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Summary

The overall theme of this thesis is geographic and socioeconomic variation in the use of specialist

health care services. Three different health care services were studied. Complete population data

on individual level with high level of quality from nationwide registries (i.e., The Norwegian Patient

Registry, The Cancer Registry of Norway and Statistics Norway) were used in the analysis.

The main aims of the thesis were to: 1) explore geographic variation in the use of three different health

care services in Norway, 2) explore socioeconomic variation in the use of three different health care

services in Norway, and 3) investigate whether geographic variation in the use of these health care

services can be explained by differences in socioeconomic status.

In paper I, hospital admissions for children aged 1-16 years were studied. In paper II, cancer patient

pathways (CPP) for lung, colorectal, prostate or breast cancer were studied, and the focus was on two

different proportions; i) the proportion of patients in cancer patients pathways who do not have the

relevant cancer, and ii) the proportion of cancer patients included in cancer patient pathways. In paper

III patients with atrial fibrillation and the proportion treated with ablation were studied.

Substantial geographic and socioeconomic variation was documented, and possible differences in

socioeconomic status could not explain the geographic variation. Children of parents with low

educational level had the highest admission probability, the highest number of admissions, but the

reason for the admission tended to be less severe. Cancer patients in high income groups had the

highest probability of being included in cancer patient pathways, while for the patients included in

the cancer patient pathways, no systematic differences in the proportion of patients who do not have

the relevant cancer were found with income and education groups. Atrial fibrillation patients with

high level of education and high income were more frequently treated with ablation, and the education

effect increased with increasing age.

The variation documented in this thesis challenges the idea that the distribution of medical practice

and care in Norway is rational and evidence-based. Differences in capacity can probably explain

some of the geographic variation, and differences in need might explain some of the socioeconomic

variation. However, in search of explanations one must also study the impact of personal beliefs in

both patients and physicians, local traditions, and clinical practice.
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Sammendrag

Det overordnede tema for denne avhandlingen er geografisk og sosioøkonomisk variasjon i forbruk av

spesialisthelsetjenester. I avhandlingen blir tre forskjellige typer helsetjenester studert. I analysene ble

det benyttet komplette populasjonsdata på individnivå, med høy grad av kompletthet og høy kvalitet,

fra nasjonale registre (Norsk Pasient Register, Kreftregisteret og Statistisk sentralbyrå).

De overordnede målsettingene i avhandligen var å: 1) utforske geografisk variasjon i forbruket av tre

forskjellige helsetjenester i Norge, 2) utforske sosioøkonomisk variasjon i forbruket av tre forskjellige

helsetjenester i Norge, og 3) undersøke hvorvidt geografisk variasjon i forbruk av disse helsetjenestene

kunne forklares med forskjeller i sosioøkonomisk status.

I artikkel I ble sykehusinnleggelser for barn i alderen 1-16 år studert. I artikkel II ble pakkeforløp

for kreft for lunge-, colorectal-, prostata- og brystkreft studert, og det ble fokusert på to forskjellige

populasjoner; i) andelen pakkeforløpspasienter som ikke hadde den aktuelle krefttypen, og ii) andelen

kreftpasienter som ble inkludert i pakkeforløp. I artikkel III ble atrieflimmerpasienter og andelen som

ble behandlet med ablasjon studert.

Betydelig geografisk og sosioøkonomisk variasjon ble funnet, og den geografiske variasjonen kunne

ikke forklares med forskjeller i sosioøkonomisk status mellom de geografiske områdene. Barn med

foreldre med lavt utdanningsnivå hadde størst sannsynlighet for å bli innlagt og flest innleggelser

pr barn, og samtidig de minst alvorlige innleggelsene. Kreftpasienter i den høyeste inntektsgruppen

hadde størst sannsynlighet for å bli inkludert i pakkeforløp, mens for andelen pakkeforløpspasienter

som ikke hadde den aktuelle krefttypen ble det ikke funnet noen systematiske forskjeller mellom

inntekts- og utdanningsgruppene. Atrieflimmerpasienter med høy utdanning og/eller høy inntekt ble

oftere behandlet med ablasjon, og utdanningseffekten var sterkere med økende alder.

Variasjonen som er dokumentert i denne avhandlingen utfordrer oppfattelsen om at helsetilbudet

og medisinsk praksis i Norge er rasjonell og evidensbasert. Kapasitetsforskjeller kan antagelig

forklare deler av den geografiske variasjonen, og forskjeller i behov kan antagelig forklare noe av

den sosioøkonomiske variasjonen. For å forstå årsakene til variasjon må man også studere hva som

ligger bak kliniske beslutninger, dvs. både pasientenes og legenes preferanser, samt lokale tradisjoner

og klinisk praksis.
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1 Introduction

Norway has a universal health care system and in-hospital treatment is free of charge. It is a funda-

mental principle in this system that equal needs should be met by equal services regardless of e.g.,

socioeconomic status (SES) or place of residence. Universal principles for prioritisation based on

benefit, severity and resource use are meant to form the basis for decisions on resource distribution in

the health service [1].

However, an increasing number of studies indicate that this principle is not adequately met, in Norway

as well as in other Western countries [2–6]. Several decades ago, Wennberg reported on small area

variations in health care delivery, which could not be explained by corresponding variations in need

[7]. Geographic variation in access to health care in Norway has been documented in a broad spectrum

of services [2, 8], and especially by the Norwegian Healthcare Atlases [9].

Several studies report socioeconomic differences in utilisation of health care. For example patients

with lower income or education are more frequent users of general practitioner services while relatively

wealthy and/or highly educated people visit more specialists and have more access to sophisticated

therapies [3–6, 10].

1.1 Geographic variation in health care utilisation

Analyses of variation in the population’s use of health services between geographical areas are

referred to as the research field “small-area-variation” [7]. As early as 1938, a study was published

that showed large geographic differences for tonsillectomy among English school children. Both

surgeons’ practices and socio-economic conditions contributed to the differences [11]. In the late

1960s, Wennberg and Gittelsohn designed the "small area analysis" method to compare population-

based rates of care among neighbouring hospital service areas in Vermont to study whether all the

residents received the health services they were entitled to [12]. The resource input and the health

service utilisation among populations living within the geographic boundaries of the hospital referral

areas, were studied. The hospital referral areas of Vermont were remarkably similar on the demand

side, with comparable insurance coverage, educational level, economic circumstances, and ethnic

background. However, the per capita number of hospital beds, hospital personnel, and physicians

varied over 50% across the hospital referral areas. Unexpectedly large variations between the areas

in the use of almost all kinds of health resources were found, including personnel and expenses

[7]. They also found huge variation between nearby areas in the rates of surgical procedures such
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as appendectomy (four-fold), tonsillectomy (twelve-fold) and several other procedures. There was

considerabily variation between neighbouring areas just a few blocks apart, the variations were not

explained by illness, poverty or ethnicity. An important feature of "small-area-analysis" is that it is

population-based [12]. Wennberg and Gittelsohn found substantial differences in rates of utilisation

of health care between demographically similar populations. Wennberg concludes that it was not the

rate at which they got sick and went to the doctor that varied, but it was what happened after patients

met with their physicians [12]. Substantial variation in the use of health services has since the 1970s

been reported between countries [13, 14], between regions in countries [15–17] and between areas in

regions [18].

Studying variation in the population’s use of health services is a method for examining whether the

health services are evenly distributed and whether key objectives in health policy are met. There is, to a

certain extent, an intended division of work between hospitals, and therefore there may be a substantial

difference in the case-mix of patients between the hospitals. In a population-based analysis, the use of

health services in groups of patients living within defined geographic areas are compared, regardless

of where the population accessed the services. By applying population-based analysis, the impact

of this type of case-mix is eliminated, although possible differences in age, gender, and morbidity

between the geographical areas that the hospitals serve may still be important.

1.2 Social inequality in health

In countries at all levels of income, health and illness follow a social gradient: the lower the socioe-

conomic position or status, the worse the health [19, 20]. Socioeconomic status (SES) is the social

standing or class of an individual or group, and it is often measured as a combination of education,

income and occupation.

Norway is among the countries with the least income inequalities in the world. However, income

inequalities have increased in Norway in the past decades [21]. Social inequalities in health in Norway

are actually larger in Norway than in many comparable European countries [22, 23]. Norwegians

with higher education levels and a good financial situation live longer and have fewer health problems

than Norwegians with lower education and poorer economy. Social inequalities in Norway are found

at county and municipal level [23]. Those with the highest education live 5-7 years longer and have

better health than those with the lowest education [24]. Within the capital (Oslo), life expectancy

varies by up to eight years between districts [23]. However, a Norwegian study on income inequality

and mortality found that the infant mortality in Norway has greatly declined during the last 70 years,
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and that the infant mortality gap between the rich and the poor is levelled out in Norway, both at

municipality level and at individual level [25].

In 2005, The Commission on Social Determinants of Health (CSDH) was created by the World Health

Organisation (WHO) to promote greater health equity. It focused on structural determinants of health

inequities: the social factors that cause unfair, avoidable health differences among population groups

[26]. The social determinants of health (SDH) are by the World Health Organization defined as

the non-medical factors that influence health outcomes [19]. The determinants are the conditions in

which people are born, grow, work, live, and the wider set of forces and systems influencing daily

life. These forces and systems include political and economic policies and systems and social norms

and policies. Examples of social determinants of health include; income and social protection, edu-

cation, unemployment and job insecurity, working life conditions, food, insecurity, housing and basic

amenities, the environment, early childhood development, social inclusion and non-discrimination,

structural conflict, and access to affordable health services of decent quality. The reports from the

CSDH affirmed that the fundamental drivers of SDH are the unequal distribution of power, money

and resources [27].

1.3 Socioeconomic variation in health care utilisation

Discussions on variation in health care have often been focused on geographic variation, however, the

term can also be used to describe differences in health care utilisation according to SES. A wide range

of studies has documented associations between SES and utilisation of health care services, both in

universal and non-universal health care systems [28–35].

Variation in health care utilisation between SES groups may reflect differences in disease prevalence

or need due to lifestyle or environmental factors, but may also be related to other factors, such as

doctor-patient communication [36–38]. There is much research on socioeconomic status and health

and health care utilisation and this section is not intended to cover the entire field of research. The

common explanation for the associations between SES and utilisation of health care services mainly

follows four pathways.

Firstly, variation between SES groups may reflect differences in disease prevalence or need due to

lifestyle or environmental factors, i.e., the socioeconomic gradient in health [39]. Those with higher

education levels and a good financial situation live longer and have fewer health problems than those

with lower education and poorer economy. There are substantial social inequalities in health in
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Norway, especially between educational groups. As noted above, the relative differences in mortality

between education groups in Norway are among the largest in Europe [22, 23, 40].

The second pathway may be related to health literacy and how people in higher SES are more able to

navigate within the health care system [41]. Health literacy is the degree to which individuals have

the ability to find, understand, and use information and services to inform health-related decisions and

actions for themselves and others [42]. Health literate patients may be more capable of understanding,

questioning and discussing treatment options with their physician.

The third pathway may be related to how health professionals communicate with patients of different

SES. Patients’ willingness to participate in shared decision-making may reflect the physician’s con-

sulting and communication style. In a meta-analysis regarding doctor-patient communication related

to SES, physicians gave more information, more explanations, were more emotionally supportive and

more often adapted shared decision making with patients of high SES [36]. Further, patients with low

SES received more physical examinations [36].

The fourth pathway is related to the ability to pay for services. Out-of-pocket payment or lack of

health insurance may be an obstacle to disadvantaged groups seeking health care. Several studies

have demonstrated patient charges as an obstacle [43–45]. In a survey on social inequalities in health

service utilisation in Norway by Statistics Norway most people reported that they received adequate

health services [46]. Norway has a universal health care system and in-hospital treatment is free of

charge. This most likely excludes a significant effect of economic restraints on access to hospital

health care in Norway. Most hospital health services in Norway are provided by public hospitals or

private hospitals as subcontractors for the public health care system. However, for some health care

services, e.g., cosmetic surgery, private health insurance and out-of-pocket payment for private health

services may have some impact.

Even though socioeconomic gradients in health care use are found in many studies, the sign of the

gradient varies, and there seems to be an association between the sign of the gradient and the degree

of specialisation of the service. In health care services with low level of specialisation a negative SES

gradient is found [4, 10], while in services with higher degree of specialisation a positive SES gradient

is found [47, 48].
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1.4 Warranted or unwarranted variation

There are different perceptions of how variation in the use of health services arises and in what way it

should be measured and interpreted [49–53]. Variation is often described as being either ‘warranted’

or ‘unwarranted’. Not all variation in healthcare is unwarranted – some is inevitable, some is random

and some we have no control over. Variation can be an outcome of innovation, as new solutions and

models are being introduced. This type of variation, which is expected and normal, is therefore called

warranted.

The other type of variation, which needs to be considered separately and is more challenging, is

unwarranted variation. Unwarranted variation in health care service delivery refers to differences that

cannot be explained by personal preference, illness, medical need, or the dictates of evidence-based

medicine [12]. Unwarranted variation can reveal overuse, underuse and inequity in health care service

delivery. Overuse occurs when a service is provided even though its risk of harm exceeds its likely

benefit, or when the service is without benefit. Underuse occurs when a service is not provided even

though its benefits exceed its likely risk of harm. Inequity of care occurs when parts of the population

are not accessing the treatment to the extent that they need.

To understand unwarranted variation in the use of health services, it is natural to take the observed

variation as a starting point (Figure 1). The observed variation can be divided into two components;

random and systematic variation. The random variation is particularly relevant in the case of analyses

of areas with small populations or low volume health services. Such random variation is natural and

expected. Some of the systematic variation is due to case-mix, the case-mix is differences in morbidity

and in the age and gender composition between the populations of interest. The differences in age

and gender composition can easily be adjusted for, and most health care atlases adjust for case-mix by

presenting the results as age- and gender adjusted rates, while differences in morbidity and severity are

harder to reveal. The remaining part of the systematic variation consists of warranted and unwarranted

variation.

Wennberg defined three categories of care for the causes of, and the remedies for, unwarranted variation

in [12]; i) effective or necessary care, ii) preference-sensitive care and iii) supply-sensitive care.

Effective care comprises evidence-based interventions where the benefits are thought to exceed the

disadvantages, and thus should be offered to all patients in need. For effective care, treatment rates

should approach the actual prevalence of the condition, and unwarranted variation is generally due to

underuse.
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Observed
variation Systematic

variation

Random
variation

Case-mix

Unwarranted
variation

Warranted
variation

Figure 1: Illustration of variation components.

Preference-sensitive care comprises tests and treatment procedures for conditions for which there is

more than one clinically appropriate treatment option. Preference-sensitive care represents health

care with alternative treatment options where indications and benefits may be poorly documented or

controversial, and may reflect preferences and beliefs of a single physician or department rather than a

clear evidence-based approach. Patients should be treated according to their preferences in a clinical

environment that supports shared decision making and encourages patients in the choice of treatment

[51]. Unwarranted variation in preference-sensitive care is often due to differences in professional

opinions or patients’ participation in decisions about care. Under the informed patient choice normative

standard, the choice of treatment should depend on the patient’s preferences [12].

Supply-sensitive care comprises services such as physician visits, referrals, hospitalisations and stays

in intensive care units for patients with acute and chronic medical (non-surgical) conditions where

the frequency of use is closely associated with the supply of available resources. Unwarranted

variation in supply-sensitive care refers to medical services for which utilisation rates are sensitive to

local availability of health care resources such as hospital beds, physicians, outpatient capacity, test

capacity, and intensive care capacity. When capacity increase, more patients will be treated until the

new maximum capacity is reached without necessarily benefiting the patient or the populations’ health

condition.

Wennberg estimates that effective care accounts for 10-15% of the activity in the Medicare health

services in the US, while preference-sensitive and supply-sensitive care accounts for 25% and 60 %,

respectively [12].
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With the exception of effective care, observing variation cannot by itself define the "right" level of

health care service utilisation. According to Goodman, the "right" level depends on the category of

care [54]; The right level in effective care is treatment rates similar to the prevalence, and deviation

from near 100% reflects less than ideal health system performance. There is no single "right" rate

in preference-sensitive care, as the "right" rate reflects the decisions of fully informed patients, while

variation in rates reflects both local practice and the influence of clinicians on the patients’ decisions.

In supply-sensitive care, the "right" rate is generally the lowest rate with comparable outcomes, while

higher rates reflect overuse and lower rates reflect underuse.

Sutherland et al. define unwarranted clinical variation as patient care that differs in ways that are not

a direct and proportionate response to available evidence, or to the health care needs and informed

choices of patients [53]. Sutherland et al. further describes situations where the variation can be either

warranted or unwarranted.

The variation can be characterised as warranted when clinical decisions are tailored to the need of

patients, based on unbiased discussions and informed consent, and evidence-based recommendations

are followed. In addition, the variation can be warranted and interpreted as a reflection of adoption,

as there might be differences in skills or resources available between the health care providers.

The variation can be characterised as unwarranted when insufficient information is provided to the

patients or when decisions are based on non-clinically relevant patient characteristics (age, gender,

SES, ethnicity). The variation is also unwarranted when clinical practice clearly deviates from the

available evidence base, due to the providers’ needs and preferences or lack of adoption of the evidence-

based guidance. Unwarranted variation can also occur if a procedure or treatment is used in other

patient groups than those where it was shown to be valuable. Lack of technical acumen, i.e., differences

in training, competency, and technical proficiency of providers or limitations in clinicians’ ability to

resolve uncertainty can also cause unwarranted variation. Finally, the variation can be characterised

as unwarranted if allocative decisions and organisational design, resulting in some clinicians’ being

unable to provide certain elements of care because of resource constraints.

1.5 Factors influencing variation in health care utilisation

What are the driving factors of geographic variation? It is common to divide possible driving

factors into supply side and demand side factors. Supply side factors include access to care, medical

practice, and provider characteristics. Demand factors are such as health status, demographic and
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socioeconomic status. The supply side factors are properties of the health care service and are

measured on an aggregate level, while the demand side factors are properties of the individual patients

and therefore factors on an individual level. However, as data on individual level often is lacking, the

majority of studies apply aggregated measures also for demand side factors.

Although there are numerous studies demonstrating geographic variation, studies on the driving forces

of variation are limited [55, 56]. The empirical evidence on whether the demand side or the supply

side is the driving force for geographic variation is unclear [56, 57]. Studies from the US found that

40–50% of this variation is attributable to patient demand factors, while the rest is explained by supply

factors [58, 59]. A Norwegian study, using migration data to decompose regional variation also found

that the supply and demand side each roughly explains half of the variation in health care utilisation

[57]. However, the majority of studies concludes that geographic variation is mainly driven by the

supply side [49].

According to the definition of unwarranted clinical variation in Sutherland et al., demand side factors

are factors influencing or representing health care needs and choices of informed patients. Supply side

factors are deviations from the evidence base by physicians or at the organisational level. It is difficult

to separately estimate the impact of physicians and patient preferences and other factors because it is

difficult to identify factors that affect only supply or demand [49]. Both Finkelstein and Godøy address

this by studying migration [57, 59], however they are not able to distinguish between the different

supply side factors or between the different demand side factors. Cutler et al. use ’strategic’ survey

questions of physicians and patients, and find that differences in physician beliefs about efficacy of

particular therapies is the most important factor of variation [49].

Most attempts to explore the multiple factors that drive variation have used an ecological approach,

analysing aggregated measures such as disease prevalence, average income, average education level or

area level deprivation or racial composition of the population. Interpretation of such analyses can be

limited because they may be subject to the "ecological fallacy" by inferring risk factors for individuals

based on aggregated information.

In the Vermont study, Wennberg and Gittelsohn concluded that the geographic variations were not

explained by demand side factors such as illness or SES [12]. Still, many studies investigate whether

differences in SES can explain the geographic variation. Most studies on geographic variation

controlling for socioeconomic status use ecological or area-level SES measures. A study by Kravdal et

al. on all deaths among persons aged 60-89 in Norway showed that 70-80% of the geographic variation
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in mortality between municipalities in the period 2000-2008 could be explained by socioeconomic

factors [60]. Kravdal et al. found, however, that when applying individual level socio-demographic

characteristics, the geographical variation could not be explained. Thus, the explanation was solely

due to aggregate-level effects [60]. Kinge et al. found, in a study using SES at municipality level,

that about 50% of the variation in obesity between the municipalities in people at 17 years of age in

Norway could be explained by SES [61].

In a study with more than 3.5 million individuals in the US, Moss et al. compared the use of individual-

and area-level SES when estimating mortality disparities [62]. They found that the validity of area-level

indicators was questionable and considerable misclassification was seen.

1.6 The Norwegian health care system

The Norwegian health care system is universal and mainly tax-funded [63]. Equal access to health

care of good quality for all inhabitants, regardless of area of residence or socioeconomic background is

an overriding principle in national health policy and embedded in health care legislation. The goal of

ensuring "equal access to health care of good quality" is explicitly stated in the 1999 Patients’ Rights

Act. Health care resources should be distributed according to the national principles for priority

setting [64].

The central government is responsible for specialist care, which is delivered through four regional

health authorities (RHAs). The Ministry of Health and Care Services is responsible for the regulation

and supervision of the system and ensures that health and social services are provided in accordance

with national legislation and regulations. The Ministry controls the activities in the specialist care

through budgets and assignment documents (annual assignment letter of instruction to RHAs).

The four RHAs, each owning several hospital trusts (HTs) with hospitals of varying size and level

of expertise, are responsible for providing specialised secondary care. The HTs provide specialist

services to the population living within their hospital referral area on behalf of the RHAs. The

municipalities are responsible for providing primary care, including GP, out-of-hour services, nursing

homes and home care. Patients can choose their GP. Access to specialist health care in Norway is based

on referral from a GP. GPs act as gatekeepers. Patients with a referral to inpatient care have a freedom

of choice among public and private hospitals that are approved by the Directorate of Health. In 2015

freedom of choice of hospital was extended to any hospital in the EU/ECC, although transportation

costs are not covered. According to the Patients’ Rights Act, patients are entitled to participate in the
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decisions around their health care. This includes the right to participate in choosing between available

and medically sound methods of examination and treatment. In the annual assignment letter from the

government to the RHAs in 2015/2016, both increased focus on shared decision making and reduction

of unwarranted variation were included as specific measures.

The specialised health care system in Norway is publicly financed by a combination of government

block grants and activity-based reimbursement to the RHAs. The block grants are risk-adjusted and

population-based or ’per capita’ financing. The proportion of block grants and activity-based financing

has varied. Currently, it is 50/50. Private health insurance is negligible in health care financing, and

is mostly a route for quicker access. Private health insurance accounted for less than 1% of the total

spending on health in Norway in 2017, and it covered less than 5% of elective services [63]. However,

the market for private health insurance in Norway is growing, the number of people with private health

insurance more than doubled from 2012 to 2016 (from 225 000 to 500 000 subjects) [63].

All residents of Norway are entitled to essential medical and care services. Inpatient care, day-care

and same-day surgery are free of charge. There is co-payment for outpatient specialist visits and

prescriptions, radiology and laboratory tests, GP visits, rehabilitation and physiotherapy. In 2022, the

annual cap on co-payment was NOK 2921.

1.7 "Variation" in health policy and management

From 2014 and onward, geographic variation has been systematically investigated by the Norwegian

Health Care Atlases, a series of reports and online maps on the use of health care services published

by the Center for Clinical Documentation and Evaluation (SKDE) and Helse Førde HF [9]. The first

report on day surgery was published in 2015, and by date 11 Norwegian Healthcare Atlases have been

published. The majority of the atlases have revealed substantial geographic variation.

Since 2015, the Ministry of Health and Care Services has been focusing on unwarranted variation,

and in the annual letters of instruction from the government to the RHAs both in 2016 and 2017 the

RHAs were asked to use the knowledge of unwarranted variation in their management of the health

trusts. The RHAs are instructed to follow up the examples of unwarranted variation revealed in the

health care atlases.

In 2016, a white paper called “Priority setting in the health care sector” was published. The Ministry

of Health and Care Services states that unwarranted variation in utilisation of health care services is

challenging the principle of equality and that it can reflect underuse, overuse or malpractice [1]. In
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the recommendation from the Health and Care Committee of the Norwegian parliament (Stortinget)

on the National Health and Hospital Plan in 2016, the committee states that substantial geographic

differences in utilisation of health care services may be an indication of system failure and can pose

a threat to patient safety [65]. The committee points out that standardisation by patient pathways,

similar to the model of cancer patient pathways, can be important to ensure predictability, quality and

completeness in the supply of health care services.

One of the purposes of the Specialist Health Service Act is to ensure optimal resource utilisation.

In addition, according to the Health Personnel Act, the RHAs are obligated to organise the service

in a manner that ensures appropriate resource utilisation, this also applies when prioritising among

patients, as well as in the diagnosis, treatment and follow-up of the individual patient. In the bill and

draft resolution for the budget year 2017 from the Ministry of Health and Care Services, the RHAs

and the clinicians are instructed to, based on the health care atlases, to review the services offered

with the intent of establishing good practice and resource utilisation and reduce unwarranted variation

[66].

In 2019, the Office of the Auditor General of Norway published a report on reasons for variation in

utilisation of health care services in Norway [67]. Results from the Norwegian health care atlases

are the basis for the report, and especially the results from the Day Surgery Atlas [68] and the Child

Healthcare Atlas [69]. Both the Auditor General report and the Health and Care Committee highlight

national guidelines as an important tool to promote common understanding and practice [65, 67]. Also,

the Directorate of Health emphasises the development of guidelines, standardised clinical pathways,

description of procedures, and priority guides as key instruments to ensure common practice and

reduce unwarranted variation. In Norway, standardised clinical pathways have been implemented for

cancer, stroke, and psychiatry.

1.8 Introduction to the three health care services studied

In a universal health care system with a goal of equality in the services, the present thesis explored the

variation in use of three selected specialist health care services in Norway.

The topic for Paper I was medical admissions for Norwegian children, i.e., a large and relatively

homogeneous group not significantly affected by lifestyle diseases, and with free access to both

primary and specialist care. In paper II, we studied patients within a new organisational framework

aiming to improve quality of cancer care and reduce non-medical delay; cancer patient pathways
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(CPP). Whereas in paper III, we focused on a health care service in the process of introducing a new

treatment procedure; ablation in the treatment of atrial fibrillation.

These three health care services represent a range of the specialised health care services in Norway.

The services studied differ in the degree of specialisation, where ablation of atrial fibrillation can be

characterised as the most sophisticated or the most specialised service, and Cancer Patient Pathways

represent more specialised services than medical admissions of children.

1.8.1 Hospital admissions for children

Norwegian children are among the healthiest in the world. Child mortality (the number of children

who die before the age of 5 years) was 2.5 per 1000 live births in 2018 compared to 6.5 in the US

[70].

Health care services for children in Norway are provided by different categories of healthcare pro-

fessionals. All health care for children under the age of 16 is free of charge. Parents who care for

sick children (hospitalised or not) are entitled to sick-leave allowance in order to care for sick children

(20 days per year for parents with one or two children under 12 years, 30 days for parents with three

children under 12 years). Parents are economically compensated for the loss of income if admitted to

hospital with their child.

Geographic variation in health care utilisation for children has been described both in publicly financed

and privately financed healthcare systems [69, 71, 72]. The Norwegian child health care atlas published

in 2015 [69] and the Neonatal health care atlas [73] published in 2016 found relatively large geographic

variation between hospital referral areas in admission rates and rates of treatment procedures.

1.8.2 Cancer patient pathways

Cancer patient pathways (CPP) have been established in several countries to avoid an undesirable

delay in cancer diagnosis and treatment. In the early 2000s, urgent referral pathways were introduced

in the UK and in Spain, targeting an upper limit of two weeks between seeing a GP to being referred

to a specialist at a hospital [74, 75]. Denmark implemented CPPs in 2007–2008 [76, 77], and Sweden

during the years 2015-2018 [78]. In addition to reducing and standardising waiting times, in Denmark

CPPs were also intended to improve survival of cancer patients.

In 2014, the Norwegian Directorate of Health was commissioned by the Ministry of Health and

Care Services to prepare pathways for cancer patients. The aim was to reduce unnecessary non-
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medical delay in the diagnostic and start of treatment period and to increase satisfaction, quality and

predictability for patients with a suspicion of cancer [79]. The RHAs and the HTs were instructed to

implement the first cancer patient pathways during 2015. The Norwegian Directorate of Health was

assigned a coordinating role in the implementation process. The implementation should be a gradual

process, and a step-by-step implementation of the pathways was to be carried out.

Pathways are standardised care processes that cover the entire process, from referral to the specialist

health care service and to follow-ups and controls. In the cancer patient pathways, there are differ-

entiated and recommended process times for each cancer pathway. The process times indicate the

time between the individual elements in a pathway, e.g., the time from the referral is received in the

specialist health service to the time of the first contact at the investigative department. The process

times are determined based on reasonable waiting times between the various steps in the process

[80].

Norway introduced CPPs in January 2015 for lung, colorectal, breast and prostate cancers [81–84].

Later in 2015, another 24 CPPs were implemented. All Norwegian CPPs were based upon Norwegian

guidelines for diagnosis, treatment, and follow-up of the specific cancer groups [85].

Patients are referred to a CPP by a GP, a specialist in private practice or a specialist in a public hospital

if the doctor has a “justified suspicion of cancer” [85]. The suspected cancer diagnosis should be

based on a set of symptoms and tests, described in national guidelines for CPPs [81–84], and the

referral should be labelled as “cancer patient pathway”. In Norway, it is a national aim that at least

70% of all cancer patients are included in a CPP [86].

1.8.3 Atrial fibrillation and ablation

Atrial fibrillation (AF) is the most common cardiac arrhythmia, with significant influence on quality

of life, morbidity and mortality [87–92]. The prevalence of AF has been increasing over the last

decades and is expected to increase further over the next 30 to 50 years [88, 93–96]. Thus, AF

has become an important public health issue and a significant contributor to health care costs in the

Western world.

Over the last two decades, catheter ablation has evolved as an important treatment option for many

patients with symptomatic AF, with reasonable success rates, low complication rates and acceptable

cost-effectiveness [89, 91, 97]. The procedure was primarily indicated for patients with non-coronary

cardiovascular disease, where rhythm control is the strategy of choice and in whom medical therapy
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has failed [90]. However, more recently, catheter ablation has also increasingly been considered as

first-line therapy in selected individuals [89, 92, 98, 99].

In 2010 the Norwegian Ministry of Health and Care Services instructed the regional health authorities

(RHA) to increase the capacity for catheter ablation of AF, as there was an increasing discrepancy

between demand and capacity for catheter ablation in Norway. This led to a substantial increase in

the number of radiofrequency ablation procedures performed within the national health care system.

In total, 23 159 ablations procedures were performed on 17 909 patients in Norway in the period

2008-2017. The annual number of ablations increased in the period, with a marked increase of 65%

from 2010 to 2011. By 2013, Norway was near the top in Europe in number of AF ablations performed

per capita [100].

In Norway, only five hospitals perform AF ablations, one in each of the four RHAs. In addition, one

private hospital in the South-East RHA performs the procedure as a subcontractor for the regional

health authority.
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2 Aims of the thesis

Based on linked data from population-based registries, on individual level, the overall aim of this

thesis was to generate more knowledge about and explanations of variation in the utilisation of three

different health care services in Norway. The aims of the thesis were:

• To explore geographic variation in the utilisation of these health care services.

• To explore socioeconomic variation in the utilisation of these health care services.

• To investigate whether geographic variation in the utilisation of these health care services can

be explained by differences in socioeconomic status, using data from individuals.
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3 Methods

3.1 Data sources and variables

The study populations were defined using combined data from the Norwegian Patient Register (NPR)

and Statistics Norway (SSB), and in paper II also the Cancer Registry of Norway (CRN). Data were

linked by an encrypted serial number derived from the unique 11-digit personal identifier held by all

persons living in Norway.

3.1.1 The Norwegian Patient Registry (NPR)

The NPR data consisted of patient characteristics (residential information, age and gender), start and

end date for the contact, type of contact, hospital, diagnoses, and procedures. All Norwegian hospitals,

and all private specialists with public funding contracts, must submit data to NPR for registration and

reimbursement purposes.

