between the South of Limburg
and the rest of the Netherlands were explained by demographic, socioeconomic and
lifestyle factors, loneliness, master and health status for total healthcare, specialized
care, pharmaceutical and mental healthcare expenditures. However, consultation
expenditures for General Practitioners (GP’s) remained significantly higher in the South
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of Limburg than in almost all other regions in the Netherlands.

To provide more explanations for this finding, several interviews with GP’s in the
South of Limburg were conducted. Based on these interviews, additional explanations
were found in the socioeconomic historical context of the region. The mine closures
in the nineteen sixties and seventies, and a lack of replacement for alternative work
possibilities and social structures, resulted in vast socioeconomic problems for the
remaining population in the South of Limburg. GP’s report that even today, they are
faced with less healthy populations that require more assistance than what the current
social structures can provide. GP’s describe an overrepresentation of people with low
health literacy skills, intellectual disabilities and psychological distress. To better fit
population needs, GP’s argue they have extended their responsibilities over time, which
in turn lowered the barriers for their patients.

Chapter 7 presents the main findings of this dissertation and discusses the theoretical
contributions of the work, the methodological strengths and weaknesses, implications
for policymakers and practitioners, and outlines directions for future research. Overall,
the studies presented in this dissertation show that loneliness, income inadequacy
and mastery represent additional determinants of health that are associated with
various health outcomes independently of well-documented determinants of health
such as demographic, socioeconomic and lifestyle factors. With the inclusion of these
determinants, it is possible to explain regional differences in mental health and the
majority of healthcare expenditures in the Netherlands. The results of these studies
show that public health policy and practice should transcend domains and should
combine both upstream and downstream factors in tackling health inequalities.
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Hoewel de gezondheid van de wereldbevolking in de loop der jaren is verbeterd, heeft
niet iedereen er in gelijke mate van geprofiteerd. Mensen met een lager inkomen en een
lager opleidingsniveau hebben nog steeds te maken met een slechtere gezondheid eneen
lagere gezonde levensverwachting, in vergelijking met mensen met een hoger inkomen
en een hoger opleidingsniveau. Ook in Europa is de algehele gezondheid verbeterd, maar
er bestaan grote verschillen in gezondheid tussen en binnen landen. Recent onderzoek
heeft aangetoond dat deze verschillen zelfs groter worden. Nederland vormt hierop
geen uitzondering, aangezien ook onder de Nederlandse bevolking sociaaleconomische
en regionale gezondheidsverschillen worden waargenomen. Ook de steeds stijgende
kosten van de gezondheidszorg verschillen regionaal, en deze verschillen kunnen
niet worden verklaard door enkel demografische factoren. In 2018 en 2022 zijn in
opdracht van de Provincie Limburg twee rapportages opgeleverd om te kijken of de
ongelijkheden in Limburg zijn afgenomen ten opzichte van de rest van Nederland. Op
basis van de bevindingen uit deze rapporten waren verdere diepgaande analyses nodig
om factoren te bestuderen die gezondheidsverschillen tussen Limburg en de rest van
Nederland verder kunnen verklaren. Het doel van dit proefschrift is het onderzoeken
van de rol van minder bekende determinanten van gezondheid bij het verklaren van
sociaaleconomische en regionale ongelijkheden in gezondheid en regionale verschillen
in zorgkosten. In de context van dit proefschrift bedoelen we met minder bekende
determinantenvan gezondheid eenzaamheid, moeite met rondkomen en regie over eigen
leven. De minder bekende determinanten van gezondheid worden toegevoegd aan de
welbekende determinanten van gezondheid zoals demografische, sociaaleconomische
en leefstijlfactoren. Voor dit proefschrift zijn drie doelstellingen geformuleerd, één op
landelijk en twee op regionaal niveau. Als eerste, wat is de rol van eenzaamheid en moeite
met rondkomen in het verklaren van sociaaleconomische gezondheidsverschillen?
Ten tweede, in hoeverre kunnen sociale determinanten van gezondheid regionale
gezondheidsverschillen in Nederland verklaren? Ten derde, in hoeverre kunnen sociale
determinantenvangezondheidregionaleverschilleninzorgkosteninNederlandverklaren?

