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Abstract
Ohlsson, A. 2021. Equity in Treatment and Outcomes among Heart Failure Patients in
Sweden. The role of gender, age and socioeconomic factors in access to treatment and
mortality. Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of
Medicine 1712. 97 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-1099-2.

There is extensive empirical evidence for inequity in health and health care between and within
countries across all economic levels worldwide. In Sweden, the Health and Medical Services
Act states that health care should provide good health and equal health care for the entire
population, but this goal has yet to be fulfilled. Equity has been defined as “differences which are
unnecessary and avoidable, but in addition are considered unfair and unjust”. Equity in health is
closely linked with the so-called social determinants of health, or the conditions in which people
are born, grow, live, work, and age.

Heart failure (HF) is a common disease globally, carrying high morbidity and mortality, and is
one of the major causes of hospitalisations in Sweden. There is a strong evidence base for renin
angiotensin system blockers (RASb) as well as beta-blockers (BB) reducing mortality in HF, and
long-standing recommendations for these medications in treatment guidelines. However, not
all eligible patients receive this first-line treatment. There has been some evidence of inequity
by gender and age in treatment of HF, but evidence regarding socioeconomic risk factors has
been scarce.

In this thesis, differences in access to pharmacological therapy by demographic and
socioeconomic factors were investigated.

Observational studies with cohort designs were performed. In Study I–III large national
population-level interlinked register materials were investigated, and in Study IV a well
characterised cohort including clinical and prescription data from the SwedeHF, a Swedish HF
quality register, was analysed.

In Study I, we investigated differences in access to angiotensin-converting enzyme inhibitors
(a type of RASb) by gender, age, educational level, employment status, income and immigration
status among hospitalised HF patients in Sweden. In Study II we aimed to investigate
effectiveness, i.e., the association between RASb exposure and mortality, among hospitalised
HF patients in Sweden, and whether effectiveness varied with gender and age. In Study III,
RASb access and mortality by employment status and educational level among hospitalised HF
patients in Sweden of working age was analysed, along with possible excess mortality among
non-employed patients without access to RASb. In Study IV, medication adherence to mortality-
reducing HF medications, i.e., RASb and BB, was examined by age, gender, educational level,
marital status and income.

In conclusion, the studies in the thesis showed that access to RASb treatment appeared
inequitable for women, the non-employed, and the elderly among hospitalised HF patients,
although this treatment was associated with lower mortality for all these groups. Furthermore,
RASb treatment was associated with similar reductions in mortality for women and men, but
the association was somewhat weaker among older compared with younger hospitalised HF
patients. In addition, non-employment and lower educational level were associated with higher
mortality in hospitalised HF patients, and non-employment was associated with less access to
RASb treatment. Finally, lower income and single status were associated with lower adherence
to mortality-reducing treatment with BB and RASb in a quality register HF cohort, while
associations were more unclear regarding gender and age.
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Uppsala Science Park, Uppsala University, SE-75185 Uppsala, Sweden.
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Introduction 

The Swedish Health and Medical Services Act (2017:30) states that Swedish 
health care should provide good health and equal health care for the entire 
population. Despite being an overarching objective of Swedish health policy, 
this goal has yet to be fulfilled. The health gap between different groups in 
Sweden has widened in the last decade, and access to health care is in fact 
inequitable.1 Thus, studies of equity in access to health care and outcomes by 
gender, age and socioeconomic factors are warranted. 

Equity in health and health care is a field of knowledge involving several 
scientific and societal domains. Philosophical, economic, sociological and po-
litical perspectives are applicable – intersected with research and policy within 
public health, quality of care and evidence-based medicine.2-4 There is exten-
sive empirical evidence for inequity in health and health care between and 
within countries across all economic levels worldwide.5-13 

Studying health equity in a high-income country like Sweden, with one of 
the healthiest populations in the world, may seem like a waste of resources in 
a larger perspective. Undoubtedly, there are far greater health challenges in 
many of the world’s countries, where millions of people suffer under cata-
strophic living conditions and from grave ill health. However, there are argu-
ments for the relevance of investigating health inequities in a society as 
wealthy and egalitarian as that of Sweden. It is puzzling that there are socio-
economic differences in health also in Sweden, despite high political ambi-
tions for equality, a relatively generous social security system, and the fact 
that hardly any Swedish citizen should be at a loss for basic health needs such 
as enough food, clean water, or sanitation. What mechanisms drive differences 
in access to health care by factors like socioeconomic situation, gender, and 
age, despite a universal, mainly tax-financed health care system? If more 
knowledge can be acquired in a “most-likely case” like Sweden, this may to 
some extent be generalisable to other settings regarding relative inequity, even 
if the absolute measures of ill health, outcomes, or access to health care differ 
greatly. 

Heart failure (HF) is a common and fatal disease, for which guidelines have 
long recommended pharmacological treatment with renin-angiotensin system 
blockers (RASb) as well as beta-blockers (BB), on grounds of a strong evi-
dence base for the overall mortality-reducing effects of these medications.14-16 
Despite this knowledge, it seems that not all eligible HF patients receive those 
treatments. Gender and age inequity in access to RASb treatment has been 
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demonstrated, and there are indications of less RASb treatment among socio-
economically disadvantaged patients and minorities.17-24 Moreover, there is 
inconsistency in previous research regarding the effectiveness of RASb 
among women25. There is also insufficient knowledge about equity in access 
to treatment in the Swedish setting, notably in relation to socioeconomic fac-
tors, but also in relation to gender and age. 

The high prevalence and large public health impact of HF, as well as RASb 
being a first-line HF treatment, makes access to RASb among HF patients a 
relevant example to study empirically in the context of equity in health care 
in Sweden.  

In the following sections, I will present an overview of some of the con-
cepts and theories relevant for equity in health and health care, as well as a 
brief description of HF and its treatment in Sweden, as the context for the 
studies in my thesis.  
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Background  

Equity in health 
Definition of equity 
Although the explicit goal of many health systems is equity in health, there is 
longstanding diverseness, and even controversy, regarding how best to define 
and measure equity.  

In the Oxford English Dictionary, equity is described as “the quality of be-
ing equal or fair”, or simply as “fairness”, while the similar and more com-
monly known word equality is defined as “the quality or condition of being 
equal”.26 The semantic difference between these two words has significance 
for the meaning of equity in health. In describing equity in health, there is the 
question of what should be fair, or justly distributed. Within economic science, 
a difference in views on equity has been whether to define equity as equality 
in health, or rather as equality in access to health. While Culyer et al.27 argue 
that equality in the distribution of health must be the guiding principle, and 
that equity should be measured as health care utilisation, Mooney et al.28 pro-
pose access to health care as the preferred measure, and that equal opportunity 
to access health care constitutes equity, regardless of whether that access leads 
to equal health. The theoretical reasoning and controversy also extends to how 
to define “need”, and whether health expenditure is an adequate measure of 
equity.29, 30  

Within the research field of public health there are somewhat more prag-
matic definitions and interpretations of equity/inequity, such as the well-es-
tablished definition by Whitehead of inequity in health as “differences which 
are unnecessary and avoidable, but in addition are considered unfair and un-
just”.3 Health as a human right was expressed by the World Health Organisa-
tion (WHO) already in 1946 as “the highest attainable standard of health is 
one of the fundamental rights of every human being without distinction of 
race, religion, political belief, economic or social condition”.31 This human 
rights perspective was linked to health equity by Whitehead and Dahlgren, 
who also emphasised that equity should be achieved by levelling up to the 
health of those most advantaged.32 There is thus no definitive and universal 
definition of equity. However, fairness, need, and avoidability are, by several 
definitions, core principles of the concept. The WHO33 defines equity as: 
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“Equity is the absence of avoidable or remediable differences among groups 
of people [… ] defined socially, economically, demographically, or geograph-
ically. Health inequities therefore involve more than inequality with respect to 
health determinants, access to the resources needed to improve and maintain 
health or health outcomes. They also entail a failure to avoid or overcome ine-
qualities that infringe on fairness and human rights norms.” 

It has been claimed that equality merely describes sameness, or equal treat-
ment without relation to need, while equity contains a valued judgement of 
whether a distribution is fair, according to need.34, 35 However, some research-
ers have argued that the two concepts are interchangeable in the public health 
field, citing the fact that many languages do not have a word corresponding to 
equity.32 In this thesis, I have predominantly used the word equity, to align 
with much of the previous literature and emphasise the need component as 
essential when evaluating inequities in health care.  

Two types of equity are commonly distinguished; horizontal and vertical 
equity.29, 35 Horizontal equity describes equal treatment for equal needs 
whereas vertical equity refers to different treatment for different needs. This 
is closely connected with equity in health care being constituted not by equal 
care, but by care on equal terms, i.e., according to need. Horizontal and verti-
cal equity are equally important for equitable health outcomes. However, most 
data and statistics on equity in health care tend to compare access or utilisation 
horizontally, as capturing vertical equity is more complex than capturing hor-
izontal equity.  

Many studies – the present thesis included – investigate some aspect of 
utilisation (e.g., drug dispensations) for different patient groups and assume 
equal needs in those groups – regarding health care as inequitable if horizontal 
equity is not achieved.  

Access 
In this thesis, access to evidence-based medication was studied (mostly meas-
ured as dispensed drugs), representing one aspect of access to qualitative HF 
care. In a broader scope, access to health care involves a variety of factors and 
potential barriers. The barriers have been found to be larger for older women, 
minority groups, and patients with a lower socioeconomic position (SEP).36 
Whitehead and Dahlgren have described three components of access: geo-
graphic access; which is typically lower in rural and socioeconomically chal-
lenged areas37; economic access, which has different connotations in different 
health care systems but is also a factor within rich countries with universal 
health care systems38; and cultural access32, encompassing factors like respect 
and dignity for all patient groups, possible language barriers, and different 
cultural practices, as well as lack of insight into disadvantaged patients’ daily 
lives on the part of privileged health practitioners.  
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Three dimensions of equitable access are emphasised by Whitehead3:  
 

 equal access to available care for equal need  
 equal utilisation for equal need  
 equal quality of care for all 

In addition to combining two previously opposed approaches to defining ac-
cess (i.e., access vs utilisation), this approach adds the dimension of quality to 
the what that should be equitably distributed. The value of equitable access is 
of course only relevant when the accessed health care is of good quality. 

Encompassing many of the same elements as described above, a model by 
Tao et al.39 conceptualises access as being composed of accessibility, includ-
ing user fees and cultural factors, and access to care, i.e., supply (Figure 1). 
Need is incorporated into the model as a product of upstream determinants of 
health and health status, and between access and health outcomes lie, e.g., 
health care consumption and quality of care.  

 
Figure 1. Picture from Tao W, Agerholm J, Burstrom B. The impact of reimbursement 
systems on equity in access and quality of primary care: A systematic literature review. BMC 
Health Serv Res. 2016;16(1):542.39 

Equitable quality of care requires scientific evaluation of treatments in differ-
ent patient groups, as both the desired effects and adverse reactions from a 
treatment may vary based on characteristics such as gender, age, and poten-
tially ethnicity. Medical research has seldom lived up to this task, as clinical 
trials have systematically under-enrolled women, older patients and ethnic mi-
norities.40, 41 Furthermore, participants in clinical trials are generally healthier 
than most diseased patients in need of the treatment. Thus, although efficacy 
is established in such clinical trials in selected patients under ideal circum-
stances, it may not accurately reflect the effects in unselected populations, the 
so-called effectiveness.42 Hence, observational studies of effectiveness in au-
thentic patient populations are an important complement to efficacy studies 
performed under ideal conditions.  

Empirically, not only is equity in access to health care lacking in most if 
not all countries, but access to health care has also been shown to be inversely 
associated with need.37  
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There are several examples of inequity in access to health care, both inter-
nationally and in Sweden. In Finland, access to revascularisation has been 
found to be inequitable in relation to income.43 Swedish data have revealed 
that perceived discrimination (on grounds of ethnicity/race, religion, gender, 
sexual orientation, age or disability), and socioeconomic disadvantage, inde-
pendently and interactively increased the risk of individuals refraining from 
seeking health care.44 

Governance and equity in Swedish health care 
The Swedish health care system is primarily tax-financed, and covers the en-
tire population through general social insurance. It is based on a multi-level 
governance system, where the state is responsible for overall national health 
policy and monitoring of the quality and equity in health care, whereas financ-
ing and provision of health care is locally managed by the 21 politically gov-
erned regions. Patient fees are generally relatively small, and high-cost pro-
tection ensures that no one pays more than ~ €110/year for health care visits, 
~ €10/day of hospital care45; and ~ €225/year for outpatient drugs.46 While 
both the state and regional levels are bound to the statement in the Swedish 
Health and Medical Services Act (2017:30), regulating good health and equal 
health care for the entire population, there are differences in the provision and 
results of health care by region, as well as by educational level and gender.47 
The state, through the National Board of Health and Welfare (NBHW), has 
means of governing for increased equity, within the informative governance 
strategy, which includes: national guidelines for health care, national quality 
registries, regional comparisons of quality and efficiency of health care, and 
the production of systematic knowledge reviews. These are all means of 
achieving more evidence-based practice, as well as directing the allocation of 
resources in a cost-effective and equitable fashion.48 The NBHW also pro-
duces regular reports on the state of health care in Sweden, including statistics 
on certain measures of equity in health and health care. Despite these strate-
gies of central health care governance, health inequities have increased in 
Sweden in the last decade.1 Thus, the state is not achieving the policy goal of 
health equity. 

The systematic differences that constitute inequity in health are largely cre-
ated by the so-called social determinants of health, which will be discussed 
below.  

Social determinants of health 
Health is determined by biology and genetics, but to a large extent also by 
living conditions and lifestyle factors. Social determinants of health have been 
described as the conditions in which people are born, grow, live, work, and 
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age, which are closely connected to distribution of power, money, and re-
sources; these, in turn, are factors that are influenced by social stratification, 
including socioeconomic status, gender, race/ethnicity, and disability.13 The 
social determinants of health are powerful predictors of both disease burden 
and life expectancy.49 An individual’s chance of good health is affected by 
factors like income, education, employment, working conditions and social 
insurance policies. Ill health, in turn, may impair the ability of obtaining edu-
cation, work and a good living standard.  

The WHO report “Equity, Social determinants and Public Health Pro-
grammes”50 describes an analytical framework based on exposure and vulner-
ability, depending on socioeconomic factors. Inviduals with a low SEP typi-
cally have higher levels of exposure to risk factors for ill health; ‘differential 
exposure’. Clustering of several exposures then creates a so-called ‘differen-
tial vulnerability’. The differential vulnerability may result in higher risk of 
disease from the same level of exposure to a certain risk factor in more vul-
nerable groups, due to the total burden of clustered unfavourable social and 
health-related factors. These differential exposures and vulnerabilities cause 
‘differential health outcomes’, and in turn ‘differential consequences’ for liv-
ing conditions and health. 

In the following, I describe some of the constructs and structures that con-
stitute or influence social determinants of health. 

Socioeconomic position 
Socioeconomic position is one of many similar and interrelated concepts, in-
cluding socioeconomic status, social position, disadvantage, socioeconomic 
factors, etc., that are often used interchangeably in health research. There are 
thus several socioeconomic indicators measured in the context of health out-
comes, and several different ways in which various aspects of SEP impact 
health.51 Definitions of SEP emanate from constructs of social class based on 
the theories of Marx and Weber, in which social class is defined mainly by 
working relations and ownership of means of production. Building on those 
theories, subsequent work by Ericsson and Goldthorpe, followed by others, 
has further developed the concept of social class as occupation based.52 SEP 
may be viewed as being composed of several aspects of social position (or 
class) and economic factors that decide a person’s position in society, includ-
ing both actual resources such as income/wealth, and status- or prestige-re-
lated characteristics such as rank in the social hierarchy, e.g., occupational 
prestige.51, 53 Thus, SEP is preferable to the term socioeconomic status (SES), 
as the latter is implied to include only the status-/prestige-related factors.51-53 
Therefore, I use the term SEP rather than SES in this thesis.  

The socioeconomic measures used in this thesis include education, employ-
ment status, and income. 
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Education is a measure that captures aspects of early childhood SEP, while 
also being a determinant of employment status/occupation and income. It is 
thus thought to impact health in several ways relating to “inherited” SEP, in-
tellectual resources, and childhood living conditions, as well as adult re-
sources. Furthermore, educational level may influence health through 
knowledge about health and how to access health services. The associations 
of educational level and health are known to vary by birth cohort, gender, and 
minority status,51 as well as by educational systems. The determinants and ef-
fects of education are thus complex, and have been considered, e.g., by Bart-
ley, as a proxy for SEP rather than a SEP measure.52 The usefulness of the 
indicator will vary with the type of research question and the possible causal 
mechanism investigated. 

Employment is believed to be important for psychological and physical 
health through mechanisms such as financial strain, social isolation, loss of 
self-esteem, and relative poverty.54 A limitation to this indicator is the diffi-
culty in discerning to what extent unemployment is the result of so-called 
health selection into employment, i.e., that healthier individuals are more 
likely to obtain or retain employment. 