3.1.2 Statistics Norway (SSB)

In paper I, the data from SSB consisted of, updated for each year, parental level of education, number

and birth year of siblings, year of birth of the parents, gender and year of birth and residential

municipality, for all Norwegian children aged 1 to 16 years in the period 2008-2016. In paper II and

III, the data from SSB consisted of yearly income and educational data, in addition to gender, year of

birth, date of death, date of emigration and residential municipality. In paper II the study period was

2015 to 2017, while in paper III the study period was 2008 to 2017.

3.1.3 The Cancer Registry of Norway (CRN)

The data from CRN consisted of cancer diagnosis and date of diagnosis. All Norwegian cancer cases

are to be reported to CRN. CRN data were only used in paper II.

3.1.4 Variables common in the papers

Education level was coded applying the international standard classification of education (ISCED)

[101]. Higher numbers represented higher education levels; 0 represented less than primary education,

and 8 indicated a doctorate or equivalent while 9 was not classified and regarded as missing. Education

level in the analyses was recoded into three categories; low (0-2), medium (3-5) and high (6-8), where

3-5 is high school level. In paper I education level was parental education level.
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After-tax income was calculated as total income minus assessed tax and negative transfers, with

total income representing the sum of income as employee, income from self-employment, property

income, capital income and transfers received. The after-tax income was index-adjusted to 2015 by

the consumer price index (CPI) to account for inflation. From after-tax income a categorical income

variable was defined with three categories; low (less than NOK 240 000), medium (NOK 240 000 -

400 000), high (more than NOK 400 000). Income data were not available in paper 1.

The patients’ hospital referral area was defined by place of residence and the corresponding geo-

graphical catchments areas served by the 21 Norwegian hospital trusts (HT). In paper 1 the hospital

trust’s paediatric departments are used for defining hospital referral areas, and therefore 18 hospital

referral areas are defined in paper 1. Patients residing in the Helgeland region, who otherwise belong

to Helgelandssykehuset hospital trust’s catchment area, have been included in the catchment area of

Nordlandssykehuset hospital trust, which is responsible for these children. Similarly, the catchment

areas of Lovisenberg Diaconal Hospital and Diakonhjemmet Hospital in Oslo are included in the

hospital trust’s catchment area of Oslo University Hospital. The patients’ regional referral area was

defined by the catchment areas for the four regional health authorities (RHA) (North, Central, West

and South-East) in Norway.

3.1.5 Analytical tools

Data in the three papers were analysed using SAS 9.4 (SAS Institute, Cary NC).

3.2 Paper I - Hospital admissions for children

3.2.1 Study population and data sources

The study population was defined using combined data from the Norwegian Patient Register (NPR)

and Statistics Norway (SSB) and included the complete cohort of all Norwegian children aged 1-16

years from 1 January 2008 to 31 December 2016.

3.2.2 Definitions and variables

Hospital admissions for medical diagnoses (non-surgical DRG grouping) of at least one day were

included in the analysis. In addition, admissions with certain primary diagnosis not considered

paediatric medicine were excluded (for a detailed list of diagnoses, see supplementary material of the

publication). Admission episodes with less than eight hours between department stays were considered
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as one admission. If an admission consisted of two or more department stays, it was registered as

medical if all were registered with a medical diagnosis. Admissions were registered by the year

of discharge. In addition, four sub-samples of admissions with gastroenteritis, viral and bacterial

infections, epilepsy and asthma were defined by primary and secondary diagnoses (for details, see

supplementary of the publication).

The number of siblings was computed each year and analysed as a dichotomous variable; only child

or child with siblings.

3.2.3 Statistical analysis

The data were structured as one record per child per year, and the variables were time-dependent.

Age- and gender-adjusted admission rates were calculated for children with medical admissions in

the hospital referral areas corresponding to the geographic areas served by the 18 Norwegian hospital

trusts. The direct method of standardisation was applied, with three age groups (1-3, 4-9 and 10-16

years). Both annual and overall rates for the period 2008 to 2016 were calculated separately for

parents’ educational level categories. The reference population was the annual average of all children

aged 1 to 16 years in Norway in the period.

Independent variables included were: Child’s age and gender, maternal age, maternal and paternal

level of education (categorical) and being an only child or not. Due to the high correlation between

parents’ ages, father’s age was not included in the analysis. Restricted cubic splines (4 knots) for age

with an interaction terms for gender were applied, to adjust for child’s age and gender. High level

of education and only child were set as reference categories. In any particular analysis, observations

with relevant missing data were excluded.

Admission was a dichotomous variable for each child, and the year of the first admission was used

as time of admission. For children with multiple admissions, only the year of the first admission was

considered. Admission or not was analysed using discrete-time survival analysis (based on binary

logistic regression) [102].

In the analysis of the number of admissions, and the cost or severity of the admission, the study

population was restricted to children with admissions only, and the independent variables were defined

by the year of the first admission. The number of admissions was counted for each child in the year of

the first admission. As the number of admissions is a count variable with values greater than or equal to
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1, truncated negative binomial regression was applied. DRG-weight of the first admission was used as

a measure of cost and disease severity. DRG-weight was analysed with linear regression. DRG-weight

was highly right-skewed and was therefore log-transformed. Also, the sum of DRG-weights in the first

year with admission and sum of all DRG-weights throughout the period were calculated and included

in the analyses.

To study whether the parental level of education could explain the geographic variation, we conducted

sensitivity analyses, i.e., multilevel analysis with random intercept for the hospital referral areas. This

was done for the survival analysis of admission and for DRG-weight. The analyses were stratified

by gender and performed with restricted cubic splines (4 knots) for age. The full model with all the

independent variables was compared with a reduced model without parental education.

3.3 Paper II - Cancer Care Pathways

3.3.1 Study population and data sources

A national registry-based study was conducted linking data from the Norwegian Patient Registry

(NPR), the Cancer Registry of Norway (CRN) and Statistics Norway (SSB). The data included all

Norwegian patients aged 18 years and above in CPPs for lung, colorectal, prostate or breast cancer

(CPP patients) and patients diagnosed with lung, colorectal, prostate or breast cancer (cancer patients)

in the period 1 January 2015 to 31 December 2017. Thus, two patient populations were analysed: i)

CPP patients and the proportion without the relevant cancer and ii) cancer patients and the proportion

included in the associated CPP.

3.3.2 Definitions and variables

Only the first CPP (NPR data) and the first cancer diagnosis (CRN data) for each patient were

considered. The pathway type in the NPR data was matched on cancer diagnosis in the CRN data

and vice versa. CPP patients without the associated cancer diagnoses were defined as CPP patients

diagnosed without cancer.

Comorbidity was measured by a modified version of the Charlson comorbidity index (CCI) [103],

based on diagnostic codes (ICD-10) from hospitalisations within one year prior to the start of the CPP

or the cancer diagnosis, respectively. The index was categorised into low (CCI=0), medium (CCI=1)

and high (CCI>1).

The travel time by road was calculated from the patients’ municipality centre to the nearest hospital
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and was categorised into short (less than 30 minutes), medium (30 to 60 minutes) and long (more than

one hour).

3.3.3 Statistical analysis

The analyses for both CPP patients and cancer patients were stratified by gender and CPP type or

cancer diagnosis. Separate analyses were conducted for i) patients in CPP and ii) patients with cancer

diagnosis, for each of the six groups: lung (males and females), colorectal (males and females),

prostate and breast (females only).

Two dichotomous outcomes were analysed by logistic regression; i) among CPP patients: the propor-

tion diagnosed without cancer and ii) among cancer patients: the proportion included in the CPP. The

following categorical independent variables were included in the statistical model: patients’ age in

age intervals, level of income and education, comorbidity, travel time and hospital referral area. Age

interval 60 to 69 years, high level of education and income, low comorbidity, short travel time and

Akershus hospital referral area (the largest one in terms of number of patients) were set as reference

categories. Wald tests were used to assess the significance of the independent variables and potential

interactions. P-values for linear trends over categories were calculated for four independent variables;

education, income, comorbidity and travel time, by separate analyses with all the other independent

variables included as categorical without any assumptions of a linear trend. For main effects, p-values

<0.05 were considered statistically significant. Because of the large number of potential interac-

tions involved, interactions were considered statistically significant if p-value <0.01. However, no

statistically significant interactions were observed.

Age-adjusted proportions of CPP patients diagnosed without cancer and of cancer patients included

in CPP, respectively, were calculated for the 21 hospital referral areas. The direct method of stan-

dardisation was applied. The reference populations were all CPP patients in the relevant CPP and all

cancer patients with relevant cancer type, respectively, in the period. The Spearman’s rank correlation

coefficient was computed between the age-adjusted proportion of CPP patients diagnosed without can-

cer and the age-adjusted proportion of cancer patients included in CPP in patients living in different

hospital referral areas.
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3.4 Paper III - Atrial fibrillation and ablation

3.4.1 Study population and data sources

The study population was the complete cohort of all Norwegians aged 25 to 75 diagnosed with atrial

fibrillation by Norwegian hospitals/specialist health care providers in Norway in the period 1 January

2008 to 31 December 2017.

3.4.2 Definitions and variables

The AF diagnoses were identified from the International Statistical Classification of Diseases and

Related Health Problems (ICD-10) diagnosis code: I48 (primary or secondary diagnosis). The AF

ablation procedures were identified from the Nomesco Classification of Surgical Procedures (NCSP)

codes. Patients without an AF diagnosis prior to, or at the same date as, the AF ablation procedure

were excluded.

Follow-up time was defined as the number of years from the first AF diagnosis to the event (ablation)

or censoring (death, emigration, attained age 80 or 31 December 2017), whichever came first. Age,

place of residence, income, and educational level were all defined according to the date of the first AF

diagnosis. Patients with the date of censoring equal to the date of diagnosis were excluded.

3.4.3 Statistical analysis

Survival analysis was carried out separately for females and males by Cox regression with attained

age as time scale. Age at the first AF diagnosis was treated as entry age to the study, regarded as

left truncation time. AF ablation was considered as the relevant event, with education level, income

level, place of residence and follow-up time since the first AF diagnosis as covariates. Follow-up time

was time-dependent, while the other covariates were defined by the year of the first AF diagnosis.

The categories representing high levels of education and income, Vestre Viken hospital referral area

and South-East regional referral area and follow-up time within the first year were set as reference

categories.

3.5 Data storage, approvals and ethical considerations

The studies are based on secondary use of clinical administrative data. For this reason, approval

from Regional Committees for Medical and Health Research Ethics (REK) is not required, but REK

has given exemption from the duty of confidentiality (ref. 20627/REK sør-øst A). The project has
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conducted a Data Protection Impact Assessment (DPIA). This type of data are not publicly available.

Access was given by applying to the NPR, the CRN and the SSB. According to Norwegian law, further

ethical approval or obtaining informed consent was not required for this study. All methods were

performed in accordance with the relevant guidelines and regulations.

Data from the Norwegian Patient Register (NPR), Statistics Norway (SSB) and the Cancer Registry

of Norway (CRN) have been used in the publications. The interpretation and reporting of these data

are the sole responsibility of the authors, and no endorsement by the NPR, SSB or CRN is intended

nor should be inferred.

The original data were not collected by the authors, but made available by record-linkage, using the

unique 11 digits personal ID, between NPR, CRN and SSB (NPR ref. 18/28584-13, CRN ref. 18/265

DU-3294 and SSB ref. W19/0477). Individual-level health data are, by definition, considered to

be sensitive information in the Norwegian legislation, even if de-identified and strict confidentiality

requirements prevent sharing of data in public repositories. According to a contract signed with

the NPR, CRN and the SSB, the project is not allowed to forward data, or subsets of data, to other

researchers, except project members named in the Data Protection Impact Assessment. Furthermore,

we are required to delete the linked data set by 31 December 2023. However, any researcher with

approval of an exemption from professional secrecy requirements for the use of personal health data

in research from REK would be able to create an almost identical (updated) dataset by applying to the

NPR, the CRN and the SSB.
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4 Results

4.1 Paper I - Hospital admissions for children

A total of 1 538 189 children were included during 8 946 984 person-years. Of these, 156 087 children

had at least one admission (10.2%). There were 198 293 admissions during the year of the first

admission, with an average of 1.27 (standard deviation (SD) 1.12) admissions per child. The mean

DRG-weight for the first admission was 0.76 (SD 0.59).

There was a near two-fold (1.9) difference in admission rates between the hospital referral areas

(Vestfold HT: 3113 per 100 000 children, 95% confidence interval (CI) 3056 to 3169 vs OUS HT:

1627, 95% CI 1599 to 1654). There was a slight decrease in overall admission rates over time.

Admission rates increased as the level of education for both the mother and father decreased. Children

of mothers with low level of education had on average 36% higher admissions rates compared with

children of mothers with high level of education (in 2016: 2587 per 100 000 children, 95% CI 2512

to 2662 vs 1810, 95% CI 1770 to 1849). This pattern was consistent for all hospital referral areas

independent of total admission rates in each area.

The probability of admission increased with decreasing maternal and paternal level of education (low

vs high maternal level of education (odds ratio (OR) 1.18, 95% CI 1.16 to 1.20), low vs high paternal

level of education (OR 1.21, 95% CI 1.19 to 1.23)). The probability of admission decreased with

increased maternal age (per five years: OR 0.94, 95% CI 0.93 to 0.94) and being an only child (OR

0.91, 95% CI 0.90 to 0.93). Results from multilevel analysis were similar. Multilevel analysis without

parental level of education resulted in similar area level variance, indicating that differences in parental

level of education do not explain the geographic variation and vice versa. Analysis stratified by child’s

age also found a negative parental educational gradient for almost all ages.

Children of parents with low or medium level of education had a higher number of admissions than

children of parents with a high level of education (Incidence rate ratios (IRR) low vs high maternal

level of education 1.05, 95% CI 1.01 to 1.10), low vs high paternal level of education (IRR 1.05, 95%

CI 1.01 to 1.09)). The number of admissions per child increased with maternal age (per five years:

IRR 1.03, 95% CI 1.02 to 1.05).

DRG-weight was highest for children of parents with high level of education. The differences from

the reference category were less than 2%, but mostly statistically significant (low vs high maternal

level of education (-0.5%, 95% CI -1.2% to 0.3%), low vs high paternal level of education (-1.9%,
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95% CI -2.7% to -1.1%)). DRG-weight increased with maternal age (per five years: 1.2%, 95% CI

0.9% to 1.4%), while being an only child was associated with a lower DRG-weight (-1.1%, 95% CI

-1.8% to -0.3%).

4.2 Paper II - Cancer Care Pathways

A total of 89 691 CPP patients and 49 787 cancer patients were eligible for analyses. Among all

CPP patients considered, 56.9% ended up without the relevant cancer diagnosis. The proportion of

CPP patients without the cancer diagnosis ranged from 43.9% for females in lung CPP to 69.3% for

females in colorectal CPP. The proportion of CPP patients without the cancer diagnosis varied between

the hospital referral areas, from 45.4% to 69.4% for all four CPPs combined. The variation in the

proportions between the hospital referral areas was about two-fold across the CPP groups.

In total, 77.7% of the cancer patients were included in relevant CPPs, and the proportion increased

from 72.0% in 2015 to 81.3% in 2017. The proportion of cancer patients included in CPP varied

from 64.4% for prostate cancer to 92.7% for breast cancer, and between the hospital referral areas

from 72.7% to 84.5% for all four types of cancer combined and more markedly across the cancer

groups.

The adjusted analyses for all CPP patients showed an inverse age gradient, indicating lower odds of

not receiving the cancer diagnosis with increasing age. An inverse age gradient was not consistently

found in the adjusted analyses for the cancer patients.

A positive income gradient was found for male lung CPP patients, indicating increased odds of not

receiving the cancer diagnosis with increasing income. However, for breast CPP patients the opposite

was true. For the cancer patients, a positive income gradient was found, indicating increased odds

of being included in CPP with increasing income, although the relationship was not statistically

significant for female colorectal cancer patients.

A positive education gradient was found for patients for lung CPP (male and female) and prostate CPP,

indicating increased odds of not receiving the cancer diagnosis with increasing level of education. For

cancer patients no education gradient was found.

A positive comorbidity gradient was found for patients in colorectal CPP (male), prostate CPP and

breast CPP, suggesting increased odds of not receiving the cancer diagnosis with increasing comor-

bidity. For cancer patients a clear negative comorbidity gradient was found for all cancer groups,
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except breast cancer patients, i.e., decreased odds ratio of being included in CPP with increasing

comorbidity.

No gradient for travel time was found for CPP patients. For cancer patients a positive gradient for

travel time was found for patients with prostate cancer, the longer travel time to hospital, the higher

the odds of being included in CPP.

Substantial differences were found between the hospital referral areas both regarding the odds of not

receiving the cancer diagnosis among all the CPP patients and in the odds of being included in a CPP

among cancer patients.

4.3 Paper III - Atrial fibrillation and ablation

In total, 23 159 ablation procedures were performed on 17 909 patients (all ages) in Norway in the

period 2008-2017. The annual number of ablations increased in the period, with a marked increase of

65% from 2010 to 2011.

In the study population, a total of 88 534 patients aged 25-75 years were diagnosed with AF, 29 233

women (mean age at diagnosis 64.6 years) and 59 301 men (mean age at diagnosis 63.0 years). A total

of 10 725 AF patients aged 25-75 years were treated with ablation in the period, 2 759 women (mean

age at ablation 61.1 years) and 7 966 men (mean age at ablation 59.5 years).

A higher proportion of male AF patients were treated with ablation compared to female AF patients, and

this was consistent in all age groups and follow-up years. However, the gender differences decreased

with increasing age, and in the age groups 60-69 and 70-75 the differences were small.

The rate of ablation, in both female and male AF patients, increased with increasing levels of education.

The effect of education was stronger in males than females. Patients with high level of education had

around 60% and 35% higher rates of ablation in male and female patients, respectively, compared to

patients with low education.

The rate of ablation in AF patients also increased with increasing levels of income. Similarly, as for

level of education, the effect of income was stronger in males than females, with around 80% higher

rate of ablation in male patients with high income and around 40% higher rate of ablation in female

patients compared to patients with low income.

There was substantial variation within the RHAs. Patients living in the four hospital referral areas in
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the North RHA all had lower rates of ablation, compared to patients living in the hospital referral area

of Vestre Viken HT. Patients living in the hospital referral area of St. Olavs HT, in the Central RHA,

had the highest rates of ablation in the country, and around three times higher ablation rates, than to

patients living in the hospital referral area of Finnmark HT (3.9 fold higher for females and 2.9 fold

higher for males).

The rate of ablation decreased with increasing number of years since AF diagnosis in both males and

females in both models; however, the decreasing trend was not consistent throughout all the follow-up

years.

It is important to note that the effects of education in both genders and the effects of place of residence

in females differed over age groups. The strength of the positive relationship with educational level

increased with increasing age.

4.3.1 Additional analysis - Paper III

In order to investigate whether the geographic variation could be explained by differences in SES,

multilevel analysis with random intercept for the hospital referral areas or regional referral areas

were conducted on the material in paper III. The gamma frailty model method for multilevel survival

analysis as described by Austin was applied [104]. Table 1 shows the results of the full models and the

reduced models with random intercept for referral areas. The reduced models are without education

and income. The results from the multilevel analysis with the full models were similar to the results

in the analysis in paper III. The multilevel analysis without education and income resulted in similar

area-level variance as in the full models, indicating that differences in education and income do not

explain the geographic variation.

A ordinary multivariable Cox regression model was also analysed (labelled as ’Ordinary’ in Table 1),

and the estimates for education and income from this model are similar to the estimates for education

and income in the full multilevel model in Table 1. This also indicates that geography does not explain

the socioeconomic variation. In addition, results from ecological analysis on proportions treated with

ablation showed consistent positive education and income gradients across almost all the hospital

referral areas for both males and females (Figure 2). This further strengthens the result from the

multilevel analysis.
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Table 1: Multilevel multivariable Cox regression models (with and without referral area) and ordinary
multivariate Cox regression model, separate by gender. Random intercept for hospital referral areas
(HT) and regional referral areas (RHA) in multilevel models. Variance is area-level variance. Hazard
ratios (95% confidence interval), adjusted for follow-up time.

Multilevel, full model (HT) Multilevel, reduced model (HT) Ordinary, full model (HT)

Female Male Female Male Female Male

Education
Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Medium 1.31 (1.19 - 1.45) 1.28 (1.20 - 1.37) 1.31 (1.19 - 1.45) 1.28 (1.20 - 1.37)
High 1.34 (1.20 - 1.51) 1.63 (1.51 - 1.75) 1.34 (1.19 - 1.51) 1.62 (1.51 - 1.74)

Income
Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Medium 1.20 (1.10 - 1.31) 1.54 (1.42 - 1.67) 1.20 (1.10 - 1.31) 1.54 (1.42 - 1.67)
High 1.40 (1.23 - 1.59) 1.84 (1.70 - 2.00) 1.40 (1.23 - 1.59) 1.84 (1.69 - 2.00)

Follow-up time (years)
1 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
2 0.68 (0.61 - 0.76) 0.86 (0.81 - 0.91) 0.68 (0.61 - 0.76) 0.85 (0.81 - 0.91) 0.68 (0.61 - 0.76) 0.86 (0.81 - 0.91)
3 0.63 (0.56 - 0.71) 0.64 (0.60 - 0.69) 0.63 (0.56 - 0.72) 0.64 (0.60 - 0.69) 0.63 (0.56 - 0.71) 0.64 (0.60 - 0.69)
4 0.58 (0.51 - 0.67) 0.70 (0.65 - 0.75) 0.58 (0.51 - 0.67) 0.70 (0.64 - 0.75) 0.58 (0.51 - 0.67) 0.70 (0.65 - 0.75)
5 0.68 (0.59 - 0.79) 0.62 (0.56 - 0.68) 0.68 (0.59 - 0.79) 0.61 (0.56 - 0.67) 0.68 (0.59 - 0.79) 0.62 (0.56 - 0.68)
6 0.73 (0.61 - 0.86) 0.63 (0.57 - 0.70) 0.73 (0.61 - 0.86) 0.63 (0.56 - 0.70) 0.73 (0.61 - 0.86) 0.63 (0.57 - 0.70)
7 0.85 (0.71 - 1.03) 0.63 (0.56 - 0.71) 0.85 (0.71 - 1.03) 0.62 (0.55 - 0.71) 0.85 (0.71 - 1.03) 0.63 (0.56 - 0.71)
8 0.63 (0.49 - 0.82) 0.62 (0.53 - 0.71) 0.63 (0.49 - 0.82) 0.61 (0.53 - 0.71) 0.63 (0.49 - 0.82) 0.62 (0.53 - 0.71)
9 0.62 (0.45 - 0.86) 0.59 (0.49 - 0.71) 0.63 (0.45 - 0.86) 0.59 (0.49 - 0.71) 0.62 (0.45 - 0.86) 0.59 (0.49 - 0.71)
10 or more 0.37 (0.21 - 0.66) 0.33 (0.24 - 0.46) 0.38 (0.21 - 0.67) 0.33 (0.24 - 0.46) 0.37 (0.21 - 0.66) 0.33 (0.24 - 0.46)

Random effect HT
Variance 0.09858 0.05367 0.1008 0.06288

Multilevel, full model (RHA) Multilevel, reduced model (RHA) Ordinary, full model (RHA)

Education
Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Medium 1.32 (1.19 - 1.45) 1.29 (1.21 - 1.38) 1.32 (1.19 - 1.45) 1.29 (1.21 - 1.38)
High 1.36 (1.21 - 1.53) 1.67 (1.55 - 1.79) 1.36 (1.21 - 1.53) 1.67 (1.55 - 1.79)

Income
Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Medium 1.20 (1.10 - 1.31) 1.54 (1.42 - 1.67) 1.20 (1.10 - 1.31) 1.54 (1.42 - 1.67)
High 1.37 (1.21 - 1.56) 1.82 (1.68 - 1.98) 1.37 (1.21 - 1.56) 1.82 (1.68 - 1.97)

Follow-up time (years)
1 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
2 0.68 (0.61 - 0.75) 0.85 (0.80 - 0.91) 0.68 (0.61 - 0.76) 0.85 (0.80 - 0.91) 0.68 (0.61 - 0.75) 0.85 (0.80 - 0.91)
3 0.63 (0.56 - 0.71) 0.64 (0.59 - 0.69) 0.63 (0.56 - 0.71) 0.64 (0.59 - 0.69) 0.63 (0.56 - 0.71) 0.64 (0.59 - 0.69)
4 0.58 (0.50 - 0.66) 0.70 (0.64 - 0.75) 0.58 (0.51 - 0.67) 0.70 (0.64 - 0.75) 0.58 (0.50 - 0.66) 0.70 (0.64 - 0.75)
5 0.68 (0.58 - 0.79) 0.62 (0.56 - 0.67) 0.68 (0.59 - 0.79) 0.61 (0.56 - 0.67) 0.68 (0.58 - 0.79) 0.62 (0.56 - 0.67)
6 0.73 (0.61 - 0.87) 0.63 (0.57 - 0.70) 0.73 (0.61 - 0.87) 0.63 (0.56 - 0.70) 0.73 (0.61 - 0.87) 0.63 (0.57 - 0.70)
7 0.86 (0.71 - 1.03) 0.63 (0.56 - 0.71) 0.85 (0.71 - 1.03) 0.63 (0.55 - 0.71) 0.86 (0.71 - 1.03) 0.63 (0.56 - 0.71)
8 0.64 (0.49 - 0.82) 0.62 (0.53 - 0.72) 0.64 (0.49 - 0.82) 0.62 (0.53 - 0.71) 0.64 (0.49 - 0.82) 0.62 (0.53 - 0.72)
9 0.63 (0.45 - 0.86) 0.59 (0.49 - 0.71) 0.63 (0.46 - 0.87) 0.59 (0.49 - 0.71) 0.63 (0.45 - 0.86) 0.59 (0.49 - 0.71)
10 or more 0.37 (0.21 - 0.66) 0.33 (0.24 - 0.46) 0.38 (0.21 - 0.67) 0.34 (0.24 - 0.47) 0.37 (0.21 - 0.66) 0.33 (0.24 - 0.46)

Random effect RHA
Variance 0.09244 0.05040 0.09328 0.05475
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Figure 2: Proportions treated with ablation by hospital referral areas, stratified by gender,
education and income level.
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5 Discussion

The overall aim of this thesis was to generate more knowledge about and explanations of variation in

the utilisation of health care services in Norway. This has been done by exploring geographic and

socioeconomic variation in the use of three different health care services in Norway. In addition, the aim

was to investigate whether geographic variation could be explained by differences in socioeconomic

status. The results from our research contribute to the field of health services research and question the

equality in access to health care in a universal health care system. However, there are also limitations.

In this section, some methodological considerations are first presented before the discussion of main

results.

5.1 Methodological considerations

Health service research studies how social factors, financing systems, organisational structures and

processes, health technologies, and personal behaviours affect access to health care and the quality

and cost of health care [105]. Health services research is a multidisciplinary field of epidemiological,

sociological, economic, and other analytic sciences in the study of health services. Health services

research covers several fields, including studies of the phenomenon of practice variation [106]. The

papers in this thesis are examples of health services research applying epidemiological methods.

5.1.1 Study design

Epidemiological studies aim to contribute to understanding the frequency, pattern, and causes of

disease or health-related events [107]. The papers in this thesis apply epidemiological methods to study

associations between multiple exposures and outcomes. Analytical epidemiological designs can be

divided into two categories; experimental or observational design [108]. In studies with experimental

designs, the exposures (the intervention) are determined by the investigator, and normally allocated

at random to avoid confounding. Observational studies are studies that observe without intervening

and make use of variation in exposure that occurs in populations. Ecological observational studies are

studies where populations or communities are the unit of analysis. In this thesis, the individual is the

unit of analysis. There are three categories of observational studies on individuals; i) Cross-sectional

- studies of a defined population (or a random sample thereof) at a fixed point or period of time, ii)

Case-control - retrospective studies with groups classified by the outcome (disease/not disease), iii)

Cohort - studies of a population over a defined time-period to assess the proportion that develops

the outcome/disease of interest. Cohort studies can be retrospective or prospective. In retrospective
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cohort studies, the exposure and outcomes have already happened. They are usually conducted on

data that already exists and the exposures are defined before looking at the existing outcome data to see

whether exposure to a risk factor is associated with a statistically significant difference in the outcome

development rate. If there is a temporal sequence between exposure and outcome, it is appropriate to

define the study as a study with a historical prospective cohort design [109].

The papers (I-III) in this thesis may all be considered observational studies with a historical prospective

cohort design. In 2018, historical data were extracted from various sources for three different time

periods; 2008-2016 in paper I, 2015-2017 in paper II, and 2008-2017 in paper III. Thus, data were

collected retrospectively, and the exposure came before the outcome. For the second population in

Paper II (the cancer patients), it is not a prospective study, as inclusion in CPPs comes before cancer

diagnosis in time, and it is more correct to classify this as a cross-sectional study of cancer patients. In

epidemiology, the term exposure can be applied to factors that may be associated with an outcome of

interest, and these can also be referred to as risk factors. In the papers, we have studied the associations

between multiple exposures/risk factors and outcomes, and we have mainly used the term exposure

variables or simply covariates.

5.1.2 Bias, interaction and confounding

All epidemiological studies are potentially susceptible to errors, and the types of errors are typically

divided into random error and systematic error. Errors may arise because of the study design, the

conduct of the study, the analysis of the study, and the interpretations in the study. Random error

typically affects comparison groups equally and reflects a problem of precision. The impact of

random error can be reduced by increasing the sample size. Systematic error affects comparison

groups unequally and is due to selection bias and information bias. Selection bias occurs when

the study sample is not representative of the population of interest, and information bias involves

misclassification or measurement error of exposure or outcome. When planning an epidemiological

study, handling variable selection and statistical modelling is important in order to avoid biased results.

Confounded and modified effects (effects modification/interaction) are two situations that need to be

considered. Confounding refers to a situation where a non-causal association between an exposure

and an outcome is observed because both exposure and outcome are related to one or several other

variables causing the association [110]. Statistical interaction occurs when the effect of a risk factor

on the outcome is modified by the value of another independent variable in the analysis [111]. The

major weakness of observational studies is bias and confounding.
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Selection bias

The term selection bias refers to ”when a systematic error in the recruitment or retention of study

participants (...) results in a tendency toward distorting the measure expressing the association between

exposure and outcome” [111].

Selection bias occurs when the association between exposure and outcome estimated for those who

participate in the study is different from the association that would have been found if the whole study

population participated [112]. The studies in this thesis define the patients from contacts with the

publicly financed health services. In all the three papers, complete Norwegian populations are studied,

thus selection bias is for all practical purposes eliminated. In paper I, the complete national population

cohort of children, both admitted and non-admitted, and their parents were studied. In paper II, the

complete national populations of CPP patients and cancer patients (for four selected CPPs and cancer

types) were studied. In paper III, the complete national population of atrial fibrillation patients was

studied. Privately financed health services are not included, as there are no available data on privately

financed health services in Norway. This might lead to selection bias as the better-off probably use

private health care to a greater degree than the worse-off. However, compared to other countries there

is a limited private out-of-pocket or insurance-based health service supply in Norway, and with some

minor reservations discussed below, virtually all patients are included in the studies.

In paper II, it was not possible to evaluate at which point in the diagnostic and staging work-up

patients are included in CPPs, making possible the retrospective inclusion of cancer patients into

CPPs. Unclear guidelines lead to some degree of retrospective inclusion in the first implementation

period of the first CPPs, and the practice probably varied between hospitals. In addition, some patients

without cancer have been evaluated for cancer without having been included in CPPs. This could

cause bias, however this probably only applies in the first part of the study period and for a very small

proportion of the patients. In paper III, patients treated with ablation without a prior AF diagnosis

were excluded. Some patients have been diagnosed in primary health care and some patients have been

diagnosed with AF prior to the study period. However, all patients eligible for ablation should have

been diagnosed by specialist health care services. Differences in waiting times for ablation might lead

to selection bias, as the number of ablation patients diagnosed prior to the study period then would

differ between the ablation centres. However, the overall waiting time has been about the same in all

the ablation centres in the period, while we have no information about waiting times according to age,

gender, and SES. Different waiting times between SES groups could cause selection bias.
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Information bias

Information bias or misclassification bias are terms used to describe systematic errors that occur in a

study when the value of exposure, outcome and/or covariates used in the analysis are systematically

different from the true value of these variables, due to measurement errors in continuous variables or

misclassification of categorical variables [113]. In this thesis, the status of exposures and outcome is

based on information from different linked registers. One possible pitfall is that the information in the

registers is collected for other purposes than the aim of this thesis.