Hoofdstukken 2, 3 en 4 geven antwoord op de eerste doelstelling van dit proefschrift.
Hoofdstuk 2 laat zien dat eenzaamheid de sociaaleconomische gradiént in gezondheid
verder kan verklaren in een aantal belangrijke gezondheidsuitkomsten (zelf-
gerapporteerde gezondheid, aanwezigheid van chronische ziekte(n) en risico op een
angststoornis of depressie), onafhankelijk van welbekende determinanten zoals leefstijl
en demografische factoren, met name voor (jong-)volwassenen. Dit maakt eenzaamheid
een beinvloedbare sociale determinant van gezondheid en daarmee van belang bij het
aanpakken van gezondheidsverschillen.
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Hoofdstuk 3 laat zien dat eenzaamheid direct en indirect (d.w.z. via een slechtere
fysieke en mentale gezondheid) samenhangt met hogere zorgkosten, met name voor
de geestelijke gezondheidszorg. In tegenstelling tot wat algemeen wordt aangenomen
en verwacht van eenzaamheid op oudere leeftijd, blijkt eenzaamheid een grotere rol
te spelen bij het verklaren van variaties in zorgkosten bij jongere volwassenen dan bij
oudere volwassenen.

Hoofdstuk 4 rapporteert dat moeite met rondkomen geassocieerd is met slechtere
gezondheidsuitkomsten, in het bijzonder een slechtere mentale gezondheid,
onafhankelijk van het absolute inkomensniveau. Het laat zien dat het absolute inkomen
en het kunnen rondkomen van het inkomen conceptueel verschillende aspecten
vertegenwoordigen, aangezien sommige personen in de hoogste inkomensgroep hun
inkomen nog steeds als onvoldoende beschouwen. Dit impliceert dat de focus op ofwel
het absolute inkomen ofwel moeite met rondkomen niet voldoende is in onderzoek
naar gezondheidsverschillen. Samen geven de hoofdstukken 2, 3 en 4 aan dat zowel
eenzaamheid als moeite met rondkomen gezondheidsdeterminanten zijn en moeten
worden opgenomen in onderzoek naar gezondheidsverschillen enin beleidsprogramma'’s
gericht op het verkleinen van gezondheidsverschillen in een brede leeftijdsgroep.

Voor de tweede en derde doelstelling beschrijven de hoofdstukken 5 en 6 onderzoeken
die een uitgebreide set van sociaal-demografische factoren omvatten bij het analyseren
van regionale ongelijkheden in gezondheid en zorgkosten. Naast welbekende
factoren (zoals demografische, sociaaleconomische factoren en gezondheidsstatus)
hangen ook leefstijlfactoren, eenzaamheid en regie over eigen leven samen met
regionale gezondheidsverschillen. De studies zijn gestart vanuit het concept ‘de
Limburg-factor’, wat inhoudt dat factoren uit verschillende domeinen bijdragen aan
gezondheidsachterstanden in Limburg (opleiding, arbeid, regie over eigen leven,
historische belasting, culturele omgeving, vertrouwen en maatschappelijke participatie,
ongezonde leefstijlen en sociaaleconomische status). In de loop van het onderzoek in
de hoofdstukken 5 en 6 blijkt de Limburg-factor vooral een Zuid-Limburg factor te zijn,
aangezien de sociaaleconomische achterstanden en gezondheidsachterstanden vooral
zijn gevonden bij de Zuid-Limburgse bevolking in plaats van bij de bevolking in Noord-
Limburg.

Hoofdstuk 5 analyseert regionale gezondheidsverschillen in drie gezondheids-
uitkomsten, namelijk zelf-gerapporteerde gezondheid, aanwezigheid van chronische
ziekte(n) en het risico op een angststoornis of depressie. Na correctie voor de
bovengenoemde uitgebreide set van factoren (demografische, sociaaleconomische,
gezondheidsstatus, leefstijl, eenzaamheid en regie over eigen leven), zijn de verschillen
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tussen Zuid-Limburg en de rest van Nederland verklaard voor het risico op een
angststoornis of depressie, terwijl verschillen in zelf-gerapporteerde gezondheid en
aanwezigheid van chronische ziekten kleiner worden maar statistisch significant blijven.

In hoofdstuk 6 zijn verschillen in zorgkosten tussen Zuid-Limburg en de rest van
Nederland verklaard door demografische-, sociaaleconomische- en leefstijlfactoren,
gezondheidsstatus, eenzaamheid en regie over eigen leven voor de totale zorgkosten,
medisch specialistische, farmaceutische en GGZ-kosten. De huisartsconsultkosten
blijven in Zuid-Limburg echter hoger dan in bijna alle andere regio’s in Nederland.