Income has been characterised as affecting health through “the conversion 
of money and assets into health enhancing commodities and services”, includ-
ing the ability to buy better housing and food, participate in leisure activities, 
or even buy better education, but also to access to health services. Income can 
also be related to status-based factors that affect health through, e.g., better 
self-esteem and social standing.51 

Although marital status, which was investigated in Study IV, may not be 
regarded as a socioeconomic measure per se, it can be assumed to encompass 
aspects of social support, which is a social determinant of health. Furthermore, 
social support has been associated with medication adherence.55, 56 

Reverse causation may be an issue with all of these socioeconomic indica-
tors, as they are all likely not only to affect health status, but also be affected 
thereby.  

There is a clear social gradient in health such that along the entire socioec-
onomic spectrum (i.e., not only when comparing the least disadvantaged with 
the most disadvantaged), there is a linear decrease in health with increasing 
socioeconomic disadvantage.57 Estimations of excess mortality in the 1990s, 
relating to this social gradient, showed that in England and Wales, 17,000 
fewer deaths per year could be expected if all working men aged 20–64 had 
the same mortality rates as those in professional and managerial positions.58 
In 2015, an investigation of several European countries regarding trends of 
premature mortality revealed that the relative inequalities by educational level 
had increased since the 1990s in many countries, including in Finland, Swe-
den, Norway, and Denmark.59 In Sweden, the Public Health Agency (PHA) 
reports that the proportion of children living in financial vulnerability has in-
creased in particular among those with parents at the lowest educational level, 
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from around 60% to 70% between 2011 and 2017. The PHA further states that 
there was no overall improvement in health equity in Sweden between 2006 
and 2018. Also, a higher mortality was reported for the most common causes 
of death (i.e., cardiovascular disease and several forms of cancer) among those 
with less than post-secondary education vs those with such education.1 Alt-
hough a large part of health inequities is attributable to social determinants of 
health, differing access to health care may also lead to differences in mortality. 
In a study analysing health care utilisation in relation to health needs in Swe-
den, higher income groups had more doctor visits than lower income groups.60 
Moreover, in a NBHW evaluation of adherence to the Swedish national guide-
lines for cardiac care, participation in cardiac rehabilitation was found to be 
lower among those with lower education than those with higher education.61  

Gender and health 
Gender theory 
Sex and gender are separate, but related concepts. Sex signifies biological sex, 
whereas gender concerns social constructions of femininity and masculinity, 
based on norms in society. In gender theory, the concept of “doing gender” 
pertains to the way in which individuals routinely and continuously construct 
gender. Gender is thus not viewed as a constant or innate trait, but rather as an 
ongoing interaction with other individuals and situations.62 Another construct 
central to gender theory is the gender system which according to Hirdman is 
built on two principles: segregation of femininity and masculinity in virtually 
all areas in society, and the male norm – meaning that more value is attached 
to things considered male.63 The gender order was theorised by Connell, as 
the structure of gender relations in a society, encompassing economic rela-
tions, power relations, affective relations and symbolic relations. Men and 
masculinity are identified as those with the most power in this structure and 
women are subordinate, but there are also dominant and subordinate forms of 
masculinity among men. The so-called hegemonic masculinity is defined as 
the dominant masculinity and the “pattern of practice [… ] that allowed men’s 
dominance over women to continue”.64  

Another key concept of gender theory is intersectionality. An intersectional 
perspective considers several types of inequity simultaneously, and analyses 
the ways in which several dimensions of power relations intersect, or interact, 
in creating subordination for different groups in society. These dimensions are 
commonly defined as gender, ethnicity/race, age, class, disability, and sexual-
ity.65, 66 The term intersectionality was coined by Crenshaw who, with a basis 
in postcolonial black feminist theory, critiqued existing feminist theory for 
treating race and sex as separate and mutually exclusive categories.67 An im-
portant component of intersectional analysis is to consider how different di-
mensions shape each other, going beyond merely calculating additive effects 
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of, e.g., being a black woman with low income. In public health terms, inter-
sectionality could be understood as sex and gender interacting with other so-
cial determinants of health, such as ethnicity, SEP, disability, and access to 
health care, in producing inequitable health outcomes. 

In health research and epidemiology, while social constructs and norms for 
masculinity and femininity are undoubtedly relevant for living conditions and 
health exposures as well as outcomes, the impact of biological features related 
to sex must also be taken into account. An ecosocial perspective, treating the 
relevance of gender relations and sex-linked biology as an empirical rather 
than philosophical question, has been proposed as a tool for analysing both 
gender and sex in relation to exposures, disease risk and outcomes.68 Krieger 
presents an example of such an analysis, concerning the exposure-outcome 
association for women receiving fewer referrals for interventions in case of 
acute coronary syndrome.69 The ecosocial analysis finds that for exposure, 
gender relations are important to how patients present symptoms as well as 
how physicians interpret them, whereas sex-linked biology determines age at 
presentation and possibly type of symptoms. As regards risk of outcome once 
exposed, gender relations are relevant for the risk of non-referral for diagnos-
tics and intervention.68 

It is important to acknowledge that there are transgender, as well as non-
binary, categories of gender and biological sex. However, in Sweden (as in 
most countries) there are only two legal genders. Thus, available statistics 
based only on the two legal gender categories women and men will, by defi-
nition, not properly capture the experiences of those with transgender identity, 
those not wishing to be categorised as either, or those with intersex variations 
who were assigned a (perhaps misrepresenting) legal gender at birth. This is 
unfortunate, and hampers full elucidation of gender inequity. However, this is 
inevitable for studies based on available official health statistics, such as the 
studies in the present thesis. Thus, in the following, I will refer only to aspects 
of binary gender categories in relation to the studies. 

Deconstruction of norms relating to gender is closely connected with ana-
lysing norms, structures, and power relations regarding sexuality and sexual 
identity. Heteronormativity, i.e., the idea that heterosexual orientation is nor-
mative and superior to other sexualities and gender identities is thus another 
concept central to gender theories, and important for health. Swedish national 
health survey data have revealed a poorer health among lesbian, gay and bi-
sexual people than among heterosexual people.70 Research has also found that 
lesbian and gay patients and their partners experience Swedish health care as 
heteronormative, and that attitudes among health care staff impede quality of 
communication, and lead to risks of misunderstandings and insecurity among 
the patients.71, 72 Poorer health and a low trust in health care has also been 
reported for transgender people in Sweden.73    
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Gender inequity in health 
There are several areas in which constructions of gender and power relations 
affect both the social determinants and the distribution of risk factors differ-
ently among women and men. From a power perspective, for example, women 
systematically earn less money, and possess less wealth than men at a group 
level. Furthermore, in many, albeit not all, parts of the world, women have 
less access to education. In general, women are more often subjected to re-
strictions of personal freedom, to violence on the part of a family member or 
partner, and to sexual assault. Women, on the other hand, also live longer than 
men in most societies, notably in middle- and high-income countries. How-
ever, longevity is not paralleled by health, as women overall report worse 
health than men.1, 74 It seems that norms for women/femininity are protective 
against several risk factors contributing to disease and premature mortality, 
such as cardiovascular risk from smoking, poor diet, obesity, physical inactiv-
ity, etc. In contrast, constructions of masculinity seem to carry greater risks of 
hazardous exposures such as substance abuse, higher risk-taking in traffic, and 
occupations with higher risk of physical injury.75  

In Sweden, life expectancy has increased for all groups in the last decade 
except for women without post-secondary education, who in fact experienced 
a reduction in life expectancy between 2006 and 2018. Mortality from suicide 
is more than twice as high among men than among women, while depression 
is more frequently diagnosed in women.1 Regarding access to care, a study of 
cataract surgery waiting lists in Sweden showed inequity by (female) gender, 
age, native country, educational level, and income.76 Furthermore, women 
have been shown to receive less statin treatment after myocardial infarction 
(MI), and women with less than post-secondary education are the least likely 
to stop smoking after MI.61 Another gender perspective on access to health 
care, is that mothers calling tele-nurses about their children received self-care 
advice more often than fathers, who received more referrals for their chil-
dren.77 

Race/ethnicity 
The categorisation race/ethnicity is referred to in this thesis only in the sense 
of race being a social category that due to discrimination and other forms of 
inequality in society is associated with worse health outcomes. Race is not 
considered a biological entity, as there is only one human race. In the context 
of biological differences between different populations, there are variations in 
the distribution of some physiological manifestations that may vary by ethnic-
ity at a group level, i.e., be more or less frequent in certain ethnic groups, such 
as genetically based differences in cancer susceptibility78 or alcohol metabo-
lism.79 However, in equity studies, as well as in preventive public health work, 
it is important not to consider ethnic variations as deterministically linked to 
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genetics or biology, but to analyse the possible social and cultural reasons un-
derlying them as well. Failure to recognise such reasons and to analyse the 
impact of social determinants on disease risks, impedes adequate prevention 
and treatment and thus equitable health. There are further complexities to us-
ing race or ethnicity as categories, well beyond the scope of this thesis, includ-
ing (but not limited to): the risk of reinforcing stereotypes and bias, the risk of 
wrongly assigning an ethnicity category to an individual (notably when such 
categorising is done by states/authorities), and the risk that race may be inter-
preted as representing a racial essentialist view.  

Health inequities relating to race/ethnicity, or to other dimensions of be-
longing to a minority group, such as migration, are well documented. A sys-
tematic review and meta-analysis concluded that racism was associated with 
poorer mental and physical health.80 In the US, black women have been found 
to have poorer breast cancer survival than white women.10 Access to kidney 
transplantation has been found to be lower among black and Asian patients in 
both European81 and US data.82 Recent Swedish public health data revealed 
that individuals born in Asia had lower psychological well-being compared 
with the Swedish-born, and that individuals born in Africa who had been liv-
ing in Sweden for more than 5 years had lower psychological well-being than 
Swedish-born individuals or those born in Africa with less than 5 years of 
living in Sweden. As no specific analysis of race/ethnicity or discrimination 
was included in this analysis, mechanisms behind these health differences are 
unknown, but some form of inequity is likely. It furthermore seems alarming 
that living a longer time in Sweden was associated with worse health.83 In 
another study, Swedish residents born outside of the EU received guideline-
recommended treatment to a lesser degree after MI.84 

Beyond direct discrimination and racism, there are also important links be-
tween race/ethnicity, minority status or migration, and other determinants of 
health, such as SEP.85 Structural discrimination and segregation affect living 
conditions leading to higher risks of, e.g., unemployment or lower occupa-
tional status, as well as more limited monetary resources and inadequate hous-
ing.86 This underlines the relevance of an intersectional perspective on ineq-
uity in health.  

While none of the studies in this thesis have used the categories race or 
ethnicity, foreign country of birth (categorised into one of six global regions) 
was investigated in Study I, as a possible risk factor for not receiving evi-
dence-based HF treatment. 

Age 
While chronological age per se should never justify inequitable treatment in 
relation to needs, there are some circumstances to consider regarding age. 
First, the biological aging process in itself is incompatible with complete 
health equality by age; i.e., we cannot expect to achieve the same level of 
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health at a group level among those in their 80s, as among 20-year-olds. In 
addition, in areas such as preventive treatments, notably those with a long 
horizon, the weighing of benefits in relation to negative aspects of, e.g., taking 
medications is likely to differ between young and old patients; from the per-
spective of health care providers, as well as that of patients.87 Older persons 
are also more prone to adverse effects of some treatments, and risks such as 
falls from antihypertensive drugs such as RASb and BB.88 Furthermore, the 
definition of need may be slightly different for very old patients, due to such 
factors as capacity to benefit from a certain treatment,89 and the likelihood of 
a measure contributing to a meaningful outcome and not only to prolonging a 
life in suffering.  

Nevertheless, there are several situations in which older age should not be 
a reason for different, or less active, treatment. Older individuals make up an 
increasing proportion of the population and their healthy life expectancy is 
growing. Thus, a large part of those with chronic disease, especially in middle- 
and high-income countries, are of older ages. Many of these patients have 
great capacity to benefit from treatments, whether they predominantly affect 
symptoms or survival. In a UK primary care setting, age inequity in access to 
care was indicated by the prescribing of fewer recommended coronary heart 
disease drugs to those aged 84 years and older, without there being a recorded 
reason such as intolerance, contraindications, or declining treatment.8 Another 
aspect of age inequity is that old patients may be very fragile, and are more 
likely to have too many (polypharmacy) or improper treatments, in addition 
to not receiving beneficial medications. A Swedish study comparing drug use 
between community-dwelling and institutionalised elderly patients, found that 
those institutionalised were more likely to use, e.g., antidepressants, opioids, 
and hypnotics/sedatives, and less likely to use guideline-recommended cardi-
ovascular drugs.90  

Health literacy 
An important factor relating to determinants of health, as well as to access to 
health care and equitable health outcomes, is health literacy (HL). This con-
cept has been defined by Sorensen91(p3) as entailing:  

“[…] people’s knowledge, motivation and competences to access, understand, 
appraise, and apply health information in order to make judgments and deci-
sions in everyday life concerning healthcare, disease prevention and health 
promotion to maintain or improve quality of life during the life course […]” 

Health literacy is related to, but not synonymous with, educational level. Low 
levels of HL have been found to be associated with, e.g., higher mortality,92 
more hospitalisations,93 less preventive care,94 and also with not following 
medical instructions.95 A recent Danish population-based survey study found 
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that 8% had inadequate HL and 31% had “problematic” HL. Lower HL levels 
were associated with male gender, younger age, immigrant status, lower edu-
cation and income, and receiving social benefits. Furthermore, low HL was 
associated with poor health status, inactivity and obesity.96 HL can be consid-
ered a modifiable risk factor for socioeconomic disparities in health, and ac-
cording to an integrative review, HL mediates the relationship between soci-
oeconomic disadvantage and health status and specific health-related out-
comes, as well as use of preventive services.97 Among refugees in Sweden, 
limited (i.e., inadequate or problematic) HL is associated with poor health and 
with refraining from seeking health care.98  

Health care as a determinant of health 
Public health research has, with good cause, largely focused on social factors 
and living conditions in relation to people’s chances of equitable health. How-
ever, as pointed out by Marmot49(p1159) on behalf of the WHO Commission on 
Social Determinants of Health, health care also plays a role in health equity 
and is defined as one of the social determinants of health: 

“National health systems are pivotal in addressing health inequities; they need 
to be adequately resourced, function well, and be accessible to all. Appropri-
ately configured and managed health systems provide a vehicle to improve 
people’s lives, protecting them from the vulnerability of sickness, generating 
a sense of security, and building social cohesion within society […]” 
 

A health care system with equitable access and equal quality for all thus has 
the potential to mitigate negative health consequences of inequalities in other 
social determinants of health. 

Heart failure 
Heart failure is a disease of the heart muscle, the myocardium, in which patho-
logical processes lead to failure of the myocardium to either pump blood for-
ward, or to relax in order for returning blood to fill the heart. Ultimately, HF 
is as an inability of the heart to adequately provide oxygen to all the organs in 
the body. Ischaemic heart disease is the most common cause of HF, followed 
by hypertension (HT).99 The American College of Cardiology Founda-
tion/American Heart Failure Association’s definition of HF is: “a complex 
clinical syndrome that results from any structural or functional impairment of 
ventricular filling or ejection of blood”.100 Symptoms of HF include fatigue, 
shortness of breath (dyspnoea), oedema (notably in the legs), and excessive 
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fluid in the lungs. The condition may lead to lung oedema and carries an ele-
vated risk of cardiac arrhythmias and MI. HF with reduced ejection fraction 
(HFrEF) means that the ability to pump blood forward is decreased, while HF 
with preserved EF (HFpEF) usually signifies the myocardial inability to relax 
for filling. A definition of HFrEF is an EF ≤ 40%, and for HFpEF it is an EF 
of  ≥ 50%.100 In recent years a definition for HF with midrange EF (HFmrEF), 
i.e., EF 40–49%, has been added to the previous definitions of HF, as this 
categorisation is believed to be clinically and scientifically relevant.101 

HF affects around 37.7 million people globally, and is one of the most com-
mon heart diseases in ageing populations of middle to high-income coun-
tries.102 In high-income countries HF is the leading cause of hospitalisation in 
patients aged 65 years and older, representing 1–2% of total admissions. Com-
mon causes of HF are ischaemic heart disease, hypertension, chronic obstruc-
tive pulmonary disease, and rheumatic heart disease.102 The incidence is 
higher among the elderly, those with low SEP and in ethnic minorities.102, 103 
Total prevalence has been estimated at around 2% in both the US and Swe-
den.104, 105 Mortality in HF has been found to be around 20% at 1 year for 
incident HF106 and around 50% at 5 years.105, 106 In lower income settings, HF 
represents relatively more of the disease burden among younger patients, and 
access to treatment is typically low.107 Mortality in low-, and middle-income 
countries has been estimated to be 3.7 and 2.6 times higher, respectively, than 
that in high-income countries.102 In addition to a high mortality, HF also 
causes a substantial reduction in quality of life for those living with the dis-
ease.108  

Modern treatment, including BB and RASb medication, has impacted over-
all survival for HF patients in the last decades. In the US, 5-year mortality was 
found to decrease from 57% to 48% between 1979 and 2000.109 Time trend 
data from UK showed a decrease in 5-year mortality between 1998 and 2015 
from 63% to 59%.110 In both these studies, women and older patients experi-
enced less or no reduction in mortality. In Sweden, absolute mortality de-
creased, by 0.5/1,000 person-years between 2006 and 2010 in women and men 
alike.105 In the UK cohort, socioeconomic status was investigated, and the 
most deprived were found to have higher mortality than the least deprived.  