In prospective cohort studies, information bias is a more frequent problem than selection bias and is

important to consider. The data used are from national and public registers and have good quality and

high completeness. Even though the data used in this thesis have good quality, misclassification might

be an issue, and more so for diagnosis codes, than procedure codes. All Norwegian hospitals must

submit data to the Norwegian Patient Registry (NPR) for registration and reimbursement purposes,

and all Norwegian cancer cases are to be reported to CRN. The selected NPR and CRN variables have

good data quality and high completeness [114–116]. Recall bias from self-reporting was avoided by

using register data. Misclassification in administrative data is a possible source of error in the papers

in the thesis, as the study populations are defined by diagnosis and/or procedure codes. In paper I,

where hospital admission is the main outcome there is no reason to suspect misclassification to any

extent. Bias may occur due to changes in exposure during the period, however, we have yearly data on

income, education and place of residence, and income was also index-adjusted by the consumer price

index (CPI) to account for inflation. In paper II, CPPs were studied in the period 2015-2017. CPPs

in Norway were implemented in 2015, and there might have been problems related to IT systems,

registration practice and uncertainty about the system in the start-up period causing misclassifications

[117]. In paper III, there might be an issue with the diagnosis of atrial fibrillation. The ICD-10

code I48, primary or secondary diagnosis, was used to define the AF patients. Coding errors are not

unusual, and especially secondary diagnosis codes can be prone to misclassifications. In addition, the

ICD-10 code I48 for atrial fibrillation was used to identify the patient population in this study. This

also includes atrial flutter. Until 2013 it was not possible to distinguish, by ICD-10 codes, between

atrial fibrillation and atrial flutter, as the third digit in the I48 code first was introduced in 2013. Atrial

fibrillation is a much more common condition than atrial flutter, but still this means that the actual

number of atrial fibrillation patients is somewhat lower than reported. However, the separate analysis

for the period 2013-2017, with atrial fibrillation patients only (ICD-10 codes: I48.0, I48.1, and I48.2),

showed similar associations as the main analysis for the period 2008-2017.
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Using historical data, some of the time and cost disadvantages of cohort studies were overcome, and

we avoided information biases usually associated with case-control design. However, a retrospective

cohort design also implies some methodological limitations. Relying on registry data, we study

data registered for other purposes, and without the possibility of influencing what information was

collected. The data collection process is not under the control of the researchers, nor are possible

changes in the collection procedures over time.

Effect modification and interaction

Statistical interaction occurs when the effect of an exposure variable or a risk factor on the outcome is

modified by the value of another independent variable in the analysis [118]. Dealing with interactions

can be done by stratifying the analysis or by including interaction terms in the statistical models.

In the three papers, different types of multiple regression methods have been applied, with mutual

adjustment for the selected covariates. In paper I, due to high correlation between parents’ age, only

mother’s age was included in the analysis. Because of interaction between age and gender, restricted

cubic splines for age with interaction term for gender were applied. In addition, analyses stratified by

children’s age were also conducted, and an inverse parental education gradient was found for almost

all ages. In paper II, the analysis was stratified by gender. In paper III, the analysis was stratified by

gender, and because of interactions between attained age and education in both males and females and

place of residence in females, the analyses were also stratified by age groups.

Covariate selection and confounding

In observational studies, covariate selection, i.e., adjusting for potential confounders and avoiding

over-adjustment is a major concern [110]. Confounding can be controlled or adjusted for in several

ways, by restriction, matching, stratification or multivariate adjustment techniques [113].

In regression methods, as used in all three papers, confounding has often been identified through

statistical associations, using e.g., stepwise selection methods. However, such methods are not

based on a priori understanding of the causal relationship between the variables under study [112].

Directed acyclic graphs (DAG), also called causal diagrams, are graphical representations of the causal

relationships believed to exist between the variables of interest [119]. As a cause must precede its

effects, the graphs are always acyclic. DAGs help to identify confounders, mediators and colliders.

Confounders are common causes, mediators are transmitters and colliders are common consequences.

Confounders should always be adjusted for in order to remove bias. The confounder can be included as

a covariate in the regression, or the analysis can be stratified by the confounder. Mediators should be
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adjusted for to analyse the direct effect of the exposure variable on the outcome. However, in order to

study the total effect of the exposure on the outcome one should not adjust for the mediator. Colliders

should never be adjusted for, as adjustment will lead to bias.

In paper III, we found that the effect of education on ablation probability increased with age. Indepen-

dent of age, healthy patients are stronger candidates for ablation. The SES gradient in health is well

documented [120]. A Swedish study found that the gradient increased with age, i.e., lower SES groups

had faster health deterioration over time than higher SES groups [121]. The association between

SES, age and ablation probability might partly be explained, i.e., be confounded, by the increasing

differences in health between SES groups with increasing age. The simplest method to adjust for

confounding is stratification, as we did for age and gender in Table 3 and 4 in paper III.

In all the three papers, multivariable regression models were applied, as we were interested in several

exposure variables associated with the outcomes. This is a somewhat different setting than in some

other epidemiological studies with one main exposure adjusted for confounding and interaction. In

paper II, the analysis was stratified by gender, and the selection of the independent variables, i.e.,

adjusting for potential confounders, was assessed in separate analyses by causal diagrams or the DAG

methodology [122]. In the DAG in Figure 3 the variables in paper II are linked by arrows that represent

direct causal effects of one variable on another variable. The outcome is either i) CPP patients; the

probability of being without the cancer diagnosis or ii) Cancer patients; the probability of being

included in a CPP. Often causal pathways are not fully understood, this is also the case in this thesis,

and the assumptions about the arrows in the DAG in Figure 3 can be debated.

Travel time

Age

Area

Comorbidity

Education

Income

Outcome

Figure 3: Directed Acyclic Graph of variables in paper II

5.1.3 Causality

A principal aim of epidemiology is to understand the causes of disease variation [107]. In observational

studies the study groups are not determined by randomisation. Randomised experiments usually have
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advantages compared to observational studies for making casual inference, since it is not possible

to control for all possible variables in observational studies [123]. In addition, many variables are

difficult to measure. Therefore, in observational studies, a number of possible explanations for an

observed association, as discussed above, need to be considered before we can infer that a cause-effect

relationship exists.

When considering the relationship between exposures and outcomes, it is important to distinguish

between association and causation. Epidemiologists ultimately want to conclude about causation,

but most epidemiological studies focus on establishing associations. In order to assess whether such

associations are causal all epidemiological noise (random effects, bias and confounding) should be

eliminated. In general, this is only possible to achieve in clinical trials, and due to both practical

and ethical considerations causality cannot, in general, be proved in observational studies [124]. The

studies in this thesis are not able to demonstrate the causes of variation and focus on associations,

rather than causality.

5.1.4 Validity and generalisability

Generalisability of the results in epidemiological studies is related to external validity. External

validity is conditional of internal validity, i.e., the results are not externally valid if they are not

internally valid. Internal validity refers to how accurately the results represent the relationships in the

source population, i.e., are the results of the study true, or are they an artefact of the way the study

was designed or conducted [125]. Bias and confounding are related to internal validity. External

validity refers to the generalisability of the study to other populations than the study population,

i.e., are the study results likely to apply, generally or specifically, in other study settings or samples

[125]. All three papers in this thesis give results from entire Norwegian populations (in particular

age groups). Thus, we are studying complete populations, and statistical inference is commonly said

to be inapplicable to complete population studies [126]. However, studies of complete populations

have become more common, and they often report p-values and confidence intervals. The use of

statistical inference implicitly requires a target population that is wider than the complete population

under study [126]. Examples of target populations can be future cases or a geographic region greater

than the region under study. The validity of the statistical analysis then depends on the generalisability

of the complete population to the target population. The findings in this thesis are assumed to be

representative in similar types of health care services in countries or regions with universal health care

services.
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5.2 Discussion of main results

In this section, the results from the three articles are seen in context, and the overall findings and

possible explanations are discussed. The results are discussed in detail in the three papers.

5.2.1 Geographic variation

Substantial geographic variation in health care use was found in all three papers. The variation between

referral areas, measured as the highest rate divided by the lowest rate, i.e., the extremal quotient (EQ),

was about two-fold in medical hospital admissions for children in paper I. In paper II, a two-fold

variation was also found in the proportion of CPP patients without the cancer diagnosis, while the

proportion of cancer patients included in CPP the EQ was around 1.3. In paper III, the variation in

the proportion of AF patients treated with ablation therapy between the hospital referral areas was

three-fold.

It is not reasonable to categorised the three studied health care services as effective care according to

the Wennberg terminology [51]. It is probably more correct to categorise the three health care services

as combinations of preference-sensitive and supply-sensitive care. Then, according to both Wennberg

and Sutherland, if the observed geographic variation is not due to differences in disease prevalence or

patient preferences between the hospital referral areas, it is unwarranted [12, 53].

There is no systematic monitoring of geographic differences in health or disease prevalence in Nor-

way. A study on geographic health inequalities in Norway found relatively low levels of geographic

inequalities and the absolute inequality in mortality and life expectancy between Norwegian counties

(almost similar to hospital referral areas) decreased from 1980 to 2014 [127]. Even though the in-

equalities are low there are still differences, and Finnmark is the county with the highest mortality and

the slowest decrease in mortality rate [127]. Finnmark, and Northern Norway, has also historically

had the highest cardiovascular mortality, while cardiovascular mortality has been lowest in Western

Norway. However, also the differences in cardiovascular mortality have been substantially reduced the

past decades [128]. Also for cancer, there are known geographic differences in incidence and mortality

in Norway [129]. Differences in disease prevalence is a matter of concern mostly in paper I. In paper I

we compared the number of children admitted to hospital between geographic areas. The population

was all Norwegian children. Differences in disease prevalence between these areas, without adjusting

for it, would lead to biased results. In contrast, in paper II and III the populations are patients (in paper

II: CCP patients and cancer patients and in paper III: AF patients) and we compared the proportions
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of these patients on their different outcomes. Therefore, differences in disease prevalence between

the areas would influence the size of the study populations in the areas, but it would not cause biased

results. There is a lack of knowledge about geographic variation in disease prevalence in children in

Norway. A study on asthma, hay fever and eczema showed small geographic differences in incidence

[130]. However, this study did not cover the entire country. Two studies on self-reported asthma found

similar prevalence in the county of Nordland and Oslo [131, 132].

The concept of informed patients and patient preferences are important aspects in the definition of

unwarranted variation by both Wennberg and Sutherland. However, the terms informed patients and

patient preferences lack a consistent definition. Unless the patient actually is the medical expert on

the field, the patient can probably never be fully informed. A review study on patient comprehension

of informed consent found that comprehension, in general, was low [133]. However, a Cochrane

review shows that patients exposed to decision aids feel more knowledgeable, better informed, and

they probably have a more active role in decision making and more accurate risk perceptions [134].

In the review, no adverse effects on health outcomes or satisfaction of decision aids were found,

and treatment rates were either decreased or no different when comparing patients with and without

decision aids [134]. Wenneberg, therefore, claims that patient decision aids can improve the quality of

clinical decision making, and hence treatment decisions are more in line with the patient’s underlying

preferences [51]. In order to measure patient preferences and the impact on geographic variation,

survey data has been applied in several studies [49, 135, 136]. Cutler et al. used survey questions to

physicians and patients to differentiate between patient demand-side factors and physician supply-side

factors of geographic variation [49]. They measured patient preferences by asking about a variety

of aggressive and/or palliative care interventions, and they conclude that patient preferences are not

important in explaining variations. A similar result was found by Baker et al., by measuring preferences

from six survey questions together with supply-side data on area level [136]. Anthony et al. also found

that patients’ preferences for seeking primary and specialist health care did not play a significant role

in explaining geographic variation in health care use [135]. We are not aware of similar studies of

patient preferences in Norway, but it is reasonable to assume that the effect of patient preferences on

geographic variation is small also in Norway.

Based on the knowledge about disease prevalence and patient preferences, we assume that differences

in disease prevalence and patient preferences between the hospital referral areas cannot justify the

differences in utilisation. Therefore, the observed geographic variation in these studies is characterised

as unwarranted. Cancer patients included in CPP in paper II might be an exception. However, the
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outcome measure is the proportion of cancer patients included in CPPs, and the baseline proportions

are high for all cancer groups. EQ measures will therefore be smaller for any given difference between

hospital referral areas as compared to smaller baseline proportions.

In paper I, the analyses based on individual data supported the results from the ecological analyses

of admission rates. Geographic variation in health care utilisation for children has been described

both in publicly financed and privately financed health care systems [69, 71, 72]. The Norwegian

Child Healthcare Atlas [69] and the Neonatal Healthcare Atlas [73] found relatively large geographic

variation between hospital referral areas in admission rates and rates of treatment procedures over a

period of five years. Our present study confirmed these findings over a period of 9 years.

It is reasonable to assume that the observed variation between the hospital referral areas is related to

both differences in clinical practice and differences in capacity. The same is concluded in a recent

review article on unwarranted geographic variation in paediatric health care in the United States and

Norway [137]. Although utilisation of health care resources sometimes is interpreted as an indicator

of prevalence, this is hardly correct taking into consideration the large geographic variation found by

us and others [69, 71, 72]. In an internal benchmarking of Norwegian paediatric departments in 2013,

the number of staffed beds in paediatric departments, as reported by the departments, varied between

41 and 107 beds per 100,000 children [69]. There was a positive association between the admission

rates reported in the Norwegian Child Healthcare Atlas and the number of staffed beds in the hospital

referral areas [69].

In paper II, substantial variation between the hospital referral areas was found, both for the proportion

of CPP patients without the cancer diagnosis and the proportion of cancer patients included in CPP.

The proportions in neighbouring hospital referral areas were not more similar than for more distant

hospital referral areas. It was not consistently the same hospital referral areas that had the highest or

lowest proportions of CPP patients without the cancer diagnosis or the highest or lowest proportions

of cancer patients included in CPP.

Differences in the number of out-patient clinics and diagnostic work-ups capacity between the hospital

trusts may cause variation. In the study period, e.g., prostate cancer diagnostics was only performed

at one hospital (UNN Tromsø) in the North RHA. Since the diagnostic work-ups for the different

CPPs are done at different departments/units in the hospitals, it is reasonable to see varying degrees

of inclusion to CPP in the hospital referral areas across the different CPPs. A hospital might have a

lower threshold for including patients in CPP in some areas due to capacity or clinical practice while
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having a higher threshold for other areas due to capacity constraints or stricter clinical practice. In

addition, some hospital trusts have public funding contracts with private specialists in order to secure

sufficient capacity, e.g., in mammography and coloscopy. Different utilisation of private specialists

among the hospital trusts may also contribute to the observed variation. Additionally, hospitals may

have included patients in CPPs at somewhat different points in the diagnostic and staging process,

although clear guidelines exist. This may also explain parts of the observed variation.

In paper III, substantial geographic variation was found in the probability of ablation according to the

patients’ place of residence, both considering hospital referral areas (HT) and regional referral areas

(RHA). Geographic variation in ablation utilisation has been documented in studies from both Europe

and the US [138, 139]. Also, among Medicare beneficiaries in the US marked geographic variation

in the use of catheter ablation for atrial fibrillation was found, and it was not associated with the

prevalence of atrial fibrillation, availability of cardiologists or end-of-life resource use [140].

The reasons for the observed variation in the ablation rate are not clear, but may reflect provider

preferences and uncertainty of safety and/or efficacy of the procedure in a region. Differences in

ablation capacity at the five ablation centres may also contribute to the observed geographic variation.

The ablation procedure in Norway was first implemented in 2001 at Haukeland University hospital

in Bergen HT (West RHA), in 2004 at Rikshospitalet in OUS HT (South-East RHA), in 2005 at St.

Olavs hospital in St. Olavs HT (Central RHA), and in 2009 at UNN Tromsø hospital in UNN HT

(North RHA). Ablation treatment was lastly implemented in the North RHA, and in the study period

only one physician has been performing the procedure at UNN Tromsø Hospital. Although data on

ablation capacity is lacking, we can with some certainty assume that the North RHA has had the lowest

per capita capacity, and the proportions treated with ablation were in general lowest in the hospital

referral areas in the North RHA. Almost all ablation patients living in the referral areas of West

(98%) and Central RHA (97%) were treated at their respectively ablation centres, while only 63% of

ablations patients living in the referral area of North RHA were treated at UNN Tromsø hospital (9%

at St. Olavs (Central RHA), 23% at Haukeland (West RHA), 4% at Rikshospitalet (South-East RHA)

and 11% at the private subcontractor). Ablation patients living in the South-East RHA were treated

at Rikshospitalet (74%) and at the private subcontractor (23%). The ablation centre UNN Tromsø

hospital (North RHA) serves the population in Northern Norway, i.e., around 9% of the Norwegian

population. In the period 2008-2017 only 5% of the ablations in Norway were performed at UNN

Tromsø Hospital, this is partly due to the late implementation of the procedure and partly due to

restricted capacity.
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Substantial geographic variation was found in all three papers, and we have characterised it as unwar-

ranted as the variation most probably is related to differences in clinical practice and capacity, and

probably to a lesser extent related to differences in patient preferences and medical needs between the

hospital referral areas.

5.2.2 Socioeconomic variation

Socioeconomic variation was found in all three papers. However, in paper II, we only found this

consistent for the cancer patients, i.e., an inverse association with income. In paper I, SES was

measured by parental education level, while in paper II and III SES was measured by both income and

education level. In both paper I and III the socioeconomic variation was consistent in all the hospital

referral areas.

In paper I, children of parents with low level of education had the highest admission rates, while

children of parents with high level of education had the lowest admission rates. This was consistent

both over time and across hospital referral areas. The inverse gradient between admission rates

and parents’ level of education is in accordance with findings by others [35, 141, 142]. Similar

results have also been found for adults in systems with universal health care coverage [143]. We

also found an inverse association between the number of admissions per child and parental education

level. However, the association between the level of parental education and DRG-weight was positive,

suggesting that the conditions causing the admission were slightly less severe among children with

lower SES. Previous studies have found higher treatment costs for children with low SES [34, 35, 144].

The contrast with previous studies may be related to measurement of SES. We used individualised

paired data for each child-parent couple at the year of admission, while most other studies apply

ecological SES measures.

In paper II, the effects of income and education were not consistent across the CPP groups. In a report

on social inequalities and cancer incidence in Norway [145], associations between both income and

education level and the cancer incidence were found. The incidence of cancer increased with low level

of income for males for lung and colorectal cancer, and increased incidence of cancer with low level of

education was found for lung cancer and among females for colorectal cancer. In contrast, increased

incidence of cancer with high levels of income and education was found for prostate and breast cancer.

The observed differences in the odds ratio of not receiving the cancer diagnosis between the income

groups for CPPs for lung (male) and breast cancer, in paper II, might be due to different risks of cancer

in the income groups between the CPPs.
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The probability of being referred to a CPP, both for those with and without cancer, may also differ

between income and education groups. Based on data in this study, only the probability for those

with cancer can be estimated (see Appendix A in paper II). The observed differences in income and

education gradients for CPP patients without the cancer diagnosis may diminish when the risk of

cancer and the probabilities of being included in a CPP are taken into consideration.

The proportion of cancer patients included in CPPs was highest in the patients with high income,

which is in line with a recent Norwegian study [117]. However, in accordance with results of Nilssen

et al. [117], we found no such effect of education for any of the cancer groups.

In paper III, we found that AF patients with a high level of education and a high level of income were

more frequently treated with ablation. These inequalities increased with increasing age. However, no

statistically significant effect of education was found in the youngest females.

For coronary heart disease, socioeconomic differences in revascularisation procedures have been

reported in several European countries [146–149]. A systematic review of associations between

socioeconomic status, atrial fibrillation, and outcomes found no consistent social gradient in the risk

of AF [150]. However, if AF was present, there was a social gradient in the risk of poorer outcome.

Low SES was associated with poorer treatment, less knowledge, poorer psychological health and

higher mortality. A nationwide Danish study found small differences between SES groups in the risk

of being diagnosed with AF, although for the younger higher SES was associated with lower risk of

being diagnosed with AF [151]. In another study from Denmark, socioeconomic differences were

documented in outcomes after hospital admission for atrial fibrillation or flutter, both in mortality

and treatment with ablation [152]. A Norwegian study indicated that low SES was related to higher

mortality in AF patients [153].

The results in the three papers in the present thesis are mostly in line with other studies, however, most

other studies apply ecological measures of SES. One major strength of the papers in this thesis is the

use of individual data also on SES, and we are thereby also avoiding the problems associated with

ecological fallacy.

5.2.3 Social inequality in health care utilisation

Socioeconomic differences in use of health care services have been discussed extensively, also in

countries as Norway with universal health care systems, where there is no co-payment from the

patients for in-hospital treatment.
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Studies have shown that low SES is associated with higher use of GPs [47], while the use of health

care specialists is associated with higher SES [4]. Even when adjusted for health needs, those with

higher SES are still more likely to use specialist health care [154]. The positive association between

utilisation of specialist health care and SES may be seen as a public health paradox, since there is

generally more need for health care among lower SES groups.

Out-of-pocket payment or lack of health insurance may be an obstacle to disadvantaged groups seeking

health care [45]. All health care for children under the age of 16 in Norway is free of charge, and

parents are economically compensated for the loss of income if admitted to hospital with their child.

Privately financed ablations are not included in paper III, as data on privately financed procedures

were not available. However, close to all ablation procedures in Norway are financed by the public

health service, and the same goes for cancer treatment. This most likely excludes a significant effect

of economic restraints on access to specialised health care.

Thus, there must be other factors explaining the variation associated with SES. There may be significant

differences in disease prevalence and medical needs or informed preferences related to patients’ or

parents’ level of SES.

There is increasing evidence of the positive relationship between SES and health outcomes throughout

the lifespan [155]. However, most SES factors influencing health status are related to exposure over

time, during a critical period or through the pathway of learned lifestyle. As a consequence, the major

impact of SES on health becomes apparent during the second half of a normal lifespan, not during

childhood [156].

Despite the social gradient in health also for children, the disease prevalence in children is not

consistently higher in those with low SES for all diseases. The majority (55%) of the admissions

included in the analyses in Paper I are related to allergies, eczema, respiratory tract infections, and

gastrointestinal infections. The association between SES and the prevalence of asthma, allergies and

atopic disease in children is disputed. In a study on children with chronic health conditions in the

Nordic countries in 1996, the prevalence for all the diagnostic categories was higher among children

from low education worker, or low-income families [157]. However, according to several studies

atopic disease, allergies, and nervous system tumours occur more frequently among children with

high SES [158–161]. A German cross-sectional study concluded that only a few health indicators

such as obesity occurred more frequently in socially disadvantaged children [160]. Evidence from a

systematic review suggests that there is a negative social gradient in the prevalence of asthma, and
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a positive social gradient in the prevalence of allergies [162]. A Danish study found that atopic

eczema in children was associated with high parental educational level, whereas asthma and hay

fever were associated with low parental education level [163]. A study on socioeconomic risk factors

for bacterial gastrointestinal infections found that risk of infection was associated with increasing

socioeconomic status [164]. Although we acknowledge that there is a social gradient in disease

prevalence in Norwegian children, it can be questioned whether the differences in disease prevalence

between the education groups are the main cause of the variation in admission rates between education

groups for Norwegian children found in paper I.

Parents in higher SES groups might have more knowledge about medical issues and conditions, and

might therefore be able to take more preventive steps to ensure that their children avoid hospital

admission. A study on avoidable paediatric hospitalisations found that children from poor families

are at greater risk for avoidable hospitalisations [165]. Better knowledge about the child’s medical

condition and avoiding known disease triggers might reduce the number of avoidable admissions

[165].

Individuals assess their health differently, and highly educated people are reported to assess their health

more negatively than their less educated counterparts [6]. Variation in health expectations, as reflected

by health assessment, might be one of the drivers of inequality of health care utilisation across SES

groups. There are several explanations to this variation in assessment of health by education. The

conceptions of good health and the health expectations are contingent on the knowledge of disease and

available treatments [166]. Highly educated individuals have superior information acquisition skills

and are thereby more prone to recognise and report symptoms of disease [6]. Individuals also assess

health relative to the average level observed among their respective peers, and due to the negative

education gradient in health this may generate peer effects [6]. The socioeconomic gradient in physical

activity is also well known. Individuals in higher SES groups are more physically active compared

to individuals in lower SES groups [167]. Thus, individuals in higher SES groups might be more

affected by health issues and symptoms of disease might be revealed at an earlier stage. In addition,

higher SES groups might also be more eager to be included in CPPs in order to assess their cancer

symptoms. It is documented that individuals with lower SES are less likely to participate in cancer

screening programs [168, 169]. A systematic review concluded that women in Europe from more

socioeconomically deprived areas were less likely to attend breast cancer screening [169]. in contrast,

in Paper II we found no SES gradient in CPP patients without the diagnosis, and one interpretation

might be that CPP as a health service in Norway is equitably distributed.
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Alternatively, the variation associated with SES may be related to other factors than the patient’s

health status or the patient’s perceived health status. Studies have shown that patients’ socioeconomic

status is associated with an increased likelihood of access to cancer care [170, 171]. Our finding, that

patients with higher SES are over-represented among those who undergo ablation therapy and cancer

patients included in CPPs, is in accordance with several other reports of such gradients in the use

of specialised health care, both international and from Norway [3, 4, 172]. This might indicate that

manoeuvrability related to higher education and social capital increases the chances of treatment in

a specialised hospital. It is documented that patients from higher social classes communicate more

actively with clinicians [173].

Health literate patients or parents may be more capable of understanding, questioning and discussing

treatment options with their physician. It has been demonstrated that low functional health literacy is

associated with sub-optimal use of health care services [174], and the association between educational

level and health literacy is well documented [175]. Studies have documented that patients with higher

levels of education or SES are more willing or capable to participate in shared decision-making, and

that patients with lower levels of education prefer a more passive collaborative role [36, 176, 177].

Patients in different SES groups may have different preferences for whom they prefer to consult in the

health care system [47]. Low SES patients might prefer to communicate with their GP rather than a

specialist. The relationship with the GP might be an important factor for the communication. High

SES patients might prefer to consult a specialist, as the specialist possesses special knowledge about

the patient’s condition [154]. Such differences in preferences might be associated with the degree of

health literacy.

However, patients’ willingness to participate or communicate may also reflect the physician’s consult-

ing and communication style. Physicians may presume that patients with low SES are less intelligent,

less responsible, less rational and less likely to comply with medical advice [37]. This may affect the

treatment decisions of the physicians [38]. The admitting physician may have a lower threshold for

admitting children from families in lower SES groups, and the referring physician may have a lower

threshold for referring AF patients in higher SES groups to ablation treatment. This is in accordance

with our findings of a higher probability for admission and lower cost for children of parents with low

level of education, and with higher ablation probability in higher SES groups. Such decisions may not

be rational and fact-based, but rather reflect unrecognised assumptions about people with a different

background and SES than the physicians.
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5.2.4 SES as explanation of geographic variation

More than 50 years ago Julian Hart defined the ‘inverse care law’, to describe how people who most

need health care are least likely to receive it [178]. The hypothesis is that areas with high needs, i.e.,

areas of high socio-economic deprivation, have poorer availability of good medical care [178]. The

observed geographic variation in this thesis might be due to differences in needs between the hospital

referral areas, i.e., because of differences in SES between the hospital referral areas. We therefore

wanted to investigate whether the differences in health care utilisation between the hospital referral

areas could be explained by differences in SES between the hospital referral areas.

In order to investigate whether SES could explain the geographic variation, multilevel analysis with

random intercept for the geographic areas was applied in paper I and in the additional analysis of

paper III (see table 3 in paper I and table 1 in this thesis). Multilevel analysis was not conducted

in paper II, as SES gradients mainly were non-consistent. The multilevel analysis showed that the

differences in SES only explain a negligible part of the geographic variation. In our studies, we found

consistent SES gradients across all the hospital referral areas, independent of the level of utilisation.

In paper I this consistency was true for medical hospital admissions in general (see figure 3 in paper

I), and also for almost all hospital referral areas for the four sub-samples of admissions (see figure

S3 in supplementary of paper I). The additional analysis of paper III also found consistency across

almost all hospital referral areas, stratified by income and education and by gender (see figure 2 in this

thesis).

Multilevel analysis is applied when there is reason to believe that patients nested in the same geographic

area are more likely to function in the same way than patients nested in different geographic areas.

In order to assess whether socioeconomic differences could explain the geographic variation, we

compared the variance components of the random intercept in the empty multilevel model with the

multilevel model with SES variables as covariates. If the variance components are equal, then there is

no effect of adjusting for SES and therefore SES does not explain the geographic variation. In all the

analyses the variance components were small, i.e., indicating that only a small fraction of the observed

geographic variation was due to properties at the area level. The comparisons of variance components

in the empty models with the models with SES as covariate showed very small differences. We

therefore concluded that differences in SES could not explain the geographic variation, neither for

hospital admissions for children nor in the probability of ablation, and we reported the result from the

ordinary models.
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Our results are in contrast with some studies. Both Kinge et al. and Kravdal et al. studied the role of

SES on geographic variation in Norway, and they found that 50 to 80% of the geographic variation

can be explained by differences in SES [60, 61]. However, in contrast to our studies, these studies are

based on ecological measures of SES. Ecological SES measures have been found to be sub-optimal

[62]. Kravdal et al. also applied individual data on SES, and found that SES on individual level

hardly explained anything of the geographic variation [60]. One of the major strengths of the studies

in this thesis is the use of data on individual level. When data on individual level are not available,

ecological measures on area level are often used as proxies. Studying area differences in average

outcomes may produce misleading information and incorrect conclusions [179, 180]. The use of area

level measures can lead to both over- and underestimation of the association between SES and health

outcomes [181]. The variation in SES on an individual level will always be larger than on an area

level, and this misclassification causes underestimation of the association between SES and health

outcomes. However, if there are other area specific factors than SES that independently affect the

health outcomes, the association will be overestimated [182].

The positive SES gradient in ablation probability found in paper III might be interpreted as evidence

for the inverse care law, and this is in line with the interpretation in other Norwegian studies [10,

183]. However, as the geographic variation could not be explained by differences in SES between the

hospital referral areas, it can be questioned whether our findings in paper III supports the inverse care

law. The inverse care law was mainly defined for health care systems where the supply of medical care

is exposed to market forces, and less for universal health care systems such as in Norway [178].

5.2.5 The SES gradient depends on the type of health service

Socioeconomic gradients were found in all three papers, but not pointing in the same direction.

Hospital admissions for children, cancer patient pathways and ablation of atrial fibrillation represent

vastly different types of health care services. In paper I, the probability for a child being admitted

increased with decreasing parental education. On the other hand, in paper III, the probability for

ablation increased with increasing income and education. In paper II, we found that the proportion

of cancer patients included in CPPs increased with income, while we were not able to document a

socioeconomic gradient for CPP patients without the cancer diagnosis.

A review study found that low socioeconomic status is associated with lower access to treatment for

coronary heart disease [184]. Moreover, Fiva et al. document that highly educated individuals utilise

high quality cancer treatment options to a greater extent than less educated patients, and the use of
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such treatment improved these patients’ survival [185]. In a recent OECD study, cancer screening was

less frequently participated in by those with lower income [48]. Other studies have found a negative

SES gradient in utilisation of health services with a low level of specialisation [4, 6, 10, 48], and a

positive SES gradient in utilisation of health services with a high level of specialisation [3, 47, 48].

A recent review study on socioeconomic inequalities in primary-care and specialist physician visits

concludes that the existence of socioeconomic differences in health care utilisation heavily depends

on the health services analysed [28].