Om deze laatste bevinding te kunnen verklaren zijn er interviews gehouden met
meerdere huisartsen in Zuid-Limburg. Op basis van deze interviews zijn aanvullende
verklaringen gevonden in de sociaaleconomische historische context van de regio.
De mijnsluitingen in de jaren zestig en zeventig, en een gebrek aan vervangende
werkmogelijkheden en sociale steunstructuren, zorgden voor grote sociaaleconomische
problemen voor de overgebleven Zuid-Limburgse bevolking. Huisartsen melden dat ze
vandaag de dag nog worden geconfronteerd met minder gezonde bevolkingsgroepen
die meer hulp nodig hebben dan wat de huidige sociale steunstructuren kunnen
bieden. Huisartsen beschrijven een oververtegenwoordiging van mensen met lage
gezondheidsvaardigheden, (licht) verstandelijke beperkingen en psychische klachten.
Om beter aan de behoeften van de bevolking te voldoen, geven huisartsen aan dat ze
hun verantwoordelijkheden in de loop van de tijd hebben uitgebreid, wat op zijn beurt
de drempels voor hun patiénten heeft verlaagd.

Hoofdstuk 7 presenteert de belangrijkste bevindingen van dit proefschrift en bespreekt
de theoretische bijdragen van het werk, de methodologische sterke en zwakke punten,
implicaties voor beleidsmakers en de praktijk, en schetst richtingen voor toekomstig
onderzoek. Over het algemeen laten de studies die in dit proefschrift worden
gepresenteerd zien dat eenzaamheid, moeite met rondkomen en regie over eigen
leven aanvullende determinanten van gezondheid zijn. Deze determinanten worden
geassocieerd met verschillende gezondheidsuitkomsten, onafhankelijk van welbekende
gezondheids-determinanten zoals demografische-, sociaaleconomische- en leefstijl-
factoren. Met het meenemen van deze determinanten is het mogelijk om regionale
verschillenin mentale gezondheid en zorgkosten in Nederland te verklaren. De resultaten
van deze studies tonen aan dat het volksgezondheidsbeleid en de uitvoeringspraktijk
domeinoverstijgend moeten opereren en factoren zowel stroomopwaarts bij de bron
als stroomafwaarts moet combineren om gezondheidsongelijkheden aan te kunnen
pakken.
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As a society, we believe that everyone should have equal chances for good health
independent of where you are born or who you are. However, in the Netherlands a
person with low education lives 4 years less and lives 14 years in less good health than
someone who is higher educated. Likewise, people have poorer health in some regions
in the Netherlands compared to people in other regions. For example, people in South-
Limburg live on average 2 year less and 6,4 years in less good health than people in
the region Hollands-Midden [1, 2]. In addition, average healthcare costs per person
differ regionally. Between the municipalities with the highest and lowest healthcare
costs, there was a difference of more than €1770,- (€3625,- in Kerkrade and €1853,- in
Urk) [3]. Even after adjusting for age and gender, the difference still remained roughly
€1200,- (€3273,- in Heerlen and €2074,- in Roosendaal) [3]. In this research we tried to
uncover other factors that can also explain these differences and that, importantly, could
be acted upon to achieve more equality. If we know this, we can inform policy makers
both regionally and nationally on reducing health inequalities. In terms of healthcare
costs, identifying factors that underlie regional differences can be a next step for more
informed budget allocations.

This chapter describes the practical relevance and implications of the research presented
in this dissertation. The knowledge produced by this research has been disseminated
through various channels in the past few years. Common scientific channels included
publications in peer-reviewed (inter-)national journals and presentations at conferences.
In this dissertation, there has been a strong emphasis on more direct societal impact
and knowledge dissemination with policymakers and practice. These efforts were made
in collaboration with the Living Lab for Public Health and the Living Lab for Sustainable
Care. First, the scientific impact will be described and second the societal impact for
policymakers and practice.

Scientific impact

The empirical research in this dissertation was guided by the Barton and Grant Health
Map [4]. The contribution of this dissertation is based on simultaneously analyzing both
well- and less established determinants of health from various circles in the Health Map.
Well-established determinants of health represent demographic, socioeconomic and
lifestyle factors in this dissertation. Less established determinants consider loneliness,
income inadequacy and mastery. The results of this research are presented in two
international publications on loneliness and socioeconomic health inequalities, one
international publication on income inadequacy and socioeconomic health inequalities
and two national publications on explaining regional health inequalities in the
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Netherlands. The research on costs of loneliness was also presented at an international
scientific conference. The research has led to four major insights relevant for scholars in
the field of socioeconomic health inequalities.