Angiotensin-converting enzyme inhibitors (ACEI) or angiotensin receptor 
blockers (ARB), collectively referred to as RASb, have been a first-line phar-
macological treatment for over a decade, due to the extensive evidence for 
mortality and morbidity reductions in HFrEF.14-16 For HFpEF there is still no 
therapy proven effective in improving survival.  

Hence, the majority of HFrEF patients should receive treatment with 
RASb. There are some medical reasons for non-treatment or discontinuation 
of RASb, including the potentially life-threatening side effect angioedema, as 
well as advanced aortic stenosis, or worsening renal dysfunction during RASb 
treatment. Another side effect of ACEI is coughing, which is reason for re-
placement of ACEI with ARB.111  
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In Sweden, the NBHW have issued national guidelines for HF care, provid-
ing support for evidence-based and cost-effective management and treatment 
of HF. In addition, and in accordance with these national guidelines, there are 
more detailed treatment guidelines from the European Society of Cardiol-
ogy101, 112 which are endorsed and complemented by the Swedish Society of 
Cardiology.113 Many derivations of these guidelines also exist at the local 
healthcare level, as well as on various educational platforms. 

Equity in HF 
HF is disproportionately frequent among socioeconomically disadvantaged 
individuals.114, 115 Particularly, a Swedish study found that occupational class 
was associated with risk of HF in a graded fashion; for unskilled workers with 
the highest risk, the hazard ratio (HR) was 1.72.103 Besides RASb,18, 20, 116 other 
therapies, such as BB24, 117 and resynchronisation therapy,118 have been found 
to be provided inequitably. In Sweden, an evaluation of the compliance with 
national guidelines for cardiac care from 2015 showed that women received 
less first-line line treatment (BB and RASb) for HF compared with men, to an 
extent that likely reflected inequitable access. In addition, female HF patients 
were underserved with regard to resynchronisation therapy, although women 
are thought to benefit more than men from this therapy at milder HF disease.61 
Mortality in HF is higher among the socioeconomically disadvantaged.110, 119  

Adherence 
For treatments to be effective, they have to be used as intended by the patients 
to whom they are prescribed. Whether treatment has the form of medication, 
physical activity, diet restrictions, or rehabilitation, patient adherence to those 
measures is a key factor in determining outcomes. Still, this factor is fre-
quently overlooked, and health care providers typically overestimate adher-
ence to prescribed measures.  

Medication adherence 
Medication adherence is a process, and there are several steps between pre-
scribing medications and a clinical effect of the treatment. The patient needs 
to fill prescriptions, take medications at the correct doses and intervals, and 
persist in taking them for as long as intended. It has been estimated in a WHO 
report that only 50% of chronic therapies are taken as prescribed. The report 
states that increasing the adherence may impact health more than any im-
provement in specific medical treatment.120 The reasons for non-adherence are 
complex, and involve factors such as access, health literacy, forgetfulness, 



 27

cognitive impairment, and depression, but also patient choice, for which fac-
tors like trust, beliefs and preferences are important.121 The impact of gender, 
age, SEP, marital status, and race/ethnicity remains unclear, as results have 
been contradictory.55, 121 However, in a recent systematic review, there were 
indications that social support and socioeconomic status might positively im-
pact adherence, while belonging to a minority might be negative for adher-
ence.55 Moreover, higher patient co-payment negatively impacts adherence.55, 

122  
The measurement and estimation of adherence from dispensation records 

is a methodological challenge, and there is great diverseness in the measures 
used within this research field. Three elements have been described in medi-
cation adherence: initiation (taking the first dose), implementation (taking 
medication in the intended dosing throughout the intended duration of treat-
ment), and discontinuation (the end of therapy). Furthermore, persistence is a 
central concept, denoting the time from initiation until discontinuation.123 An-
other terminology that has been proposed for adherence research involves sep-
arate constructs for adherence (including primary adherence, secondary ad-
herence, and adequate secondary adherence); persistence (including early-
stage and later-stage persistence); and discontinuation (failure to have medi-
cation dispensed within a certain time after the exhaustion of a previous dis-
pensation). There are numerous approaches to quantifying medication adher-
ence, but none is considered a gold standard. Rather, it has been recommend 
to use a combination of methods.124 There are measures based on medication 
possession, such as the medication possession ratio (MPR) or proportion of 
days covered (PDC), which relate medication supply to the number of days in 
the observation period; and measures based on medication gaps, i.e., days with 
a lack of medication availability. Attached to these measures, there are differ-
ent methodological considerations such as: appropriate time intervals, whether 
to include the time period after the last dispensation in the observation period, 
whether or not to account for stock-piling (medications in possession before 
the start of measurement and carried-over from previous prescriptions), and 
for hospital stays. Another methodological issue concerns medication supply, 
which is ideally measured as prescribed daily doses. As this type of data is 
rarely available, it is common to make approximations of prescribed daily 
doses based on number of tablets or defined daily doses (DDD). DDD is a 
technical unit of measurement created by the WHO, defining the assumed av-
erage daily drug dose for the main indication in adults.125  

Rationale for the thesis 
Despite underlying differential vulnerability due to social determinants of 
health, health care can contribute to equity in health outcomes. However, as 
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described, it does not appear that health care in general has thus far accom-
plished this task. HF care is no exception. The Swedish public policy goal of 
good health and equal health care for the entire population warrants research 
into equitable access to care. Findings from such studies could inform health 
care providers and policy makers on how to improve equity in health care. 

Although guidelines for HF care have long recommended RASb as treat-
ment for HFrEF, not all eligible patients receive this evidence-based therapy. 
When this thesis project was initiated, there were indications of inequity in 
RASb treatment by gender19, 21-23, 126 and age.127-129 However, there were no 
large, population-based studies on equity by gender or age in HF care in the 
Swedish context, and scarcely any data on equity in HF treatment by socioec-
onomic position or migration status130 either from Sweden or from other coun-
tries. 

Furthermore, although some efficacy studies of RASb in HF had shown 
effects across subgroups of sex and age,14-16, 131 a meta-analysis was contradic-
tory regarding the effects in women, especially regarding all-cause mortality.25 
This uncertainty about benefits in women was possibly due to under-enrol-
ment of female patients in efficacy studies, and thus underpowered subgroup 
analyses.21, 132 One effectiveness study, including around 50% women had 
shown a survival benefit among both women and men exposed to ACEIs, alt-
hough the protective effect was greater among men.133 

Reasons for inequitable access to HF care, or inequitable outcomes, have 
to the best of my knowledge not been adequately studied previously. In the 
context of access to therapy, an understanding of whether there are differences 
in prescribing medication or in adherence to prescribed medications is of great 
importance.  

In summary, the studies in this thesis were motivated by: 1) a lack of studies 
on socioeconomic equity in HF treatment; 2) a paucity of large-scale studies 
on gender and age inequity in the Swedish setting; 3) a lack of clarity regard-
ing effectiveness of RASb among women; and 4) a gap in knowledge of what 
factors affect adherence among HF patients, and whether adherence varies by 
age, gender, or indicators of SEP.  

With regard to definitions and theoretical context, I do not in this thesis 
take any stand on the issues of the true theoretical definition of equity, nor do 
I propose that equity should be assessed using only a certain set of measures, 
such as access- or utilisation-based measures. Rather, with a basis in the prag-
matic notion of inequity as “differences which are unnecessary and avoidable, 
but in addition are considered unfair and unjust”3 I have tried to empirically 
measure differences in treatment and outcomes between groups, and at-
tempted to discern whether these differences are likely to represent inequity 
in HF care. Although the studies in the thesis were not methodologically de-
signed to analyse and interpret data explicitly in accordance with theoretical 
frameworks or conceptual models of, e.g., equity, social determinants, or gen-
der theory, these constructs made up the backdrop for the thesis project. The 
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intention of the project has been to contribute to the empirical evaluation of 
consequences of the aforementioned underlying structures and processes, and 
thus – in my view – the results may be discussed in that theoretical context in 
this comprehensive summary.  

Overall and specific aims 
The overall aim for the thesis was to investigate inequity in access to RASb 
treatment and mortality among HF patients in Sweden, on the basis of age, 
gender (in Study I designated as ‘sex’), country of birth, and socioeconomic 
factors.  

The specific aims for Studies I–IV were: 
 
I To investigate differences in access to ACEIs by sex, age, educational 

level, employment status, income or immigration status among HF pa-
tients in Sweden. 

 
II To investigate effectiveness, i.e., the association between RASb expo-

sure and mortality, among hospitalised HF patients in Sweden, and 
whether effectiveness varied with gender and age. 
 

III To assess RASb access and mortality by employment status and edu-
cational level among hospitalised HF patients in Sweden of working 
age, and to analyse possible excess mortality among non-employed 
patients without access to RASb. 
 

IV To examine medication adherence to mortality-reducing HF medica-
tions, i.e., RASb and BB, among HF patients in Sweden enrolled in a 
quality register, by age, gender, educational level, marital status and 
income.  
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Methods 

Design 
Register-based cohort designs were used for all the studies in the thesis. 

Data  
Three population-based registers held by the NBHW were used: the Swedish 
National Patient Register, the Swedish Prescribed Drug Register, and the 
Swedish Cause of Death Register. A population database at Statistics Sweden, 
the Longitudinal Integration Database for Health Insurance and Labour Mar-
ket Studies, and the quality register SwedeHF were also used. 

Swedish National Patient Register (NPR) 
The NPR is held by the NBHW, and contains individual-level data for all in-
patient hospital discharges in Sweden since 1987.134 Variables include age, 
gender, place of residence, county council, hospital/clinic, department, and 
dates for admission and discharge. More than 99% of hospital stays are regis-
tered, and the overall validity is 85–95%.135 Validity for HF as primary diag-
nosis is 95%.136  

Swedish Prescribed Drug Register (SPDR) 
The SPDR137, 138 holds records of all dispensed drugs in Sweden since July 
2005. Drugs administered in hospitals or nursing homes are not included, but 
registration is otherwise near complete, with approximately 0–2% missing 
data. Variables include Anatomical Therapeutic Chemical classification sys-
tem (ATC) code, drug strength, prescribed quantity (DDD), as well as number 
of tablets, date of prescription, and date of dispensation. Type of prescription, 
i.e., if drugs are prescribed as multi-doses, is also recorded. Typically, multi-
dose prescriptions are dispensed for a 2-week duration, in the form of pre-
packaged daily medication sachets. The overall quality of the SPDR is high, 
but there are some limitations relevant for the thesis. First, in 2005, there was 
a quality lapse in the register, leading to dispensation dates incorrectly being 
set to the last date of the month. Second, there are dispensation records with 
negative values for quantity/cost variables. Negative posts are routinely used 
for making corrections in the register, e.g., for repurchases etc., by adding a 
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row of negative values matching the original post, meaning that the sum is 
zero in the total register. Third, the register does not contain PDD information 
in a readily accessible form, as such data exist in free text only, making anal-
ysis thereof very cumbersome. Thus, to estimate PDD, the feasible options 
were to use either DDD or tablet quantity.  

The Swedish Cause of Death Register (CDR) 
The CDR comprises all deaths among persons registered in the Swedish na-
tional registration at the time of death, for the years included in this thesis. For 
every death, one underlying (main) cause of death (CoD), and up to 20 con-
tributing causes are registered. The coverage is high; only around 1% of deaths 
are not registered.139 However, the accuracy of CoD varies. The quality of 
CoD registration depends on the accuracy of reporting by physicians. Causes 
of death may be less accurate for older patients, as they often have several 
conditions, making determination of the true CoD more difficult. Deaths 
among patients with chronic diseases are also more likely to be misclassified 
than, e.g., external causes such as accidents, as the causes tend to be more 
diffuse. A study comparing death certificates and hospital diagnostic data re-
ported that for “other heart disease” (a definition including heart failure) the 
agreement was 65%.140 

The Longitudinal Integration Database for Health Insurance and 
Labour Market Studies (LISA) 
The register LISA141 (Swedish acronym) combines information from several 
other population registers, and comprises variables such as country of birth, 
educational level, employment status, and income level. Data for all Swedish 
citizens older than 16 years residing in Sweden are registered yearly. Some 
variables are missing for certain individuals, with varying frequency for dif-
ferent variables. The variables used in this thesis are:  

 Country of birth; a grouped variable, collected from LISA as 11 
categories:  

o Sweden 
o Nordic countries (except Sweden) 
o EU 271 (except Sweden, Denmark and Finland) 
o Europe (except EU27 and Nordic Countries) 
o Africa  
o North America 
o South America 
o Asia 
o Oceania 

                               
1 EU 27 = Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, The 
Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, UK. 
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o (Former) Soviet Union  
o Unknown 

 
 Educational level; defined as the highest attained education, cate-

gorised into 7 levels: 
 

o Less than upper secondary education, shorter than 9 
years 

o Less than upper secondary education, 9 years 
o Upper secondary education, maximum 2 years 
o Upper secondary education, 3 years 
o Post-secondary education, shorter than 3 years 
o Post-secondary education, 3 years or longer 
o Doctoral degree 
o Missing data 

 
The degree of missing data was 1.6% (among those aged 25–64) in 
2009. Missing posts are mainly due to immigration.  
 

 Disposable income (individualised, based on family data); the por-
tion of a family’s disposable annual income attributed to an indi-
vidual, by consumption weight. 

 
 Employment status; a variable based on 1) the existence of an in-

come statement from gainful employment in November the year in 
question, and 2) a minimum income level, differing by year, age, 
and gender, considered to indicate continuous employment. Em-
ployment is categorised in LISA as:  
 

o Gainfully employed; existing income statement from 
gainful employment and income above a limit to be 
classified as continuous employment.  

o Not gainfully employed; existing income statement, 
i.e., has had some income from employment, but in-
come below the limit for continuous employment. This 
category includes individuals with sporadic employ-
ment such as summer work, and may also include a 
small portion of those on sick leave or with permanent 
sickness benefit, and the partially unemployed. 

o Not gainfully employed without income statement; no 
income statement in November. This category includes 
the unemployed, but also all individuals over 84 years, 
as well as most retirees (unless they have worked spo-
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radically during the year), and the majority of individ-
uals who are on sick leave or have permanent sickness 
benefits.  
 

 Marital status, categorised as married, single, or widowed. 

SwedeHF  
This quality register (‘RiksSvikt’ in Swedish) was established in the year 
2000. Registration is voluntary for health care providers and the inclusion cri-
terion is clinician-judged HF treated in hospitals or outpatient cardiology clin-
ics. Around 80 variables are recorded by clinicians at hospital discharge/out-
patient visits. Patients are informed of registration and have the possibility to 
opt out. Very few primary care centres register data. The proportion of Swe-
dish hospitals that register data is increasing from 63% in 2014 to 85% in 
2019. However, the total coverage (proportion of patients with a first diagno-
sis of HF in the NPR that are registered in SwedeHF) is low, albeit increasing. 
Between 2006 and 2016, coverage increased from around 8% to around 
15%.142 The register has previously been described143 and extensively re-
searched.118, 144 Up to 2016, the register contained data on 76,506 unique indi-
viduals. 

Study population: Studies I–III   
A register-based cohort of all persons aged 20 years and older, hospitalised 
with HF as main diagnosis2 1st July 2005–31st Dec 2010, was first extracted 
from the NPR (n = 93,258). The data from NPR were then merged with LISA 
data, drug dispensation data, and cause of death data using personal identity 
numbers. An index date was defined for each individual, as the date of first 
HF hospitalisation in the study period. This cohort was used in Study I, and 
subsets from that population were later included in Studies II and III. Figure 
2 depicts the study population selection for Studies I–III. 

                               
2 International Classification of Diseases (ICD-10) codes I11.0, I13.0, I13.2, I42.0, I42.3–I42.9, 
I50.0, I50.1, and I50.9. 
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Figure 2. Study population selection Studies I-III. HF, heart failure; RASb, renin-
angiotensin system blocker. 

Study II 
For this study, patients with a HF hospitalisation in the year preceding index 
date were excluded from the study cohort, such that all participants had at a 
minimum one year free from HF hospitalisation before the index date. To en-
able this, only patients with index dates from 1st July 2006 were included from 
the Study I cohort. Furthermore, we excluded records with implausible data, 
and individuals who did not survive the index date, i.e., were not discharged 
alive. We further excluded those with a RASb dispensation in the 6 months 
preceding index date. The final study population in Study II consisted of 
30,721 individuals. 

Study population

Study I
Patients 20 years or older hospitalised

for HF with discharge date 1st Jul 
2005–31st Dec 2010

N= 93 258

HF hospitalisation ≤ 1 year before index, N= 19 592 
Implausible data, N= 337
Did not survive index date, N= 6221
RASb in 6 months prior to index, N= 36 376

Study II
Patients 20 years or older without 

recent RASb, who survived index HF 
hospitalization 1st Jul 2006–31st Dec 

2010

N= 30 732

Study III
Patients aged 20–64 years without 

recent RASb dispensation who 
survived index hospitalisation for HF 

N= 3874

Age > 64 years, N= 26 856
Follow-up time < 1 day, N= 2

Excluded
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Study III 
In Study III, we included only patients of working age, defined as less than 64 
years, resulting in a study population of 3,874 individuals from the original 
cohort. 