Based on this, and the findings in paper I-III, one might argue that there are socioeconomic differences

in utilisation of health care and that the socioeconomic gradient is related to the degree of specialisation

of the health care services. The sign of the socioeconomic gradient seems to depend on the degree

of specialisation of the health service of interests. Paper III covers the most specialised service, and

paper I covers the least specialised service.

5.2.6 Explaining and assessing unwarranted variation

In this thesis, both geographic and socioeconomic variation has been explored, and socioeconomic

status could not explain the geographic variation in either admission of children or ablation of atrial

fibrillation. The challenge of how to best explain why variation exists and how to distinguish between

warranted and unwarranted variation remains, as does the question of how the issues that seem inherent

in such differences should be addressed.

In a recent study by Cutler et al. [49], physicians are classified as either ‘cowboys’ with preference for

aggressive medical interventions or ‘comforters’ with preference for more conservative actions, based

on their judgement of different clinical scenarios. They conclude that the largest degree of residual

variation appears to be explained by differences in physicians’ beliefs about the efficacy of particular

therapies. The physicians in the study by Cutler et al. had markedly different views about how to treat

the same patients. These views were often inconsistent with evidence-based professional guidelines

for appropriate care [49].

In the Auditor General report on reasons for variation in utilisation of three health care services

(hospital admissions for children, acromion resections and gynecological ultrasound examinations)

in Norway [67], results from interviews with clinicians, both paediatricians and orthopaedists, are

presented. The interviews reveal three factors that influence the clinicians’ practice and thereby

contribute to unwarranted variation; i) lack of consensus about best practice, ii) capacity and iii) how
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fast new knowledge influences the clinicians’ practice. In interviews with paediatricians from the

areas with the highest and lowest admission rates for children, all the paediatricians claimed to focus

on avoiding unnecessary admissions. Paediatricians in the area with the lowest admission rates stated

that avoiding unnecessary admissions is a hospital policy. In the area with highest admission rates,

the total care for the child and the child’s relatives are emphasised when the paediatricians consider

admission. They state that it can be good patient care to provide relief and reassurance through an

admission even if the admission is not medically necessary. The interviews also reveal that the ability

to adapt when new knowledge or new techniques emerge depends on the clinicians, and the number

of clinicians and the degree of research orientation is of importance [67].

In a longitudinal study, Norwegian physicians were asked whether a patient’s socioeconomic status

should impact in decisions about treatment in medical care [186]. The study showed that physicians

are increasingly willing to consider patients’ socioeconomic factors in clinical care. Physicians are

willing to spend more time on patients in lower SES groups, and the GPs were significantly more

influenced by the patients’ SES than other specialists. An increasing number of physicians agreed that

equality of care should be understood in terms of outcomes, rather than input, i.e., physicians agreed

that different amounts of resources should be used to obtain similar health effects depending on the

patients’ SES.

According to the definitions of warranted and unwarranted variation by both Wennberg and Sutherland,

variation is warranted if it is caused by differences in the preferences of informed patients, differences

in clinical practice due to innovations or new models, and differences in skill-mix or resources available

between the health care providers due to adaption [12, 53]. In order to assess whether the observed

variation is warranted or unwarranted, data on the above-mentioned factors is needed. Such data were

not available for this thesis, and probably impossible to collect in any study, and we are therefore not

able to make absolute statements about the observed variation.

In the discussions in the papers of this thesis, we tend to conclude that the observed variation

is unwarranted and that clinical practice and provider preferences are important causes for both

geographic and socioeconomic variation. There are known differences in the number of hospital

beds per capita for children between the hospital referral areas in Norway, and there are differences

in ablation capacities between the health regions in Norway. Unfortunately, we were not able to get

reliable data on capacities for the analyses. However, it is reasonable to assume that the observed

geographic variation is not solely due to capacity differences. There is one ablation centre in each

48



health region in Norway, still we find substantial variation in the ablation rate between the hospital

referral areas within each health region. The proportion treated with ablation was almost seven times

higher among patients in the high SES group compared to patients in the low SES group across the

hospital referral areas within one single health region (Bergen vs Stavanger in West RHA, males and

income, see Figure 2).

If the health status, the needs and the patient preferences in different socioeconomic groups were

equal, then we could easily conclude that the observed variations between socioeconomic groups are

unwarranted. However, the socioeconomic gradient in health is well known, still we argue that the

observed variation is unwarranted. The observed variation in the three papers across SES groups is

substantial, and probably larger than the expected differences that may be caused by differences in

health or morbidity. In addition, the consistency of the socioeconomic gradients across the hospital

referral areas, speaks for other explanations than differences in needs and capacity. Still, our charac-

terisation of the variation as unwarranted is based on assumptions, because of lack of data to adjust

for differences in health status, needs and patient preferences.

The drivers and causes of variation are complex, and there is no single explanation to the observed

variations revealed in this thesis. It is not possible to be definitive about all the reasons for unwarranted

variation because the delivery of health care services is complex, and it is not possible to control all the

variables or ‘moving parts’ involved. The results and conclusions from studies aiming at decomposing

the demand and supply side factors of geographic variation are divergent. Using Norwegian data and

studying migration, Godøy et al. finds that the importance of the demand and supply side are roughly

equal [57]. In a study on preventable hospitalisations in Australia, Falster et al. find that demand side

factors, such as personal sociodemographic and health characteristics, are the major drivers [187].

However, most studies conclude that the supply side, i.e., properties of the health care service, is the

major driver of geographic variation [49].

Cutler et al. concludes that physicians’ beliefs and choices are the most important driver of variation

[49]. The panel survey of physicians revealed that Norwegian physicians believe that socioeconomic

factors should be considered because they influence patients’ ability to benefit from medical care

[186]. According to the framework of Sutherland et al.; variation can be warranted because of clinical

decisions to meet the needs of patients [53]. However, as Sutherland et al. further states, if decisions

are based on non-clinically relevant patient characteristics, such as SES, variation can be considered

unwarranted. Whether variation is defined as warranted or unwarranted depends on how ’need’ is
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interpreted. Bringedal et al. proposes that ’need’ should be interpreted in terms of possibilities of

equal outcomes of treatment [186].

In this thesis both geographic and socioeconomic variation were found, and the geographic variation

could not be explained by differences in SES. In addition, we found different SES gradients for different

health care services. This may indicate that the sign of the gradient depends on the degree or level of

specialisation of the service. However, we have not been able to explain the causes of variation, and

we are only able to make assumptions about whether the variation is unwarranted or warranted. In a

recent article by Atsma et al. [188], alternative hypotheses for mechanisms underlying unwarranted

variation in health care and new target points for research to better understand, reduce and improve

unwarranted variation are proposed. They propose that research focus should be on the complex

cohesion of network effects, reflective medicine, patient beliefs and objective criteria for treatment

choices. They conclude that this will only work if physicians themselves acknowledge the presence of

unwarranted variation and are ready to initiate change.

Over-diagnosis and over-treatment are increasingly discussed as a significant problem in health care.

In 2002 BMJ published an article with the title; "Too much medicine?" asking whether medical inputs

at some point will produce more harm than good [189]. In 2015, the BMJ launched a digital theme

issue on over-diagnosis. The Choosing Wisely Campaign was launched in 2012 by the American

Board of Internal Medicine Foundation. Choosing Wisely is focused on supporting conversation

between physicians and patients about whether health care is truly necessary [190]. The campaigns’

mission is to promote conversation between physicians and patients to help patients choose health

care that is; i) supported by evidence, ii) not duplicates of other tests or procedures already received,

iii) free from harm, and iv) truly necessary. The decision of care should be based on shared decision-

making (SDM). SDM has been defined as: ”an approach where clinicians and patients share the best

available evidence when faced with the task of making decisions, and where patients are supported to

consider options, to achieve informed preferences” [191]. SDM is a joint process in which a health

care professional works together with the patient to reach a decision about care. The goal of SDM is to

ensure that the patient understands the risks, benefits and possible consequences of different options

through discussion and information sharing.

The Choosing Wisely campaign is now established in more than 20 countries. Partly based on the

reported unwarranted variation in health care utilisation in the Norwegian Health Care Atlases, the

Choosing Wisely Norway Campaign was launched in 2018 by the Norwegian Medical Association
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[192]. In Norway, paediatricians and radiologists have indicated that 15-20% of medical practice is

over-treatment [192], and similar estimates are found in the US and Canada [193, 194]. In a survey

study among more than 2000 physicians in the US, the physicians reported that more than 20% of

overall medical care was unnecessary [195]. The most commonly cited reasons for over-treatment

were fear of malpractice and patient pressure/request.

Primary, the Norwegian campaign was aimed at health professionals, with recommendations to

physicians of things not to do and information on resources on SDM for clinicians. In 2021, Choosing

Wisely Norway launched a new campaign "More is not always better", aimed at the population. In this

campaign patients are encouraged to ask four questions; i) do I need this test/treatment?, ii) what are

the risks and adverse events?, iii) what happens if I do nothing?, and iv) are there alternatives?. These

two campaigns can lead to network effects, more reflections of diagnostic workup and treatment and

patients will be more involved in the decision-making process, and thereby hopefully contribute to

reduce both geographic and socioeconomic variation. Initiatives like "Choosing Wisely" and "More

is not always better" might contribute to reduce unnecessary tests and treatments, to reduce clinical

practice variation, to improve the patient-physician communication and to increase patient awareness

and knowledge. All of this can in turn contribute to reduce both geographic and socioeconomic

variation.

Research has shown that the social determinants of health (SDH) play a greater role in shaping

population health than health care services [196]. The Marmot Review propose a new strategy to

reduce health inequalities [197]. The Review argues that, instead of the traditional policy of focusing

on solving health inequalities within the health care system, action is needed across all the social

determinants of health. Key to Marmot’s approach to addressing health inequalities is to create

the conditions for people to take control of their own lives. This requires action across the social

determinants of health and is beyond the reach of the health care system. This includes education,

occupation, income, home and community [197].
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6 Conclusions

The aims of this thesis were, using individual level administrative registry data, to explore geographic

and socioeconomic variation in utilisation of three health care services in Norway, and to investigate

whether geographic variation can be explained by differences in socioeconomic status on individual

level. Both geographic and socioeconomic variation were found in all three health care services, and

the variation has been characterised as unwarranted. The largest variations were found in hospital

admissions for children and in ablation for atrial fibrillation. The geographic variation could not be

explained by differences in socioeconomic status between the geographic areas, neither in hospital

admissions for children nor in ablation for atrial fibrillation.

A negative socioeconomic gradient was found in hospital admissions for children, i.e., children of

parents with low level of education were more likely to be admitted to hospital than children of

parents with high level of education. The negative socioeconomic gradient in hospital admissions was

consistent in all the hospital referral areas. A positive socioeconomic gradient was found, in income

only, in the probability of being included in cancer pathways for cancer patients, while no consistent

socioeconomic gradient was found for the proportion of cancer pathway patients diagnosed without

cancer. A positive socioeconomic gradient was found in the proportion of atrial fibrillation patients

treated with ablation, i.e., the probability of ablation increased with increasing level of education and

income. This positive socioeconomic gradient, in both education and income, was consistent across

all the hospital referral areas.
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7 Final remarks and future perspectives

Both geographic and socioeconomic variation were identified for all three considered health care

services. We have discussed the drivers of geographic and socioeconomic variation, both in the thesis

and in the papers. Utilisation of health care services depends on a multitude of factors, some within

and some outside the health care service. The variation documented in this thesis, and in many other

studies, challenges the idea that medical practice and care is rational and evidence-based. Therefore,

in search of explanations one must also study the impact of personal beliefs and preferences in both

patients and physicians, local traditions and clinical practice, capacity, and incentives. We do not

believe that all variation, but probably a significant part of the variation, is due to factors on individual

level, i.e., both physicians and patients. Cutler et al. showed that geographic variation appears

to be explained by differences in physicians’ beliefs about the efficacy of particular therapies [49],

clinical practice and differences between individual physicians might be a driving factor of geographic

variation also in Norway. The association between the individual patients’ level of SES and utilisation

of health care services seems to be more obvious. Measures in order to reduce socioeconomic variation

must therefore be aiming at levelling the playground between the SES groups.

In 2021, The Norwegian Medical Association adopted a resolution on social inequality in health

[198]. The goal is to reduce social inequality in health by investigating the role of physicians and

the health care system. The resolution states that different efforts are required to provide equality of

care. This means, among other things, giving the most to those who need it the most, and adjusting

information, examination, and treatment to the patients’ need. The Geneva Declaration states that it is

the physician’s duty to treat equal patients equally, regardless of social standing, age, gender, disease

or disability, and ethnicity [199]. Therefore, treating patients differently on the basis of their SES

could be in conflict with medical ethics and also the Norwegian health policy. The white paper on

priority setting in the Norwegian health care sector states that the population must have equal access

to health care services. Similar cases must be treated in the same way, regardless of social status and

other patient characteristics [1]. However, according to the white paper on priority setting, medical

care decisions should be based on the basis of three priority-setting criteria; the benefit criterion, the

resource criterion and the severity criterion [1]. Bærøe and Bringedal argue that ignoring SES can lead

to preservation or reinforcement of the social inequalities in health [200]. They argue that equitable

health care requires considerations of the impact of SES on patients’ capacity to benefit from the care,

e.g., allocating more time to patients with low SES. Both Bærøe and Bringedal and the Norwegian

Medical Association resolution argue that the concept of medical fairness should be adjusted according
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to this [198, 200]. The resolution focus on health literacy and patient-doctor communication among

the physicians. Implementation of the resolution may therefore contribute to reduced social inequality

in health, and even reduced socioeconomic and geographic variation. However, as shown by Cutler et

al., different physicians may offer the same patient widely different treatments, and often not based on

available evidence [49]. Therefore, implementation of the resolution should be monitored, as it may

also contribute to increased variation.

The variation demonstrated in this thesis and the possible explanations should be assessed at all levels

of health care management, also on the individual physician level. Many clinical decisions are not

evidence-based, but rather reflect unrecognised assumptions and personal preferences. The fact that

clinical practice is not entirely rational and evidence-based needs to be acknowledged at all levels of

the health care system and also by physicians and patients. Especially, acknowledgement is needed

among physicians about the fact that patients might respond and communicate differently depending

on their background or social status, and that this might influence the decision of care.

The results in this thesis are based on "world-class" administrative data; data on individual level with

high quality and on complete populations. Still, we have not been able to be definitive about the rea-

sons for unwarranted variation, and we were not able to "explain" geographic variation by differences

in SES. We are not even able to define the variation as warranted or unwarranted without making

assumptions. This might be disappointing, but as the field of variation in health care utilisation is

complex, also other methods and other types of data are needed to better understand the processes

causing variation. Quantitative studies based on administrative data can contribute to further con-

firmation of variation. However, in order to get broader insights in the different processes causing

variation, also qualitative studies are needed. Studies investigating patient preferences and how pa-

tients and physicians communicate and interact, studies on prejudices in physicians, and studies on

how to improve health literacy in patients are warranted. Also studies on the development of clinical

practice and differences in clinical practice between hospitals, departments and physicians are needed.

These types of "within health care" studies can contribute to understand variation. However, to reduce

social inequalities in health, also measures outside the health care system are needed.

54



References
[1] Helse- og omsorgsdepartementet. Meld. St. 34 (2015-2016). Verdier i pasientens helsetjeneste

— Melding om prioritering [Principles for priority setting in health care — Summary of a
white paper on priority setting in the Norwegian health care sector]. 2016. Available from:
www.regjeringen.no/en/dokumenter/meld.-st.-34-20152016/id2502758/.

[2] T. Iversen and G. S. Kopperud. “The impact of accessibility on the use of specialist health
care in Norway”. Health Care Manag Sci 6.4 (Nov. 2003), pp. 249–261.
doi:10.1023/A:1026233725045.

[3] E. Vikum, S. Krokstad, and S. Westin. “Socioeconomic inequalities in health care utilisation
in Norway: the population-based HUNT3 survey”. Int J Equity Health 11 (Aug. 2012), p. 48.
doi:10.1186/1475-9276-11-48.

[4] E. van Doorslaer, C. Masseria, and X. Koolman. “Inequalities in access to medical care by in-
come in developed countries”. CMAJ 174.2 (Jan. 2006), pp. 177–183. doi:10.1503/cmaj.050584.

[5] B. Hanratty, T. Zhang, and M. Whitehead. “How close have universal health systems come
to achieving equity in use of curative services? A systematic review”. Int J Health Serv 37.1
(2007), pp. 89–109. doi:10.2190/TTX2-3572-UL81-62W7.

[6] T. B. d’Uva, M. Lindeboom, O. O’Donnell, et al. “Education-related inequity in healthcare
with heterogeneous reporting of health”. J R Stat Soc Ser A Stat Soc 174.3 (July 2011),
pp. 639–664. doi:10.1111/j.1467-985X.2011.00706.x.

[7] J. E. Wennberg and A. Gittelsohn. “Small Area Variations in Health Care Delivery: A
population-based health information system can guide planning and regulatory decision-
making”. Science 182.4117 (1973), pp. 1102–1108. doi:10.1126/science.182.4117.1102.

[8] K. Søreide, L. S. Nymo, D. Kleive, et al. “Variation in use of open and laparoscopic distal pan-
createctomy and associated outcome metrics in a universal health care system”. Pancreatology
19.6 (Sept. 2019), pp. 880–887. doi:10.1016/j.pan.2019.07.047.

[9] Senter for klinisk dokumentasjon og evaluering (SKDE). Helseatlas [The Norwegian Health-
care Atlas]. 2021. Available from: helseatlas.no/en.

[10] A. H. Hansen, P. A. Halvorsen, U. Ringberg, et al. “Socio-economic inequalities in health care
utilisation in Norway: a population based cross-sectional survey”. BMC Health Serv Res 12
(Sept. 2012), p. 336. doi:10.1186/1472-6963-12-336.

[11] J. A. Glover. “The Incidence of Tonsillectomy in School children”. Proc R Soc Med 31.10
(1938), pp. 1219–1236. doi:10.1177/003591573803101027.

[12] J. E. Wennberg. Tracking Medicine: A Researcher’s Quest to Understand Health Care. New
York: Oxford Univeristy Press, 2011.

[13] E. Vayda. “A comparison of surgical rates in Canada and in England and Wales”. N. Engl. J.
Med. 289.23 (Dec. 1973), pp. 1224–1229.

[14] K. McPherson, J.E. Wennberg, O.B. Hovind, et al. “Small-Area Variations in the Use of
Common Surgical Procedures: An International Comparison of New England, England, and
Norway”. 307.21 (1982), pp. 1310–1314.

[15] S. Peters, K. Chagani, P. Paddon, et al. “Coronary artery bypass surgery in Canada”. Health
Rep 2.1 (1990), pp. 9–26.

55

https://www.regjeringen.no/en/dokumenter/meld.-st.-34-20152016/id2502758/
https://doi.org/10.1023/A:1026233725045
https://dx.doi.org/10.1186/1475-9276-11-48
https://dx.doi.org/10.1503/cmaj.050584
https://dx.doi.org/10.2190/TTX2-3572-UL81-62W7
https://dx.doi.org/10.1111/j.1467-985X.2011.00706.x
https://dx.doi.org/10.1126/science.182.4117.1102
https://dx.doi.org/10.1016/j.pan.2019.07.047
https://helseatlas.no/en
https://dx.doi.org/10.1186/1472-6963-12-336
https://dx.doi.org/10.1177/003591573803101027


[16] M. R. Chassin, R. H. Brook, R. E. Park, et al. “Variations in the use of medical and surgical
services by the Medicare population”. N. Engl. J. Med. 314.5 (Jan. 1986), pp. 285–290.

[17] W. R. Mindell, E. Vayda, and B. Cardillo. “Ten-year trends in Canada for selected operations”.
Can Med Assoc J 127.1 (July 1982), pp. 23–27.

[18] N. P. Roos and L. L. Roos. “Surgical rate variations: do they reflect the health or socioeconomic
characteristics of the population?” Med Care 20.9 (Sept. 1982), pp. 945–958.

[19] World Health Organization. “Commission on Social Determinants of Health. Closing the gap
in a generation: health equity through action on the social determinants of health. Commis-
sion on Social Determinants of Health final report.” (2008). Geneva: WHO. Available from:
https://apps.who.int/iris/bitstream/handle/10665/43943/9789241563703𝑒𝑛𝑔.𝑝𝑑𝑓 ; 𝑗 𝑠𝑒𝑠𝑠𝑖𝑜𝑛𝑖𝑑 =

365271𝐴𝐶𝐸2052888542881700𝐸𝐸𝐷𝐶𝐴8𝐵?𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒 = 1.

[20] M. Marmot. “The Health Gap: The Challenge of an Unequal World: the argument”. Int J
Epidemiol 46.4 (Aug. 2017), pp. 1312–1318. doi:10.1093/ije/dyx163.

[21] OECD. Income inequality (indicator). 2022. Accessed on 16 January 2022.
doi: 10.1787/459aa7f1-en.

[22] Helsedirektoratet. Sosial ulikhet påvirker helse – tiltak og råd. 2020. Available from:
https://www.helsedirektoratet.no/tema/sosial-ulikhet-i-helse/sosial-ulikhet-pavirker-helse-tiltak-
og-rad.

[23] Folkehelseinstituttet. Sosiale helseforskjeller i Norge. 2018. Available from:
https://www.fhi.no/nettpub/hin/grupper/sosiale-helseforskjeller/.

[24] Folkehelseinstituttet. Norhealth statistics bank. Life expectancy for women and men aged 30
in Norway, 2010-2016, grouped by education level. Available from:
https://www.norgeshelsa.no/norgeshelsa/.

[25] A. Bütikofer, R. Karadakic, and K. G. Salvanes. “Income Inequality and Mortality: A Nor-
wegian Perspective*”. Fiscal Studies 42.1 (2021), pp. 193–221. doi:doi.org/10.1111/1475-
5890.12261.

[26] A. Irwin, O. Solar, and J. Vega. “Social Determinants of Health, the United Nations Commis-
sion of”. International Encyclopedia of Public Health (Second Edition) (2017), pp. 557–561.
doi:https://doi.org/10.1016/B978-0-12-803678-5.00415-X.

[27] M. Marmot and R. Bell. “Fair society, healthy lives”. Public Health 126 Suppl 1 (Sept. 2012),
S4–S10. doi:https://doi.org/10.1016/j.puhe.2012.05.014.

[28] S. L. Lueckmann, J. Hoebel, J. Roick, et al. “Socioeconomic inequalities in primary-care and
specialist physician visits: a systematic review”. Int J Equity Health 20.1 (Feb. 2021), p. 58.
doi:10.1186/s12939-020-01375-1.

[29] S. Allin, C. Masseria, and E. Mossialos. “Measuring socioeconomic differences in use of
health care services by wealth versus by income”. Am J Public Health 99.10 (Oct. 2009),
pp. 1849–1855. doi:10.2105/AJPH.2008.141499.

[30] S. Demeter, M. Reed, L. Lix, et al. “Socioeconomic status and the utilization of diagnostic
imaging in an urban setting”. CMAJ 173.10 (Nov. 2005), pp. 1173–1177.
doi:10.1503/cmaj.050609.

56

https://apps.who.int/iris/bitstream/handle/10665/43943/9789241563703_eng.pdf;jsessionid=365271ACE2052888542881700EEDCA8B?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43943/9789241563703_eng.pdf;jsessionid=365271ACE2052888542881700EEDCA8B?sequence=1
https://dx.doi.org/10.1093/ije/dyx163
https://data.oecd.org/inequality/income-inequality.htm
https://www.helsedirektoratet.no/tema/sosial-ulikhet-i-helse/sosial-ulikhet-pavirker-helse-tiltak-og-rad
https://www.helsedirektoratet.no/tema/sosial-ulikhet-i-helse/sosial-ulikhet-pavirker-helse-tiltak-og-rad
https://www.fhi.no/nettpub/hin/grupper/sosiale-helseforskjeller/
https://www.norgeshelsa.no/norgeshelsa/
https://doi.org/10.1111/1475-5890.12261
https://doi.org/10.1111/1475-5890.12261
https://doi.org/10.1016/B978-0-12-803678-5.00415-X
https://doi.org/10.1016/j.puhe.2012.05.014
https://dx.doi.org/10.1186/s12939-020-01375-1
https://dx.doi.org/10.2105/AJPH.2008.141499
https://dx.doi.org/10.1503/cmaj.050609


[31] J. H. Van der Heyden, S. Demarest, J. Tafforeau, et al. “Socio-economic differences in the
utilisation of health services in Belgium”. Health Policy 65.2 (Aug. 2003), pp. 153–165.
doi:10.1016/s0168-8510(02)00213-0.

[32] R. E. Moorin and C. D. Holman. “The effects of socioeconomic status, accessibility to services
and patient type on hospital use in Western Australia: a retrospective cohort study of patients
with homogenous health status”. BMC Health Serv Res 6 (June 2006), p. 74. doi:10.1186/1472-
6963-6-74.

[33] C. Borrell, M. Rue, M. I. Pasarín, et al. “Trends in social class inequalities in health status,
health-related behaviors, and health services utilization in a Southern European urban area
(1983-1994)”. Prev Med 31.6 (Dec. 2000), pp. 691–701. doi: 10.1006/pmed.2000.0751.

[34] O. Kaarbøe and F. Carlsen. “Socioeconomic status and children’s need for hospital services.
Implications for need-based resource allocation models”. Nordic Journal of Health Economics
5.2 (Sept. 2017), pp. 54–69. doi:10.5617/njhe.3581.

[35] S. Petrou and E. Kupek. “Socioeconomic differences in childhood hospital inpatient service
utilisation and costs: prospective cohort study”. J Epidemiol Community Health 59.7 (July
2005), pp. 591–597. doi:10.1136/jech.2004.025395.

[36] E. Verlinde, N. De Laender, S. De Maesschalck, et al. “The social gradient in doctor-patient
communication”. Int J Equity Health 11 (Mar. 2012), p. 12. doi:10.1186/1475-9276-11-12.

[37] N. C. Arpey, A. H. Gaglioti, and M. E. Rosenbaum. “How Socioeconomic Status Affects
Patient Perceptions of Health Care: A Qualitative Study”. J Prim Care Community Health 8.3
(July 2017), pp. 169–175. doi:10.1177/2150131917697439.

[38] S. M. Bernheim, J. S. Ross, H. M. Krumholz, et al. “Influence of patients’ socioeconomic status
on clinical management decisions: a qualitative study”. Ann Fam Med 6.1 (2008), pp. 53–59.
doi:10.1370/afm.749.

[39] M. Bonaccio, A. Di Castelnuovo, G. de Gaetano, et al. “Socioeconomic gradient in health:
mind the gap in ’invisible’ disparities”. Ann Transl Med 8.18 (Sept. 2020), p. 1200.
doi:10.21037/atm.2020.04.46.

[40] J. P. Mackenbach, I. Kulhánová, B. Artnik, et al. “Changes in mortality inequalities over
two decades: register based study of European countries”. BMJ 353 (Apr. 2016), p. i1732.
doi:10.1136/bmj.i1732.

[41] T. Jansen, J. Rademakers, G. Waverijn, et al. “The role of health literacy in explaining the
association between educational attainment and the use of out-of-hours primary care services
in chronically ill people: a survey study”. BMC Health Serv Res 18.1 (May 2018), p. 394.
doi:10.1186/s12913-018-3197-4.

[42] S. Santana, C. Brach, L. Harris, et al. “Updating Health Literacy for Healthy People 2030:
Defining Its Importance for a New Decade in Public Health”. J Public Health Manag Pract
(Mar. 2021). doi:10.1097/PHH.0000000000001324.

[43] Statistics Norway. Survey on expenditures on health and social services (in Norwegian only).
2000/45. 2000. Report.

[44] J. R. Barnett and P. Coyle. “Social inequality and general practitioner utilisation: assessing the
effects of financial barriers on the use of care by low income groups”. N. Z. Med. J. 111.1061
(Mar. 1998), pp. 66–70.

57

https://dx.doi.org/10.1016/s0168-8510(02)00213-0
https://dx.doi.org/10.1186/1472-6963-6-74
https://dx.doi.org/10.1186/1472-6963-6-74
https://dx.doi.org/10.1006/pmed.2000.0751
https://dx.doi.org/10.5617/njhe.3581
https://dx.doi.org/10.1136/jech.2004.025395
https://dx.doi.org/10.1186/1475-9276-11-12
https://dx.doi.org/10.1177/2150131917697439
https://dx.doi.org/10.1370/afm.749
https://dx.doi.org/10.21037/atm.2020.04.46
https://dx.doi.org/10.1136/bmj.i1732
https://dx.doi.org/10.1186/s12913-018-3197-4
https://dx.doi.org/10.1097/PHH.0000000000001324


[45] S. Elofsson, A. L. Undèn, and I. Krakau. “Patient charges–a hindrance to financially and
psychosocially disadvantage groups seeking care”. Social Science & Medicine 46.10 (May
1998), pp. 1375–1380. doi:10.1016/s0277-9536(98)00030-6.

[46] Statistics Norway. Inequality in health service utilization (in Norwegian only). 2017/16. 2017.
Report.

[47] I. Stirbu, A. E. Kunst, A. Mielck, et al. “Inequalities in utilisation of general practitioner and
specialist services in 9 European countries”. BMC Health Serv Res 11 (Oct. 2011), p. 288.
doi:10.1186/1472-6963-11-288.

[48] OECD. “Health for Everyone?: Social Inequalities in Health and Health Systems”. OECD
Health Policy Studies (2019). doi:https://doi.org/10.1787/3c8385d0-en.

[49] D. Cutler, J. S. Skinner, A. D. Stern, et al. “Physician Beliefs and Patient Preferences: A New
Look at Regional Variation in Health Care Spending”. Am Econ J Econ Policy 11.1 (Feb.
2019), pp. 192–221. doi:10.1257/pol.20150421.

[50] P. Diehr, K. Cain, F. Connell, et al. “What is too much variation? The null hypothesis in
small-area analysis”. Health Serv Res 24.6 (Feb. 1990), pp. 741–771.

[51] J. E. Wennberg. “Time to tackle unwarranted variations in practice”. BMJ 342 (Mar. 2011),
p. d1513. doi:10.1136/bmj.d1513.

[52] B. Ibáñez, J. Librero, E. Bernal-Delgado, et al. “Is there much variation in variation? Revisiting
statistics of small area variation in health services research”. BMC Health Serv Res 9 (Apr.
2009), p. 60. doi:10.1186/1472-6963-9-60.

[53] K. Sutherland and J. F. Levesque. “Unwarranted clinical variation in health care: Definitions
and proposal of an analytic framework”. J Eval Clin Pract 26.3 (June 2020), pp. 687–696.
doi:10.1111/jep.13181.

[54] D. C. Goodman. “Unwarranted variation in pediatric medical care”. Pediatr Clin North Am
56.4 (Aug. 2009), pp. 745–755. doi:10.1016/j.pcl.2009.05.007.

[55] A. N. Corallo, R. Croxford, D. C. Goodman, et al. “A systematic review of medical practice
variation in OECD countries”. Health Policy 114.1 (Jan. 2014), pp. 5–14.
doi:10.1016/j.healthpol.2013.08.002.

[56] N. Johansson, N. Jakobsson, and M. Svensson. “Regional variation in health care utilization
in Sweden - the importance of demand-side factors”. BMC Health Serv Res 18.1 (June 2018),
p. 403. doi:10.1186/s12913-018-3210-y.

[57] A. Godøy and I. Huitfeldt. “Regional variation in health care utilization and mortality”. J
Health Econ 71 (May 2020), p. 102254. doi:10.1016/j.jhealeco.2019.102254.

[58] E. S. Fisher, J. P. Bynum, and J. S. Skinner. “Slowing the growth of health care costs–lessons
from regional variation”. N Engl J Med 360.9 (Feb. 2009), pp. 849–852.
doi:10.1056/NEJMp0809794.

[59] A. Finkelstein, M. Gentzkow, and H. Williams. “Sources of geographic variation in health
care: Evidence from patient migration”. Q J Econ 131.4 (Nov. 2016), pp. 1681–1726.
doi:10.1093/qje/qjw023.