First, the results of these publications and contributions expand the knowledge on the
role of loneliness in socioeconomic health inequalities beyond the well-established
determinants of health. While most research on loneliness is focused on older age
groups, the studies in this dissertation include a broad aged population (19 years and
older). This helps us to show that the relationships between loneliness, poor health
and high healthcare expenditures are prevalent in all age groups and even stronger for
young adults compared to older aged groups, especially for mental health and mental
healthcare expenditures. These studies contribute to research about mechanisms
involving loneliness, mental health (care), and young adults. The need and relevance
of this kind of research has grown since the start of the COVID-19 pandemic as youth
and young adults are more vulnerable for developing mental health problems during
pandemics [5].

Second, the results of one of the publications show that income inadequacy and
absolute income represent two different concepts and both relate to health outcomes
independently, especially for mental health. Whereas most studies analyzing
associations of income on health incorporate measures of either absolute income or
income inadequacy, our results suggest that both play an important part in explaining
socioeconomic health inequalities and should hence both be recognized and accounted
for in empirical work. In light of the recent energy crisis and its impact on cost of
living, we also expect income and income inadequacy to become even more important
determinants of health in studying socioeconomic health inequalities.

Third, the results presented in the national publications further explain regional
inequalities in health and variations in healthcare expenditures in the Netherlands. Aside
from the established determinants such as demographic and socioeconomic factors,
other determinants such as lifestyle, loneliness and mastery also help to explain why
populations in some regions are unhealthier and have higher healthcare expenditures
than populations from other regions. For healthcare expenditures, the research provided
a novel analysis of healthcare expenditure data with new insights on regional health
differences. This advances our understanding of healthcare expenditures, as it is not
purely a function of health but also depends on a broad range of social determinants
of health.
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Fourth, the research in this dissertation has linked various datasets on individual data
concerning health, healthcare expenditures, demographics, socioeconomic and lifestyle
factors, loneliness and mastery. The sensitive data were pseudo-anonymized by a
trusted third party and linked in a secured digital environment. This data linkage proved
a valuable basis for answering complex research questions and has the potential to be
expanded with more data to answer other questions in the future.

Societal impact

The research presented in this dissertation impacts society in three different ways,
first in contributing to regional government policy development, second, in knowledge
transfer with local GP’s and third, through knowledge dissemination via various national
and regional outlets.

Contribution to regional policy development

Research into health inequalities in Limburg was initiated by the 2015 report ‘the
Limburg-factor’ [6]. This report helped the Province of Limburg with developing the
policy program ‘the Social Agenda’. The Social Agenda aims to close the gap in health
inequalities between Limburg and the Netherlands based on five major themes: youth,
education, labor, health, and social capital. The Province of Limburg wanted to monitor
the Social Agenda which resulted in two grants for two evaluation studies, one in 2018
(baseline) and one in 2022 (first evaluation). These evaluation studies were executed
in addition to the studies presented in this dissertation. Both evaluations required
a multitude of data sources to reflect on trends over time in the Netherlands and in
Limburg for the five themes. To do this, multiple stakeholders were involved such
as Statistics Netherlands, the national and regional Public Health Services, Perined
(registration of perinatal health data), the Research Centre for Education and the
Labour Market, and the Education Monitor Limburg (OnderwijsMonitor Limburg). The
subsequent reports for these studies ([7] in 2018 and [8] in 2022) showed that Limburg,
more specifically the South of Limburg, faces disadvantages in every theme of the Social
Agenda. The results show the urge for more preventive, cross-domain investments on
the long-term. The recommendations from these reports are used as input for further
policy development in the Province of Limburg for the period 2018-2022 and 2022-
2026. The results of the 2018 report received media attention in the daily newspaper
The Limburger and have also been used in the development of the regional health
agreement for the South of Limburg in 2018 [9] and 2022. Furthermore, the results of
the 2018 report contributed to the development of a new public health program in the
South of Limburg (Trendbreuk Zuid-Limburg [10]). This prevention program prioritizes
the (pre)conception phase, (pre)natal care, (young) children in primary, secondary and
vocational schools and parenthood according to the lifecycle approach. In the process
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of writing both reports, various presentations were given for the Provincial government,
the regional and national Public Health Service and local stakeholders in the field of the
labor market, societal participation, education, and public health. As part of the 2022
evaluation, three focus groups were organized with local stakeholders in the field of 1)
youth and education, 2) the labor market and societal participation and 3) health and
social capital in order to co-create recommendations for further policy development of
the Social Agenda as of 2023 [11].