Study population: Study IV 
In Study IV, the SwedeHF was merged with data from the NPR, LISA, and 
CDR. The index date for each individual, defined as hospital discharge date 
or outpatient visit date, was the first registration in SwedeHF. Patients with an 
index date between 2006 and 2016 who survived the index date were selected, 
and their records merged with drug dispensation data from the SPDR. The 
study population selection is illustrated in Figure 3. We excluded patients with 
multidose dispensation, as we assumed these patients to be especially frail, 
and adherence would not be comparable between patients in need of dose dis-
pensation and those able to manage medications on their own. We further ex-
cluded patients with negative values in dispensation records, for data manage-
ment reasons. Lastly, we excluded patients with a dispensation of either RASb 
or BB in the 6 months preceding index date, in order to reduce the impact of 
stockpiling and to assess adherence for what were likely to be de novo pre-
scriptions. 



 36 

 
Figure 3. Study population selection Study IV. RASb, renin-angiotensin system 
blocker; BB, beta-blocker. 

 

ExcludedStudy population

N= 70 571

Unique individuals with first registration in 
SwedeHF
2000-2016

N= 76 506

First SwedeHF registration before
2006 (N= 5935)

Did not survive index date N=1075

Both RASb and BB dispensation 6 
months prior to index N= 29 248

N= 48 928

Total study population:

Patients with a first SwedeHF
registration ≥ 1st Jan 2006, without 

multidose dispensations, who survived 
index hospitalization/visit and did not 
receive RASB or BB 6 months prior to 

index. 

N= 18 605

Multidose dispensation during
follow-up N= 20 415

Faulty dispensation records
N=1228
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Exposures and outcomes 
Study I 
The patients in Study I were assessed for the outcome dispensation of an ACEI 
within 1 year of index hospitalisation.  

The studied exposures were: age, gender, country of birth, educational 
level, employment status, and income quartile. All socioeconomic exposures 
were captured in the index year or the previous year if the individual died in 
the index year. Categorisations of exposures were as follows:  

Age was categorised as 20–64 years; 65–74 years; 75–84 years; 85 years and 
older.  

Gender was categorised as woman or man.  

Country of birth was re-categorised into 6 groups, as: Sweden; Nordic coun-
try; Other EU-27 country; Other Europe + Former Soviet Union; Asia + Oce-
ania; other.  

Educational level was categorised in accordance with the levels in LISA:  
 

 Less than 9 years of compulsory school  
 9 years of compulsory school  
 Up to 2 years of upper secondary school  
 3 years of upper secondary school 
 Less than 3 years of higher education 
 3 years or more, of higher education 

Employment status was categorised in accordance with the 3 LISA catego-
ries:  

 
 Gainful employment 
 Sporadic gainful employment 
 No gainful employment 

Income was converted into euros and divided into quartiles. Negative income 
was set to 0. 
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Other covariates 
Comorbidity 
The following comorbidity diagnoses were chosen as they might affect the 
likelihood of receiving an ACEI, and were retrieved from the NPR for the 
index hospitalisation: HT, acute or previous MI, renal dysfunction, diabetes 
mellitus (DM), and dementia. DM was also captured using records of dis-
pensed diabetes drugs, as the diagnosis is likely to be underestimated in the 
NPR. 

 
Alternative treatment 
As ARB treatment is recommended as replacement for ACEIs due to, e.g., 
intolerance, adjustment was made for receiving an ARB within 1 year of HF 
hospitalisation. 
 
Time period/year 
Year of index date was used to account for possible changes in general treat-
ment patterns during the study period.  
 
Follow-up time  
Individuals’ follow-up time was adjusted for, as the length of follow-up affects 
the chance of having medications dispensed.  

Study II 
In Study II, two outcomes were analysed separately: HF death and all-cause 
death. Date of death and underlying cause of death were retrieved from the 
cause of death register. 

Exposures were: RASb dispensation, gender, and age, defined as follows: 
 
RASb: At least one dispensation of either an ACEI or an ARB at any time 
during follow-up. Based on the date for the first dispensation after index hos-
pitalisation, a time-dependent exposure variable for RASb was calculated, 
with time between index date and dispensation designated as unexposed, and 
time from dispensation until end of follow-up designated as exposed. 
 
Age: Age was categorised as 20–64 years; 65–74 years; 75–84 years; 85 years 
and older.  

 
Gender: Gender was categorised as woman or man.  

Other covariates 
Comorbidity 
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Comorbidity, defined as additional diagnoses at any inpatient hospitalisation 
1.5 years prior to and including the index hospitalisation, comprised HT, an-
gina pectoris (AP), MI, atrial fibrillation/flutter (AF), pacemaker, coronary 
artery bypass grafting (CABG), stroke, peripheral vascular disease, lung dis-
ease, renal dysfunction, DM, anaemia, dementia, cancer, liver disease, and 
rheumatic disease. 

 
Hospitalisation-free time 
Time in the study before the first hospitalisation was computed for each indi-
vidual, as the entry time varied within the study time period.  

 
Other HF therapies 
Dispensation of BB or mineralocorticoid receptor antagonist (MRA) within a 
year following index date was recorded, as these therapies are known to affect 
survival.  

Study III 
The Study III cohort was followed for two separate outcomes: 1) dispensation 
of RASb, and 2) all-cause death. Dispensation of RASb as outcome was de-
fined as at least one dispensation of any dose of an ACEI or an ARB during 
follow-up. All-cause death was defined as death from any cause during fol-
low-up.  

Exposures for dispensation of RASb, as well as for all-cause death, were 
educational level and employment status, categorised as:  

Employment status: Employment was dichotomised as employment (‘gain-
fully employed’ in original LISA values) or non-employment (any other value 
in LISA). 

Educational level: Educational level was re-categorised from the LISA cate-
gories into 3 levels: compulsory school, upper secondary school, or post-sec-
ondary school. 

For the outcome all-cause death, RASb was also an exposure, and was defined 
as in Study II (see above).  

Other covariates 
Comorbidity, hospitalisation-free time and other HF therapies were defined as 
in Study II (see above) 
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Study IV 
Primary non-adherence and overall non-adherence to RASb and BB, respec-
tively, were the main outcomes. RASb dispensation was defined as a dispen-
sation of either an ACEI or an ARB. Primary non-adherence was defined as 
failure to have a prescription dispensed for the drug, within 30 days of the 
index date. Patients were assumed to have a prescription if the drug was reg-
istered as present on the index date in SwedeHF. Overall adherence was cal-
culated as the PDC (using total number of tablets dispensed divided by days 
of follow-up*100, and capped at 100) for the time period from index date to 
end of follow-up for each individual. Overall adherence was also dichoto-
mised into adherent (≥ 80%) or non-adherent (< 80%).  

Exposures for primary and overall non-adherence were age, gender, edu-
cational level, income, and marital status. The socioeconomic variables were 
recorded for the year before index. Categorisations were as follows: 

Age: Age was categorised as ≥ 64 years; 65–74 years; 75–84 years; 85 years 
and older. 

Gender: Gender was categorised as woman or man. 

Educational level: Educational level was re-categorised from the LISA cate-
gories into 3 levels: compulsory school, upper secondary school, or post-sec-
ondary school. 

Income was converted into euros and divided into quartiles for each year. 
Negative income was set to 0. 

Marital status was categorised as married, single, or widowed, based on the 
original LISA categorisations.  

Other covariates 
Previous HF hospitalisations were defined as hospitalisations or specialty 
care outpatient visits with HF as main diagnosis in the NPR, from the year 
1998 for hospitalisation data and day surgery and from the year 2000 for other 
outpatient data. 

In- or outpatient status at index registration was used as registered in 
SwedeHF. 

EF as registered in SwedeHF was categorised as reduced EF (rEF) when left 
ventricular ejection fraction (LVEF) was < 40% and non-rEF when LVEF was 
> 40%.  
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Comorbidity was captured from hospitalisations and specialty care outpatient 
visits in the NPR, from the year 1998 for hospitalisation data and for day sur-
gery and from the year 2000 for other outpatient data, and included: HT, DM, 
AP, MI, ischemic heart disease, percutaneous coronary intervention, coronary 
artery bypass grafting, dilated cardiomyopathy, ischemic cardiomyopathy, 
atrial fibrillation/flutter AF, ventricular arrhythmia, valvular disease, device, 
renal dysfunction, dialysis, peripheral vascular disease, stroke, transient is-
chemic attack, deep venous thrombosis, pulmonary embolism, coagulopathy, 
severe bleeding, chronic lower respiratory disease, peptic ulcer, other neuro-
logical disease, paralysis, parkinson, dementia, depression, anxiety, psycho-
sis, alcohol abuse, drug abuse, angioedema, musculoskeletal disease (within 3 
years prior to index), reumathoid arthritis, liver disease, cancer, obesity, ob-
structive sleep apnea, fluid and electrolyte disorders, and hypothyroidism. 

Creatinine was used as registered in SwedeHF. 

Number of medications (as registered in SwedeHF), calculated as the sum (0-
9) of used medication types: digoxin, statins, diuretics, anticoagulants, platelet 
inhibitors, nitrates, BB, RASb, and MRA. 

Statistical analyses 
Study I 
Descriptive statistics were calculated by sex. Comparisons of ACEI dispensa-
tion between groups were made using the chi-squared statistic. Crude odds 
ratios were calculated for a lack of ACEI dispensation within a year of HF 
hospitalisation, for the covariates, sex, age class, country/region of birth, edu-
cational level, employment status, and income quartile as independent varia-
bles. Multivariable logistic regression models were then fitted; in Model 2 we 
adjusted covariates for age, in Model 3 we added gender, comorbidity, ARB 
dispensation, follow-up time, and year of hospitalisation, and in Model 4 all 
other covariates were added. As the full study population presumably com-
prised a large number of retirees, we performed an additional analysis in 
which Model 4 (minus age) was run stratified by age: 20–64 years (i.e., mainly 
of working age) and 65 years and older. 

Ninety-five percent confidence intervals (95 % CIs) were computed for the 
ORs. The significance level used was 0.05 and tests were two-sided. SPSS 
was used for all analyses.  

Study II 
Descriptive statistics were calculated by gender and age.  
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Cox proportional hazards regression models were fitted to estimate associ-
ations (hazard ratios [HRs]) between exposures and outcomes for all-cause 
death and HF death, respectively. Crude HRs were calculated for each expo-
sure. Model 2 included RASb and age. Model 3 added gender. Model 4 further 
added comorbidities, hospitalisation-free time, and BB or MRA medication to 
the other covariates.  

To study whether the adjusted associations between RASb and the out-
comes differed by gender, Model 5 further included the interaction term be-
tween RASb and gender. Hazard ratios were then calculated for the combined 
exposures RASb and gender with the common reference category man with-
out RASb. Similarly, in Model 6, we added the interaction term between 
RASb and age to Model 4, and HRs for the combined exposures RASb and 
age were calculated with the common reference category 85 years or older 
without RASb. For the outcome HF death, interaction was estimated for gen-
der and RASb, but not age and RASb. This was because event rates were too 
low in some age groups for age interaction analysis to be reliable. To deter-
mine interaction on the additive scale, the relative excess risk due to interac-
tion (RERI)145, 146 was calculated. Interaction is present if RERI ≠ 0; where 
RERI > 0 signifies positive interaction, and RERI < 0 denotes negative inter-
action. All exposures were coded as protective.  

To examine the effect of presumed underreporting of comorbidities, we 
used a directed acyclic graph (DAG) to model the assumptions about this mis-
classification and about associations of comorbidity with RASb and death, 
respectively. We then used a similar reasoning as Vanderweele for unmeas-
ured confounders147 to draw conclusions about the direction of bias due to 
underreporting of different comorbidities. We also ran the multivariable Cox 
regression analysis stratified by comorbidity.  

Ninety-five percent CIs were computed for all estimates. The significance 
level was 0.05 and tests were two-sided. SPSS (v22, v23, v25) was used for 
all analyses.  

Study III 
Descriptive statistics were calculated by employment status and educational 
level for the entire cohort.  

We used logistic regression to model associations between non-employ-
ment and low educational level with non-exposure to RASb within 30 days 
among those surviving 30 days or longer. A multivariable model was adjusted 
for age, gender, comorbidity, other medication, and index year. We also per-
formed this analysis including all patients, and defining RASb exposure as 
dispensation at any time during follow-up, as a sensitivity analysis.  

Cox regression models were used to analyse associations of RASb expo-
sure, non-employment, and low educational level with all-cause death. The 
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multivariable model was adjusted for age, gender, comorbidity, other medica-
tion, and hospitalisation-free time. The assumption of proportional hazards 
was examined using univariate score tests and found to be satisfied in most 
cases, but not for the covariates RASb, BB or MRA in the fully adjusted model 
(Model 5).  

We assessed multiplicative interaction between employment and RASb ex-
posure by adding an interaction term to the Cox regression model, and by cal-
culating the HR for each exposure category of employment and RASb expo-
sure, with the common reference employment and RASb exposure. Interaction 
between employment and RASb exposure was also assessed on the additive 
scale by calculating the RERI. 

Ninety-five percent CIs were computed for all estimates. The significance 
level was 0.05 and tests were two-sided. SPSS (v22, v23, v25) and R were 
used for analyses.  

To examine the association between mortality from external causes and 
employment, we tabulated external causes of death against employment sta-
tus. 

We examined the sensitivity of our results to underreporting of renal dys-
function by recoding a series of percentages of renal dysfunction non-cases 
into cases and running the Cox regression models under these conditions. This 
was repeated 10,000 times for each percentage. We also compared the hospi-
talisation-free time before study entry between the employed and non-em-
ployed, using the chi-squared test. 

Study IV 
Descriptive statistics were calculated by socioeconomic exposure. 

Frequencies for primary non-adherence and dichotomous overall adher-
ence were calculated, as well as the mean adherence proportion overall and by 
age, gender, and socioeconomic factors.  

Age, gender, educational level, marital status, and income were assessed as 
risk factors for primary non-adherence and overall adherence in separate anal-
yses, and separately for RASb and BB. Crude ORs were calculated. We then 
performed adjusted logistic regression models in which primary and overall 
non-adherence by age, gender, and socioeconomic factors, for RASb or BB, 
respectively, were adjusted as follows: Model 2 included age and gender; 
Model 3 also included previous HF hospitalisations, in-/outpatient status, and 
rEF/non-rEF status. In Model 5, we added comorbidity, creatinine, and num-
ber of drugs. Logistic regressions stratified by rEF/non-rEF were also per-
formed.  

Ninety-five percent CIs were computed for all estimates. The significance 
level was 0.05 and tests were two-sided. SPSS (v25) was used for all analyses.  
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Figure 4 shows the selection of patients for the various analyses. We per-
formed complete-case analysis. The degree of missing data was 2.9% for ed-
ucational level, 0.4% for income, and 0.4% for marital status. Most included 
covariates had low proportions (≤ 3%) of missing data, but follow-up level 
(6%) and nurse-led follow-up (7%) had more missing data, and EF had the 
most missingness, 16%. 

We repeated multivariable logistic regression analysis for overall adher-
ence, setting the cut-off for non-adherence to < 70% or < 90% of days covered, 
respectively, instead of < 80%. In an attempt to assess the robustness of our 
findings over time, we also applied the multivariable logistic regression mod-
els for overall adherence restricted to patients with a follow-up time of mini-
mum 1 year as well as minimum 3 years.  
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Figure 4. Selection for different analysis in Study IV. RASb, renin-angiotensin sys-
tem blocker; BB, beta-blocker; PDC, proportion of days covered. 

Ethical considerations 
The health data in these studies are sensitive personal data under law, and data 
on income and other social circumstances are considered by the Swedish Data 
Protection Authority as privacy-sensitive personal data. Consideration of eth-
ical aspects of the present studies is thus important. Studies I–III were origi-
nally approved by the Swedish Central Ethical Review Board (29-2011), and 
an amendment application was approved by the Uppsala department of the 

Total study population: 

N= 18 605

No prescription (or 
missing) for RASb

N= 4611

Considered for analysis of 
RASb adherence: 

N= 12 361

Considered for analysis of 
BB non-adherence: 

N= 12 409

Follow-up time < 30 
days

N= 953

Eligible for analysis of 
primary non-adherence

N= 17 652

Previous RASb 6 
months prior to 

index 
N= 5291

Analysed for primary RASb
non-adherence

N= 7586

Analysed for primary BB 
non-adherence

N= 7526

Previous BB 6 
months prior to 

index 
N= 5243

No prescription (or 
missing) for BB 

N= 4733

Analysed for overall PDC 
non-adherence to BB     

N= 6543

Analysed for overall PDC 
non-adherence to RASb

N= 6792

Primary non-
adherence to RASb

N= 794

Primary non-
adherence to BB

N= 983
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Swedish Ethical Review Authority (2020-04203). Study IV was approved by 
the Regional Ethical Review Board in Linköping in one original, and two 
amendment applications (2012/285-31; 2013/392-32; 2018/327-32). The link-
ing of personal data was subject to ethical review at the NBHW and Statistics 
Sweden, before data were made available, in anonymised form. Studies I–III 
included data from population registers without an opt-out possibility, and it 
is thus possible that study participants would have opted out, had they been 
informed or asked about participation. In Study IV, the cohort was selected 
from the SwedeHF register; patients are informed of such registration and of 
the opt-out possibility, as part of general clinical practice. However, patients 
could not be informed of the subsequent collection of additional population 
register data, and the linking of sociodemographic and diagnostic information 
to the SwedeHF data. 