[60] Ø. Kravdal, K. Alvær, K. Bævre, et al. “How much of the variation in mortality across Norwe-
gian municipalities is explained by the socio-demographic characteristics of the population?”
Health Place 33 (May 2015), pp. 148–158. doi:10.1016/j.healthplace.2015.02.013.

58

https://dx.doi.org/10.1016/s0277-9536(98)00030-6
https://dx.doi.org/10.1186/1472-6963-11-288
https://doi.org/10.1787/3c8385d0-en
https://dx.doi.org/10.1257/pol.20150421
https://dx.doi.org/10.1136/bmj.d1513
https://dx.doi.org/10.1186/1472-6963-9-60
https://dx.doi.org/10.1111/jep.13181
https://dx.doi.org/10.1016/j.pcl.2009.05.007
https://dx.doi.org/10.1016/j.healthpol.2013.08.002
https://dx.doi.org/10.1186/s12913-018-3210-y
https://dx.doi.org/10.1016/j.jhealeco.2019.102254
https://dx.doi.org/10.1056/NEJMp0809794
https://dx.doi.org/10.1093/qje/qjw023
https://dx.doi.org/10.1016/j.healthplace.2015.02.013


[61] J. M. Kinge, Ó. A. Steingrímsdóttir, B. H. Strand, et al. “Can socioeconomic factors explain
geographic variation in overweight in Norway?” SSM Popul Health 2 (Dec. 2016), pp. 333–
340. doi:10.1016/j.ssmph.2016.04.010.

[62] J. L. Moss, N. J. Johnson, M. Yu, et al. “Comparisons of individual- and area-level so-
cioeconomic status as proxies for individual-level measures: evidence from the Mortality
Disparities in American Communities study”. Popul Health Metr 19.1 (Jan. 2021), p. 1.
doi:10.1186/s12963-020-00244-x.

[63] I. S. Saunes, M. Karanikolos, and A. Sagan. “Norway: Health system review. Health systems
in Transition”. 22.1 (2020), pp. i–163. World Health Organization. Regional Office for Europe.
Accessed on 06 October 2021; https://apps.who.int/iris/handle/10665/331786.

[64] LOV-1999-07-02-63. Lov om pasient- og brukerrettigheter (pasientrettighetsloven).

[65] Helse- og omsorgskomiteen. Innst. 206 S (2015-2016) Innstilling fra helse- og omsorgskomi-
teen om Nasjonal helse- og sykehusplan (2016–2019) [Recommendation from the Health
and Care Committee on the National Health and Hospital Plan]. 2016. Available from:
www.stortinget.no/no/Saker-og-publikasjoner/Publikasjoner/Innstillinger/Stortinget/2015-2016
/inns-201516-206/?lvl=0.

[66] Helse- og omsorgsdepartementet. Prop. 1 S (2016 –2017) Proposisjon til Stortinget (forslag til
stortingsvedtak) [Prop. 1 S (2016 –2017) The bill and draft resolution]. 2017. Available from:
www.regjeringen.no/contentassets/d64fc8298e1e400fb7d33511b34cb382/no/pdfs/prp2016
20170001hoddddpdfs.pdf.

[67] Riksrevisjonen. Undersøkelse av årsaker til variasjon i forbruk av helsetjenester [Investi-
gation of reasons for variation in utilisation of health care services]. 2019. Available from:
www.riksrevisjonen.no/globalassets/rapporter/no-2019-2020/variasjonforbrukhelsetjenester.pdf.

[68] L. Balteskard, T. Deraas, O.H. Førde, et al. Day Surgery in Norway 2011-2013. Sept. 2015.
Available from: helseatlas.no/sites/default/files/day-surgery-health.pdf.

[69] A. Moen, F. Olsen, B. Uleberg, et al. Child Healthcare Atlas for Norway. Sept. 2015. English
version June 2017. Available from: helseatlas.no/sites/default/files/child-healthcare-atlas.pdf.

[70] The Global Health Observatory. SDG Target 3.2. Newborn and child mortality. Under-five
deaths. Child mortality levels: Probability of dying per 1000 live births. Child mortality -
Probability of dying per 1000 live births.

[71] J. M. Perrin, C. J. Homer, D. M. Berwick, et al. “Variations in rates of hospitalization
of children in three urban communities”. N Engl J Med 320.18 (1989), pp. 1183–1187.
doi:10.1056/NEJM198905043201805.

[72] S. Arora, C. R. Cheung, C. Sherlaw-Johnson, et al. “Use of age-specific hospital catchment
populations to investigate geographical variation in inpatient admissions for children and
young people in England: retrospective, cross-sectional study”. BMJ Open 8.7 (July 2018),
e022339. doi:10.1136/bmjopen-2018-022339.

[73] A. Moen, A. Rønnestad, H.J. Stensvold, et al. The Norwegian Neonatal Healthcare Atlas. Dec.
2016. English version June 2017. Available from: helseatlas.no/sites/default
/files/norwegian-neonatal-healthcare.pdf.

[74] R. D. Neal, N. U. Din, W. Hamilton, et al. “Comparison of cancer diagnostic intervals before
and after implementation of NICE guidelines: analysis of data from the UK General Practice
Research Database”. Br. J. Cancer 110.3 (Feb. 2014), pp. 584–592. doi:10.1038/bjc.2013.791.

59

https://dx.doi.org/10.1016/j.ssmph.2016.04.010
https://dx.doi.org/10.1186/s12963-020-00244-x
https://apps.who.int/iris/handle/10665/331786
https://www.stortinget.no/no/Saker-og-publikasjoner/Publikasjoner/Innstillinger/Stortinget/2015-2016/inns-201516-206/?lvl=0
https://www.stortinget.no/no/Saker-og-publikasjoner/Publikasjoner/Innstillinger/Stortinget/2015-2016/inns-201516-206/?lvl=0
https://www.regjeringen.no/contentassets/d64fc8298e1e400fb7d33511b34cb382/no/pdfs/prp201620170001hoddddpdfs.pdf
https://www.regjeringen.no/contentassets/d64fc8298e1e400fb7d33511b34cb382/no/pdfs/prp201620170001hoddddpdfs.pdf
https://www.riksrevisjonen.no/globalassets/rapporter/no-2019-2020/variasjonforbrukhelsetjenester.pdf
https://helseatlas.no/sites/default/files/day-surgery-health.pdf
https://helseatlas.no/sites/default/files/child-healthcare-atlas.pdf
https://dx.doi.org/10.1056/NEJM198905043201805
https://dx.doi.org/10.1136/bmjopen-2018-022339
https://helseatlas.no/sites/default/files/norwegian-neonatal-healthcare.pdf
https://helseatlas.no/sites/default/files/norwegian-neonatal-healthcare.pdf
https://dx.doi.org/10.1038/bjc.2013.791


[75] J. Prades, J. A. Espinàs, R. Font, et al. “Implementing a Cancer Fast-track Programme between
primary and specialised care in Catalonia (Spain): a mixed methods study”. Br. J. Cancer 105.6
(Sept. 2011), pp. 753–759. doi:10.1038/bjc.2011.308.

[76] H. B. Dyrop, A. Safwat, P. Vedsted, et al. “Cancer Patient Pathways shortens waiting times and
accelerates the diagnostic process of suspected sarcoma patients in Denmark”. Health Policy
113.1-2 (Nov. 2013), pp. 110–117. doi:10.1016/j.healthpol.2013.09.012.

[77] H. B. Probst, Z. B. Hussain, and O. Andersen. “Cancer patient pathways in Denmark as a joint
effort between bureaucrats, health professionals and politicians–a national Danish project”.
Health Policy 105.1 (Apr. 2012), pp. 65–70. doi:10.1016/j.healthpol.2011.11.001.

[78] J. Wilkens, H. Thulesius, I. Schmidt, et al. “The 2015 National Cancer Program in Sweden:
Introducing standardized care pathways in a decentralized system”. Health Policy 120.12 (Dec.
2016), pp. 1378–1382. doi:10.1016/j.healthpol.2016.09.008.

[79] Helsedirektoratet. Pakkeforløp for kreft - Sentrale indikatorer [Cancer patient pathways -
central indicators]. 2021. Available from: www.helsedirektoratet.no/statistikk/statistikk-fra-
npr/pakkeforlop-for-kreft-indikatorer-for-aktivitet-og-forlopstid.

[80] Helsedirektoratet. Implementering av pakkeforløp for kreft. Nasjonal plan for implementer-
ing av pakkeforløp for kreft 2014-2015 [Implementation of Cancer patient pathways]. 2015.
Available from: www.helsedirektoratet.no/tema/kreft/generell-informasjon-om-pakkeforlop-
for-kreft/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl
%C3%B8p%20for%20kreft.pdf//𝑎𝑡𝑡𝑎𝑐ℎ𝑚𝑒𝑛𝑡/𝑖𝑛𝑙𝑖𝑛𝑒/𝑏5𝑑76043 − 𝑓 𝑓 42 − 4 𝑓 5𝑐 − 9𝑎𝑏3 −
𝑐 𝑓 𝑏𝑏395𝑎08𝑏𝑐 : 4𝑒8125 𝑓 96798 𝑓 𝑑2𝑑𝑎 𝑓 2𝑎4564𝑐003113𝑎17 𝑓 𝑑423𝑒/𝐼𝑆−2426%20𝑁𝑎𝑠 𝑗𝑜𝑛𝑎𝑙

%20𝑝𝑙𝑎𝑛%20 𝑓 𝑜𝑟%20𝑖𝑚𝑝𝑙𝑒𝑚𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔%20𝑎𝑣%20𝑝𝑎𝑘𝑘𝑒 𝑓 𝑜𝑟𝑙%𝐶3%𝐵8𝑝%20 𝑓 𝑜𝑟%20
𝑘𝑟𝑒 𝑓 𝑡.𝑝𝑑𝑓 .

[81] Helsedirektoratet. Pakkeforløp for lungekreft [Patient pathways for lung cancer]. 2021. Avail-
able from: www.helsedirektoratet.no/pakkeforlop/lungekreft.

[82] Helsedirektoratet. Pakkeforløp for tykk- og endetarmskreft [Patient pathways for colorectal
cancer]. 2021. Available from: www.helsedirektoratet.no/pakkeforlop/tykk-og-endetarmskreft.

[83] Helsedirektoratet. Pakkeforløp for brystkreft [Patient pathways for breast cancer]. 2021. Avail-
able from: www.helsedirektoratet.no/pakkeforlop/brystkreft.

[84] Helsedirektoratet. Pakkeforløp for prostatakreft [Patient pathways for prostate cancer]. 2021.
Available from: www.helsedirektoratet.no/pakkeforlop/prostatakreft.

[85] Helsedirektoratet. Pakkeforløp for kreft – Generell informasjon for alle pakkeforløpene for kreft
[Cancer patient pathways - general information for all CPPs for cancer]. 2014. Available from:
www.helsedirektoratet.no/pakkeforlop/generell-informasjon-for-alle-pakkeforlopene-for-kreft.

[86] Helse- og omsorgsdepartementet. Oppdragsdokument til de regionale helseforetakene [As-
signment document to the Regional Health Authorities]. 2015.

[87] W. B. Kannel, P. A. Wolf, E. J. Benjamin, et al. “Prevalence, incidence, prognosis, and
predisposing conditions for atrial fibrillation: population-based estimates”. Am. J. Cardiol.
82.8A (Oct. 1998), 2N–9N. doi:10.1016/s0002-9149(98)00583-9.

[88] R. B. Schnabel, X. Yin, P. Gona, et al. “50 year trends in atrial fibrillation prevalence, incidence,
risk factors, and mortality in the Framingham Heart Study: a cohort study”. Lancet 386.9989
(July 2015), pp. 154–162. doi:10.1016/S0140-6736(14)61774-8.

60

https://dx.doi.org/10.1038/bjc.2011.308
https://dx.doi.org/10.1016/j.healthpol.2013.09.012
https://dx.doi.org/10.1016/j.healthpol.2011.11.001
https://dx.doi.org/10.1016/j.healthpol.2016.09.008
https://www.helsedirektoratet.no/statistikk/statistikk-fra-npr/pakkeforlop-for-kreft-indikatorer-for-aktivitet-og-forlopstid
https://www.helsedirektoratet.no/statistikk/statistikk-fra-npr/pakkeforlop-for-kreft-indikatorer-for-aktivitet-og-forlopstid
https://www.helsedirektoratet.no/tema/kreft/generell-informasjon-om-pakkeforlop-for-kreft/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf/_/attachment/inline/b5d76043-ff42-4f5c-9ab3-cfbb395a08bc:4e8125f96798fd2daf2a4564c003113a17fd423e/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf
https://www.helsedirektoratet.no/tema/kreft/generell-informasjon-om-pakkeforlop-for-kreft/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf/_/attachment/inline/b5d76043-ff42-4f5c-9ab3-cfbb395a08bc:4e8125f96798fd2daf2a4564c003113a17fd423e/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf
https://www.helsedirektoratet.no/tema/kreft/generell-informasjon-om-pakkeforlop-for-kreft/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf/_/attachment/inline/b5d76043-ff42-4f5c-9ab3-cfbb395a08bc:4e8125f96798fd2daf2a4564c003113a17fd423e/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf
https://www.helsedirektoratet.no/tema/kreft/generell-informasjon-om-pakkeforlop-for-kreft/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf/_/attachment/inline/b5d76043-ff42-4f5c-9ab3-cfbb395a08bc:4e8125f96798fd2daf2a4564c003113a17fd423e/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf
https://www.helsedirektoratet.no/tema/kreft/generell-informasjon-om-pakkeforlop-for-kreft/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf/_/attachment/inline/b5d76043-ff42-4f5c-9ab3-cfbb395a08bc:4e8125f96798fd2daf2a4564c003113a17fd423e/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf
https://www.helsedirektoratet.no/tema/kreft/generell-informasjon-om-pakkeforlop-for-kreft/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf/_/attachment/inline/b5d76043-ff42-4f5c-9ab3-cfbb395a08bc:4e8125f96798fd2daf2a4564c003113a17fd423e/IS-2426%20Nasjonal%20plan%20for%20implementering%20av%20pakkeforl%C3%B8p%20for%20kreft.pdf
https://www.helsedirektoratet.no/pakkeforlop/lungekreft
https://www.helsedirektoratet.no/pakkeforlop/tykk-og-endetarmskreft
https://www.helsedirektoratet.no/pakkeforlop/brystkreft
https://www.helsedirektoratet.no/pakkeforlop/prostatakreft
https://www.helsedirektoratet.no/pakkeforlop/generell-informasjon-for-alle-pakkeforlopene-for-kreft
https://dx.doi.org/10.1016/s0002-9149(98)00583-9
https://dx.doi.org/10.1016/S0140-6736(14)61774-8


[89] C. T. January, L. S. Wann, J. S. Alpert, et al. “2014 AHA/ACC/HRS guideline for the
management of patients with atrial fibrillation: executive summary: a report of the American
College of Cardiology/American Heart Association Task Force on practice guidelines and the
Heart Rhythm Society”. Circulation 130.23 (Dec. 2014), pp. 2071–2104.
doi:10.1161/CIR.0000000000000040.

[90] A. J. Camm, P. Kirchhof, G. Y. Lip, et al. “Guidelines for the management of atrial fibrillation:
the Task Force for the Management of Atrial Fibrillation of the European Society of Cardiology
(ESC)”. Europace 12.10 (Oct. 2010), pp. 1360–1420. doi:10.1093/europace/euq350.

[91] A. J. Camm, G. Y. Lip, R. De Caterina, et al. “2012 focused update of the ESC Guidelines for the
management of atrial fibrillation: an update of the 2010 ESC Guidelines for the management
of atrial fibrillation. Developed with the special contribution of the European Heart Rhythm
Association”. Eur Heart J 33.21 (Nov. 2012), pp. 2719–2747. doi:10.1093/eurheartj/ehs253.

[92] G. Hindricks, T. Potpara, N. Dagres, et al. “2020 ESC Guidelines for the diagnosis and
management of atrial fibrillation developed in collaboration with the European Association
for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and management of
atrial fibrillation of the European Society of Cardiology (ESC) Developed with the special
contribution of the European Heart Rhythm Association (EHRA) of the ESC”. Eur Heart J
42.5 (Feb. 2021), pp. 373–498. doi:10.1093/eurheartj/ehaa612.

[93] G. Lippi, F. Sanchis-Gomar, and G. Cervellin. “Global epidemiology of atrial fibrillation: An
increasing epidemic and public health challenge”. Int J Stroke 16.2 (Feb. 2021), pp. 217–221.
doi:10.1177/1747493019897870.

[94] H. Stefansdottir, T. Aspelund, V. Gudnason, et al. “Trends in the incidence and prevalence of
atrial fibrillation in Iceland and future projections”. Europace 13.8 (Aug. 2011), pp. 1110–
1117. doi:10.1093/europace/eur132.

[95] M. Zoni-Berisso, F. Lercari, T. Carazza, et al. “Epidemiology of atrial fibrillation: European
perspective”. Clin Epidemiol 6 (2014), pp. 213–220. doi:10.2147/CLEP.S47385.

[96] B. P. Krijthe, A. Kunst, E. J. Benjamin, et al. “Projections on the number of individuals with
atrial fibrillation in the European Union, from 2000 to 2060”. Eur. Heart J. 34.35 (Sept. 2013),
pp. 2746–2751. doi:10.1093/eurheartj/eht280.

[97] H. Calkins, G. Hindricks, R. Cappato, et al. “2017 HRS/EHRA/ECAS/APHRS/SOLAECE
expert consensus statement on catheter and surgical ablation of atrial fibrillation”. Europace
20.1 (Jan. 2018), e1–e160. doi:10.1093/europace/eux274.

[98] M. Aronsson, H. Walfridsson, M. Janzon, et al. “The cost-effectiveness of radiofrequency
catheter ablation as first-line treatment for paroxysmal atrial fibrillation: results from a
MANTRA-PAF substudy”. Europace 17.1 (Jan. 2015), pp. 48–55.
doi:10.1093/europace/euu188.

[99] B. Kheiri, T. F. Simpson, R. Przybylowicz, et al. “Ablation Versus Antiarrhythmic Drugs
as First-Line Treatment of Paroxysmal Atrial Fibrillation: A Meta-Analysis of Randomized
Trials”. Circ Arrhythm Electrophysiol 14.8 (Aug. 2021), e009692.
doi:10.1161/CIRCEP.120.009692.

[100] M. J. Raatikainen, D. O. Arnar, K. Zeppenfeld, et al. “Statistics on the use of cardiac electronic
devices and electrophysiological procedures in the European Society of Cardiology countries:
2014 report from the European Heart Rhythm Association”. Europace 17 Suppl 1 (Jan. 2015),
pp. 1–75. doi:10.1093/europace/euu300.

61

https://dx.doi.org/10.1161/CIR.0000000000000040
https://dx.doi.org/10.1093/europace/euq350
https://dx.doi.org/10.1093/eurheartj/ehs253
https://dx.doi.org/10.1093/eurheartj/ehaa612
https://dx.doi.org/10.1177/1747493019897870
https://dx.doi.org/10.1093/europace/eur132
https://dx.doi.org/10.2147/CLEP.S47385
https://dx.doi.org/10.1093/eurheartj/eht280
https://dx.doi.org/10.1093/europace/eux274
https://dx.doi.org/10.1093/europace/euu188
https://dx.doi.org/10.1161/CIRCEP.120.009692
https://dx.doi.org/10.1093/europace/euu300


[101] UNESCO Institute for Statistics. International Standard Classification of Education ISCED
2011. 2012. Report. Available from: uis.unesco.org/sites/default/files/documents/international-
standard-classification-of-education-isced-2011-en.pdf.

[102] P. Allison. Survival Analysis Using SAS. A Practical Guide. Second Edition. Cary, NC, USA:
SAS Institute Inc., 2010.

[103] Y. Nilssen, T. E. Strand, R. Wiik, et al. “Utilizing national patient-register data to control for
comorbidity in prognostic studies”. Clin Epidemiol 6 (2014), pp. 395–404.
doi:10.2147/CLEP.S70742.

[104] P. C. Austin. “A Tutorial on Multilevel Survival Analysis: Methods, Models and Applications”.
Int Stat Rev 85.2 (Aug. 2017), pp. 185–203. doi:10.1111/insr.12214.

[105] “Health Services Research: An Evolving Definition of the Field”. Health Services Research
37.1 (2002), pp. 15–17. doi:https://doi.org/10.1111/1475-6773.01020.

[106] Health Services Research: Opportunities for an Expanding Field of Inquiry: An Interim
Statement. Institute of Medicine (US) Committee on Health Services Research, 1994. Avaiable
from: https://www.ncbi.nlm.nih.gov/books/NBK231502/.

[107] R.S. Bhopal. Concepts of epidemiology : integrating the ideas, theories, principles and methods
of epidemiology. 2nd ed. Oxford University Press, 2012.
doi:10.1093/acprof:oso/9780199543144.001.0001.

[108] P. Ranganathan and R. Aggarwal. “Study designs: Part 1 - An overview and classification”.
Perspect Clin Res 9.4 (2018), pp. 184–186. doi:10.4103/picr.PICR12418.

[109] G. Jacobsen. “[Analytical epidemiology–case-control and cohort studies]”. Tidsskr Nor Laege-
foren 122.27 (Nov. 2002), pp. 2636–2640. PubMed:www.ncbi.nlm.nih.gov/pubmed/12523196.

[110] M. Porta. A Dictionary of Epidemiology. Oxford University Press, 2014. isbn: 9780199338931.
doi:10.1093/acref/9780195314496.001.0001.

[111] M. Szklo and J.F. Nieto. Epidemiology: beyond the basics. 4th ed. Jones Bartlett Learning,
2019. isbn: "1-284-11660-3".

[112] K. J. Rothman, S. Greenland, and T. L. Lash. Modern Epidemiology. Philadelphia: Lippincott
Williams & Wilkins, 2008. doi:10.1093/acref/9780195314496.001.0001.

[113] M. Delgado-Rodríguez and J. Llorca. “Bias”. J Epidemiol Community Health 58.8 (Aug.
2004), pp. 635–641. doi:10.1136/jech.2003.008466.

[114] W. Mangerud, M. Kjelvik, and T. Krokan. Aktivitetsdata for somatisk spesialisthelsetjeneste
2016 [Activity Data for Somatic Health Care in the Specialist Health Service 2016: Norwegian
Patient Registry]. 2017. Available from:
www.helsedirektoratet.no/rapporter/aktivitetsdata-for-somatisk-spesialisthelsetjeneste/
Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf/_/attachment/
inline/1d829915-8b9b-405e-98fe-75ec3418d482:1b0191d89483b1e4374a1cf701e16e4a8
cfcd16a/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf.

[115] I. J. Bakken, A. M. S. Ariansen, G. P. Knudsen, et al. “The Norwegian Patient Registry and the
Norwegian Registry for Primary Health Care: Research potential of two nationwide health-
care registries”. Scand J Public Health 48.1 (Feb. 2020), pp. 49–55.
doi:10.1177/1403494819859737.

62

http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
http://uis.unesco.org/sites/default/files/documents/international-standard-classification-of-education-isced-2011-en.pdf
https://dx.doi.org/10.2147/CLEP.S70742
https://dx.doi.org/10.1111/insr.12214
https://doi.org/10.1111/1475-6773.01020
https://www.ncbi.nlm.nih.gov/books/NBK231502/
https://oxford.universitypressscholarship.com/view/10.1093/acprof:oso/9780199543144.001.0001/acprof-9780199543144-chapter-2
https://dx.doi.org/10.4103/picr.PICR_124_18
https://www.ncbi.nlm.nih.gov/pubmed/12523196
https://www.oxfordreference.com/view/10.1093/acref/9780195314496.001.0001/acref-9780195314496
https://www.oxfordreference.com/view/10.1093/acref/9780195314496.001.0001/acref-9780195314496
https://dx.doi.org/10.1136/jech.2003.008466
https://www.helsedirektoratet.no/rapporter/aktivitetsdata-for-somatisk-spesialisthelsetjeneste/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf/_/attachment/inline/1d829915-8b9b-405e-98fe-75ec3418d482:1b0191d89483b1e4374a1cf701e16e4a8cfcd16a/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf
https://www.helsedirektoratet.no/rapporter/aktivitetsdata-for-somatisk-spesialisthelsetjeneste/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf/_/attachment/inline/1d829915-8b9b-405e-98fe-75ec3418d482:1b0191d89483b1e4374a1cf701e16e4a8cfcd16a/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf
https://www.helsedirektoratet.no/rapporter/aktivitetsdata-for-somatisk-spesialisthelsetjeneste/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf/_/attachment/inline/1d829915-8b9b-405e-98fe-75ec3418d482:1b0191d89483b1e4374a1cf701e16e4a8cfcd16a/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf
https://www.helsedirektoratet.no/rapporter/aktivitetsdata-for-somatisk-spesialisthelsetjeneste/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf/_/attachment/inline/1d829915-8b9b-405e-98fe-75ec3418d482:1b0191d89483b1e4374a1cf701e16e4a8cfcd16a/Aktivitetsdata%20for%20somatisk%20spesialisthelsetjeneste%202016.pdf
https://dx.doi.org/10.1177/1403494819859737


[116] I. K. Larsen, M. Småstuen, T. B. Johannesen, et al. “Data quality at the Cancer Registry of
Norway: an overview of comparability, completeness, validity and timeliness”. Eur J Cancer
45.7 (May 2009), pp. 1218–1231. doi:10.1016/j.ejca.2008.10.037.

[117] Y. Nilssen, O. T. Brustugun, M. T. Eriksen, et al. “Patient and tumour characteristics associated
with inclusion in Cancer patient pathways in Norway in 2015-2016”. BMC Cancer 20.1 (May
2020), p. 488. doi:10.1186/s12885-020-06979-y.

[118] T. R. Vetter and E. J. Mascha. “Bias, Confounding, and Interaction: Lions and Tigers, and
Bears, Oh My!” Anesth Analg 125.3 (Sept. 2017), pp. 1042–1048.
doi:10.1213/ANE.0000000000002332.

[119] S. Greenland, J. Pearl, and J. M. Robins. “Causal diagrams for epidemiologic research”.
Epidemiology 10.1 (Jan. 1999), pp. 37–48. PubMed:9888278.

[120] J. P. Mackenbach, I. Stirbu, A. J. Roskam, et al. “Socioeconomic inequalities in health in 22
European countries”. N Engl J Med 358.23 (June 2008), pp. 2468–2481.
doi:10.1056/NEJMsa0707519.

[121] L. Harber-Aschan, A. Calderón-Larrañaga, A. Darin-Mattson, et al. “Beyond the social gra-
dient: the role of lifelong socioeconomic status in older adults’ health trajectories”. Aging
(Albany NY) 12.24 (Dec. 2020), pp. 24693–24708. doi:10.18632/aging.202342.

[122] J. Textor, B. van der Zander, M. S. Gilthorpe, et al. “Robust causal inference using directed
acyclic graphs: the R package ’dagitty’”. Int J Epidemiol 45.6 (Dec. 2016), pp. 1887–1894.
doi:10.1093/ije/dyw341.

[123] L. Meuli and F. Dick. “Understanding Confounding in Observational Studies”. Eur J Vasc
Endovasc Surg 55.5 (May 2018), p. 737. doi:10.1016/j.ejvs.2018.02.028.

[124] R. M. Lucas and A. J. Mcmichael. “Association or Causation: evaluating links between ’envi-
ronment and disease’”. Bull World Health Organ 83.10 (June 2005), pp. 792–795. Available
from: www.ncbi.nlm.nih.gov/pmc/articles/PMC2626424/pdf/16283057.pdf.

[125] W. A. Kukull and M. Ganguli. “Generalizability: the trees, the forest, and the low-hanging
fruit”. Neurology 78.23 (June 2012), pp. 1886–1891. doi:10.1212/WNL.0b013e318258f812.

[126] N. Alexander. “What’s more general than a whole population?” Emerg Themes Epidemiol 12
(2015), p. 11. doi:10.1186/s12982-015-0029-4.

[127] E. K. Skaftun, S. Verguet, O. F. Norheim, et al. “Geographic health inequalities in Norway: a
Gini analysis of cross-county differences in mortality from 1980 to 2014”. Int J Equity Health
17.1 (May 2018), p. 64. doi:10.1186/s12939-018-0771-7.

[128] Folkehelseinstituttet. Cardiovascular disease in Norway. 2020. Available from:
https://www.fhi.no/en/op/hin/health-disease/cardiovascular-disease-in-norway—/.

[129] Folkehelseinstituttet. Kreft i Norge. 2022. Available from: https://www.fhi.no/nettpub/hin/ikke-
smittsomme/kreft/.

[130] W. Nystad, P. Magnus, O. Røksund, et al. “The prevalence of respiratory symptoms and asthma
among school children in three different areas of Norway”. Pediatr Allergy Immunol 8.1 (Feb.
1997), pp. 35–40. doi:10.1111/j.1399-3038.1997.tb00140.x.

[131] T. E. Hansen, B. Evjenth, and J. Holt. “Increasing prevalence of asthma, allergic rhinocon-
junctivitis and eczema among schoolchildren: three surveys during the period 1985-2008”.
Acta Paediatr 102.1 (Jan. 2013), pp. 47–52. doi:10.1111/apa.12030.

63

https://dx.doi.org/10.1016/j.ejca.2008.10.037
https://dx.doi.org/10.1186/s12885-020-06979-y
https://dx.doi.org/10.1213/ANE.0000000000002332
https://www.ncbi.nlm.nih.gov/pubmed/9888278
https://dx.doi.org/10.1056/NEJMsa0707519
https://dx.doi.org/10.18632/aging.202342
https://dx.doi.org/10.1093/ije/dyw341
https://dx.doi.org/10.1016/j.ejvs.2018.02.028
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2626424/pdf/16283057.pdf
https://dx.doi.org/10.1212/WNL.0b013e318258f812
https://dx.doi.org/10.1186/s12982-015-0029-4
https://dx.doi.org/10.1186/s12939-018-0771-7
https://www.fhi.no/en/op/hin/health-disease/cardiovascular-disease-in-norway---/
https://www.fhi.no/nettpub/hin/ikke-smittsomme/kreft/
https://www.fhi.no/nettpub/hin/ikke-smittsomme/kreft/
https://dx.doi.org/10.1111/j.1399-3038.1997.tb00140.x
https://dx.doi.org/10.1111/apa.12030


[132] K. C. Lødrup Carlsen, G. Håland, C. S. Devulapalli, et al. “Asthma in every fifth child in Oslo,
Norway: a 10-year follow up of a birth cohort study”. Allergy 61.4 (Apr. 2006), pp. 454–460.
doi:10.1111/j.1398-9995.2005.00938.x.

[133] T. Pietrzykowski and K. Smilowska. “The reality of informed consent: empirical studies on
patient comprehension-systematic review”. Trials 22.1 (Jan. 2021), p. 57. doi:10.1186/s13063-
020-04969-w.

[134] D. Stacey, F. Légaré, K. Lewis, et al. “Decision aids for people facing health treatment or
screening decisions”. Cochrane Database Syst Rev 4 (Apr. 2017), p. CD001431.
doi:10.1002/14651858.CD001431.pub5.

[135] D. L. Anthony, M. B. Herndon, P. M. Gallagher, et al. “How much do patients’ preferences
contribute to resource use?” Health Aff (Millwood) 28.3 (2009), pp. 864–873.
doi:10.1377/hlthaff.28.3.864.

[136] L. C. Baker, M. K. Bundorf, and D. P. Kessler. “Patients’ preferences explain a small but
significant share of regional variation in medicare spending”. Health Aff (Millwood) 33.6
(June 2014), pp. 957–963. doi:10.1377/hlthaff.2013.1184.

[137] A. Moen and D. C. Goodman. “Unwarranted geographic variation in paediatric health care in
the United States and Norway”. Acta Paediatr (Jan. 2022). doi:10.1111/apa.16249.

[138] S. Riahi, E. Arbelo, J. Brugada, et al. “Regional differences in referral, procedures, and
outcome after ablation for atrial fibrillation in Europe: a report from the Atrial Fibrillation
Ablation Pilot Registry of the European Society of Cardiology”. Europace 18.2 (Feb. 2016),
pp. 191–200. doi:10.1093/europace/euv386.