The Council for Public Health and Society (Raad voor Volksgezondheid en Samenleving,
RVS) has consulted South Limburg about their regional approach, which has resulted
in the advisory report of RVS, titled “A fair chance for a healthy life” [12]. The ministry
of Health, Welfare and Sport (VWS) and the ministry of the Interior (Binnenlandse
Zaken) visited the region several times to obtain information about health inequalities
and to consider making additional investments in the region. This finally resulted, in
cooperation with many other partners (housing, labor, welfare, health, education), in the
“Region deal for Parkstad”, a grant of the national government to increase prosperity.

Knowledge transfer with local GP’s

For most health outcomes and healthcare costs categories, regional health inequalities
are explained with the addition of a broad range of socioeconomic factors in this
dissertation. However, GP consultation expenditures in the South of Limburg remained
inexplicably high compared to all other regions in the Netherlands. In order to provide
more answers for this phenomenon, interviews were conducted with local GP’s. The
interviews served two purposes. First, the GP’s were informed about the research
results underlying the importance of social determinants of health for regional
variations in health and healthcare expenditures. Second, the GP’s were invited to share
other explanations for higher GP consultation expenditures in the South of Limburg in
order to inform future policy and research agendas. The interviews helped shed light
on upstream socioeconomic and cultural determinants of health that are difficult to
address with public health policies. Furthermore, the interviews helped contextualize
the findings and (partially) destigmatize the South Limburg population.

Knowledge dissemination via various (inter-)national and regional outlets

Finally, the results presented in this dissertation were shared with society through
several channels such as (social) media, websites, newsletters and presentations. A
presentation about the costs of loneliness was given for the national program JoinUs
in the learning event Stronger Together during the Week against Loneliness in 2021
[13]. JoinUs aims to combat loneliness in young adults [14]. The results of the study
were also presented at the international conference Campaign to End Loneliness in
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2023. The study on costs of loneliness also received media attention in various national
outlets such as NRC, the Telegraaf, Nu.nl and in the regional newspaper The Limburger.
Two interviews were given about this study, resulting in an article in the Zorg+Welzijn
magazine [15] (magazine for professionals in the social domain) and in the newsletter
for the Living Lab for Public Health [16].

The results of the research on regional health inequalities and regional variations
in healthcare expenditures were deliberately published in a Dutch peer-reviewed
journal in order to increase the research’s impact on the national discussion of health
inequalities. The two studies became part of the special issue ‘socioeconomic health
inequalities: radical change in course required In addition, English translations for both
articles were published for international readers. These results were presented, along
with the results from the 2022 report [8], at a public event at the Social Historic Centre
for Limburg. These results were also shared in 2019 and 2022 with presentations at the
local healthcare network the ‘Mijnstreek coalition’. Both reports [7, 8] are published on
the Maastricht University website and the Living Lab for Public Health website. For both
reports, interviews were given which resulted in news items for the Living Lab for Public
Health newsletter. Furthermore, the findings contributed to the goals of the Knowledge
and Innovation Agenda Southeast Netherlands 2030 [17]. The agenda was initiated in
2020 with four major goals to improve population health and healthcare in Southeast
Netherlands (the region of Southeast Brabant and the province of Limburg) by 2030.
One of the four goals focuses on narrowing the gap in socioeconomic health inequalities.
The first sub goal is to gain insight in the influence of demographic and socioeconomic
trends on health inequalities in this region. The research in this dissertation provides
this insight and show that with a broader set of determinants of health, we are able to
explain regional health inequalities in mental health, total healthcare costs, specialized
care costs, mental healthcare costs and pharmaceutical costs.

The insights on regional health inequalities and variations in healthcare expenditures
are also presented in a Dutch web-based tool [18]. This website provides policymakers
and health insurers with insights about regional inequalities in health and variations in
healthcare expenditures for each region in the Netherlands. An instructional video was
developed for this website to help policymakers and health insurers understand and
use the research findings in their own day-to-day practice. In addition, the results in
Chapter 6 have helped health insurers in updating their regional reports [19].

Finally, based on questions from stakeholders in local government and vocational

education, a factsheet was written on health inequalities in student populations in the
South of Limburg. The factsheet showed that vocationally trained students (MBO niveau
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1, 2, 3 and 4) are at higher risk of facing difficulties in life compared to students in higher
tertiary education (HBO) or university (WO). MBO-students are more often raised in
single parent families, incur higher healthcare expenditures, are more often unemployed,
are more often faced with sexual transmitted diseases and unplanned and/or unwanted
pregnancies, and more often report poorer health, unhealthier lifestyles and inadequate
incomes compared to HBO- or WO-students. The results were presented at a regional
conference and helped legitimize the financing of introducing accessible help and care
within vocational school facilities in Zuid-Limburg (MBO Knooppunt [20]) and provided
a steppingstone to investigate whether citizenship education can be implemented to
reduce these disadvantages (ZonMw grant).
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Dankwoord