However, the potential benefit for HF patients and possibly other patient 
groups from knowledge of factors influencing inequity in health care, was as-
sessed to outweigh potential harm by the risk of privacy breaches. Further-
more, the studies have been conducted and reported in a manner that should 
minimise the risk of any individual patient being identified.  
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Results  

Study I 
The characteristics of the study population are shown in Table 1. 

Table 1. Patient characteristics of the Study I cohort.  
 Mean/median Number (%) Distribution (%) 

   
N=93 258 

Women 
 N=44 619 

Men  
N=48 639 

Mean age (SD) 79.2 (11.14)  81.7 (10.2) 76.9 (11.5) 
Age class (y)     
     20–64   10 045 (10.8) 6.6 14.6 
     65–74   14 853 (15.9) 11.9 19.6 
     75–84   34 115 (36.6) 35.2 37.8 
     ≥85                 34 245 (36.7) 46.3 27.9 
         
Country/region of birth      N=93 243   N=44 610 N =48 633 
     Sweden  82 497 (88.5) 87.8 89.1 
     Nordic country   4744 (5.1) 5.5 4.7 
     EU 271    2732 (2.9) 3.0 2.9 
     Other Europe+Former Soviet   1688 (1.8) 1.9 1.7 
     Asia+Oceania  1019 (1.1) 1.2 1.0 
     Other  563 (0.6) 0.6 0.6 
         
Educational level      N=87 644   N =41 309 N =46 335 
     < 9 years of compulsory school     45 525 (51.9) 56.6 47.8 
     9 years of compulsory school  5942 (6.8) 7.8 5.9 
     ≤ 2 years of upper secondary school   20 033 (22.9) 24.3 21.5 
     3 years of upper secondary school   6889 (7.9) 3.0 12.2 
     < 3 years of higher education         4215 (4.8) 4.0 5.5 
     ≥ 3 years of higher education   5040 (5.4) 4.2 7.1 
         
Employment status      N=91 373   N =43 747 N =47 626 
     Gainfully employed  5608 (6.1) 3.1 9.0 
     Sporadic gainful employment  6657 (7.3) 3.9 10.4 
     No gainful employment  79 108 (86.6) 93.0 80.6 
         
Income (annual) median     N=91 373 € 14 222    
Income class (quartiles)   N =43 747 N =47 626 
     ≤ € 11 884   22 892 (25.1) 33.5 17.3 
     € 11 895–14 222  22 872 (25.0) 31.6 19.0 
     € 14 233–18 083  22 777 (24.9) 21.2 28.4 
     ≥ € 18 083  22 832 (25.0) 13.7 35.3 
         
Comorbidity      N= 93 258   N =44 619 N =48 639 
     Hypertension  26 117 (28.0) 30.7 25.6 
     Myocardial infarction (acute/previous)  14 394 (15.4) 13.4 17.3 
     Renal dysfunction  7148 (7.7) 6.0 9.2 
     Diabetes mellitus  18 059 (19.4) 17.9 20.7 
     Dementia              706 (0.8) 0.9 0.6 
1 EU 27 = Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, 
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, The Netherlands, Poland, Portugal, 
Romania, Slovakia, Slovenia, Spain, Sweden, UK. 
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Around half of the 93,258 patients were female. The mean age was 77 years 
for men and 82 years for women. Eighty-nine percent were born in Sweden. 
Women had lower education and income than men. HT was the most common 
comorbidity, more frequent in women than in men (31% vs 26%) (Table 1). 

Overall, half of the patients received an ACEI at least once within a year of 
index hospitalisation, and this was more common among men than women 
(56% vs 48%, p < 0.001) (data not shown).  

Unadjusted ORs showed (Table 2) that increasing age, female gender, the 
lowest educational level, sporadic/no employment, and low income were as-
sociated with a lack of ACEI dispensation.  

Table 2. Odds ratio (OR) with 95 % confidence interval, for lack of ACEI dispensa-
tion. 

 Crude  
OR  

Model 2 
Adjusted for age 
 

Model 3 
Adjusted for age, 
gender, comor-
bidity1, ARB dis-
pensation, year, 
and days of fol-
low-up 
 

Model 4 
Multivariable 
model including 
age, gender, 
comorbidity1, 
ARB dispensa-
tion, year, days of 
follow-up, coun-
try/region of 
birth, educational 
level, employ-
ment status, and 
income class 

Sex  
N=93 258 

    

     Men ref ref ref ref 

     Women 1.40 (1.37–1.44) 1.20 (1.17–1.23) – 1.31 (1.27–1.35) 

Age class (y) 
N=93 258 

    

     20–64 ref  ref ref 

     65–74 1.46 (1.38–1.54) – – 1.17 (1.09–1.26) 

     75–84 1.99 (1.90–2.09) – – 1.59 (1.49–1.70) 

     ≥85 3.36 (3.20–3.52) – – 2.71 (2.53–2.91) 

Country/region of birth  
N=93 243 

    

    Sweden ref ref ref ref 

Nordic country 0.82 (0.77–0.87) 0.93 (0.88–0.99) 0.95 (0.89–1.02) 0.95 (0.89–1.02) 

EU 27 0.90 (0.84–0.97) 0.99 (0.91–1.06) 1.06 (0.97–1.15) 1.00 (0.91–1.10) 

Other Europe + Former So-
viet 

0.75 (0.68–0.82) 0.93 (0.84–1.03) 1.06 (0.95–1.19) 1.06 (0.92–1.22) 

Asia+Oceania 0.66 (0.59–0.75) 0.91 (0.80–1.03) 0.99 (0.86–1.15) 0.95 (0.79–1.16) 

Other 0.80 (0.68–0.95) 1.02 (0.86–1.22) 1.10 (0.91–1.33) 1.02 (0.82–1.28) 

Educational level 
N=87 644 

    

       < 9 years compulsory 
school    

1.18 (1.11–1.25) 0.98 (0.92–1.04) 0.97 (0.90–1.03) 0.98 (0.91–1.05) 

        9 years compulsory school 0.96 (0.89–1.04) 1.00 (0.93–1.08) 1.01 (0.93–1.10) 1.01 (0.93–1.11) 

        ≤ 2 years upper secondary 
school  

1.05 (0.98–1.11) 1.03 (0.97–1.10) 1.01 (0.94–1.08) 1.01 (0.94–1.08) 

        3 years upper secondary 
school 

1.03 (0.96–1.11) 1.02 (0.95–1.10) 1.06 (0.97–1.15) 1.05 (0.96–1.14) 
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        < 3 years higher education       0.99 (0.92–1.08) 1.02 (0.94–1.11) 1.00 (0.91–1.10) 1.00 (0.91–1.10) 

        ≥ 3 years higher education  ref ref ref ref 

Employment status 
N=91 373 

    

  Gainfully employed ref ref ref ref 

  Sporadic gainful employ-
ment 

1.96 (1.82–2.12) 1.32 (1.21–1.43) 1.33 (1.21–1.47) 1.37 (1.25–1.51) 

  No gainful employment 2.70 (2.54–2.87) 1.51 (1.40–1.62) 1.54 (1.42–1.67) 1.59 (1.46–1.73) 

Income class (quartiles)  
N=91 373     

    

   ≤ € 11 884 1.19 (1.14–1.23) 1.03 (0.99–1.07) 0.92 (0.88–0.97) 0.89 (0.85–0.94) 

   € 11 895–14 22 1.24 (1.19–1.28) 1.00 (0.97–1.04) 0.95 (0.91–0.99) 0.91 (0.87–0.96) 

   € 14 233–18 083 1.15 (1.11–1.19) 0.99 (0.96–1.03) 1.01 (0.96–1.05) 0.98 (0.94–1.02) 

   ≥ € 18 083 ref ref ref ref 

1Comorbidity: Hypertension, acute or previous myocardial infarction, renal dysfunction, diabetes mellitus, and de-
mentia.  
ACEI, Angiotensin-converting Enzyme Inhibitor; ARB, Angiotensin Receptor Blocker. 
a EU27=Belgium, Denmark, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, 
United Kingdom, Austria, Finland, Sweden, Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, 
Poland, Slovakia, Slovenia, Bulgaria, Romania. 

In Model 4, with adjustment for age, comorbidity, ARB dispensation, year, 
and follow-up time, the OR for female gender was 1.31 (95% CI 1.27–1.35), 
the OR for age > 85 years was 2.71 (2.53–2.91), and the OR for unemployment 
was 1.59 (1.46–1.73) (Table 2).  

Age-restricted adjusted analyses in patients 20–64 years old produced near 
identical ORs for employment status as in the total population and for women 
aged 20–64 years, the OR for lack of ACEI dispensation was 1.73. For patients 
> 65 years old, the OR for non-employment was 2.08 (data not shown). 

Study II 
As shown in Table 3, women constituted 51% of the study population (N = 
30,721), in which the median age was 80 years for men and 85 years for 
women. Median follow-up time was 450 days and median hospitalisation-free 
time (before index) was 3.6 years. Fifty-three percent of the women and 64% 
of the men were exposed to RASb. Atrial fibrillation/flutter was the most com-
mon comorbidity (42%). MI, CABG, cancer, and renal dysfunction were more 
prevalent among men, while women had more HT, rheumatic disease, anae-
mia, and dementia. All comorbidities except HT and CABG were more com-
mon in the group not exposed to RASb, with the largest difference between 
RASb-exposed and non-exposed patients in renal dysfunction (5% vs 13%). 
Patient characteristics by age are presented in Table 4.  
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Table 3. Patient characteristics of the Study II cohort, by exposure to Renin-angio-
tensin system blocker and gender. 

 

 

 Number (%) Distribution (%) 

 Total RASb No RASb   Women Men 

Number (%) 30 732 17 836 (58.0) 12 896 (42.0)  15 667 (51.0) 15 065 (49.0) 
       
Age (years)       

Median 83 79 86  85 80 
25th percentile 74 69 80  78 70 
75th percentile 88 85 90  89 86 

       
Age 20-64  3876 (12.6) 3237 (18.1) 639 (5.0)  1240 (7.9) 2636 (17.5) 
Age 65-74  4216 (13.7) 3197 (17.9) 1019 (7.9)  1706 (10.9) 2510 (16.7) 
Age 75-84  9779 (31.8) 6101 (34.2) 3678 (28.5)  4828 (30.8) 4951 (32.9) 
Age ≥85 12 861 (41.8) 5301 (29.7) 7560 (58.6)  7893 (50.4) 4968 (33.0) 
       
Gender       
     Women 15 667 (51.0) 8233 (46.2) 7434 (57.6)    
     Men 15 065 (49.0) 9603 (53.8) 5462 (42.4)    
       
Follow up time       

Total person 
years 

47 068      

Range 1-1644 1-1644 1-1643  1-1644 1-1644 
Median 450 606 263  440 460 
25th percentile 153 265 71  144 161 
75th percentile 897 1032 640  884 912 

       
Comorbidity       

Hypertension 10 376 (33.8) 6091 (34.2) 4285 (33.2)  5730 (36.6) 4646 (30.8) 
Diabetes Mellitus 4746 (15.4) 2745 (15.4) 2001 (15.5)  2250 (14.4) 2496 (16.6) 
Angina Pectoris 3662 (11.9) 1887 (10.6) 1775 (13.8)  1890 (12.1) 1772 (11.8) 
Myocardial  in-
farction 

5503 (17.9) 2990 (16.8) 2513 (19.5)  2517 (16.1) 2986 (19.8) 

Atrial fibrilla-
tion/flutter 

12791 (41.6) 7281 (40.8) 5510 (42.7)  6528 (41.7) 6263 (41.6) 

Pacemaker 2026 (6.6) 1102 (6.2) 924 (7.2)  939 (6.0) 1087 (7.2) 
Stroke 2484 (8.1) 1145 (6.4) 1339 (10.4)  1244 (7.9) 1240 (8.2) 
Renal dysfunction 2609 (8.5) 922 (5.2) 1687 (13.1)  1043 (6.7) 1566 (10.4) 
Vascular disease 1045 (3.4) 522 (2.9) 523 (4.1)  459 (2.9) 586 (3.9) 
Rheumatic dis-
ease 

1067 (3.5) 506 (2.8) 561 (4.4)  750 (4.8) 317 ( 2.1) 

Lung disease 5456 (17.8) 2848 (16.0) 2608 (20.2)  2805 (17.9) 2651 (17.6) 
Liver disease 287 (0.9) 146 (0.8) 141 (1.1)  106 (0.7) 181 (1.2) 
CABG 1720 (5.6) 1097 (6.2) 623 (4.8)  482 (3.1) 1238 ( 8.2) 
Anemia 3192 (10.4) 1385 (7.8) 1807 (14.0)  1776 (11.3) 1416 (9.4) 
Cancer 2033 (6.6) 914 (5.1) 1119 (8.7)  694 (4.4) 1339 (8.9) 
Dementia 1401 (4.6) 452 (2.5) 949 (7.4)  854 (5.5) 547 (3.6) 

       
RASb 17 836 (58.0)    8233 (52.5) 9603 (63.7) 
       
BB ≤ 1 year1 19 918 (64.8) 13 627 (76.4) 6291 (48.8)  9713 (62.0) 10 205 (67.7) 
       
MRA ≤ 1 year 1   10 847 (35.3) 6678 (37.4) 4169 (32.3)  5533 (35.3) 5314 (35.3) 
       
1 from index date 
CABG, Coronary artery bypass grafting 
RASb, Renin-angiotensin system blockade 
BB, Beta-blocker 
MRA,  Mineralocorticoid receptor antagonist 
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Table 4. Patient characteristics of the Study II cohort by age. 
                                    Distribution (%) 

Total Age 20-64 Age 65-74 Age 75-84 Age ≥85 

Number (%)        30 732 3876 (12.6) 4216 (13.7) 9779 (31.8) 12 861 (41.8) 
     
     
Gender     
     Women 1240 (32.0) 1706 (40.5) 4828 (49.4) 7893 (61.4) 
     Men 2636 (68.0) 2510 (59.5) 4951 (50.6) 4968 (38.6) 
     
Follow up time     

Total person years     
Range 1-1644 1-1643 1-1644 1-1642 
Median 736 618 491 317 
25th percentile 322 247 172 99 
75th percentile 1179 1079 936 689 

     
Comorbidity     

Hypertension 1099 (28.4) 1433 (34.0) 3336 (34.1) 4508 (35.1) 
Diabetes Mellitus 585 (15.1) 909 (21.6) 1743 (17.8) 1509 (11.7) 
Angina Pectoris 213 (5.5) 407 (9.7) 1185 (12.1) 1857 (14.4) 
Myocardial  infarction 424 (10.9) 723 (17.1) 1881 (19.2) 2475 (19.2) 
Atrial fibrillation/flut-
ter 

958 (24.7) 1568 (37.2) 4393 (44.9) 5872 (45.7) 

Pacemaker 115 (3.0) 197 (4.7) 678 (6.9) 1036 (8.1) 
Stroke 120 (3.1) 263 (6.2) 934 (9.6) 1167 (9.1) 
Renal dysfunction 208 (5.4) 335 (7.9) 939 (9.6) 1127 (8.8) 
Vascular disease 65 (1.7) 153 (3.6) 421(4.3) 406 (3.2) 
Rheumatic disease 65 (1.7) 138 (3.3) 416 (4.3) 448 (3.5) 
Lung disease 582 (15.0) 947 (22.5) 2059 (21.1) 1868 (14.5) 
Liver disease 92 (2.4) 75 (1.8) 87 (0.9) 33 (0.3) 
CABG 193 (5.0) 343 (8.1) 746 (7.6) 438 (3.4) 
Anemia 176 (4.5) 358 (8.5) 1021 (10.4) 1637 (12.7) 
Cancer 118 (3.0) 304 (7.2) 771 (7.9) 840 (6.5) 
Dementia 9 (0.2) 58 (1.4) 520 (5.3) 814 (6.3) 

     
RASb 3237 (83.5) 3197 (75.8) 6101 (62.4) 5301 (41.2) 
     
BB ≤ 1 year1 3196 (82.5) 3145 (74.6) 6466 (66.1) 7111 (23.1) 
     
MRA ≤ 1 year 1   1604 (41.4) 1711 (40.6) 3410 (34.9) 4122 (32.1) 
1 from index date 
CABG, Coronary artery bypass grafting 
RASb, Renin-angiotensin system blockade 
BB, Beta-blocker 
MRA,  Mineralocorticoid receptor antagonist 
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Overall, 13,398 (44%) patients died during follow-up. One-year mortality was 
28% and 2-year mortality was 37%. Death from HF occurred in 1,909 patients 
(6%). There were 5,665 (31.8%) deaths, including 796 (4.5%) HF deaths, in 
those exposed to RASb, compared with 7,733 (60.0%) and 1,113 (8.6%), re-
spectively, in those unexposed. More women than men died, but as shown in 
Table 5, the HR for all cause death for female gender was 0.91 (0.88 to 0.94) 
after multivariable adjustment. The unadjusted HR for all-cause death associ-
ated with RASb exposure was 0.46 (0.45–0.48) and the adjusted overall HR 
was 0.72 (0.69–0.75) (Table 5; Model 4). 