[139] R. N. D’Angelo, R. Khanna, R. W. Yeh, et al. “Trends and predictors of early ablation for Atrial
Fibrillation in a Nationwide population under age 65: a retrospective observational study”.
BMC Cardiovasc Disord 20.1 (Apr. 2020), p. 161. doi:10.1186/s12872-020-01446-9.

[140] M. F. Sinner, J. P. Piccini, M. A. Greiner, et al. “Geographic variation in the use of catheter
ablation for atrial fibrillation among Medicare beneficiaries”. Am Heart J 169.6 (June 2015),
pp. 775–782. doi:10.1016/j.ahj.2015.03.006.

[141] M. Halldòrsson, A. E. Kunst, L. Köhler, et al. “Socioeconomic differences in children’s use of
physician services in the Nordic countries”. J Epidemiol Community Health 56.3 (Mar. 2002),
pp. 200–204. doi:10.1136/jech.56.3.200.

[142] T. Gong, C. Lundholm, G. Rejnö, et al. “Parental socioeconomic status, childhood asthma and
medication use–a population-based study”. PLoS One 9.9 (2014), e106579.
doi:10.1371/journal.pone.0106579.

[143] D. Filc, N. Davidovich, L. Novack, et al. “Is socioeconomic status associated with utilization
of health care services in a single-payer universal health care system?” Int J Equity Health 13
(Nov. 2014), p. 115. doi:10.1186/s12939-014-0115-1.

[144] M. Michel, C. Alberti, J. C. Carel, et al. “Association of Pediatric Inpatient Socioeconomic
Status With Hospital Efficiency and Financial Balance”. JAMA Netw Open 2.10 (Oct. 2019),
e1913656. doi:10.1001/jamanetworkopen.2019.13656.

[145] E. Vinberg, L. Karlsson, B. Møller, et al. Cancer in Norway 2018. Special issue 2018. Sosial
ulikhet, innvandring og kreft – En rapport om kreftforekomst etter landbakgrunn, utdanning,
inntekt og bosted [Social inequality, immigration and cancer - A report on cancer incidence
by country background, education, income and place of residence]. 2019.

64

https://dx.doi.org/10.1111/j.1398-9995.2005.00938.x
https://dx.doi.org/10.1186/s13063-020-04969-w
https://dx.doi.org/10.1186/s13063-020-04969-w
https://dx.doi.org/10.1002/14651858.CD001431.pub5
https://dx.doi.org/10.1377/hlthaff.28.3.864
https://dx.doi.org/10.1377/hlthaff.2013.1184
https://dx.doi.org/10.1111/apa.16249
https://dx.doi.org/10.1093/europace/euv386
https://dx.doi.org/10.1186/s12872-020-01446-9
https://dx.doi.org/10.1016/j.ahj.2015.03.006
https://dx.doi.org/10.1136/jech.56.3.200
https://dx.doi.org/10.1371/journal.pone.0106579
https://dx.doi.org/10.1186/s12939-014-0115-1
https://dx.doi.org/10.1001/jamanetworkopen.2019.13656


[146] B. Haglund, M. Köster, T. Nilsson, et al. “Inequality in access to coronary revascularization
in Sweden”. Scand Cardiovasc J 38.6 (Dec. 2004), pp. 334–339.
doi:10.1080/14017430410021516.

[147] R. W. Morris, P. H. Whincup, O. Papacosta, et al. “Inequalities in coronary revascularisation
during the 1990s: evidence from the British regional heart study”. Heart 91.5 (May 2005),
pp. 635–640. doi:10.1136/hrt.2004.037507.

[148] T. Hetemaa, K. Manderbacka, A. Reunanen, et al. “Socioeconomic inequities in invasive
cardiac procedures among patients with incident angina pectoris or myocardial infarction”.
Scand J Public Health 34.2 (2006), pp. 116–123. doi:10.1080/14034940510032248.

[149] J. N. Rasmussen, S. Rasmussen, G. H. Gislason, et al. “Persistent socio-economic differences
in revascularization after acute myocardial infarction despite a universal health care system-a
Danish study”. Cardiovasc Drugs Ther 21.6 (Dec. 2007), pp. 449–457. doi:10.1007/s10557-
007-6058-7.

[150] E. D. Lunde, P. B. Nielsen, S. Riahi, et al. “Associations between socioeconomic status, atrial
fibrillation, and outcomes: a systematic review”. Expert Rev Cardiovasc Ther 16.11 (Nov.
2018), pp. 857–873. doi:10.1080/14779072.2018.1533118.

[151] E. D. Lunde, A. M. Joensen, S. Lundbye-Christensen, et al. “Socioeconomic position and risk
of atrial fibrillation: a nationwide Danish cohort study”. J Epidemiol Community Health 74.1
(Jan. 2020), pp. 7–13. doi:10.1136/jech-2019-212720.

[152] L. Hagengaard, M. P. Andersen, C. Polcwiartek, et al. “Socioeconomic differences in outcomes
after hospital admission for atrial fibrillation or flutter”. Eur Heart J Qual Care Clin Outcomes
7.3 (May 2021), pp. 295–303. doi:10.1093/ehjqcco/qcz053.

[153] R. Akerkar, M. Ebbing, G. Sulo, et al. “Educational inequalities in mortality of patients with
atrial fibrillation in Norway”. Scand Cardiovasc J 51.2 (Apr. 2017), pp. 82–87.
doi:10.1080/14017431.2016.1268711.

[154] E. L. Fjær, M. Balaj, P. Stornes, et al. “Exploring the differences in general practitioner
and health care specialist utilization according to education, occupation, income and social
networks across Europe: findings from the European social survey (2014) special module on
the social determinants of health”. Eur J Public Health 27.suppl1 (Feb. 2017), pp. 73–81.
doi:10.1093/eurpub/ckw255.

[155] A. G. Kachmar, C. A. Connolly, S. Wolf, et al. “Socioeconomic Status in Pediatric Health
Research: A Scoping Review”. J Pediatr 213 (Oct. 2019), pp. 163–170.
doi:10.1016/j.jpeds.2019.06.005.

[156] V. Tsenkova, T. Pudrovska, and A. Karlamangla. “Childhood socioeconomic disadvantage and
prediabetes and diabetes in later life: a study of biopsychosocial pathways”. Psychosomatic
Medicine 76.8 (Oct. 2014), pp. 622–628. doi:10.1097/PSY.0000000000000106.

[157] E.K. Grøholt, H. Stigum, R. Nordhagen, et al. “Children with chronic health conditions in the
Nordic countries in 1996 – influence of socio-economic factors”. Ambulatory Child Health
7.3-4 (2001), pp. 177–189. doi:https://doi.org/10.1046/j.1467-0658.2001.00129.x.

[158] U. Gehring, S. Pattenden, H. Slachtova, et al. “Parental education and children’s respiratory
and allergic symptoms in the Pollution and the Young (PATY) study”. Eur Respir J 27.1 (Jan.
2006), pp. 95–107. doi:10.1183/09031936.06.00017205.

65

https://dx.doi.org/10.1080/14017430410021516
https://dx.doi.org/10.1136/hrt.2004.037507
https://dx.doi.org/10.1080/14034940510032248
https://dx.doi.org/10.1007/s10557-007-6058-7
https://dx.doi.org/10.1007/s10557-007-6058-7
https://dx.doi.org/10.1080/14779072.2018.1533118
https://dx.doi.org/10.1136/jech-2019-212720
https://dx.doi.org/10.1093/ehjqcco/qcz053
https://dx.doi.org/10.1080/14017431.2016.1268711
https://dx.doi.org/10.1093/eurpub/ckw255
https://dx.doi.org/10.1016/j.jpeds.2019.06.005
https://dx.doi.org/10.1097/PSY.0000000000000106
https://doi.org/10.1046/j.1467-0658.2001.00129.x
https://dx.doi.org/10.1183/09031936.06.00017205


[159] J. Heinrich, M. A. Popescu, M. Wjst, et al. “Atopy in children and parental social class”. Am
J Public Health 88.9 (Sept. 1998), pp. 1319–1324. doi:10.2105/ajph.88.9.1319.

[160] X. du Prel, U. Krämer, H. Behrendt, et al. “Preschool children’s health and its association with
parental education and individual living conditions in East and West Germany”. BMC Public
Health 6 (Dec. 2006), p. 312. doi:10.1186/1471-2458-6-312.

[161] F. Erdmann, U. A. Hvidtfeldt, M. Sørensen, et al. “Socioeconomic differences in the risk
of childhood central nervous system tumors in Denmark: a nationwide register-based case-
control study”. Cancer Causes Control 31.10 (Oct. 2020), pp. 915–929. doi:10.1007/s10552-
020-01332-x.

[162] E. Uphoff, B. Cabieses, M. Pinart, et al. “A systematic review of socioeconomic position
in relation to asthma and allergic diseases”. Eur Respir J 46.2 (Aug. 2015), pp. 364–374.
doi:10.1183/09031936.00114514.

[163] L. Hammer-Helmich, A. Linneberg, S. F. Thomsen, et al. “Association between parental
socioeconomic position and prevalence of asthma, atopic eczema and hay fever in children”.
Scand J Public Health 42.2 (Mar. 2014), pp. 120–127. doi:10.1177/1403494813505727.

[164] J. Simonsen, M. Frisch, and S. Ethelberg. “Socioeconomic risk factors for bacterial gastroin-
testinal infections”. Epidemiology 19.2 (Mar. 2008), pp. 282–290.
doi:10.1097/EDE.0b013e3181633c19.

[165] G. Flores, M. Abreu, C. E. Chaisson, et al. “Keeping children out of hospitals: parents’
and physicians’ perspectives on how pediatric hospitalizations for ambulatory care-sensitive
conditions can be avoided”. Pediatrics 112.5 (Nov. 2003), pp. 1021–1030.
doi:10.1542/peds.112.5.1021.

[166] M. Goddard and P. Smith. “Equity of access to health care services: theory and evidence from
the UK”. Soc Sci Med 53.9 (Nov. 2001), pp. 1149–1162. doi:10.1016/S0277-9536(00)00415-9.

[167] O. Heradstveit, S. Haugland, M. Hysing, et al. “Physical inactivity, non-participation in sports
and socioeconomic status: a large population-based study among Norwegian adolescents”.
BMC Public Health 20.1 (June 2020), p. 1010. doi:10.1186/s12889-020-09141-2.

[168] B. Willems and P. Bracke. “The education gradient in cancer screening participation: a
consistent phenomenon across Europe?” Int J Public Health 63.1 (Jan. 2018), pp. 93–103.
doi:10.1007/s00038-017-1045-7.

[169] D. Smith, K. Thomson, C. Bambra, et al. “The breast cancer paradox: A systematic review of
the association between area-level deprivation and breast cancer screening uptake in Europe”.
Cancer Epidemiol 60 (June 2019), pp. 77–85. doi:10.1016/j.canep.2019.03.008.

[170] Y. Nilssen, T. E. Strand, L. Fjellbirkeland, et al. “Lung cancer treatment is influenced by
income, education, age and place of residence in a country with universal health coverage”.
Int. J. Cancer 138.6 (Mar. 2016), pp. 1350–1360. doi:10.1002/ijc.29875.

[171] K. D. Skyrud, F. Bray, M. T. Eriksen, et al. “Regional variations in cancer survival: Impact
of tumour stage, socioeconomic status, comorbidity and type of treatment in Norway”. Int. J.
Cancer 138.9 (May 2016), pp. 2190–2200. doi:10.1002/ijc.29967.

[172] C. Propper, J. Eachus, P. Chan, et al. “Access to health care resources in the UK: the case of
care for arthritis”. Health Econ 14.4 (Apr. 2005), pp. 391–406. doi:10.1002/hec.978.

66

https://dx.doi.org/10.2105/ajph.88.9.1319
https://dx.doi.org/10.1186/1471-2458-6-312
https://dx.doi.org/10.1007/s10552-020-01332-x
https://dx.doi.org/10.1007/s10552-020-01332-x
https://dx.doi.org/10.1183/09031936.00114514
https://dx.doi.org/10.1177/1403494813505727
https://dx.doi.org/10.1097/EDE.0b013e3181633c19
https://dx.doi.org/10.1542/peds.112.5.1021
https://dx.doi.org/10.1016/S0277-9536(00)00415-9
https://dx.doi.org/10.1186/s12889-020-09141-2
https://dx.doi.org/10.1007/s00038-017-1045-7
https://dx.doi.org/10.1016/j.canep.2019.03.008
https://dx.doi.org/10.1002/ijc.29875
https://dx.doi.org/10.1002/ijc.29967
https://dx.doi.org/10.1002/hec.978


[173] S. Willems, S. De Maesschalck, M. Deveugele, et al. “Socio-economic status of the patient
and doctor-patient communication: does it make a difference?” Patient Educ Couns 56.2 (Feb.
2005), pp. 139–146. doi:10.1016/j.pec.2004.02.011.

[174] D. W. Baker, J. A. Gazmararian, M. V. Williams, et al. “Functional health literacy and the
risk of hospital admission among Medicare managed care enrollees”. Am J Public Health 92.8
(Aug. 2002), pp. 1278–1283. doi:10.2105/ajph.92.8.1278.

[175] K. Friis, M. Lasgaard, G. Rowlands, et al. “Health Literacy Mediates the Relationship Between
Educational Attainment and Health Behavior: A Danish Population-Based Study”. J Health
Commun 21.sup2 (2016), pp. 54–60. doi:10.1080/10810730.2016.1201175.

[176] H. J. Tak, G. W. Ruhnke, and D. O. Meltzer. “Association of patient preferences for partici-
pation in decision making with length of stay and costs among hospitalized patients”. JAMA
Intern Med 173.13 (July 2013), pp. 1195–1205. doi:10.1001/jamainternmed.2013.6048.

[177] À. Salvador, C. Crespo, M. S. Roberto, et al. “Do parents of children with cancer want to
participate in treatment decision-making?” Support Care Cancer 28.3 (Mar. 2020), pp. 1059–
1067. doi:10.1007/s00520-019-04909-8.

[178] J. T. Hart. “The inverse care law”. Lancet 1.7696 (Feb. 1971), pp. 405–412. doi:10.1016/s0140-
6736(71)92410-x.

[179] J. Merlo, P. Wagner, and G. Leckie. “A simple multilevel approach for analysing geographical
inequalities in public health reports: The case of municipality differences in obesity”. Health
Place 58 (July 2019), p. 102145. doi:10.1016/j.healthplace.2019.102145.

[180] G. Abel and M. N. Elliott. “Identifying and quantifying variation between healthcare organ-
isations and geographical regions: using mixed-effects models”. BMJ Qual Saf 28.12 (Dec.
2019), pp. 1032–1038. doi:10.1136/bmjqs-2018-009165.

[181] G. D. Smith, C. Hart, G. Watt, et al. “Individual social class, area-based deprivation, car-
diovascular disease risk factors, and mortality: the Renfrew and Paisley Study”. J Epidemiol
Community Health 52.6 (June 1998), pp. 399–405. doi:10.1136/jech.52.6.399.

[182] B. Galobardes, M. Shaw, D. A. Lawlor, et al. “Indicators of socioeconomic position (part 2)”.
J Epidemiol Community Health 60.2 (Feb. 2006), pp. 95–101. doi:10.1136/jech.2004.028092.

[183] S. Krokstad and E. R. Sund. “Norwegian social epidemiology during 200 years”. Norsk
Epidemiologi 25.1-2 (2015), pp. 99–106. doi:https://doi.org/10.5324/nje.v25i1-2.1895.

[184] S. L. Schröder, M. Richter, J. Schröder, et al. “Socioeconomic inequalities in access to
treatment for coronary heart disease: A systematic review”. Int J Cardiol 219 (Sept. 2016),
pp. 70–78. doi:10.1016/j.ijcard.2016.05.066.

[185] J. H. Fiva, T. Hægeland, M. Rønning, et al. “Access to treatment and educational inequalities in
cancer survival”. J Health Econ 36 (July 2014), pp. 98–111. doi:10.1016/j.jhealeco.2014.04.001.

[186] B. Bringedal and K. Isaksson Rø. “Should a patient’s socioeconomic status count in decisions
about treatment in medical care? A longitudinal study of Norwegian doctors”. Scand J Public
Health (July 2021), p. 14034948211033685. doi:10.1177/14034948211033685.

[187] M. O. Falster, L. R. Jorm, K. A. Douglas, et al. “Sociodemographic and health characteristics,
rather than primary care supply, are major drivers of geographic variation in preventable
hospitalizations in Australia”. Med Care 53.5 (May 2015), pp. 436–445.
doi:10.1097/MLR.0000000000000342.

67

https://dx.doi.org/10.1016/j.pec.2004.02.011
https://dx.doi.org/10.2105/ajph.92.8.1278
https://dx.doi.org/10.1080/10810730.2016.1201175
https://dx.doi.org/10.1001/jamainternmed.2013.6048
https://dx.doi.org/10.1007/s00520-019-04909-8
https://dx.doi.org/10.1016/s0140-6736(71)92410-x
https://dx.doi.org/10.1016/s0140-6736(71)92410-x
https://dx.doi.org/10.1016/j.healthplace.2019.102145
https://dx.doi.org/10.1136/bmjqs-2018-009165
https://dx.doi.org/10.1136/jech.52.6.399
https://dx.doi.org/10.1136/jech.2004.028092
https://doi.org/10.5324/nje.v25i1-2.1895
https://dx.doi.org/10.1016/j.ijcard.2016.05.066
https://dx.doi.org/10.1016/j.jhealeco.2014.04.001
https://dx.doi.org/10.1177/14034948211033685
https://dx.doi.org/10.1097/MLR.0000000000000342


[188] F. Atsma, G. Elwyn, and G. Westert. “Understanding unwarranted variation in clinical practice:
a focus on network effects, reflective medicine and learning health systems”. Int J Qual Health
Care 32.4 (June 2020), pp. 271–274. doi:10.1093/intqhc/mzaa023.

[189] R. Moynihan and R. Smith. “Too much medicine?” BMJ 324.7342 (Apr. 2002), pp. 859–860.
doi:10.1136/bmj.324.7342.859.

[190] D. Wolfson, J. Santa, and L. Slass. “Engaging physicians and consumers in conversations
about treatment overuse and waste: a short history of the choosing wisely campaign”. Acad
Med 89.7 (July 2014), pp. 990–995. doi:10.1097/ACM.0000000000000270.

[191] G. Elwyn, S. Laitner, A. Coulter, et al. “Implementing shared decision making in the NHS”.
BMJ 341 (Oct. 2010), p. c5146. doi:10.1136/bmj.c5146.

[192] K. Størdal and S. Hjörleifsson. “Can we make wiser choices?” Tidsskr Nor Laegeforen 140.2
(Feb. 2020). doi:10.4045/tidsskr.19.0759.

[193] D. M. Berwick and A. D. Hackbarth. “Eliminating waste in US health care”. JAMA 307.14
(Apr. 2012), pp. 1513–1516. doi:10.1001/jama.2012.362.

[194] K. B. Born and W. Levinson. “Choosing Wisely campaigns globally: A shared approach to
tackling the problem of overuse in healthcare”. J Gen Fam Med 20.1 (Jan. 2019), pp. 9–12.
doi:10.1002/jgf2.225.

[195] H. Lyu, T. Xu, D. Brotman, et al. “Overtreatment in the United States”. PLoS One 12.9 (2017),
e0181970. doi:10.1371/journal.pone.0181970.

[196] P. Braveman and L. Gottlieb. “The social determinants of health: it’s time to consider the
causes of the causes”. Public Health Rep 129 Suppl 2 (2014), pp. 19–31.
doi:10.1177/00333549141291S206.

[197] M. Marmot, J. Allen, P. Goldblatt, et al. “Fair Society, Healthy Lives: Strategic Review of
Health Inequalities in England Post-2010.” (2010). London, UK: The Marmot Review. Avail-
able from: https://www.instituteofhealthequity.org/resources-reports/fair-society-healthy-lives-
the-marmot-review/fair-society-healthy-lives-full-report-pdf.pdf.

[198] Den Norske Legeforeningen. Sak 14: Resolusjon - Sosial ulikhet i helse. 2021. Available from:
www.legeforeningen.no/contentassets/0b20d358c49a438b8caa8dde6e4f6487/vedtatt-
resolusjonsforslag-sosial-ulikhet-i-helse.pdf.

[199] WMA Declaration of Geneva. 1948. Accessed on 16 January 2022.
Available from: https://data.oecd.org/inequality/income-inequality.htm.

[200] K. Bærøe and B. Bringedal. “Just health: On the conditions for acceptable and unacceptable
priority settings with respect to patients’ socioeconomic status”. J Med Ethics 37.9 (Sept.
2011), pp. 526–529. doi:10.1136/jme.2010.042085.

68

https://dx.doi.org/10.1093/intqhc/mzaa023
https://dx.doi.org/10.1136/bmj.324.7342.859
https://dx.doi.org/10.1097/ACM.0000000000000270
https://dx.doi.org/10.1136/bmj.c5146
https://dx.doi.org/10.4045/tidsskr.19.0759
https://dx.doi.org/10.1001/jama.2012.362
https://dx.doi.org/10.1002/jgf2.225
https://dx.doi.org/10.1371/journal.pone.0181970
https://dx.doi.org/10.1177/00333549141291S206
https://www.instituteofhealthequity.org/resources-reports/fair-society-healthy-lives-the-marmot-review/fair-society-healthy-lives-full-report-pdf.pdf
https://www.instituteofhealthequity.org/resources-reports/fair-society-healthy-lives-the-marmot-review/fair-society-healthy-lives-full-report-pdf.pdf
https://www.legeforeningen.no/contentassets/0b20d358c49a438b8caa8dde6e4f6487/vedtatt-resolusjonsforslag-sosial-ulikhet-i-helse.pdf
https://www.legeforeningen.no/contentassets/0b20d358c49a438b8caa8dde6e4f6487/vedtatt-resolusjonsforslag-sosial-ulikhet-i-helse.pdf
https://data.oecd.org/inequality/income-inequality.htm
https://dx.doi.org/10.1136/jme.2010.042085


Paper I





1Olsen F, et al. BMJ Open 2021;11:e046656. doi:10.1136/bmjopen-2020-046656

Open access�

Impact of parents' education on 
variation in hospital admissions for 
children: a population-based 
cohort study

Frank Olsen  ‍ ‍ ,1,2 Lise Balteskard,2 Bård Uleberg,1,2 Bjarne K Jacobsen,1,2,3 
Ivar Heuch,4 Atle Moen5

To cite: Olsen F, Balteskard L, 
Uleberg B, et al.  Impact of 
parents' education on variation 
in hospital admissions for 
children: a population-based 
cohort study. BMJ Open 
2021;11:e046656. doi:10.1136/
bmjopen-2020-046656

►► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://​dx.​doi.​org/​10.​1136/​
bmjopen-​2020-​046656).

Received 05 November 2020
Accepted 23 May 2021

For numbered affiliations see 
end of article.

Correspondence to
Frank Olsen;  
​frank.​olsen@​helse-​nord.​no

Original research

© Author(s) (or their 
employer(s)) 2021. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives  To assess the impact of parental educational 
level on hospital admissions for children, and to evaluate 
whether differences in parents' educational level can 
explain geographic variation in admission rates.
Design  National cohort study.
Setting  The 18 hospital referral areas for children in 
Norway.
Participants  All Norwegian children aged 1–16 years in 
the period 2008–2016 and their parents.
Main outcome measures  Age- and gender-adjusted 
admission rates and probability of admission.
Results  Of 1 538 189 children, 156 087 (10.2%) had 
at least one admission in the study period. There was a 
nearly twofold (1.9) variation in admission rates between 
the hospital referral areas (3113 per 100 000 children, 
95% CI: 3056 to 3169 vs 1627, 95% CI: 1599 to 1654). 
Area level variances in multilevel analysis did not change 
after adjusting for parental level of education. Children 
of parents with low level of education (maternal level of 
education, low vs high) had the highest admission rates 
(2016: 2587, 95% CI: 2512 to 2662 vs 1810, 95% CI: 
1770 to 1849), the highest probability of being admitted 
(OR: 1.18, 95% CI: 1.16 to 1.20), the highest number of 
admissions (incidencerate ratio: 1.05, 95% CI: 1.01 to 
1.10) and admissions with lower cost (−0.5%, 95% CI: 
−1.2% to 0.3%).
Conclusions  Substantial geographic variation in hospital 
admission rates for children was found, but was not 
explained by parental educational level. Children of parents 
with low educational level had the highest admission 
probability, and the highest number of admissions, but the 
lowest cost of admissions. Our results suggest that the 
variation between the educational groups is not due to 
differences in medical needs, and may be characterised 
as unwarranted. However, the manner in which health 
professionals communicate and interact with parents with 
different educational levels might play an important role.

INTRODUCTION
Studies on geographic variation in health-
care utilisation started with Glover in 1938, 
who found large geographic variation in rates 
of tonsillectomy among English school chil-
dren.1 In 1973, Wennberg and Gittelsohn 

published similar findings in the USA.2 
Geographic variation in healthcare utilisa-
tion for children and adults has later been 
described independently of how healthcare 
delivery is organised.3–5

While variation has primarily been studied 
in the context of geographic differences, 
it also exists related to differences in socio-
economic status (SES). SES is the social 
standing or class of an individual or a group, 
and is often measured as a combination of 
education, income and occupation. If vari-
ation cannot be explained by differences in 
patient needs or patient preferences, it may 
be considered unwarranted.6 An inverse asso-
ciation between SES and hospitalisation for 
children has been documented.7 8 Variation 
between SES groups may reflect differences 
in disease prevalence or needs due to life-
style or environmental factors, but may also 
be related to other factors, such as different 
doctor–patient communication.9–11

Norway provides free access to health-
care independent of income and SES within 
a single-payer publicly owned healthcare 
system. The health of Norwegian children is 
excellent with an under-five child mortality 
rate of 2.5 per 1000 live births in 2018 
compared with 6.5 in the USA.12 Nonetheless, 

Strengths and limitations of this study

►► A complete national population cohort of children, 
both admitted and non-admitted, and their parents 
was studied, eliminating selection bias.

►► Individualised time-dependent data eliminate mea-
surement errors and ecological fallacies.

►► A study period of 9 years ensures robust results.
►► Information about the parents’ income and occupa-
tional status was not available for this study.

►► Reliable prevalence data at the population level on 
the morbidity in childhood are unavailable in Norway.
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the Norwegian Child Healthcare Atlas published in 20155 
and the Neonatal Healthcare Atlas published in 201613 
found relatively large geographic variation between 
hospital referral areas in admission rates and rates 
of treatment procedures. This variation could not be 
explained by differences in morbidity or patient prefer-
ences. Higher admission rates are not necessarily associ-
ated with better outcomes14 and may expose patients to 
risk of complications from treatment or hospital-acquired 
infections. In general, children should only be admitted 
to hospital if outpatient care cannot be provided with an 
equal or better outcome.

Using national registers, the paediatric cohort of chil-
dren aged 1–16 years in Norway over a 9-year period 
was matched with parental educational attainment. 
This is the first study with individual data on a complete 
national cohort of children, both hospitalised and non-
hospitalised, and their parents’ educational level. Parental 
educational level was used as measure of SES.

The aim of this population-based study was to describe 
geographic variation and explore the effect of parental 
educational level on hospital admissions for children. We 
address the following questions: Can geographic variation 
in admission rates for children between hospital referral 
areas be explained by parental educational level? What 
are the impacts of parental educational level on whether a 
child is admitted to hospital or not? If a child is admitted, 
does parental educational level impact the number of 
admissions, disease severity and cost of admissions?

MATERIALS AND METHODS
Study design and data sources
The study population was defined using combined data 
from the Norwegian Patient Register (NPR) and Statis-
tics Norway (SSB) and included a complete cohort of all 
Norwegian children aged 1–16 years from 1 January 2008 
to 31 December 2016. Data were linked by an encrypted 
serial number derived from the unique 11-digit personal 
identifier held by all persons living in Norway. The data 
from SSB consisted of parental level of education each 
year, number and birth year of siblings, year of birth of 
the parents, gender and year of birth and residential 
municipality. The data from NPR consisted of patient 
demographics (residential information, age and gender), 
start and end date for the visit, name of hospital, type of 
visit, diagnoses and procedures performed. In Norway, all 
hospitals submit data to NPR for registration and reim-
bursement purposes.

Definitions
Hospital admissions for medical diagnoses (non-surgical 
diagnosis-related group (DRG) grouping) of at least 1 day 
were included in the analysis. In addition, admissions 
with certain primary diagnoses not considered paediatric 
medicine were excluded (for a detailed list of diagnoses, 
see online supplemental file 1). Admission episodes 
with less than 8 hours in between department stays were 

considered as one admission. Admissions that consisted of 
two or more department stays were registered as medical 
visits if all stays were registered with a medical diagnosis. 
Admissions were registered by the year of discharge. In 
addition, four subsamples of admissions were defined 
using primary and secondary diagnosis codes: gastro-
enteritis, viral and bacterial infections (excluding gastro-
enteritis), epilepsy and asthma (for details, see online 
supplemental file 1).

Parental educational level was coded using the inter-
national standard classification of education. Larger 
numbers represented higher educational level; 0 indi-
cated less than primary education and 8 indicated a 
doctorate or equivalent, while 9 was not classified and 
regarded as missing. Educational level was recoded into 
three categories: low (0–2), medium (3–5) and high 
(6–8). The number of siblings was computed each year 
according to birth year, and analysed as a dichotomous 
variable; only child or child with siblings.

Statistical analyses
Data were analysed using SAS V.9.4 (SAS Institute, Cary, 
North Carolina, USA). The data were structured as 
one record per child per year, and the variables were 
time-dependent.

Age- and gender-adjusted admission rates were calcu-
lated for children with medical admissions in the hospital 
referral areas corresponding to the geographic areas 
served by the 18 Norwegian hospital trusts. The direct 
method of standardisation was applied, with three age 
groups (1–3, 4–9 and 10–16 years). Both annual and 
overall rates for the period 2008–2016 were calculated 
separately for parents’ educational level categories. The 
reference population was the annual average of all chil-
dren aged 1–16 years in Norway in the period.

Independent variables included were child’s age and 
gender, maternal age, maternal and paternal level of 
education (categorical) and being an only child or not. 
Due to the high correlation between parents’ ages, 
father’s age was not included in the analysis. Restricted 
cubic splines (4 knots) for age with interaction terms for 
gender were applied, to adjust for child’s age and gender. 
High level of education and only child were set as refer-
ence categories. In any particular analysis, observations 
with relevant missing data were excluded.

Admission was a dichotomous variable for each child, 
and the year of the first admission was used as admission 
time point. For children with multiple admissions, only 
the year of the first admission was considered. Admission 
was analysed using discrete-time survival analysis (based 
on binary logistic regression).15

In the analysis of the number of admissions, and the 
cost or severity of the admission, the study population 
was restricted to children with admissions only, and the 
independent variables were defined by the year of the 
first admission. The number of admissions was counted 
for each child in the year of the first admission. As the 
number of admissions is a counter variable with values 
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greater or equal to 1, truncated negative binomial regres-
sion was applied. DRG-weight of the first admission was 
used as a measure of cost and disease severity. DRG-weight 
was analysed with linear regression. DRG-weight was 
highly right-skewed and was therefore log-transformed. 
Also, the sum of DRG-weights in the first year with admis-
sion and sum of all DRG-weights throughout the period 
were calculated and analysed.

To control for the impact of parental level of education 
on geographic variation, we conducted sensitivity anal-
yses, that is, multilevel analysis with random intercept for 
the hospital referral areas. This was done for the survival 
analysis of admission and DRG-weight. The analyses were 
stratified by gender and performed with restricted cubic 
splines (4 knots) for age. The full model with all the inde-
pendent variables was compared with a reduced model 
without parental education.

RESULTS
A total of 1 538 189 children were included in the analysis 
with a total of 8 946 984 entries over the study period 
(2008–2016). Of these, 156 087 (10.2%) children had 
at least one admission (table  1). There were 198 293 
admissions during the year of the first admission, with 

an average of 1.27 (SD: 1.12) admissions per child. The 
mean DRG-weight for the first admission was 0.76 (SD: 
0.59).