Dankwoord

lets langer dan 4 jaar keek ik naar deze fase uit en nu is dan het zo ver. Ik mag het
dankwoord schrijven. In de zomer van 2017 werd ik aangenomen als junior onderzoeker
om de nulmeting uit te voeren voor de Sociale Agenda Limburg. Mijn dank gaat dan ook
uit naar Maria, Polina en Daan voor de kans om te mogen starten als junior onderzoeker.
De nulmeting werd uitgevoerd, opgeleverd en er werd gesproken over een mogelijke
verlenging als promovendus. Met jullie gesprekken en inzet werd een promotietraject
voor mij een werkelijkheid. Samen met jullie, Dirk en Hans werd het promotieteam een
feit. Daan en Polina, bedankt voor jullie begeleiding en tussentijdse gesprekken om zo'n
beetje iedere vraag of probleem samen aan te pakken. Jullie waren mijn voorbeelden
van wetenschappers na een PhD, en dan ook nog in combinatie met ouderschap.
Hans, Dirk en Maria, dankjulliewel voor al jullie suggesties en feedback. Het was in
het begin soms wat lastig om alle meningen van het team goed af te kunnen wegen.
Hier heb ik over de jaren in mogen groeien en al jullie kennis en perspectieven hebben
het proefschrift gevormd zoals het er nu ligt. Hans, ik dank je voor je nadruk op de
onderliggende ‘causes of the causes’ in sociaaleconomische verschillen en je sociaal-
epidemiologische blik. Inmiddels ben ik een onderdeel van het INUST-team geworden.
Ik ben je heel dankbaar voor deze kans om mijn academische carriere voort te zetten
als postdoc onderzoeker. Dirk, ik dank jou voor je heldere uitzet van argumenten, voor-,
nadelen, perspectieven en suggesties. Jij wist wanneer het tijd was om knopen door te
hakken. Daarnaast gaf je mij in het begin van het promotietraject ook het nodige zetje
door in overleggen te vragen wat ik nou precies vond. Jij zag dat ik voordeel zou hebben
van aansluiting bij de Academische Werkplaats Duurzame Zorg, en ook daar had je
gelijk in. Maria, wat ben jij een powervrouw. Jij bent voor mij ook een groot voorbeeld.
Je verbindt de wetenschap met de praktijk en weet zo veel kennis, projecten, partijen
en personen aan elkaar te verbinden en op de juiste manier in te zetten. Inmiddels ben
je met welverdiend pensioen en mogen maar liefst 5 collega’s jouw werkzaamheden
voortzetten, dat zegt meer dan genoeg!

Ik wil graag alle collega’s van de afdeling Health Services Research bedanken voor de fijne
werksfeer. We hebben leuke dagjes uit gehad, game nights, lunches, lunchwandelingen
en borrels. Hier hoort ook een woord van dank bij voor de Conneccie. Ik vond het erg leuk
om (pre-Corona tijd) jullie mee te helpen met het organiseren van deze leuke activiteiten.
Ook een dankjewel voor de collega’s van de Academische Werkplaats Duurzame Zorg.
Ik vond het erg leuk en leerzaam om aan te sluiten bij jullie heidagen, inspiratiesessies
en onderwijscyclus. Daarnaast wil ik nog een aantal HSR-collega’s in het bijzonder
bedanken. Brigitte, jij bent de spin in het web van HSR. We kunnen allemaal bij jouw
terecht voor het plannen van overleggen en zo’n beetje alle financiéle en HR vragen. Het
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is niet meer dan logisch dat jij inmiddels de codrdinator bedrijfsvoering van HSR bent.
Suus, dankjewel voor al je tijd, hulp en creativiteit bij het maken van de factsheets en de
rapporten voor de Sociale Agenda Limburg en het instructiefilmpje voor onze website
van de Regiovergelijker. Bedankt voor al je enthousiasme en interesse. Ook Ine wil ik
bedanken voor hulp achter de schermen en de gezellige gesprekjes en interesse in mijn
gezinsleven. Niels, als datascientist ontwikkelde je de website van de Regiovergelijker.
Je wist er op korte tijd een prachtige website van te maken. Je was ook altijd bereikbaar
voor feedback en kritische vragen over de data en interpretaties daarvan. Daarnaast
wist je veel HSR-collega’s te trainen in SPSS, R en het belang van syntaxen schrijven!
Ik heb veel van je geleerd en we praten ons nog vaak bij, dankjewel. Daarnaast wil ik
Anne en Rowan bedanken voor hun adviezen bij de laatste loodjes van het proefschrift.
We zijn samen bij HSR begonnen en ik hoop jullie nog vaak bij Dub30 tegen te komen
als postdocs. lk heb over de jaren een aantal verschillende kamergenoten gehad. Erica,
Svenja, Monique, en in de laatste maanden nog Lieke. Ik dank jullie allemaal voor de
gezellige sfeer in kamer 0.043 en de leuke gesprekken die even niet over werk gingen.