Table 5. Hazard ratio (HR) with 95 % confidence interval for death from all causes.  
 
N= 30 721 
 
 
13 398 events  

Crude HR Model 2 
Including 
RASb and 
age 

Model 3  
Including 
RASb, age 
and gender 

Model 4 
Including 
RASb, age, 
gender, hos-
pitalisation-
free time1, 
comorbid-
ity2, and 
other medi-
cation3 

Model 5 
Model 4 
plus inte-
raction gen-
der*RASb 

Model 6 
Model 4 plus 
interaction 
age 
class*RASb  
 

RASb 
0.46 

(0.45–0.48) 
0.62 

(0.59–0.64) 
0.61 

(0.59–0.63) 
0.72 

(0.69–0.75) 
0.70 

(0.67–0.74) 
0.80 

(0.76–0.84) 

Gender (female) 
1.11 

(1.07–1.15) 
 

0.85 
(0.82–0.88) 

0.91 
(0.88–0.95) 

0.90 
(0.86–0.94) 

0.91 
(0.88–0.94) 

Age       

     20-64 
0.15 

(0.13–0.16) 
0.18 

(0.16–0.19) 
0.17 

(0.15–0.18) 
0.19 

(0.17–0.21) 
0.19 

(0.17–0.21) 
0.29 

(0.25–0.34) 

     65-74 
0.31 

(0.29–0.33) 
0.36 

(0.33–0.38) 
0.35 

(0.32–0.37) 
0.35 

(0.33–0.37) 
0.35 

(0.33–0.38) 
0.42 

(0.39–0.47) 

     75-84 
0.58 

(0.56–0.60) 
0.64 

(0.62–0.67) 
0.63 

(0.60–0.65) 
0.61 

(0.59–0.64) 
0.61 

(0.59–0.64) 
0.65 

(0.62–0.68) 

      ≥85 ref ref ref ref ref ref 

Interaction fe-
male gen-
der*RASb 

    
1.04 

(0.97–1.11) 
 

Interaction 
age*RASb 

      

     20-64      
0.50 

(0.42–0.60) 

     65-74      
0.69 

(0.61–0.79) 

     75-84      
0.86 

(0.80–0.93) 

      ≥85      ref 

RASb, renin-angiotensin system blockade 
1 Time in the study before the first hospitalization.  
2Hypertension, diabetes mellitus, angina pectoris, myocardial infarction, atrial fibrillation/flutter, pacemaker, stroke, 
renal dysfunction, vascular disease, rheumatic disease, lung disease, liver disease, coronary artery bypass grafting, 
anemia, cancer, dementia. 
3 Beta-blocker and mineralocorticiod receptor antagonist. 
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The HRs for HF death (Table 6) were similar to those for all-cause death; the 
multi-variably adjusted HR for RASb exposure (Table 6, Model 4) was 0.85 
(0.77, 0.93). 

Table 6. Hazard ratio (HR) with 95 % confidence interval for heart failure death. 
 
N= 30 721  
 
1 909 events 

Crude HR Model 2 
Including 
RASb and 
age 

Model 3 
Including 
RASb, age 
and gender 

Model 4 
Including 
RASb, age, 
gender, hos-
pitalisation-
free time1, 
comorbidity2, 
and other 
medication3 

Model 5 
Model 4 + in-
teraction term 
for female 
gen-
der*RASb 

RASb 
0.47 

(0.42 to 0.51) 
0.74 

(0.67 to 0.81) 
0.73 

(0.67 to 0.81) 
0.85 

(0.77 to 0.93) 
0.82 

(0.71 to 0.95) 

      

Gender (female) 
1.31 

(1.20 to 1.43) 
 

0.91 
(0.83 to 1.00) 

0.93 
(0.85 to 1.03) 

0.91 
(0.81 to 1.03) 

      

Age      

     20-64 
0.06 

(0.04 to 0.08) 
0.07 

(0.05 to 0.09) 
0.07 

(0.05 to 0.09) 
0.07 

(0.05 to 0.09) 
0.07 

(0.05 to 0.09) 

     65-74 
0.09 

(0.07 to 0.12) 
0.10 

(0.07 to 0.13) 
0.10 

(0.07 to 0.13) 
0.10 

(0.07 to 0.13) 
0.10 

(0.07 to 0.13) 

     75-84 
0.35 

(0.31 to 0.39) 
0.37 

(0.33 to 0.41) 
0.37 

(0.33 to 0.41) 
0.37 

(0.33 to 0.41) 
0.37 

(0.33 to 0.41) 

      ≥85 ref ref ref ref ref 

      

Interaction female gen-
der*RASb 

    
1.05 

(0.87 to 1.26) 

RASb, renin-angiotensin system blockade 
1 Time in the study before the first hospitalization.  
2Hypertension, diabetes mellitus, angina pectoris, myocardial infarction, atrial fibrillation/flutter, pacemaker, 
stroke, renal dysfunction, vascular disease, rheumatic disease, lung disease, liver disease, coronary artery bypass 
grafting, anemia, cancer, dementia. 
3 Beta-blocker and mineralocorticiod receptor antagonist. 
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Model 4 was also run stratified by comorbidity diagnoses, yielding very sim-
ilar estimates as the main analyses.  

There was no significant multiplicative interaction between gender and 
RASb exposure in the association with all-cause death (Table 5 and Figure 5) 
or HF death (Table 6 and Figure 7). The RERI was likewise not significant, 
thus no additive interaction between gender and RASb exposure was present. 
There was significant multiplicative interaction between age and RASb expo-
sure in the association with all-cause death, such that the association was 
stronger for younger than older patients (Table 5 and Figure 6), but there was 
no additive interaction for age and RASb.  

 
Figure 5. Hazard ratio with 95 % confidence interval for all cause death for catego-
ries of gender and renin-angiotensin system blocker (RASb) exposure, with the com-
mon reference man without RASb. 

 
Figure 6. Hazard ratio with 95 % confidence interval for heart failure death, for cat-
egories of gender and and renin-angiotensin system blocker (RASb) exposure, with 
the common reference man without RASb   
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Figure 7. Hazard ratios with 95 % confidence interval for all cause death for catego-
ries of age and renin-angiotensin system blocker (RASb) exposure, with the com-
mon reference ≥ 85 years without RASb. 

Study III 
As presented in Table 7, the overall median age was 57 years, and 1,239 (32%) 
patients were women. About half of the patients had upper secondary school 
as their highest educational level, and around 20% had finished post-second-
ary school. Fifty-three percent were employed. Women were overrepresented 
among those with higher education and underrepresented among those with 
employment. The overall median yearly income was €13,673. Median follow-
up time was 737 days. HT (28%) and AF (25%) were the two most common 
comorbidities. Psychiatric disease was found in 9% of patients. Non-em-
ployed patients had higher rates of all comorbidities except cancer (Table 7).
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Table 7. Patient characteristics of the Study III cohort, by employment status and 
educational level. 
                                                                                                            Distribution (%) 

 Total cohort  Employed Non-employed  Post-second-
ary school 

Upper second-
ary school  

Compulsory 
school  

 N = 3874  N = 3836  N = 3767 

Number (%)   2046 (53.3) 1790 (46.7)  719 (19.1) 1818 (48.3) 1230 (32.7) 

Age (years)         
Median 57  56 58  56 57 58 

25th percentile 50  48 52  47 48 52 

75th percentile 61  60 62  61 61 62 
Gender         

     Women 1239 (32.0)  585 (28.6) 648 (36.2)  263 (36.6) 583 (32.1) 366 (29.8) 

     Men 2635 (68.0)  1461 (71.4) 1142 (63.8)  456 (63.4) 1235 (67.9) 864 (70.2) 
Income (€)1         

     Median 13673  17490 11240  17279 13808 12356 
     25th percentile 10308  12769 8817  11548 10587 9760 

     75th percentile 19962  23466 14000  24365 19548 18346 

Follow -up time (days)         
Total person-years 8029        

Median 737  777 688  738 726 746 

25th percentile 322  372 281  307 333 312 
75th percentile 1179  1207 1151  1135 1178 1192 

Comorbidity         

Hypertension 1088 (28.4)  576 (28.2) 512 (28.6)  200 (27.8) 521 (28.7) 339 (27.6) 

Diabetes mellitus 585 (15.1)  198 (9.7) 377 (21.1)  97 (13.5) 267 (14.7) 196 (15.9) 

Angina pectoris 213 (5.5)  93 (4.5) 117 (6.5)  34 (4.7) 103 (5.7) 68 (5.5) 
MI 424 (10.9)  193 (9.4) 225 (12.6)  62 (8.6) 206 (11.3) 143 (11.6) 
AF 958 (24.7)  517 (25.3) 429 (24.0)  176 (24.5) 434 (23.9) 323 (26.3) 
Pacemaker 115 (3.0)  56 (2.7) 58 (3.2)  28 (3.9) 49 (2.7) 34 (2.8) 

Stroke 120 (3.1)  36 (1.8) 84 (4.7)  17 (2.4) 59 (3.2) 42 (3.4) 
Renal dysfunction 208 (5.4)  69 (3.4) 137 (7.7)  29 (4.0) 107 (5.9) 67 (5.4) 

Vascular disease 65 (1.7)  25 (1.2) 40 (2.2)  8 (1.1) 31 (1.7) 25 (2.0) 

Rheumatic disease 65 (1.7)  20 (1.0) 45 (2.5)  10 (1.4) 28 (1.5) 27 (2.2) 

Lung disease 581 (15.0)  198 (9.7) 378 (21.1)  71 (9.9) 283 (15.6) 207 (16.8) 
Liver disease 92 (2.4)  33 (1.6) 59 (3.3)  13 (1.8) 45 (2.5) 32 (2.6) 

CABG 193 (5.0)  80 (3.9) 111 (6.2)  31 (4.3) 94 (5.2) 62 (5.0) 

Anaemia 176 (4.5)  44 (2.2) 131 (7.3)  23 (3.2) 91 (5.0) 58 (4.7) 
Cancer 118 (3.0)  64 (3.1) 53 (3.0)  22 (3.1) 50 (2.8) 44 (3.6) 

Dementia 8 (0.2)  3 (0.1) 5 (0.3)  1 (0.1) 5 (0.3) 2 (0.2) 
Psychiatric disease 359 (9.3)  97 (4.7) 257 (14.4)  43 (6.0) 171 (9.4) 137 (11.1) 

RASb < 30 days (among 
30-day survivors, N = 
3731) 

2802 (75.1)  1627 (82.2) 1157 (67.5)  524 (75.0) 1327 (76.0) 886 (75.0) 

MI, myocardial infarction; AF, atrial fibrillation/flutter; CABG, coronary artery bypass grafting; RASb, Renin-angioten-
sin system blockers. 
1 Converted from Swedish krona; rate from the Swedish central bank (Riksbanken); https://www.riksbank.se/sv/statistik/ 
accessed 14 September 2020. 

 
Patient characteristics by RASb dispensation among 30-day survivors are pro-
vided in Table 8.  
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Table 8. Patient characteristics in Study III among 30-day survivors, by renin-angi-
otensin system blocker (RASb) dispensation within 30 days. 

                                                                                                                            Distribution (%) 

 Total  RASb  No RASb  

     

Number (%) 3731  2802 (75.1) 929 (24.9) 

Age (years)     

     Median 57  57 58 

     25th percentile 50  50 49 

     75th percentile 61  61 61 

     

Gender     

     Women 1183 (31.7)  780 (27.8) 403 (43.4) 

     Men 2548 (68.3)  2022 (72.2) 526 (56.6) 

Education, N with data 3628   2737 (75.4) 891 (24.6)  

     Compulsory school 1182 (32.6)  886 (32.4) 296 (33.2) 

     Upper secondary school 1747 (48.2)  1327 (48.5) 420 (47.1) 

     Post-secondary school 699 (19.3)  524 (19.1) 175 (19.6) 

     

Employment status, N with data 3694  2784 (75.4) 910 (24.6) 

     Employed 1980 (53.6)  1627 (58.4) 353 (38.8) 

     Non-employed 1714 (46.4)  1157 (41.6) 557 (61.2) 

Comorbidity     

     Hypertension 1070 (28.7)  839 (29.9) 231 (24.9) 

     Diabetes mellitus 562 (15.1)  390 (13.9) 172 (18.5) 

     Angina pectoris 207 (5.5)  129 (4.6) 78 (8.4) 

     Myocardial infarction 408 (10.9)  269 (9.6) 139 (15.0) 

     Atrial fibrillation/flutter 930 (24.9)  732 (26.1) 198 (21.3) 

     Pacemaker 112 (3.0)  56 (2.0) 56 (6.0) 

     Stroke 111 (3.0)  60 (2.1) 51 (5.5) 

     Renal dysfunction 201 (5.4)  97 (3.5) 104 (11.2) 

     Vascular disease 62 (1.7)  39 (1.4) 23 (2.5) 

     Rheumatic disease 64 (1.7)  39 (1.4) 25 (2.7) 

     Lung disease 543 (14.6)  348 (12.4) 195 (21.0) 

     Liver disease 86 (2.3)  47 (1.7) 39 (4.2) 

     CABG 184 (4.9)  120 (4.3) 64 (6.9) 

     Anaemia 169 (4.5)  111 (4.0) 58 (6.2) 

     Cancer 102 (2.7)  62 (2.2) 40 (4.3) 

     Dementia 8 (0.2)  6 (0.2) 2 (0.2) 

     Psychiatric disease 337 (9.0)  217 (7.7) 120 (12.9) 

CABG, coronary artery bypass grafting. 
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Table 9 shows that among those surviving 30 days or more, non-employment 
was associated with a crude OR of 2.22 (95% CI 1.90–2.59) for RASb non-
exposure within 30 days of index date. The fully adjusted OR was 1.76 (1.47–
2.11). Educational level was not significantly associated with exposure to 
RASb, but there was a trend for lower risk of non-exposure with lower educa-
tion. 

Table 9. Odds ratio with 95 % confidence interval for non-dispensation of RASb. 
 
N = 3731 

Crude OR  
 

OR adjusted for 
age 

OR adjusted for 
age and gender 

Multivariable 
model including:  
employment, edu-
cation, age, gen-
der, comorbidity1, 
other medication2, 
and index year.  

     
Employment N = 3694     
     Employed Ref Ref Ref Ref 
     Non-employed 2.22 (1.90–2.59) 2.28 (1.95–2.66) 2.20 (1.88–2.57) 1.76 (1.47–2.11) 
     
Education N = 3628     
     Compulsory school 1.00 (0.81–1.24) 1.02 (0.82–1.27) 1.07 (0.86–1.34) 0.86 (0.67–1.10) 
     Upper secondary school 0.95 (0.77–1.16) 0.95 (0.78–1.17) 0.99 (0.80–1.21) 0.84 (0.67–1.06) 
     Post-secondary school Ref Ref Ref Ref 
     
Age  0.99 (0.98–1.00)   0.99 (0.98–1.00) 
     
Female gender 1.99 (1.70–2.32) 1.98 (1.69–2.30)  1.76 (1.47–2.11) 
     
1 Comorbidity with: hypertension, angina pectoris, myocardial infarction, coronary artery bypass grafting, renal dys-
function, diabetes mellitus, dementia, psychiatric disease.  
2 Beta-blocker or aldosterone antagonist. 

The estimates in the sensitivity analysis were very similar for the total cohort 
(i.e., not only 30-day survivors), and when defining RASb exposure as dis-
pensation at any time during follow-up instead of within 30 days. There were 
501 (13%) deaths from any cause among patients included in the multivariable 
Cox regression analyses.  

Figure 8 depicts unadjusted cumulative hazards in the different patient 
groups, showing an excess mortality among the non-employed patients with-
out RASb dispensation.  
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Figure 8. Unadjusted cumulative hazard curves for death from all causes, by expo-
sure, for the four groups indicated in the accompanying table. The table shows group 
sizes over time. Steep slopes in these curves indicates periods of a high mortality 
rate in the study. Study III. 