There was a near twofold (1.9) difference in admission 
rates between the hospital referral areas (area 1: 3113 per 
100 000 children, 95% CI: 3056 to 3169 vs area 18: 1627, 
95% CI: 1599 to 1654) (figure 1 and online supplemental 
table S1). Admission rates increased as the level of educa-
tion for both the mother and father decreased. The effect 
was consistent with a slight decrease in overall admission 
rates over time (figure 2 and online supplemental table 
S1). Children of mothers with low level of education had 
on average 36% higher admission rates compared with 
children of mothers with high level of education (in 
2016: 2587, 95% CI: 2512 to 2662 vs 1810, 95% CI: 1770 to 
1849). The same pattern was found in all hospital referral 
areas independent of total admission rates in each area 
(figure 3 and online supplemental table S1). The results 
from the analyses of the subsamples of admissions were 
similar (online supplemental figures S1‒S3).

In the analyses adjusted for other factors, the proba-
bility of admission increased with decreasing maternal 

Table 1  Characteristics of children (1–16 years)* in Norway, 
2008–2016

Number of children (% admitted) 1 538 189 (10.15)

Child’s age, mean (SD) 6.16 (5.19)

Boys, n (%) 789 635 (51.34)

Mother’s age, mean (SD) 35.81 (6.83)

 � Missing, n (%) 7643 (0.50)

Father’s age, mean (SD) 38.87 (7.59)

 � Missing, n (%) 39 457 (2.57)

Mother’s education ISCED, mean (SD) 4.7 (1.73)

Father’s education ISCED, mean (SD) 4.48 (1.70)

Mother’s educational level, categorical

 � Low, n (%) 261 226 (16.98)

 � Medium, n (%) 488 739 (31.77)

 � High, n (%) 703 200 (45.72)

 � Missing, n (%) 85 024 (5.53)

Father’s educational level, categorical

 � Low, n (%) 267 667 (17.40)

 � Medium, n (%) 644 727 (41.91)

 � High, n (%) 515 724 (33.53)

 � Missing, n (%) 110 071 (7.16)

No of siblings, mean (SD) 1.53 (1.27)

 � Missing, n (%) 4 697 (0.31)

Only child, n (%) 282 498 (18.37)

*Based on the start of the follow-up for each child.
ISCED, international standard of classification of education.

Figure 1  Age- and gender-adjusted hospital admission 
rates per 100 000 children, by hospital referral areas, average 
total rates.

2008 2009 2010 2011 2012 2013 2014 2015 2016

Year

0
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Figure 2  Age- and gender-adjusted hospital admission 
rates per 100 000 children, annual rates, by mothers’ 
educational level.
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and paternal level of education (low vs high maternal 
level of education—OR: 1.18, 95% CI: 1.16 to 1.20; low vs 
high paternal level of education—OR: 1.21, 95% CI: 1.19 
to 1.23) (table 2). The probability of admission decreased 
with increased maternal age (per 5 years—OR: 0.94, 
95% CI: 0.93 to 0.94) and being an only child (OR: 0.91, 
95% CI: 0.90 to 0.93). Results from multilevel analysis were 
similar (table 3). Multilevel analysis without parental level 
of education (the reduced model in table 3) resulted in 
similar area-level variance, indicating that differences in 
parental level of education do not explain the geographic 
variation and vice versa. Analysis stratified by children’s 
age also found a negative parental educational gradient 
for almost all ages. In addition, in the analyses of the 
subsamples the negative educational gradient was found 
(online supplemental table S2).

Children of parents with low or medium level of educa-
tion had a higher number of admissions than children 
of parents with a high level of education (incidence rate 
ratios (IRRs): 1.05, 95% CI: 1.01 to 1.10), low vs high 
paternal level of education (IRR: 1.05, 95% CI: 1.01 to 
1.09) (table  2). The number of admissions per child 
increased with maternal age (per 5 years—IRR: 1.03, 
95% CI: 1.02 to 1.05).

DRG-weight was highest for children of parents with 
high level of education. The differences from the refer-
ence category were <2% and mostly statistically significant 
(low vs high maternal level of education (−0.5%, 95% CI: 
−1.2% to 0.3%), low vs high paternal level of education 
(−1.9%, 95% CI: −2.7% to −1.1%)). DRG-weight increased 
with maternal age (per 5 years—1.2%, 95% CI: 0.9% to 
1.4%), while being an only child was associated with a 
lower DRG-weight (−1.1%, 95% CI: −1.8% to −0.3%) 
(table 2). Applying the two alternative measures for cost 
also resulted in the highest sums of DRG-weights for chil-
dren of parents with high level of education. The results 
from the multilevel analysis were similar (table 3).

DISCUSSION
Principal findings
Children of parents with low level of education had the 
highest admission rates, while children of parents with 
high level of education had the lowest admission rates. 
This was consistent both over time and across hospital 
referral areas. The geographic variation in admission 
rates was nearly twofold but was not explained by differ-
ences in parents’ level of education. The analyses based 
on individual data from all Norwegian children aged 
1–16 during 2008–2016 (table  2) supported the results 
from the ecological analyses of admission rates (figure 3). 

Figure 3  Age- and gender-adjusted hospital admission 
rates per 100 000 children, average rates, by hospital referral 
areas (sorted in the same order as figure 1) and mothers’ 
educational level.

Table 2  Factors associated with admission, number of admissions and DRG-weight, determined by multiple regressions, with 
95% CIs

Covariate Category Admission (OR)* Number of admissions (IRR)† DRG-weight (%)‡

Mother’s age Per 5 years 0.94 (0.93 to 0.94) 1.03 (1.02 to 1.04) 1.2 (0.9 to 1.4)

Mother’s 
educational level

Low 1.18 (1.16 to 1.20) 1.05 (1.01 to 1.10) −0.5 (−1.2 to 0.3)

Medium 1.11 (1.09 to 1.12) 1.04 (1.01 to 1.07) −1.5 (−2.1 to −0.9)

High 1.0 1.0 0

Father’s educational 
level

Low 1.21 (1.19 to 1.23) 1.05 (1.01 to 1.09) −1.9 (−2.7 to −1.1)

Medium 1.14 (1.13 to 1.16) 1.04 (1.01 to 1.08) −1.7 (−2.4 to −1.1)

High 1.0 1.0 0

Only child Yes 0.91 (0.90 to 0.93) 0.99 (0.95 to 1.02) −1.1 (−1.8 to −0.3)

No 1.0 1.0 0

*Survival analysis with binary logistic regression, restricted cubic splines knots for age (4,7,10,13), n=7 701 336. Adjusted effects are ORs.
†Truncated negative binomial regression, restricted cubic splines knots for age (1,3,6,12), n=1 43 697. Adjusted effects are IRRs.
‡Linear regression with log-transformed outcome, restricted cubic splines knots for age (1,3,7,12), n=1 43 664. Adjusted effects are 
percentage differences from the reference category (100×(exp(estimate)−1)).
DRG, diagnosis-related group; IRRs, incidence rate ratios.
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They further indicated that children of parents with 
low and medium level of education also had somewhat 
more frequent admissions per child, while the cost or 
severity per admission was slightly lower for these chil-
dren compared with children of parents with high level 
of education.

Comparison with previous studies
The geographic variation in admission rates is in accor-
dance with the findings of unwarranted variation reported 
in the Child healthcare atlas for Norway.5 Our present study 
found the same variation over a time span of 9 years as 
the 5-year duration in the atlas. The observed geographic 
variation in the atlas and in this study can mainly be 
attributed to two different mechanisms for unwarranted 
variation, preference-sensitive and supply-sensitive care.6 

Preference-sensitive care represents practice, preferences 
and beliefs of a single clinician or department rather than 
a clear evidence-based approach and unwarranted varia-
tion is caused by differences in clinical practice or patients’ 
participation in care decisions. Supply-sensitive care refers 
to medical services for which utilisation rates are sensitive 
to local availability of healthcare resources, and unwar-
ranted variation is due to differences in capacity. It is 
reasonable to assume that the observed variation between 
the hospital referral areas is related to both differences in 
clinical practice and differences in capacity. The inverse 
gradient between admission rates and parental level of 
education is in accordance with findings by others.8 16 17 
Similar results have also been found for adults in systems 
with universal healthcare coverage.18

Table 3  Results from multilevel analysis for admission and DRG-weight, with random intercept for hospital referral area and 
restricted cubic splines for age, stratified by gender. Point estimates with 95% CIs

Covariate Category

Admission (OR)*

Reduced model† Full model

Girls Boys Girls Boys

Mother’s age Per 5 years 0.92 (0.91 to 0.93) 0.94 (0.93 to 0.94) 0.94 (0.94 to 0.95) 0.96 (0.95 to 0.96)

Mother’s educational level Low 1.20 (1.17 to 1.22) 1.17 (1.15 to 1.20)

Medium 1.09 (1.07 to 1.11) 1.09 (1.07 to 1.11)

High 1.0 1.0

Father’s educational level Low 1.19 (1.16 to 1.22) 1.15 (1.13 to 1.18)

Medium 1.08 (1.06 to 1.10) 1.07 (1.05 to 1.09)

High 1.0 1.0

Only child Yes 0.90 (0.88 to 0.92) 0.89 (0.88 to 0.91) 0.91 (0.89 to 0.94) 0.91 (0.89 to 0.93)

 �  No 1.0 1.0 1.0 1.0

Random effect (logit scale)

Area-level variance 0.046 0.041 0.043 0.039

Spline knots for age 4,7,10,13 4,7,10,13 4,7,10,13 4,7,10,14

n  �  4 078 653 4 250 513 3 767 811 3 933 525

 �   �  DRG-weight (%)‡

Mother’s age Per 5 years 1.32 (0.98 to 1.67) 1.11 (0.79 to 1.44) 1.15 (0.77 to 1.53) 1.15 (0.79 to 1.51)

Mother’s educational level Low −1.39 (−2.47 to -0.29) 0.15 (−0.89 to 1.20)

Medium −1.83 (−2.71 to −0.93) −1.29 (−2.12 to −0.45)

High 0 0

Father’s educational level Low −1.19 (−2.34 to −0.02) −1.37 (−2.46 to −0.28)

Medium −1.39 (−2.31 to −0.47) −1.20 (−2.05 to −0.35)

High 0 0

Only child Yes −0.92 (−2.05 to 0.22) −0.67 (−1.69 to 0.35) −1.34 (−2.46 to -0.21) −0.86 (−1.87 to 0.15)

 �  No 0 0 0 0

Random effect (log scale)

Area level variance 0.002 0.001 0.002 0.001

Residual variance 0.243 0.240 0.244 0.240

Spline knots for age 1,3,8,13 1,2,3,11 1,3,8,13 1,2,6,11

n  �  72 925 82 642 67 419 76 243

*Survival analysis with binary logistic regression. Adjusted effects are ORs.
†Reduced model: without parental education.
‡Linear regression with log-transformed outcome. Adjusted effects are percentage differences from the reference category (100×(exp(estimate)−1)).
DRG, diagnosis-related group.
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DRG-weight may serve as a crude indicator of disease 
severity. DRG-weight was positively associated with 
increasing level of parental education, suggesting that 
the conditions causing the admission were slightly less 
severe among children of parents with low level of educa-
tion. Previous studies have found higher treatment costs 
for children with low SES.7 8 19 Nonetheless, the number 
of admissions was about 5% higher among children of 
parents with low level of education compared with chil-
dren of parents with high level of education in our study. 
Moreover, the sum of DRG-weights in the first year with 
admission and the sum of all DRG-weights throughout 
the period for children of parents with high level of 
education were slightly higher than that of children of 
parents with low and medium level of education. The 
contrast with previous studies may be related to their use 
of ecological SES measures or SES fixed to a point in time 
not necessarily corresponding to the hospital admission. 
Unlike these studies, we used individualised paired data 
for each child–parent couple at the year of admission.

Possible explanations of our findings
Out-of-pocket payment or lack of health insurance may be 
an obstacle to disadvantaged groups seeking healthcare.20 
All healthcare for children under the age of 16 in Norway 
is free of charge, and parents are economically compen-
sated for the loss of income if admitted to hospital with 
their child. This most likely excludes a significant effect of 
economic restraints on access to healthcare for children.

Thus, there must be other factors involved explaining 
the variation associated with education. First, there may 
be differences in disease prevalence and medical needs 
or informed preferences related to parents’ level of 
education.

There is increasing evidence of a positive relationship 
between SES and health outcomes throughout the life 
span.21 However, most SES factors influencing health 
status are related to exposure over time, during a critical 
period or through the pathway of learnt lifestyle. As a 
consequence, the major impact of SES on health becomes 
apparent later on in life, not during childhood.22

There is a paucity of reliable population-based disease 
prevalence data in children. Although utilisation of 
healthcare resources is commonly interpreted as an indi-
cator of prevalence, this is hardly correct given the large 
geographic variation found by us and others.3–5 Disease 
prevalence is not consistently higher in children with low 
SES. Atopic disease and allergies occur more frequently 
among children with high SES.23–25 The prevalence of 
asthma did not show an association with SES, while severe 
asthma was most prevalent in low SES groups according to 
an analysis by Mielck et al.26 A recent Danish study found 
a significantly higher risk of childhood nervous system 
tumours of all types among children with highly educated 
parents or mothers with high income.27 A German cross-
sectional study concluded that only a few health indica-
tors such as obesity occurred more frequently in socially 
disadvantaged children.25 The pattern of admission rates 

found in our study does not necessarily fit with the hetero-
geneous pattern of SES-related prevalence for diseases 
in childhood, and care should be taken not to interpret 
admission rates as a reflection of prevalence.

The majority of paediatric hospital admissions in 
Norway are related to acute and less-severe disease, and 
most children admitted are only hospitalised once or 
twice during childhood. The standard of living in Norway 
is high, income inequality is relatively small and few 
children live in poverty. It may therefore be questioned 
if variation in admission rates as large as 36% between 
educational groups is reasonable and if it is solely related 
to differences in disease prevalence.

Alternatively, the variation associated with education 
and SES may be related to other factors than the child’s 
health status. Both differences in preferences and capacity 
may contribute to large variation in healthcare usage 
between geographic areas. These mechanisms are usually 
unintended and not recognised by providers. It may be 
due to attitudes or beliefs held by either parents or physi-
cians, which may impact the decision of admission.

Finnvold found that despite the strict practice of admis-
sion criteria, children with severe asthma are more likely 
to be admitted to a specialised asthma hospital if their 
parents have higher education, participate in patient 
organisations or there is a physician in the family.28 This 
indicates that manoeuvrability related to higher educa-
tion and social capital increases the chances of admission 
to a specialised hospital. One of the mechanisms under-
lying SES differences in healthcare usage may be found in 
the concept of health literacy, which captures the difficul-
ties parents may encounter in finding their way through 
the healthcare system.29 Health literate parents may be 
more capable of understanding and discussing treatment 
options on equal grounds with their physician and there-
fore avoid admissions with little benefit over outpatient 
care. The association between educational level and 
health literacy is well documented.30 It is demonstrated 
that low functional health literacy is associated with sub-
optimal use of healthcare services.31

It has been claimed that parents with higher levels of 
education or SES are more willing or capable to partici-
pate in shared decision-making.9 32 Salvador et al found an 
association between parents preferring a passive collab-
orative role and lower levels of education.33 However, 
parents’ willingness to participate may reflect the physi-
cian’s consulting and communication style. In a meta-
analysis on doctor–patient communication related to 
SES,9 physicians gave more information, more expla-
nation, were more emotionally supportive and more 
often adapted shared decision-making with patients of 
high SES. Furthermore, patients with low SES received 
more physical examination. Physicians may presume that 
patients with low SES are less intelligent, less respon-
sible, less rational and less likely to comply with medical 
advice.10 This may affect decisions on whether to admit 
the child to inpatient care or not.11 Therefore, the physi-
cian may have a lower threshold for admitting children 
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from families with low and medium SES. This is also in 
accordance with our findings that there is a higher proba-
bility for admission and lower cost for children of parents 
with low level of education. Such decisions may not be 
rational and fact-based, but rather reflect unrecognised 
assumptions about people with a different background 
and SES than the physicians.

If the variation in admission rates between educational 
groups does not reflect needs or informed preferences, 
the variation may be characterised as unwarranted. The 
correct rate reflects the decision of fully informed patients 
and families, while variation in rates reflects both local 
practice and the influence of physicians on parental deci-
sions.34 If the extent of shared decision-making increases 
with parental SES, the admission rate of children with 
higher SES may better reflect actual needs based on 
medical criteria and preferences.

Strengths and limitations
The strength of this study is the use of individualised 
yearly matched data for each child and parents’ level of 
education, for both admitted and non-admitted children. 
The parental level of education in Norway increased 
during the study period, with a 5 percentage points 
increase in the proportion with high level of education. 
In the analyses, parental level of education in the year of 
the child’s admission was applied. The study covered a 
complete national cohort of children over 9 years, with 
consistent findings both over time and between groups. 
The completeness of data eliminates selection bias.

A limitation might be that income has not been included 
as an indicator of SES, which may or may not improve 
the classification of SES. However, income is volatile and 
fluctuates considerably over time. Kaarbøe and Carlsen 
found that for hospital admissions in children under the 
age of 11 in Norway, the educational gradient dominated 
the income gradient for SES.7 Halldòrsson et al found that 
education was a more important determinant of health-
care utilisation for children than the financial situation of 
the families in Nordic countries.16

Unanswered questions and future research
Our data did not allow firm conclusions about a causal 
relationship, neither between medical needs nor non-
medical factors, and differences in hospital admission 
rates among children of parents with different educa-
tional level. Previous studies on geographic variation in 
medical care indicated that physician preferences exert 
a major impact on variation in care.35 This may also be 
true for variation between SES groups, even though the 
nature and quality of these preferences may be different. 
More research on how health professionals communicate 
with patients of different SES and the effects on treat-
ment decisions is needed.

The goal of shared decision-making is to improve 
the overall quality of clinical decisions, satisfaction and 
to avoid admissions with no benefit over outpatient 
care. However, shared decision-making depends on 

a two-way partnership between the physician and the 
parents. Parents without sufficient understanding of their 
child’s medical condition are not able to make educated 
and fully informed decisions. Therefore, tools to improve 
health literacy among patients/parents and to increase 
physician’s skills in communication are needed.

CONCLUSION
This population-based cohort study, including all Norwe-
gian children aged 1–16 years, demonstrates that chil-
dren of parents with low or medium level of education 
have an increased likelihood of being admitted to inpa-
tient hospital care. Geographic variation in admission 
rates cannot be explained by differences in parents’ level 
of education. Different admission rates do not neces-
sarily reflect differences in disease prevalence, but may 
also reflect differences in interaction between the health-
care provider and the child’s parents depending on the 
parents’ level of education.
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Supplementary
Detailed list of primary diagnosis (ICD-10) not considered paediatric medicine: eye
diseases (H00–H59), injuries (S00–S99, T0–T3, T79, T81, T84, T87, T90–T95, T98),
orthopaedics (M15–M19, M20–M25, M65–M68, M70–M79, M91–M94, M95–M99),
malformations (Q10–Q18, Q30, Q68–Q74), nosebleed (R04) and observation diagnoses
(Z00.4, Z00.6, Z00.8, Z01.0, Z01.2, Z01.4, Z01.6, Z01.7, Z01.8, Z04.0–Z04.8, Z09.4,
Z10–Z13, Z30–Z39, Z40–42, Z44, Z46.0–Z46.8, Z47–48, Z89).

Sub-samples of admissions defined by primary and/or secondary diagnoses (ICD-10):
Gastroenteritis: A08-09, R10-11. Viral and bacterial infections (excluding gastroenteri-
tis): B00-02, B08, B15-19, B25, B27, B33-34, J02-06, J13-14, J18. Epilepsy: G40-41.
Asthma: J45-46.

Table S1: Age- and gender-adjusted hospital admissions rates per 100 000 children (95%
confidence interval), by mothers’ educational level, annually and by hospital referral area.

Year Low Medium High Total
2008 2990 (2905 to 3076) 2651 (2596 to 2707) 2321 (2277 to 2366) 2547 (2515 to 2580)
2009 2892 (2808 to 2976) 2547 (2491 to 2602) 2197 (2154 to 2239) 2428 (2397 to 2460)
2010 2852 (2769 to 2934) 2566 (2509 to 2622) 2142 (2100 to 2184) 2399 (2368 to 2430)
2011 2972 (2889 to 3055) 2652 (2595 to 2710) 2223 (2181 to 2265) 2491 (2460 to 2523)
2012 2810 (2730 to 2891) 2553 (2496 to 2610) 2071 (2030 to 2111) 2350 (2320 to 2381)
2013 2740 (2661 to 2819) 2450 (2393 to 2506) 2047 (2007 to 2088) 2293 (2263 to 2323)
2014 2680 (2603 to 2757) 2330 (2274 to 2386) 1931 (1891 to 1970) 2188 (2158 to 2218)
2015 2704 (2627 to 2782) 2315 (2259 to 2372) 1901 (1862 to 1940) 2176 (2146 to 2206)
2016 2587 (2512 to 2662) 2225 (2169 to 2281) 1810 (1770 to 1849) 2087 (2057 to 2117)
Area Low Medium High Total
1 3614 (3470 to 3758) 3196 (3095 to 3297) 2941 (2859 to 3024) 3113 (3056 to 3169)
2 3702 (3589 to 3815) 3164 (3088 to 3240) 2821 (2757 to 2884) 3100 (3056 to 3144)
3 3478 (3320 to 3636) 3136 (3021 to 3251) 2714 (2620 to 2809) 3007 (2942 to 3072)
4 3493 (3375 to 3612) 3094 (3013 to 3175) 2732 (2665 to 2799) 2983 (2937 to 3029)
5 3481 (3324 to 3638) 3036 (2938 to 3134) 2623 (2538 to 2708) 2905 (2847 to 2963)
6 3291 (3074 to 3507) 2909 (2776 to 3041) 2580 (2477 to 2684) 2773 (2699 to 2847)
7 3369 (3236 to 3502) 2862 (2766 to 2959) 2374 (2296 to 2452) 2750 (2696 to 2805)
8 3185 (3053 to 3318) 2798 (2714 to 2882) 2424 (2357 to 2491) 2655 (2608 to 2703)
9 3026 (2817 to 3234) 2589 (2425 to 2753) 2340 (2216 to 2464) 2560 (2472 to 2647)
10 2959 (2786 to 3131) 2579 (2469 to 2690) 2274 (2185 to 2363) 2481 (2418 to 2544)
11 2862 (2766 to 2959) 2633 (2567 to 2700) 2173 (2128 to 2219) 2363 (2329 to 2397)
12 2472 (2377 to 2568) 2200 (2125 to 2275) 1945 (1882 to 2009) 2136 (2095 to 2178)
13 2595 (2475 to 2714) 2118 (2047 to 2188) 1724 (1675 to 1773) 1959 (1921 to 1996)
14 2226 (2157 to 2294) 2019 (1966 to 2072) 1815 (1772 to 1858) 1955 (1926 to 1984)
15 2332 (2240 to 2425) 1986 (1927 to 2046) 1756 (1711 to 1801) 1905 (1872 to 1938)
16 2282 (2197 to 2366) 1932 (1875 to 1989) 1663 (1625 to 1701) 1828 (1799 to 1857)
17 2330 (2201 to 2458) 1870 (1782 to 1959) 1526 (1465 to 1586) 1774 (1728 to 1820)
18 1962 (1886 to 2038) 1753 (1686 to 1820) 1505 (1471 to 1540) 1627 (1599 to 1654)

1

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-046656:e046656. 11 2021;BMJ Open, et al. Olsen F



Table S2: Factors associated with admission, number of admissions and DRG-weight,
determined by multiple regressions, with 95% confidence intervals.

Covariate Category Admission (OR)∗ Number of admissions (IRR)‡ DRG-weight (%)†
Mother’s age Per five years 0.94 (0.93 to 0.94) 1.03 (1.02 to 1.04) 1.2 (0.9 to 1.4)
Mother’s Low 1.18 (1.16 to 1.20) 1.05 (1.01 to 1.10) -0.5 (-1.2 to 0.3)
educational Medium 1.11 (1.09 to 1.12) 1.04 (1.01 to 1.07) -1.5 (-2.1 to -0.9)
level High 1.0 1.0 0
Father’s Low 1.21 (1.19 to 1.23) 1.05 (1.01 to 1.09) -1.9 (-2.7 to -1.1)
educational Medium 1.14 (1.13 to 1.16) 1.04 (1.01 to 1.08) -1.7 (-2.4 to -1.1)
level High 1.0 1.0 0
Only child Yes 0.91 (0.90 to 0.93) 0.99 (0.95 to 1.02) -1.1 (-1.8 to -0.3)

No 1.0 1.0 0
∗ Survival analysis with binary logistic regression, restricted cubic splines knots for age (4,7,10,13), n=7 701 336. Adjusted effects
are Odds Ratios (OR). ‡ Truncated negative binominal regression, restricted cubic splines knots for age (1,3,6,12), n=143 697.
Adjusted effects are Incidence Rate Ratios (IRR). † Linear regression with log transformed outcome, restricted cubic splines knots
for age (1,3,7,12), n=143 664. Adjusted effects are percentage differences from the reference category (100*(exp(estimate)-1)).
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Figure S1: Age- and gender-adjusted hospital admission rates per 100 000 children for
four sub-samples of admissions, average total rates, by hospital referral areas.
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Figure S2: Age- and gender-adjusted hospital admission rates per 100 000 children for
four sub-samples of admissions, annual rates, by mothers’ educational level.
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Figure S3: Age- and gender-adjusted hospital admission rates per 100 000 children for
four sub-samples of admissions, average rates, by mothers’ educational level and hospital
referral areas.
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Abstract

Background: In 2015, cancer patient pathways (CPP) were implemented in Norway to reduce unnecessary
non-medical delay in the diagnostic process and start of treatment. The main aim of this study was to investigate the
equality in access to CPPs for patients with either lung, colorectal, breast or prostate cancer in Norway.

Methods: National population-based data on individual level from 2015 to 2017 were used to study two proportions;
i) patients in CPPs without the cancer diagnosis, and ii) cancer patients included in CPPs. Logistic regression was
applied to examine the associations between these proportions and place of residence (hospital referral area), age,
education, income, comorbidity and travel time to hospital.

Results: Age and place of residence were the two most important factors for describing the variation in proportions.
For the CPP patients, inconsistent differences were found for income and education, while for the cancer patients the
probability of being included in a CPP increased with income.

Conclusions: The age effect can be related to both the increasing risk of cancer and increasing number of GP and
hospital contacts with age. The non-systematic results for CPP patients according to income and education can be
interpreted as equitable access, as opposed to the systematic differences found among cancer patients in different
income groups. The inequalities between income groups among cancer patients and the inequalities based on the
patients’ place of residence, for both CPP and cancer patients, are unwarranted and need to be addressed.

Keywords: Norway, Critical pathways, Universal health care, Cancer, Socioeconomic factors, Small-area analysis

Background
Cancer patient pathways (CPP) have been established in
several countries to avoid an undesirable delay in cancer
diagnosis and treatment. In the early 2000s, urgent referral
pathways were introduced in the UK and in Spain, target-
ing an upper limit of two weeks between seeing a general
practitioner (GP) to being referred to a specialist at a hos-
pital [1, 2]. Denmark implemented CPPs in 2007–2008

*Correspondence: frank.olsen@uit.no
1Department of Community Medicine, UiT The Arctic University of Norway,
Tromsø, Norway
2Centre for Clinical Documentation and Evaluation (SKDE), Northern Norway
Regional Health Authority, Tromsø, Norway
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[3, 4], and Sweden during the years 2015-2018 [5]. In
addition to reducing and standardising waiting times, in
Denmark CPPs were also intended to improve survival of
cancer patients.
Norway introduced CPPs in January 2015 for lung, col-

orectal, breast and prostate cancers [6–9]. These cancer
sites represented approximately 50% of all new cases, as
well as half of all cancer-related mortality in 2016 [10].
Later in 2015, another 24 CPPs were implemented. All
Norwegian CPPs were based upon Norwegian guidelines
for diagnosis, treatment and follow-up of the specific
cancer groups [11]. The aim was to reduce unnecessary
non-medical delay in the diagnostic and start of treatment

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative
Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made
available in this article, unless otherwise stated in a credit line to the data.
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period and to increase satisfaction, quality and predictive-
ness to patients with a suspicion of cancer [12].
Patients are referred to a CPP by a GP, a specialist

in private practice or a specialist in a public hospital if
the doctor has a “justified suspicion of cancer” [11]. The
suspected cancer diagnosis should be based on a set of
symptoms and tests, described in national guidelines for
CPPs [6–9], and the referral should be labelled as “cancer
patient pathway”. There are three possible outcomes in a
CPP: the patient is diagnosed with the associated cancer,
the patient is diagnosed with another type of cancer, or
the patient is not diagnosed with cancer. In Norway, it is
a national aim that at least 70% of all cancer patients are
included in a CPP [13].
Although national criteria for inclusion in CPPs are

stated clearly, the proportion of CPP patients who turn
out not to have the associated cancer may still vary
between hospital referral areas and subgroups of patients.
High proportions of patients without the cancer diagno-
sis among the CPP patients may be an indication of open
access or a wide funnel for inclusion into a CPP.Wide fun-
nels into CPPs may also result in higher proportions of
cancer patients included in CPPs and thus fewer cancer
patients diagnosed and treated outside CPP.
The Norwegian healthcare system aims to provide equi-

table access to health care to all citizens, irrespective
of their socioeconomic status (SES), place of residence,
age, gender or ethnicity. Nevertheless, unwarranted geo-
graphic variation in health care utilisation has been doc-
umented by the Norwegian Healthcare Atlases [14] in a
broad spectrum of services, in cancer treatment for the
Norwegian elderly [15] and according to current official
statistics [12]. Unwarranted variation is defined as differ-
ences in health care utilisation that cannot be explained
by patient needs or preferences [16].
Nilssen et al. have previously studied cancer patients

in CPPs in Norway [17]. However, the proportion of
patients in CPPs without the cancer diagnosis, and socio-
demographic factors associated with this proportion,
are not known. Furthermore, the statistical relationship
between the proportion of patients in a CPP without the
cancer diagnosis and the proportion of cancer patients
included in a CPP in Norway has not previously been
studied.
The main aim of this study was to investigate the equal-

ity in access to CPPs in Norway. Based on individual
data CPP patients without the cancer diagnosis and can-
cer patients included in CPP were studied. In addition,
the relationships of patient factors such as place of res-
idence, age, education, income, comorbidity and travel
time to hospital were examined. A secondary aim was to
investigate the relation between the proportion of CPP
patients without the cancer diagnosis and the proportion

of diagnosed cancer patients included in CPP across the
geographic areas.

Methods
Study design and data sources
A national registry-based study was conducted linking
data from the Norwegian Patient Registry (NPR), the
Cancer Registry of Norway (CRN) and Statistics Norway
(SSB). All Norwegian citizens have a unique 11-digit per-
sonal identifier that allows tracking of patients in time and
between hospitals, regions and registries. Socioeconomic
data from SSB were linked with the NPR and CRN data,
by an encrypted serial number derived from the 11-digit
personal identifier. The information from SSB consisted
of yearly income and educational data. The NPR data
consisted of patient characteristics (residential informa-
tion, age and gender), hospital, diagnoses, and procedures.
Cancer diagnosis and diagnosis date were obtained from
the CRN data. All Norwegian hospitals, and all private
specialists with public funding contracts, must submit
data to NPR for registration and reimbursement purposes.
All Norwegian cancer cases are to be reported to CRN.
The data included all Norwegian patients aged 18

years and above in CPPs for lung, colorectal, prostate
or breast cancer (CPP patients) and patients diagnosed
with lung, colorectal, prostate or breast cancer (cancer
patients) in the period 1 January 2015 to 31 December
2017. Thus, two patient populations were analysed: i) CPP
patients and the proportion without the relevant cancer
and ii) cancer patients and the proportion included in the
associated CPP.