Ook buiten HSR heb ik prettig mogen samenwerken met een aantal ‘externen’. Ik dank
Trudie Schils, Annemarie Kiinn, Raoul Haenbeukers en Christoph Meng van de School
of Business and Economics voor de fijne samenwerking met de evaluatie van de Sociale
Agenda Limburg. Mijn dank gaat ook uit naar de afdeling ‘Kennis en Innovatie’ van de
GGD Zuid-Limburg. Bedankt voor jullie warme ontvangst en fijne samenwerking. lk
dank ook de medewerkers van de GGD Limburg-Noord en de Provincie Limburg die
betrokken waren bij de evaluatie van de Sociale Agenda. Last but definitely not least, de
reflectie in het discussie hoofdstuk was niet mogelijk geweest zonder de inzet van de
huisartsen in Zuid-Limburg die ik mocht interviewen. Hartstikke bedankt voor jullie tijd,
medewerking en waardevolle inzichten!

Tijdens mijn promotietraject heb ik ook een kijkje mogen nemen bij het uitvoeren van
onderzoek voor Maastricht UMC+, bij de afdeling Reumatologie. In het bijzonder dank
ik Polina, Sofia Ramiro en Annelies Boonen. Met dit onderzoek mocht ik een presentatie
verzorgen op mijn eerste bezoek aan een internationaal congres. Samen met de
onderzoekers van de afdeling Reumatologie hebben we er in Madrid ook een gezellige
tapas avond van gemaakt. | would like to thank the entire working group for standards
of care in rheumatoid arthritis across Europe for your feedback and cooperation in
publishing the abstract and article on implementation gaps in RA standards of care.

Gelukkig stonden er buiten de werkweek ook veel mensen om mij heen bij wie ik kon

afschakelen van het onderzoekswerk. Anna, Laura, Luuk, Cassidy, Mark, Mike, Manon,
Kevin, Inge, Maud, Gianno, Lieke, Ricardo, Yves en Frouwke. Dankjulliewel allemaal
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voor de leuke avonden, etentjes, feestjes, dagjes-uit, weekendjes weg, vakanties,
oud-op-nieuw vieringen, verjaardagen, bruiloften, vrijgezellenfeestjes, babyshowers,
noem het maar op. Wat we ook afspraken en wat we ook gingen doen, het was echt
afschakelen van de werkweek en genieten van de vrije tijd. Heel bijzonder vind ik het
ook dat er inmiddels al een aantal kindjes zijn geboren in deze groep en dat we de
perikelen van het ouderschap samen kunnen delen. Ik kijk uit naar alle fases die we
samen gaan doorlopen, met alle kinderen, en de kindjes die nog geboren mogen worden.
Manon, Laura, Lieke, en inmiddels ook Inge, ik vind het heel speciaal dat we in deze
fase zijn beland en mama’s zijn geworden. Het is superfijin om soms even te kunnen
ventileren over het moederschap, de mooie en moeilijke momenten. In het bijzonder
bedank ik Gianno, Yves en Frouwke. Ik lijk misschien geen typische DnD speler (op het
eerste gezicht), maar we hebben nu al een aantal jaren een trouw DnD groepje samen
waarvan ik mij een lid mag noemen. Zelfs door de Corona-tijd heen bleven we (online)
afspreken. En ook met inmiddels een peuter erbij gaan onze DnD-avonturen gewoon
door, iedere 2 weken. Ik ben jullie ontzettend dankbaar voor deze epische avonden en
de gesprekken over alle goede en minder goede ervaringen in onze levens. Frouwke,
naast DnD hebben we ook nog onze Drag Race interesse. We bespreken altijd even de
laatste aflevering en we hebben zelfs al een aantal Drag Queens mogen zien in Keulen,
dat was een top avond! Dankjulliewel allemaal!