As presented in Table 10, non-exposure to RASb was associated with a crude 
HR of 3.06 (2.55–3.68) for death, and non-employment was associated with a 
crude HR of 2.86 (2.36–3.45) for death. Lower vs higher educational level and 
higher vs lower age were also associated with higher crude HRs for death. 
Adjustments for age (Model 2) and gender (Model 3) scarcely changed the 
estimates. The estimates were attenuated in Model 4 (including educational 
level, non-employment, hospitalisation-free time, comorbidity, and other 
medication), so that the overall HR for death associated with non-exposure to 
RASb was 1.66 (1.33–2.06), and that associated with non-employment was 
1.76 (1.43–2.17). Lower education remained significantly associated with a 
higher HR for death and male gender became significantly associated with a 
higher HR for death in Model 4.  
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Table 10. Hazard ratio (HR) with 95 % confidence interval for all-cause death. 
N = 3874 
 

Crude HR Model 2 
HR adjusted 
for age 
 

Model 3 
HR adjusted 
for age and 
gender 

Model 4 
Multivariable 
model includ-
ing: employ-
ment, educa-
tion, hospitali-
sation-free 
time, comor-
bidity1, other 
medication2. 

Model 5 
Multivariable 
model includ-
ing: employ-
ment, educa-
tion, hospitali-
sation-free 
time, comor-
bidity1, other 
medication2, 
and interac-
tion: no 
RASb*non-
employment 

No RASb dispensed 3.06 
(2.55–3.68) 

3.23  
(2.68–3.89) 

3.25  
(2.69–3.92) 

1.66  
(1.33–2.06) 

2.86  
(2.00–4.09) 

      

Employment (N = 3836)      

     Employed Ref Ref Ref Ref Ref 

     Non-employed 2.86  
(2.36–3.45) 

2.70  
(2.23–3.27) 

2.69  
(2.22–3.26) 

1.76  
(1.43–2.17) 

2.21  
(1.73–2.84) 

      

Education (N = 3767)      

     Compulsory school 1.81  
(1.36–2.42) 

1.67  
(1.25–2.23) 

1.67  
(1.25–2.23) 

1.37  
(1.02–1.84) 

1.39  
(1.03–1.86) 

     Upper secondary school 1.61  
(1.21–2.13) 

1.61  
(1.22–2.13) 

1.61  
(1.22–2.13) 

1.38  
(1.04–1.84) 

1.40  
(1.06–1.86) 

     Post-secondary school Ref Ref Ref Ref Ref 

      

Age 1.05  
(1.04–1.06) 

  1.03  
(1.02–1.05) 

1.03  
(1.02–1.05) 

      

Male gender 0.86  
(0.72–1.03) 

0.87  
(0.72–1.04) 

 1.24  
(1.02–1.51) 

1.23  
(1.01–1.50) 

      

Interaction: No RASb*non-
employment (N = 3836) 

    0.47  
(0.31–0.70) 

RASb, Renin-angiotensin system blockers. 
1 Comorbidity with: hypertension, angina pectoris, myocardial infarction, atrial fibrillation/flutter, pacemaker, coronary 
artery bypass grafting (CABG), stroke, peripheral vascular disease, lung disease, renal dysfunction, diabetes mellitus, 
anaemia, dementia, cancer, liver disease, rheumatic disease, psychiatric disease. 
2 Beta-blocker or aldosterone antagonist. 
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There was statistically significant negative interaction between RASb expo-
sure and employment status (Model 5, Table 10), reflecting a weaker associa-
tion between RASb exposure and death among the non-employed. In Model 
5, the HR for death for the non-employed with RASb exposure was 2.21 
(1.73– 2.84). For the employed without RASb exposure, the HR for death was 
2.86 (2.00–4.09) (Table 11).  

Table 11. Adjusted hazard ratio with 95 % confidence interval for categories of 
renin-angiotensin system blocker (RASb) exposure and employment.  

The HR for death among those non-employed and without access to RASb 
(compared with those employed with access to RASb) was 2.96 (2.19–4.00) 
(Table 11). The RERI for RASb and employment was non-significant. 

The sensitivity analysis for renal dysfunction showed that underreporting 
would not substantially affect the HRs for RASb non-exposure, employment, 
or their interaction. We did not find a higher proportion of external causes 
among the non-employed.  

Hospitalisation-free time did not differ significantly between the employed 
and the non-employed. 

Study IV 
Patient characteristics of the total cohort of 18,605 individuals are presented 
by socioeconomic status in Table 12. Median age at index registration was 76 
years and median follow-up time was 889 days. Thirty-seven percent were 
women. Forty-four percent had compulsory school as highest educational 
level and 16% had finished post-secondary education. Half of the patients 
were married and 22% widowed. Median annual income over the whole study 
period was €13,783. 

                                           RASb 

    No Yes 

Employment 

No 
2.96 2.21 

(2.19, 4.00) (1.73, 2.84) 

Yes 
2.86 1 

(2.00, 4.09) (Ref) 
RASb, Renin-angiotensin system blockers. 
Adjustments for: age; gender; hospitalisation-free time; comorbidity with: hypertension, angina pectoris, myocar-
dial infarction, atrial fibrillation/flutter, pacemaker, coronary artery bypass grafting (CABG), stroke, peripheral 
vascular disease, lung disease, renal dysfunction, diabetes mellitus, anaemia, dementia, cancer, liver disease, rheu-
matic disease, psychiatric disease; beta-blocker or aldosterone antagonist therapy. 
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In the cohort, around 53% of patients had rEF. The most common comorbid-
ities were HT and AF, both present in 48% of patients. Sixty percent of pa-
tients were planned for specialist follow-up and 47% for nurse follow-up (not 
mutually exclusive categories). RASb was prescribed to 68% of patients and 
BB to 70%. 

Of those analysed for primary adherence, 6,792 (90%) patients were found 
to be primary adherent to RASb, and 6,543 (87%) to BB. The mean PDC (i.e., 
overall adherence) among those with primary adherence was 89% for RASb 
and the median was 100% (25th percentile 94, 75th percentile 100). For BB, 
the mean was 88% and median 100% (25th percentile 89, 75th percentile 100). 
Of those with primary adherence, 5,541 (82%) were classified as overall ad-
herent to RASb and 5,233 (80%) to BB.  

Crude ORs for primary, and overall non-adherence to RASb as well as BB 
were very similar to those in the multivariably adjusted models presented be-
low.  
 
Multivariable analysis 
RASb  
Lowest vs highest income quartile was associated with a higher risk of both 
primary (OR 1.34 [0.99–1.82]) and overall (OR 1.27 [1.03–1.58]) non-adher-
ence. For primary non-adherence, upper secondary vs post-secondary school 
was associated with lower risk (OR 0.76 [0.57–1.01]. Age 65–74 years (com-
pared with age ≤ 64 years) was associated with lower risk of overall adher-
ence. Single status (vs being married) was associated with an OR of 1.26 for 
overall non-adherence (Figures 9 and 10). 

Among rEF patients, single status was associated with a higher risk of both 
primary and overall non-adherence. Low income was only associated with a 
risk of overall non-adherence. 

Among non-rEF patients, low income was only associated with risk of pri-
mary non-adherence. Female gender was associated with lower risk of pri-
mary non-adherence. 
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Figure 9. Odds ratio with 95 % confidence interval (error bars) for primary non-ad-
herence to renin-angiotensin system blocker (RASb) and beta-blocker (BB).  

 
BB  
Being in the lowest income quartile was significantly associated with higher 
risk of primary non-adherence as well as overall non-adherence. Single status 
was associated with higher risk of primary non-adherence (OR 1.28 [1.04–
1.58]). There was an association with lower risk of primary non-adherence for 
upper secondary (vs post-secondary) education and for the age group 65–74 
years (vs the youngest). Age 65–74 years as well as female gender were asso-
ciated with lower risk, while age ≥ 85 years was associated with higher risk of 
overall non-adherence (Figures 9 and 10). 

Among rEF patients, age 65–74 years was associated with lower risk of 
both primary and overall adherence. Age ≥ 85 years was associated with 
higher risk of overall non-adherence only. Low income was associated with 
both primary and overall non-adherence. 

Among non-rEF patients, lower income was associated with higher risk of 
primary non-adherence only. Female gender was associated with lower risk of 
overall non-adherence.  
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Figure 10. Odds ratio with 95 % confidence interval (error bars) for overall non-ad-
herence to renin-angiotensin system blocker (RASb) and beta-blocker (BB). 

In sensitivity analyses, the multi-variably adjusted estimates for primary and 
overall adherence were largely unchanged whether overall non-adherence was 
defined as < 70%, < 80% or < 90% of days covered. The associations between 
income and overall adherence did not change substantially when selecting 
only patients with follow-up time of 1 and 3 years, respectively. 
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Discussion 

Main findings 
The studies in this thesis suggested that although RASb seemed to be effective 
across patient groups by age, gender, and non-employment, access to RASb 
was inequitable for older, female and non-employed patients. Furthermore, 
overall mortality was higher among non-employed and less educated HF pa-
tients. The non-employed patients had a high mortality whether or not they 
received RASb treatment. Lastly, low income seemed to be a risk factor for 
primary and overall non-adherence to BB and RASb among HF patients.  

Methodological considerations 
The methodological strengths in this thesis include large, high-quality popu-
lation-based register data with near-complete coverage, cohort study designs 
with rather long follow-up times, and measurement of several different socio-
economic factors at the person level. There were also limitations to the studies.  

While the observational nature of the studies in the thesis limits the ability 
for causal interpretations, the questions examined could not have been an-
swered by randomised and controlled trials. Moreover, the overall objective 
being to estimate causal effects is evident, as merely studying associations 
without making any assumptions of causal relations would be irrelevant in 
science.148 Thus, interpretation of these results is only meaningful in a causal 
context, although causality cannot be proven. However, estimating causal ef-
fects in epidemiological studies requires consideration of how to minimise 
bias, or systematic error. Bias hampers the internal validity of the studies. 
While measures were taken to control for much of the bias in the present the-
sis, they would not have eliminated systematic error. Bias may be classified 
into three categories: selection bias, information bias and confounding.149 Se-
lection bias refers to selecting study participants in a way that leads to system-
atic difference in characteristics affecting the exposure-outcome association 
between the included and excluded people. Information bias in this context 
refers to misclassification of exposure, outcome or confounders. Misclassifi-
cation may be differential, i.e., related to other variables under study such as 
exposure or outcome, or non-differential, meaning that the misclassification 
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is unrelated to other variables. Confounding can be explained as factors dis-
torting, or being confused with, the effect of exposure on the outcome. Con-
founders are thus extraneous factors associated with the exposure and the out-
come, but are not intermediate factors in the causal pathway between exposure 
and outcome.  

External validity refers to the ability to draw conclusions about effects for 
other populations than the one studied.149 

Studies I–III 
Due to lack of primary care and outpatient data in the NPR, only hospitalised 
patients were included. This may limit the generalisability for primary and 
outpatient care patients, but should not impact on the internal validity in stud-
ies I-III. It would, however, have been important in investigating equity in 
Swedish HF care to study data from primary care, and the conclusions from 
these studies may not be generalizable to non-hospitalised HF populations. 
Conversely, internal validity may have been enhanced by the inclusion of only 
hospitalised patients, as this likely improved comparability regarding disease 
severity. 

Moreover, in Studies I–III, we lacked data on EF, i.e., diagnostic infor-
mation which is important in classification of HF as HFpEF, where RASb is 
not effective, or HFrEF, which should prompt RASb treatment. This could 
explain some of the lower exposure to RASb among women and elderly pa-
tients, as both groups are known to have higher prevalence of HFpEF.150  

In Studies I–III, drug dispensations were used as a measure of drug expo-
sure, whereas the extent of non-dispensed prescriptions was unknown; thus 
actual adherence was not measured or addressed. None of the present studies 
investigated any aspects of medication intake. However, dispensation records 
have been found to reflect medication consumption,151 and have been associ-
ated with patient outcomes.  

Survival bias (or immortal time bias) is an issue when using survival anal-
ysis to study associations between medication exposure and outcome. This is 
a type of misclassification bias which describes the artificial survival ad-
vantage for those exposed to medication due to the fact that one has to survive 
long enough to have a medication dispensed.152 This was counteracted in Stud-
ies II–III by using a time-dependent exposure variable for RASb, ensuring that 
time in the study after index date but before RASb dispensation was defined 
as unexposed time, and time after dispensation throughout follow-up was de-
fined as exposed time. 

In Studies I–III, we used only one dispensation of RASb at any time during 
follow-up to define medication exposure, without considering doses, stock-
piled medications, or any aspect of medication persistence beyond the first 
dispensation. This might have led to bias from misclassification of medication 
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exposure, as, e.g., persistence may differ between groups. This would primar-
ily affect the results with regard to effectiveness. 

Study I 
In Study I, one flaw in the study design was to not exclude patients who did 
not survive through the index (i.e., discharge) date. Thus, individuals who had 
died during hospitalisation were included in the follow-up analysis of dispen-
sation of RASb, though they did not have a chance to have medication dis-
pensed. However, additional analyses of ORs for RASb dispensation re-
stricted to those surviving through index were conducted at a later stage (post 
publication), and the results did not differ.  

Study II 
In this study, while comorbidity was collected for more than the index date, 
we had data for only 1.5 years before index, and diagnoses were captured only 
from hospitalisations in the NPR. Thus, comorbidity was likely underreported, 
and this misclassification might have led to confounding. The bias from un-
derreporting of comorbidities was assessed using a DAG and reasoning in 
alignment with a theorem for the direction of bias from unmeasured confound-
ers.147 We thus concluded that underreporting of comorbidities would lead to 
an underestimation of the association between RASb exposure and survival 
when the comorbidity was positively associated with both exposure and out-
come, but an overestimation when comorbidity was negatively associated 
with exposure and positively associated with the outcome. Specifically, un-
derreporting of renal dysfunction, being a possible reason for not receiving 
RASb and a risk factor for mortality in HF, could have introduced overesti-
mation of the effect of RASb. However, renal dysfunction could be either pos-
itively or negatively associated with RASb exposure depending on the disease 
severity and on the presence of renal side effects from RASb. Thus, the net 
effect of the bias was not evident. We ran the multivariable Cox regression 
analysis stratified by comorbidity, and got results among those with renal dys-
function (0.78) that were close to the overall HR (0.72) for all-cause death, 
indicating that the magnitude of the possible bias was not very large.  

Study III 
A limitation to this study was that the definition of non-employment did not 
exclude reasons for non-employment related to disease, such as sick leave or 
permanent sickness benefits. Thus, the association with mortality could be 
confounded by the fact that those categorised as non-employed could have 
been so due to larger disease burden from HF or other disease. Another meth-
odological concern in this study is the bias of health selection, which means 
that individuals in poor health are ‘selected’ into unemployment, and as ill 
health is also associated with a higher mortality, it confounds the presumed 
effect of unemployment itself on mortality.153 
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While these limitations may have impaired validity in Study III, some fac-
tors may have mitigated these biases. Firstly, all patients were hospitalised for 
HF as a main diagnosis, and had a minimum of one year free from HF hospi-
talisation before index date. The hospitalisation-free time before the index 
hospitalisation did not differ between the employed and non-employed, and 
we adjusted for hospitalisation-free time. Furthermore, all included patients 
had an interval of at least 6 months without RASb dispensation before the 
index hospitalisation. Additionally, employment status was measured in the 
year prior to (i.e., preceding) the index date. Lastly, analyses were adjusted 
for several comorbidities. Thus, it is reasonable to assume a fair degree of 
comparability in disease severity between the employed and the non-em-
ployed, and the entire association of non-employment on mortality risk should 
not be due to confounding by this effect.  

Study IV 
Study IV had the advantage of including data on prescriptions, important clin-
ical variables such as EF and creatinine, and several comorbidities that had 
been collected for at least 7 years before index. 

The study cohort being chosen from a quality register with low total cov-
erage limits generalisability for the entire Swedish HF population, and espe-
cially so because those registered in SwedeHF are more often male, younger 
and have higher educational level than non-registered patients with new-onset 
HF in the NPR.154 In addition, registered patients have been found to receive 
better treatment and have lower mortality.154 However, as we studied adher-
ence by demographic and socioeconomic factors, and not for example mortal-
ity in Swedish HF patients, the internal validity of the study is likely more 
important for understanding the studied associations than its generalisability.  

Our methods for assessing adherence were in alignment with some of the 
methodological literature, such as using the measure PDC, which has been 
recommended due to both ease of calculation and validity.155 We also used 
two different measures, primary (representing initiation of medication) and 
overall adherence (reflecting implementation), which showed similar results. 
We did, however, use non-standard terminology in the concept ‘overall adher-
ence’ for adherence measured as PDC, as this description was considered sim-
ple but adequate for the purpose of this study.  