Natuurlijk ook mijn (schoon-)familie, ik dank jullie allemaal voor jullie interesse
in mijn werk, ook al was het soms niet helemaal duidelijk wat ik precies deed. Mijn
schoonfamilie, Wim, Boukje, Wessel, Jade, Ids, Rutger en Kelly dank ik voor de leuke
familiedagen en -weekenden. Jullie waren altijd geinteresseerd in de vorderingen
van mijn promotietraject en in de laatste bevindingen van mijn onderzoek. Een extra
woord van dank voor mijn schoonvader Wim, die als huisarts mee heeft gedaan in de
interviews voor het Discussie hoofdstuk. Dankjewel voor het delen van je waardevolle
ervaringen! Ik bedank mijn neven en nichten voor de gezellige relinies. Maud, bedankt
voor je interesse in mijn PhD traject, over een tijdje ligt jouw proefschrift er ook, en ik
kijk ernaar uit om deze te lezen! Sabine, we zijn niet alleen nichtjes, maar we zien elkaar
ook iedere week bij de sportschool om te Sh’bammen. Er werd niet alleen gesport maar
ook bijgekletst na de les, met ook veel interesse voor mijn werk, dankjewel. Nick, nog
even en je hebt je diploma op zak, ik ben trots op jou! Mijn zusje Kelly, ik dank jou voor
je interesse in mijn werk en je trots die je zo vaak uitspreekt. Ik ben ook super trots
jou en wat jij allemaal in jouw werk voor elkaar krijgt. We kunnen uren praten, aan de
telefoon of live. Samen met jou en Jasper afspreken is ook altijd reden voor gezelligheid.
Ik dank mijn grootouders, aan wie ik dit proefschrift heb opgedragen. Ze zijn er helaas
niet meer bij maar hun levenservaringen hebben mij een belangrijk perspectief gegeven
voor dit proefschrift. Ik hoop dat zij met mij mee kijken. Ze hebben niet alle kansen
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in het leven gekregen, maar hebben deze wel gegeven aan hun kinderen en daarmee
kleinkinderen. Mijn ouders dank ik dan ook voor alle mogelijkheden die we hebben
gekregen. Tweetalig onderwijs, reisjes naar het buitenland, uitwisselingen, studeren en
een halfjaar studeren in Australié. Het kon allemaal en voor deze steun ben ik jullie,
mam en pap, heel erg dankbaar. Mam, pap, Ellen, Wim en Boukje, niet alleen die steun,
maar ook jullie goede zorgen voor onze zoon Owen maakt het voor mij mogelijk om met
een gerust hart te werken (thuis of in Mestreech) en mijn carriére te kunnen vervolgen.
Hartstikke bedankt voor al jullie hulp en steun!

Dan mijn allerbelangrijkste steun en toeverlaat; mijn man Folkert. Het is niet uit te
drukken hoeveel je mij steunt. Je bent mijn anker in rustig en stormachtig weer en mijn
allerbeste vriend. Je bent altijd positief, en je hebt altijd ideeén voor oplossingen. We
gingen samen naar Madrid voor mijn werk en maakte er een gezellige week van. We
bespreken iedere dag onze werkdag, jij vaak wat uitbundiger, ik wat ingetogen. Onze
verschillen werken, en we hebben onze overeenkomsten. We hebben onze gezamenlijke
waardering voor filmmuziek, en zo een beetje alles wat met Disney en Marvel te
maken heeft. Jij liet mij niet alleen in mijn waarde met mijn Disney bewondering, jij
stimuleert mij en gaat er zelfs in mee, vooral sinds Disney zowel Marvel als Star Wars
heeft overgenomen ©. Het is voor mensen die ons nog niet zo goed kennen misschien
verrassend maar diegene die ons kennen weten hoe passend het is dat wij al jaren
Disneyland jaarkaarten hebben, een Disneycruise hebben gedaan en dat jij mij zelfs ten
huwelijk vroeg bij het kasteel in Walt Disney World. We hebben geweldige reizen samen
gemaakt en inmiddels zijn we aan onze spannendste reis begonnen; ‘het ouderschap’.
Onze zoon Owen is net als jij een zonnetje in huis en een allemansvriend. Hij neemt
onze Disney/Marvel bewondering al helemaal over en we zijn samen een superteam.
Ik kijk uit naar alle geweldige momenten en mijlpalen die we als gezin in de toekomst
gaan beleven.

Lieve Owen, jouw ‘mama’ zijn is de allermooiste titel in de wereld. Als jij 's ochtends in je
bedje staat en zegt ‘Mama ikke goed geslapen’ begint mijn dag ook al goed. En als jij mij
na een werkdag ziet, ‘Mama!’ roept en met open armpjes op mij af rent bent ik meteen
thuis. Folkert en Owen, ik hou van jullie, keer 3000.
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