Lacking information on prescribed daily doses, we assumed prescriptions 
of one tablet per day for all medications. This was a simplification and a mis-
representation of prescribed doses, as those may vary considerably between 
patients, not least as HF medication is typically up-titrated upon drug initia-
tion. Although flawed, this method is more accurate than using DDD, which 
has been shown to overestimate BB and underestimate RASb,156 and lead to 
greater variations in average PDC for HF medications.157 Nonetheless, the 
high relative PDC, with a median value of 100%, was probably partly a re-
flection of this methodological problem. However, absolute adherence rates 
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were not the main focus for the study. Stockpiling and hospital stays were not 
accounted for, in accordance with a recent methodological study of medica-
tion adherence in HF showing that PDC was reasonably valid without ac-
counting for stockpiling or hospital stays.157 

Another methodological issue concerns power and the possibility of detect-
ing associations. Upper secondary vs post-secondary educational level was in 
our population associated with a smaller risk of primary non-adherence to 
RASb (OR 0.76 [0.57–1.01]) and BB (OR 0.80 [0.61–1.04]) (Figure 9). Alt-
hough not strictly statistically significant, those estimates have upper confi-
dence limits close to 1. For compulsory school, the ORs were similar but the 
upper confidence limit was somewhat farther from 1, and more so for BB (OR 
0.86, [0.66–1.13]) (Figure 9). The point estimates thus show that lower edu-
cation in our data was associated with lower risk of primary non-adherence, 
and it is possible that a larger sample size would have meant statistically sig-
nificant confidence intervals. Reducing power by excluding participants and 
restricting analyses to limit bias, increases the risk of failure to find true asso-
ciations and of making a type II error, if judging associations strictly by sta-
tistical significance. In Study IV, participants were excluded for several rea-
sons in order to make the study cohort more comparable regarding, e.g., pre-
vious medications and frailty, and in order to improve measurement of adher-
ence. Furthermore, we did complete-case analysis, resulting in exclusion of 
around 16% of participants from primary adherence analysis due to missing 
data. Multiple imputation of the confounder variables in Study IV might have 
been used in order to preserve a larger cohort size, while also limiting possible 
bias from selecting only cases with non-missing data on all variables. How-
ever, assuming that bias does not explain the entire association, the interpre-
tation of clinical significance and implications of the association regarding 
educational level is more important than the statistical significance. The rele-
vant interpretation is that it is unlikely that targeting the educational level 
among HF patients will increase medication adherence, which is also con-
sistent with previous literature, in which educational level has not been asso-
ciated with adherence.  

A contrasting issue might be considered for Study I, where the sample size 
was very large. This may have contributed to the two lowest income quartiles 
being (highly) significantly associated with lower risk of non-exposure to 
RASb, although this finding may not be reflective of any meaningful clinical 
association. It could be due to chance, but perhaps more likely to random or 
systematic error. Nevertheless, the risk decrease of around 10% is quite small, 
and the clinical interpretation is not evident.   
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Findings in relation to theory and previous research 
Gender 
Female patients had a 30% higher risk of non-access to RASb in our unse-
lected hospitalised cohort, which had a representative proportion of women. 
Study I thus confirmed the results of previous studies from Sweden22, 126 and 
other countries18, 19, 23, 158 showing less RASb treatment among women. There 
are also studies that contradict our finding.24, 159-161 Of these, one Swedish 
study investigating HF prevalence found no gender difference in baseline 
pharmacological treatment in a cohort of invited citizens in a municipality. 
However, the number of HF patients was very low, and groups thus possibly 
underpowered for detecting differences.159 The three other studies were set in 
the US, all within quality improvement programmes/registries for HF care, 
and might therefore be expected to yield more equitable treatment patterns.  

We believe that our results from Study I, that the risk of non-access to 
RASb was higher for women, were due to gender inequity. In equity terms, if 
the needs among women at a group level were the same as those among men, 
horizontal inequity would be present, as equal needs were not met with equal 
treatment. However, we cannot be sure that the women not receiving RASb in 
our study population would have benefitted from the medication, as we lack 
data on type of HF, i.e., whether EF was preserved or reduced. As women are 
overrepresented among those with HFpEF, this might explain some of the 
group difference. However, the results from Study II (in a subset of the Study 
I cohort) suggested equally beneficial effects of RASb for women and men, 
in support of the interpretation of equal needs irrespective of gender, which 
would mean that gender inequity was present. 

This gender inequity in treatment might be due to norms and expectations 
of HF and heart disease in general being “male” diseases. In addition, gender 
norms may influence the way in which patients present symptoms68, 162, or 
how assertive they are in communication with physicians. These factors may 
lead to physicians being more attentive towards male patients, and more likely 
to comply with guideline recommendations when treating them. To some ex-
tent, it may even seem logical to be more concerned with a male HF patient, 
as male patients have been found to have a poorer age-standardised prognosis 
in HF than women. This was confirmed by the data in Study II, where women 
had a significantly lower adjusted mortality (HR 0.91) than men. However, 
equity should not be achieved through lowering standards of care for a group 
with a better prognosis. If effective treatment exists for women and men, it 
would be equitable that both groups have the same access to that treatment.  

The question could be posed whether mortality in HF was inequitable to 
the disadvantage of men in Study II. Is the higher mortality among men in HF 
in general unfair? To answer these questions in accordance with equity defi-
nitions, we would need to know whether the mortality difference is avoidable, 
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in addition to being systematic and based on a demographically and socially 
defined group. There is evidence that HF is biologically different in men and 
women. Differences in myocardial responses to physiological stress between 
men and women, with oestrogen thought to play a role, contribute to a better 
prognosis for women.132, 163 Furthermore, men more often have an ischaemic 
aetiology in HF164 leading to a worse prognosis. Thus, if men have a survival 
disadvantage, despite the fact that most research is performed on men and that 
treatments effective for both genders are given to more men than women, this 
should be interpreted as a biological disadvantage which is likely unavoidable 
and thus not inequitable. Gender norms are likely instrumental in shaping 
some of the lifestyle factors contributing to more and earlier ischaemic heart 
disease among men.75, 165 These norms are avoidable and thus cardiovascular 
health status in general may be inequitable, to men’s disadvantage. However, 
the higher HF mortality among men is likely not caused by inequity in HF 
care and treatment, but by the biological disadvantage discussed above. 

Access to RASb, measured as having a RASb dispensed from a pharmacy, 
is affected by 1) the medication being prescribed to patients, and 2) patients 
filling the prescription. In both Study I and Study II, we had data only on the 
second part, i.e., dispensation of RASb, and thus could not determine the cause 
of the inequity. Women could be less adherent in our population, but this is 
not supported by previous research,121, 166-168 nor by our data from Study IV, 
in which female gender was not associated with higher risk of non-adherence 
to RASb. 

From an intersectional viewpoint, it is notable that in our data, as well as in 
other populations, the women with HF were older, had less education (except 
in the cohort aged 20–64 years in Study III), lower employment status and 
lower income than the men. Thus age, gender and SEP intersected, and female 
HF patients were more often at the lower end of all those power dimensions. 
It has been shown that female HF patients have worse self-rated health and 
quality of life108, 169, which might be related to the intersecting dimensions of 
disadvantage among women. 

Age 
In our studies, high age was a risk factor for not receiving treatment. Other 
investigations have found similar results in hospitalised HF patients. In a US 
performance-improvement programme cohort those ≥ 75 years received less 
guideline-recommended therapies and had higher mortality than those < 75 
years.129 Two French studies have found underuse of effective HF drugs in the 
elderly.170, 171 Furthermore, RASb seemed effective in all age groups in Study 
II, although the association between RASb and survival was weaker among 
older patients. Effectiveness of RASb in elderly patients has been established 
also in other studies.17, 172 There may be some medically motivated reasons for 
abstaining from treating very old and/or fragile patients with RASb. Those 
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include a higher risk of adverse drug effects and drug-drug interactions, 
polypharmacy, or possibly end-of-life care.88, 89 However, it is unlikely that 
the almost 2.7-fold increased risk of non-access to RASb among patients aged 
85 years or older (Study I) or the OR of 1.59 for those aged 75–84 years, can 
be satisfactorily explained by adequate medical reasons for non-treatment. 
RASb has been shown to reduce symptoms and increase quality of life173, in 
addition to lowering mortality. Furthermore, RASb treatment prevents hospi-
talisations and is cost-effective for health care174. Thus, there are ample argu-
ments for improving access to RASb for the great majority of older patients, 
while also ensuring attention to possible adverse drug reactions by, e.g., mon-
itoring such effects, avoiding inappropriate polypharmacy, and customising 
dosages for frail older HF patients.  

There is a possibility that non-exposure to RASb could be due to lower 
adherence among older patients, but the data regarding this is not consistent. 
In Study IV, high age was not a risk factor for non-adherence to RASb. In 
contrast, the youngest age group (< 64 years) was more at risk of overall non-
adherence to both RASb and BB, while age ≥ 85 years was associated with 
higher risk of overall non-adherence to BB only. Similarly, it has previously 
been noted in a systematic review that age might have such a concave rela-
tionship with medication adherence, although the collective evidence is incon-
clusive.55 

Socioeconomic factors 
Access to treatment 
Non-employment as a risk factor for not having access to RASb has to my 
knowledge not been studied previously. Thus, Studies I and III have contrib-
uted new knowledge in this respect, by showing that non-employment is as-
sociated with lower access to treatment. However, the links in the chain of 
events leading to inequity were not elucidated, as these studies did not answer 
the question of whether the non-employed were prescribed less RASb or filled 
their prescriptions to a lesser extent than employed patients. There are no ap-
parent medically motivated reasons for prescribing less RASb among persons 
without employment, as no evidence suggests that HF is biologically different 
in those patients. Thus if such differences in prescription do exist, this would 
most likely constitute inequitable health care. A Dutch study analysed ‘socio-
economic class’ represented mainly by occupational class, in relation to pre-
scription in primary care, and found that triple treatment (BB, RASb and diu-
retics), but not RASb as monotherapy, was less frequent among those with 
low socioeconomic status.116 In a Swedish study, a higher number of socioec-
onomic risk factors (represented by income, educational level, and cohabita-
tion status) was associated with a higher risk of not being prescribed RASb 
and other treatments.144 Other studies, using socioeconomic measures at the 
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area level, rather than at the person level, have not found differences in treat-
ment by socioeconomic factors.119, 175  

The role of income class for access to RASb treatment in Study I is unclear. 
While crude estimates showed a risk of non-exposure to treatment, this was 
attenuated when adjusting for age, and even reversed on multivariable adjust-
ment, i.e., when including the covariates age, gender, country of birth, educa-
tional level, employment status, and confounders in the model. The two lowest 
income classes were significantly associated with an OR of around 0.90 for 
non-exposure, which was not interpreted as a clinically relevant finding.   

Adherence 
Income was consistently associated with primary and overall medication ad-
herence for both RASb and BB in the large well-characterised HF cohort in 
Study IV, and these results were robust also across strata of rEF/non-rEF pa-
tients. This is in agreement with previous Swedish122, 176 and Dutch177 data 
indicating that several aspects of financial resources, such as income, cost and 
level of co-payment, matter for medication use and adherence. In contrast, a 
systematic review of medication adherence (not including the above studies) 
did not find support for income measures affecting adherence.55 

Differences in adherence could be a reason for differences in exposure to 
RASb by employment status. No such differences in HF are found in previous 
literature. A systematic review of factors affecting adherence in chronic dis-
ease reported that employment might have a positive effect on adherence, but 
the evidence was uncertain.55 However, as Study IV showed that lower income 
was a risk factor for low medication adherence among HF patients, and non-
employed patients in general would be expected to have lower income than 
those employed, income might partly explain the lower exposure to RASb 
among the non-employed in Study III.  

The finding in Study IV that lower educational level was associated with 
lower risk of primary non-adherence, might be congruent with a study show-
ing that lower education is associated with higher trust in clinicians among 
patients with serious chronic diseases178 and with Swedish patient survey data 
indicating that those with lower education are more satisfied with several areas 
of health care than those with higher education.179 Previous data on medication 
adherence in HF, although scarce, has not found an association with educa-
tional level, as previously mentioned.167 

The finding that being single was associated with non-adherence in the rEF 
subgroup but not among non-rEF patients, might be related to a higher symp-
tom burden or disease severity in rEF patients, making them more dependent 
on the support of a spouse. However, these subgroup analyses should be cau-
tiously interpreted as no interaction analysis were performed. 
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Mortality 
The finding in Study III that the non-employed and those with lower education 
had higher mortality – while alarming – was not surprising. Several previous 
investigations have reported that unemployment180-184 and educational level1, 

59 are associated with higher mortality. Study III suggested such associations 
also among HF patients. In previous research, a higher comorbid burden has 
been reported to explain higher mortality among the socioeconomically dis-
advantaged.  A UK study of HF outpatients showed that the higher mortality 
related to socioeconomic disadvantage (measured as a composite postal code-
based score) was explained by non-cardiovascular hospitalisations and mor-
tality, rather than HF symptoms or access to therapy.185 While we adjusted for 
several comorbidities in Study III, there are relevant conditions/parameters 
that were not captured, such as obesity, smoking, alcohol consumption and 
diet. These are commonly linked to socioeconomic disadvantage and may 
have affected the higher mortality among the non-employed patients in Study 
III. In summary, despite methodological limitations in our categorisation of 
non-employment, the HR of 1.76 for mortality among the non-employed ver-
sus the employed, parallels that for non-access to RASb. Taken together, these 
results suggest inequity in Swedish HF care translating into higher mortality, 
based on employment status.  

The finding in Study III that there was a statistically significant negative 
interaction between non-employment and RASb for the association with all-
cause death, would indicate a smaller risk reduction associated with RASb 
access for the non-employed patients than the employed. However the abso-
lute difference between HRs for the employed without medication (2.86) and 
the non-employed without medication (2.96) were very small. The cumulative 
hazard curves in Figure 8 illustrate how the unadjusted hazard for the non-
employed without RASb are clearly larger than that for those employed with 
RASb, but also than those for the non-employed with, and the employed with-
out, RASb. Thus, irrespective of the reasons for the higher mortality, and the 
possibly weaker association between RASb and survival among the non-em-
ployed, the patients in this group appeared especially vulnerable. Non-em-
ployment may in a clinical setting at least represent a signal of higher risk of 
treatment failure and death, although this study cannot determine to what ex-
tent there might be an independent effect of non-employment on the associa-
tion between RASb and survival.  

Country of birth 
The country of birth variable in Study I was used as it was readily available as 
individual-level data in national registers, with the intention being to capture 
possible inequity in health care relating to, e.g., bias/racism against foreign-
born people, or language or cultural barriers. However, country of birth is an 
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imprecise measure, unlikely to capture racial or ethnic bias or specific cultural 
patterns in an adequate way, especially when broad categories are used. Peo-
ple born in the same country may have different nationalities, come from dif-
ferent ethnic groups, have different religious and other cultural backgrounds, 
and have different reasons for migration. A study of Swedish migrants con-
cluded, for example, that cardiovascular mortality was higher among refugee 
vs non-refugee immigrants.186 Nor does foreign country of birth necessarily 
say anything about language skills, especially if time since migration is not 
considered. There are thus several issues making this measure difficult to in-
terpret and limiting its usefulness in the context of equity.187 We did not find 
any significant associations between country of birth and risk of non-exposure 
to RASb, which may be due to these problems. 

Implications 
The studies in the present thesis suggest that there are shortcomings in the 
equity of Swedish HF care. Although systems are in place to promote equity 
through governance of health care, and the lack of equity has been thoroughly 
documented in research and public health monitoring, it does not seem to suf-
fice. There are some implications for different levels in health and health care. 

Health care providers need to ensure that the HF, and other care provided 
in Sweden lives up to the goal of equity in health care. This objective might 
be achieved by putting proper effort into educating health care staff about the 
existence of health inequity and about the mechanisms that may contribute to 
implicit and explicit bias towards patients form different demographic or so-
cioeconomic groups. Knowledge about the way that prejudice and stereotypes 
affect the ability to provide equitable care seems important.  

Furthermore, it seems like there is a need for health care providers, on a 
local level, to evaluate equity in their practice on a continuous basis. The na-
tional monitoring and reporting on quality and equity in health care has so far 
not lead to equity in care, and it is possible that such feed-back needs to be 
even more specific. Just as other quality indicators are monitored, there is a 
need also for indicators of possibly unmotivated differences in treatment of 
different groups. There is however a challenge in how this type of follow-up 
could be done. For gender and age equity, such analyses should be quite fea-
sible, as every registration of a patient in the Swedish health care system has 
data on sex and gender. Analysing equity by socioeconomic factors such as 
educational level, income, or employment status however, entails collecting 
integrity-sensitive data, which presents a potential ethical problem especially 
when done on a grand scale as would be required. The balance between reg-
istering such data while not compromising patients’ dignity, sense of security, 
or trust in health care is delicate. However, it should not be impossible, if done 
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with respect for the complexity of this process, and guided by scientific and 
ethical principles.  

On the level of treating individual patients, a consciousness of socioeco-
nomic disadvantage like non-employment and low education being risk fac-
tors for higher mortality, and low income and being single for lower adher-
ence, could improve care. These factors, when identified, may illicit a height-
ened awareness among clinicians, and an extra effort to comply with treatment 
guidelines and quality standards, but also to adapt prescribing, information 
and follow-up to the patients situation.  
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Conclusions 

Access to RASb treatment appears inequitable for women, the non-employed, 
and the elderly among hospitalised HF patients, although this treatment is as-
sociated with lower mortality for all these groups.  

RASb treatment is associated with similar reductions in mortality for women 
and men, but the association is somewhat weaker among older compared with 
younger hospitalised HF patients.  

Both non-employment and lower educational level are associated with higher 
mortality in hospitalised HF patients, and non-employment is associated with 
less access to RASb treatment.  

Lower income and single status are associated with lower adherence to mor-
tality-reducing treatment with BB and RASb in a quality register HF cohort, 
while associations are more unclear regarding gender and age. 
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