Definitions
Only the first cancer diagnosis (CRN data) and the first
CPP (NPR data) for each patient were considered. The
pathway type in the NPR data was matched on cancer
diagnosis in the CRN data and vice versa. CPP patients
without the associated cancer diagnoses, i.e., patients not
diagnosed with cancer at all or patients diagnosed with
another type of cancer, were defined as CPP patients
without the cancer diagnosis.
Educational level was coded applying the international

standard classification of education (ISCED) [18]. Larger
numbers represented higher education levels; 0 repre-
sented less than primary education, and 8 indicated a
doctorate or equivalent while 9 was not classified and
regarded as missing. Education level in the analyses was
recoded into three categories; low (0-2), medium (3-5) and
high (6-8), where 3-5 is high school level.
After-tax income was calculated as total income minus

assessed tax and negative transfers, with total income
representing the sum of income as employee, income
from self-employment, property income, capital income
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and transfers received. The after-tax income was index-
adjusted to 2015 by the consumer price index (CPI) to
account for inflation. From after-tax income a categor-
ical income variable was defined with three categories;
low (less than NOK 240 000), medium (NOK 240 000 -
400 000), high (more than NOK 400 000).
Comorbidity was measured by a modified version of the

Charlson comorbidity index (CCI) [19], based on diagnos-
tic codes (ICD-10) from hospitalisations within one year
prior to the start of the CPP or the cancer diagnosis. The
index was categorised into low (CCI=0), medium (CCI=1)
and high (CCI>1).
The travel time by road was calculated from the patients’

municipality centre to the nearest hospital, and was cate-
gorised into short (less than 30 minutes), medium (30 to
60 minutes) and long (more than one hour).
The patients’ hospital referral areas were defined by

place of residence and the corresponding geographic
catchment areas served by the 21 Norwegian hospital
trusts.
Patients with missing data on education or income,

unknown place of residence or older than 90 years were
excluded from the analysis (Fig. 1).

Statistical analyses
Data were analysed using SAS 9.4 (SAS Institute, Cary
NC).
The analyses for both CPP patients and cancer patients

were stratified by gender and CPP type or cancer diag-
nosis. Separate analyses were conducted for i) patients in
CPP and ii) patients with cancer diagnosis, for each of the
six groups: lung (males and females), colorectal (males and
females), prostate and breast (females only).
Two dichotomous outcomes were analysed by logistic

regressions; i) among CPP patients: the proportion with-
out the cancer diagnosis and ii) among cancer patients: the
proportion included in the CPP. The following categori-
cal independent variables were included in the statistical
model: patients’ age in age intervals, level of income and
education, comorbidity, travel time and hospital referral

area. Age interval 60 to 69 years, high level of educa-
tion and income, low comorbidity, short travel time and
Akershus hospital referral area (the largest one in terms
of number of patients) were set as reference categories.
Wald tests were used to assess the significance of the
independent variables and potential interactions. P-values
for linear trends over categories were calculated for four
independent variables; education, income, comorbidity
and travel time, by separate analyses with all the other
independent variables included as categorical without any
assumptions of a linear trend. For main effects, p-values
<0.05 were considered statistically significant. Because of
the large number of potential interactions involved, inter-
actions were considered statistically significant if p-value
<0.01. However, no statistically significant interactions
were observed.
The selection of the independent variables, i.e., adjust-

ing for potential confounders and avoiding the Table II
fallacy [20], was assessed in separate analyses by causal
diagrams or the directed acyclic graph (DAG) methodol-
ogy [21].
Age-adjusted proportions of CPP patients without the

cancer diagnosis and of cancer patients included in CPP
were calculated for the 21 hospital referral areas. The
direct method of standardisation was applied. The ref-
erence populations were all CPP patients in the relevant
CPP and all cancer patients with relevant cancer type,
respectively, in the period. The Spearman’s rank correla-
tion coefficient was computed between the age-adjusted
proportion of CPP patients without the cancer diagno-
sis and the age-adjusted proportion of cancer patients
included in CPP considering patients living in different
hospital referral areas.

Results
A total of 89 691 CPP patients and 49 787 cancer patients
were eligible for analyses. Among all CPP patients con-
sidered, 56.9% were without the cancer diagnosis. This
proportion was stable over the three years (Table 1). The
proportion of CPP patients without the cancer diagnosis

Fig. 1 Flowchart for CPP patients and cancer patients, Norway 2015-2017
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Table 1 Characteristics of CPP patients and cancer patients. Norway, 2015-2017

Lung Colorectal Prostate Breast Total

Male Female Male Female

CPP patients, n (% CPP patients without the cancer diagnosis)

Patients 7 461 (46.3%) 6 428 (43.9%) 15 802 (64.6%) 16 824 (69.3%) 19 897 (48.7%) 23 279 (56.5%) 89 691 (56.9%)

Year

2015 2 375 (47.2%) 2 055 (43.5%) 4 726 (63.0%) 5 109 (68.1%) 6 113 (51.1%) 7 487 (56.8%) 27 865 (56.9%)

2016 2 521 (45.8%) 2 143 (44.1%) 5 660 (65.6%) 5 935 (69.6%) 6 992 (47.6%) 7 785 (56.9%) 31 036 (57.0%)

2017 2 565 (45.9%) 2 230 (44.1%) 5 416 (65.0%) 5 780 (70.1%) 6 792 (47.6%) 8 007 (56.0%) 30 790 (56.7%)

Age group

Under 50 344 (78.5%) 294 (70.4%) 1 546 (83.4%) 1 772 (84.8%) 389 (70.2%) 8 511 (79.3%) 12 856 (80.1%)

50-59 838 (60.3%) 789 (50.6%) 2 480 (74.4%) 2 493 (78.2%) 2 841 (59.0%) 5 106 (52.5%) 14 547 (62.2%)

60-69 2 251 (45.3%) 1 989 (42.7%) 4 240 (62.9%) 4 088 (70.9%) 8 533 (51.3%) 4 888 (39.0%) 25 989 (52.8%)

70-79 2 778 (40.8%) 2 372 (39.0%) 4 816 (59.4%) 5 080 (65.7%) 6 720 (42.6%) 3 216 (40.9%) 24 982 (49.8%)

80-90 1 250 (42.2%) 984 (44.7%) 2 720 (56.9%) 3 391 (58.1%) 1 414 (35.1%) 1 558 (32.6%) 11 317 (48.5%)

Income

Low 1 567 (42.0%) 2 936 (41.9%) 2 573 (63.1%) 6 933 (66.0%) 2 208 (47.0%) 6 402 (52.6%) 22 619 (55.2%)

Medium 4 259 (44.6%) 2 838 (44.3%) 8 258 (63.4%) 7 563 (70.5%) 9 696 (46.1%) 11 117 (56.9%) 43 731 (56.1%)

High 1 635 (54.9%) 654 (51.1%) 4 971 (67.5%) 2 328 (75.2%) 7 993 (52.2%) 5 760 (60.3%) 23 341 (59.9%)

Education

Low 2 641 (42.5%) 2 553 (41.7%) 4 209 (65.2%) 5 312 (67.8%) 3 889 (45.9%) 5 132 (55.9%) 23 736 (55.6%)

Medium 3 683 (46.6%) 2 947 (43.1%) 7 759 (64.1%) 7 603 (68.3%) 10 108 (47.9%) 9 707 (53.1%) 41 807 (55.3%)

High 1 137 (54.4%) 928 (52.5%) 3 834 (65.0%) 3 909 (73.3%) 5 900 (51.8%) 8 440 (60.9%) 24 148 (60.7%)

Comorbidity

Low 5 118 (48.5%) 4 725 (45.7%) 13 020 (64.8%) 14 701 (69.7%) 17 868 (48.8%) 21 991 (56.9%) 77 423 (57.5%)

Medium 1 484 (41.9%) 1 235 (37.7%) 1 739 (62.8%) 1 403 (69.1%) 1 420 (46.8%) 833 (51.9%) 8 114 (52.3%)

High 859 (41.1%) 468 (41.7%) 1 043 (65.4%) 720 (61.4%) 609 (49.6%) 455 (49.2%) 4 154 (52.9%)

Travel time

Short 5 695 (47.0%) 5 052 (44.5%) 12 384 (64.9%) 13 417 (69.7%) 15 535 (49.4%) 19 024 (56.5%) 71 107 (57.3%)

Medium 1 018 (44.5%) 820 (40.1%) 2 052 (63.4%) 2 044 (66.4%) 2 646 (45.8%) 2 726 (58.6%) 11 306 (55.3%)

Long 747 (43.8%) 556 (43.7%) 1 366 (63.7%) 1 363 (69.8%) 1 714 (46.9%) 1 529 (53.6%) 7 275 (55.2%)

Hospital referral area�

Min† 32.4% 29.8% 42.5% 48.1% 28.9% 36.8% 45.4%

Max† 66.2% 61.3% 83.2% 84.0% 59.5% 73.1% 69.4%

SD 8.4% 7.7% 10.9% 10.0% 6.9% 9.2% 5.9%

EQ‡ 2.0 2.1 2.0 1.7 2.1 2.0 1.5

Cancer patients, n (% cancer patients included in CPP)

Patients 5 076 (78.9%) 4 629 (77.9%) 6 836 (81.8%) 6 471 (79.8%) 15 864 (64.4%) 10 911 (92.7%) 49 787 (77.7%)

Year

2015 1 650 (73.8%) 1 543 (73.0%) 2 252 (77.2%) 2 131 (75.5%) 5 136 (55.2%) 3 609 (89.3%) 16 321 (72.0%)

2016 1 682 (80.8%) 1 531 (78.8%) 2 307 (83.5%) 2 207 (81.8%) 5 378 (67.6%) 3 549 (94.5%) 16 654 (79.8%)

2017 1 744 (82.0%) 1 555 (82.0%) 2 277 (84.7%) 2 133 (82.1%) 5 350 (69.9%) 3 753 (94.3%) 16 812 (81.3%)
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Table 1 Characteristics of CPP patients and cancer patients. Norway, 2015-2017 (Continued)

Lung Colorectal Prostate Breast Total

Male Female Male Female

Age group

Under 50 87 (85.1%) 105 (84.8%) 366 (69.9%) 382 (70.4%) 160 (71.3%) 1 886 (93.2%) 2 986 (85.7%)

50-59 396 (84.1%) 461 (84.4%) 752 (84.6%) 674 (80.7%) 1 667 (69.2%) 2 613 (92.9%) 6 563 (83.5%)

60-69 1 503 (81.5%) 1 376 (82.6%) 1 860 (84.4%) 1 434 (82.8%) 5 939 (69.7%) 3 207 (92.9%) 15 319 (79.9%)

70-79 2 039 (80.9%) 1 821 (79.5%) 2 350 (83.4%) 2 110 (82.5%) 5 920 (65.5%) 2 063 (92.2%) 16 303 (77.1%)

80-90 1 051 (69.0%) 866 (63.2%) 1 508 (77.7%) 1 871 (76.1%) 2 178 (42.4%) 1 142 (91.9%) 8 616 (67.8%)

Income

Low 1 257 (72.2%) 2 273 (74.7%) 1 204 (78.7%) 2 984 (79.0%) 2 047 (56.8%) 3 336 (91.0%) 13 101 (77.2%)

Medium 2 942 (80.2%) 1 985 (80.1%) 3 702 (81.8%) 2 777 (80.3%) 8 199 (63.8%) 5 136 (93.3%) 24 741 (77.7%)

High 877 (84.4%) 371 (86.3%) 1 930 (83.8%) 710 (81.4%) 5 618 (67.9%) 2 439 (93.8%) 11 945 (78.4%)

Education

Low 1 965 (77.3%) 1 978 (75.2%) 1 827 (80.1%) 2 181 (78.3%) 3 446 (61.0%) 2 473 (91.5%) 13 870 (76.0%)

Medium 2 474 (79.6%) 2 109 (79.6%) 3 393 (82.2%) 2 987 (80.7%) 8 000 (65.8%) 4 916 (92.7%) 23 879 (78.2%)

High 637 (81.5%) 542 (81.5%) 1 616 (82.9%) 1 303 (80.2%) 4 418 (64.4%) 3 522 (93.6%) 12 038 (78.8%)

Comorbidity

Low 3 243 (81.4%) 3 179 (80.7%) 5 519 (83.1%) 5 498 (81.0%) 13 813 (66.2%) 10 219 (92.8%) 41 471 (79.3%)

Medium 1 110 (77.7%) 1 009 (76.3%) 820 (78.9%) 584 (74.1%) 1 352 (55.9%) 434 (92.4%) 5 309 (72.9%)

High 723 (70.0%) 441 (61.9%) 497 (72.6%) 389 (71.5%) 699 (43.9%) 258 (89.5%) 3 007 (65.0%)

Travel time

Short 3 850 (78.4%) 3 620 (77.5%) 5 351 (81.2%) 5 129 (79.3%) 12 291 (64.0%) 8 915 (92.8%) 39 156 (77.6%)

Medium 708 (79.9%) 603 (81.3%) 900 (83.6%) 842 (81.5%) 2 202 (65.1%) 1 217 (92.8%) 6 472 (78.1%)

Long 518 (81.3%) 406 (77.1%) 585 (84.8%) 500 (82.2%) 1 371 (66.2%) 779 (91.1%) 4 159 (78.4%)

Hospital referral area�

Min† 69.0% 67.6% 69.4% 67.2% 44.8% 82.6% 72.7%

Max† 87.7% 86.8% 89.9% 88.1% 74.6% 98.4% 84.5%

SD 5.5% 5.9% 5.1% 4.8% 8.5% 3.6% 3.8%

EQ‡ 1.3 1.3 1.3 1.3 1.7 1.2 1.2

†Min and Max are minimum and maximum proportions in the 21 hospital referral areas. ‡ EQ - Extremal quotient, EQ=Max/Min. � For details on the 21 hospital referral areas
see Appendix B (Table B1)

ranged from 43.9% for females in lung CPP to 69.3% for
females in colorectal CPP. The proportion of CPP patients
without the cancer diagnosis varied between the hospi-
tal referral areas (Table 1 and Table B1), from 45.4% to
69.4% for all four CPPs combined, and the variation in the
proportions between the hospital referral areas was about
two-fold across the CPP groups.
In total 77.7% of the cancer patients were included in

relevant CPPs, and the proportion increased from 72.0%
in 2015 to 81.3% in 2017 (Table 1). The proportion of
cancer patients included in CPP varied from 64.4% for
prostate cancer to 92.7% for breast cancer, and between
the hospital referral areas from 72.7% to 84.5% for all four
types of cancer combined (Table 1 and Table B1) andmore
markedly across the cancer groups.

Relationships with age, income, education, comorbidity
and hospital referral area
The main results from the multivariate logistic regression
analysis are the effects after mutually adjusting for all the
other independent variables, and adjustment for the inde-
pendent variables according to the DAG methodology
showed largely similar results.

Age group
The adjusted analyses for all CPP patients showed an
inverse age gradient, indicating lower odds ratio of
not receiving the cancer diagnosis with increasing age
(Table 2). The only exceptions were the oldest patients
(80-90 years) in CPP for lung cancer. An inverse age gradi-
ent was not consistently found in the adjusted analyses for
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Table 2 Associations between age, income, education, comorbidity, travel time and hospital referral area and the odds ratios of not
receiving the cancer diagnosis in CPP patients and the odds ratio of being included in CPP in cancer patients. Norway, 2015-2017.
Analyses with mutual adjustment for all variables included

Lung Colorectal Prostate Breast

Male Female Male Female

CPP patients: odds ratio of not receiving the cancer diagnosis. OR (95% CI)

Age group

Under 50 4.19 (3.19-5.52) 2.89 (2.20-3.80) 2.91 (2.50-3.38) 2.29 (1.97-2.67) 2.18 (1.75-2.73) 5.97 (5.51-6.47)

50-59 1.79 (1.52-2.12) 1.31 (1.11-1.55) 1.67 (1.49-1.87) 1.47 (1.30-1.65) 1.36 (1.25-1.49) 1.76 (1.62-1.90)

60-69 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

70-79 0.88 (0.78-0.99) 0.87 (0.77-0.99) 0.86 (0.79-0.94) 0.81 (0.73-0.88) 0.71 (0.66-0.75) 1.03 (0.94-1.13)

80-90 0.97 (0.84-1.12) 1.13 (0.96-1.33) 0.78 (0.70-0.87) 0.59 (0.53-0.65) 0.50 (0.45-0.57) 0.69 (0.61-0.78)

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Income

Low 0.76 (0.65-0.90) 0.94 (0.77-1.14) 0.96 (0.85-1.07) 0.96 (0.85-1.09) 1.02 (0.92-1.13) 1.15 (1.05-1.26)

Medium 0.82 (0.72-0.93) 0.91 (0.76-1.10) 0.99 (0.91-1.08) 0.99 (0.89-1.12) 0.96 (0.90-1.03) 1.10 (1.02-1.18)

High 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

p-value† 0.001 0.803 0.493 0.444 0.828 0.003

Education

Low 0.69 (0.60-0.81) 0.74 (0.62-0.88) 1.03 (0.93-1.14) 1.00 (0.89-1.11) 0.85 (0.78-0.93) 1.08 (0.99-1.17)

Medium 0.80 (0.69-0.92) 0.79 (0.67-0.92) 1.00 (0.92-1.09) 0.97 (0.88-1.07) 0.90 (0.84-0.96) 0.95 (0.89-1.02)

High 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

p-value† <0.001 0.003 0.54 0.955 <0.001 0.146

Comorbidity

Low 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Medium 0.90 (0.80-1.02) 0.79 (0.69-0.91) 1.10 (0.99-1.23) 1.14 (1.01-1.29) 1.05 (0.94-1.18) 1.29 (1.11-1.49)

High 0.90 (0.77-1.05) 0.95 (0.78-1.15) 1.20 (1.05-1.38) 0.92 (0.78-1.08) 1.25 (1.06-1.48) 1.35 (1.11-1.65)

p-value† 0.07 0.025 0.003 0.826 0.008 <0.001

Travel time

Short 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Medium 1.03 (0.89-1.19) 0.92 (0.78-1.08) 1.01 (0.90-1.12) 0.93 (0.83-1.04) 0.94 (0.86-1.03) 1.13 (1.03-1.24)

Long 0.97 (0.80-1.16) 0.94 (0.76-1.16) 0.98 (0.86-1.12) 1.02 (0.89-1.18) 0.92 (0.82-1.04) 1.08 (0.95-1.23)

p-value† 0.876 0.353 0.825 0.718 0.09 0.026

Hospital referral area‡

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Cancer patients: odds ratio of being included in CPP. OR (95% CI)

Age group

Under 50 1.14 (0.61-2.10) 1.05 (0.60-1.85) 0.41 (0.32-0.54) 0.48 (0.37-0.63) 0.98 (0.69-1.39) 0.98 (0.78-1.24)

50-59 1.14 (0.84-1.55) 1.07 (0.80-1.43) 0.98 (0.77-1.24) 0.83 (0.65-1.05) 0.96 (0.85-1.08) 0.98 (0.80-1.20)

60-69 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

70-79 1.02 (0.85-1.21) 0.87 (0.73-1.05) 0.99 (0.83-1.17) 1.06 (0.89-1.28) 0.84 (0.78-0.92) 1.00 (0.81-1.25)

80-90 0.55 (0.46-0.67) 0.40 (0.33-0.49) 0.73 (0.61-0.88) 0.74 (0.62-0.89) 0.34 (0.31-0.38) 1.04 (0.80-1.35)

p-value <.001 <.001 <.001 <.001 <.001 0.996
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Table 2 Associations between age, income, education, comorbidity, travel time and hospital referral area and the odds ratios of not
receiving the cancer diagnosis in CPP patients and the odds ratio of being included in CPP in cancer patients. Norway, 2015-2017.
Analyses with mutual adjustment for all variables included (Continued)

Lung Colorectal Prostate Breast

Male Female Male Female

Income

Low 0.59 (0.46-0.75) 0.64 (0.45-0.90) 0.77 (0.62-0.96) 0.85 (0.67-1.09) 0.82 (0.72-0.92) 0.77 (0.60-0.98)

Medium 0.91 (0.73-1.14) 0.73 (0.53-1.02) 0.87 (0.73-1.02) 0.88 (0.71-1.11) 0.98 (0.90-1.06) 0.99 (0.80-1.22)

High 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

p-value† <0.001 0.009 0.017 0.257 0.005 0.014

Education

Low 0.93 (0.73-1.19) 0.97 (0.74-1.28) 0.87 (0.71-1.05) 0.91 (0.75-1.11) 1.03 (0.93-1.15) 0.84 (0.67-1.05)

Medium 0.92 (0.73-1.16) 1.04 (0.80-1.36) 0.94 (0.80-1.11) 0.99 (0.83-1.19) 1.12 (1.03-1.22) 0.95 (0.78-1.14)

High 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

p-value† 0.699 0.555 0.142 0.281 0.407 0.124

Comorbidity

Low 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Medium 0.82 (0.69-0.98) 0.80 (0.67-0.96) 0.76 (0.63-0.91) 0.68 (0.55-0.83) 0.73 (0.65-0.82) 0.96 (0.67-1.40)

Much 0.58 (0.48-0.70) 0.41 (0.33-0.51) 0.56 (0.45-0.70) 0.61 (0.48-0.77) 0.50 (0.43-0.59) 0.72 (0.47-1.10)

p-value† <0.001 <0.001 <0.001 <0.001 <0.001 0.165

Travel time

Short 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Medium 1.09 (0.88-1.35) 1.19 (0.94-1.51) 0.96 (0.78-1.18) 0.98 (0.80-1.19) 1.06 (0.96-1.18) 1.11 (0.87-1.42)

Long 1.05 (0.80-1.37) 0.85 (0.64-1.13) 1.10 (0.85-1.43) 0.98 (0.75-1.28) 1.21 (1.06-1.39) 0.78 (0.59-1.04)

p-value† 0.535 0.774 0.652 0.815 0.006 0.295

Hospital referral area‡

p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

† P-value for linear trend. ‡ OR estimates with 95% CI for the hospital referral areas are shown in Appendix B (Table B2)

the cancer patients (Table 2). However, the oldest patients
(80-90 years) had lower odds ratio of being included
in CPP for all cancer diagnoses except for breast can-
cer, along with the youngest colorectal cancer patients
(under 50).

Income
A positive income gradient was found for male lung CPP
patients, indicating increased odds ratio of not receiving
the cancer diagnosis with increasing income. However,
for breast CPP patients the opposite was true. For the
cancer patients, a positive income gradient was found,
indicating increased odds ratio of being included in CPP
with increasing income, although the relationship was
not statistically significant for female colorectal cancer
patients.

Education
A positive education gradient was found for patients for
lung CPP (male and female) and prostate CPP, indicating

increased odds ratio of not receiving the cancer diagnosis
with increasing level of education. For cancer patients no
education gradient was found.

Comorbidity
A positive comorbidity gradient was found for patients
in colorectal CPP (male), prostate CPP and breast CPP,
suggesting increased odds ratio of not receiving the can-
cer diagnosis with increasing comorbidity. For cancer
patients a clear negative comorbidity gradient was found
for all cancer groups, except breast cancer patients, i.e.,
decreased odds ratio of being included in CPP with
increasing comorbidity.

Travel time
No gradient for travel time was found for CPP patients.
For cancer patients a positive gradient for travel time
was found for patients with prostate cancer, the longer
travel time to hospital, the higher the odds ratio of being
included in CPP.
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Hospital referral area
Substantial differences were found between the hospital
referral areas both regarding the odds ratio of not receiv-
ing the cancer diagnosis among all the CPP patients and
in the odds ratio of being included in a CPP among cancer
patients (Table 2 and Table B2).

Relationships between the proportions
Correlation analysis comparing the age-adjusted propor-
tions of CPP patients without the cancer diagnosis with
the age-adjusted proportions of cancer patients included
in CPP across the hospital referral areas did not show
definite positive relations for any cancer site (Fig. 2).
Correlation analysis comparing the age-adjusted pro-

portions of CPP patients without the cancer diagno-
sis in the 21 hospital referral areas across the six CPP
groups showed some positive associations. Associations
were found between the proportions for prostate CPP
and colorectal (both male and female) CPP (Table B3).
Also, comparing the age-adjusted proportion of cancer
patients included in CPP in the 21 hospital referral areas
across the six cancer groups showed some positive asso-
ciations. Associations were found between the propor-
tions for female colorectal cancer and lung (both male
and female) cancer (Table B3). However, most correla-
tion coefficients, except for those correlating proportions
in men and women for the same cancer type, were rel-
atively low. The overall impression is that neither the

proportions of CPP patients without the cancer diagno-
sis nor the proportions of cancer patients included in CPP
across the cancer groups are consistently ranked in the
hospital referral areas (Fig. 3).

Discussion
This study, which includes complete CPP and cancer
data for three years in Norway, showed that the patient’s
age and place of residence were the two most impor-
tant factors for describing variation in proportions of CPP
patients without the cancer diagnosis and proportions of
cancer patients included in CPPs. The proportions var-
ied substantially across the different types of CPPs and
across the different cancer groups. As the probability of
not receiving the cancer diagnosis for a patient in a CPP
is related to both the risk of cancer and the probabilities
of being included in a CPP for those with and without the
cancer (See Appendix A. Conditional probabilities), the
interpretations must account for these factors.

CPP guidelines
In general, the CPP guidelines ensure that all patients
should have equal access to CPPs in Norway. The highest
proportions of CPP patients without the cancer diagno-
sis were found in CPPs for colorectal cancer (65% and
69% for male and female, respectively) and breast cancer
(57%). Less than 50% of the patients in CPPs for lung and
prostate ended up without the cancer diagnosis. These

Fig. 2 Scatter plots for age-adjusted proportions of patients in CPP without the cancer diagnosis and age-adjusted proportions of cancer patients
included in CPP in the 21 hospital referral areas. Spearman’s correlation coefficients (p-value)
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Fig. 3 Patients in CPP without the cancer diagnosis (blue) and cancer patients in CPP (red), age-adjusted proportions with 95% confidence intervals
in the 21 hospital referral areas, ordered by the rank of the total proportion for CPP patients

differences may be explained by the “filter functions” for
CPP for prostate and lung cancer. Only specialists in urol-
ogy include patients to CPP for prostate cancer and the
guidelines specify that patients should not be referred to
CPP for prostate cancer when treatment is not appropri-
ate due to age or comorbidity. Before inclusion in CPP for
lung cancer, an X-ray image of the lungs is required in
addition to respiratory symptoms. Similar filter functions
are lacking for CPP for colorectal and breast cancer. The
lowest proportion of cancer patients included in CPP was
found for prostate cancer patients (64%).

Age and comorbidity
The highest proportion of CPP patients without the can-
cer diagnosis was found for the youngest patients and the
proportion decreased with increasing age. The negative
age gradient found in CPP patients without the cancer
diagnosis might be explained by an increasing cancer inci-
dence by age with lower probability for younger patients
to have a cancer diagnosis. Given the same symptoms,
an older patient is more likely to have cancer compared
to a younger patient. A high proportion of CPP patients
without the cancer diagnosis among the younger suggests
that inclusion in CPPs in Norway follows the guidelines
and is based on symptoms, signs and tests rather than the
expected chance of detecting cancer.
Among cancer patients, except for breast cancer, the

oldest patients had lower odds ratio of being included in
a CPP than patients in the reference category, patients
aged 60-69. This is in line with studies from Norway and
Denmark [17, 22, 23]. One explanation might be that the
elderly have higher comorbidity and more contact with
the health care system. Cancer may be diagnosed during
follow-up of other illnesses. The youngest colorectal can-
cer patients (under 50 years) also had lower odds ratio of
being included in CPP, probably because the symptoms

of younger colorectal cancer patients are less specific and
harder to identify. Interestingly, more than 90% of the
breast cancer patients were included in CPP, and no age
differences were found. This high proportion and equality
among the age groups are most likely due to the uni-
form structure and practice of breast diagnostic centres in
Norway and the national breast screening programme for
women aged 50 to 69. In all cancer patients, the probabil-
ity of being included in CPP decreased with higher level
of comorbidity, consistent with the findings of Nilssen et
al. [17]. According to guidelines, patients with prostate
cancer and high comorbidity or high age are not to be
included in CPP if curative treatment is not relevant.
Other patient groups may be considered similarly.

Income and education
The effects of income and education were not consistent
across the CPP groups. In a report on social inequal-
ities and cancer in Norway [24], associations between
both income and education level and the risk of cancer
were found. The risk of cancer increased with low level
of income for males for lung and colorectal cancer, and
increased risk of cancer with low level of education was
found for lung cancer and among females for colorectal
cancer. In contrast, increased risk of cancer with high lev-
els of income and education was found for prostate and
breast cancer. The observed differences in the odds ratio
of not receiving the cancer diagnosis between the income
groups for CPPs for lung (male) and breast cancer, in this
study, might be due to different risks of cancer in the
income groups between the CPPs.
The probability of being referred to a CPP, both for

those with and without cancer, may also differ between
income and education groups. Based on data in this study,
only the probability for those with cancer can be esti-
mated (Appendix A). The observed differences in income
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and education gradients for CPP patients without the can-
cer diagnosis may diminish when the risk of cancer and
the probabilities of being included in a CPP are taken
into consideration. A systematic review concluded that
women in Europe from more socioeconomically deprived
areas were less likely to attend breast cancer screening
[25]. Higher income and education groups might be more
eager to be included in CPPs in order to assess their can-
cer symptoms. It is documented that patients from higher
social classes communicate more actively with clinicians
[26]. Therefore, based on the present data, it is not pos-
sible to state consistent differences in the proportions of
CPP patients without the cancer diagnosis in different
levels of income and education.
For the cancer patients, consistent differences were

found. The proportion of cancer patients included in CPPs
was highest in the patients with high income, which is
in line with a recent Norwegian study [17]. Other studies
have shown that patients’ socioeconomic status is associ-
ated with an increased likelihood of access to cancer care
[27, 28]. However, in accordance with results of Nilssen
et al. [17], we found no such effect of education for any of
the cancer groups.

Place of residence
Substantial variation between the hospital referral areas
was found, both for the proportion of CPP patients with-
out the cancer diagnosis and the proportion of cancer
patients included in CPP. The proportions in neighbour-
ing hospital referral areas were not more similar than for
more distant hospital referral areas. The observed varia-
tion between the hospital referral areas is probably related
to both differences in clinical practice and differences in
capacity. Unwarranted variation in health care is mainly
due to services that can be defined as preference-sensitive
or supply-sensitive [29]. Preference-sensitive care repre-
sents clinical practice, references and beliefs of a single
clinician or department rather than a clear evidence-based
approach. Supply-sensitive care refers to local capacity
of health care resources, such as out-patients clinics and
diagnostic work-ups. In addition, the hospital trusts have
public funding contracts with private specialists in order
to secure sufficient capacity, and different utilisation of
private specialists among the health care trusts may con-
tribute to the observed variation. Additionally, hospitals
may have included patients in CPPs at somewhat differ-
ent points in the diagnostic and staging process, although
clear guidelines exist. This may also affect the observed
variation.
One might expect that a hospital referral area with a

high proportion of patients without the cancer diagnosis
in CPPs, also has a high proportion of diagnosed can-
cer patients included in CPPs. However, such associations
were not found, suggesting that a wide funnel into CPPs

does not necessarily lead to higher proportions of cancer
patients included in CPPs. This finding is in line with a
study from England on variation in referral threshold and
variation in the accurate selection of patients in fast-track
referrals from GPs for possible cancer [30]. It was found
that widening the funnel did not increase the proportion
of cancer patients included in CPP. However, it did result
in a large increase in demand for diagnostic services with a
possible risk of over-diagnosis and over-treatment. There-
fore, tools that focus on increasing diagnostic accuracy
are probably more effective than applying wider funnels
to increase the proportion of cancer patients included in
CPPs. A Nordic initiative for prostate cancer can serve
as an example: application of a new blood-based test
in addition to PSA resulted in promising results for a
more accurate selection of patients into CPP for prostate
cancer [31–33].
It was not consistently the same hospital referral areas

that had the highest or lowest proportions of CPP patients
without the cancer diagnosis or the highest or lowest
proportions of cancer patients included in CPP. As the
diagnostic work-ups for the different CPPs are done at
different departments/units in the hospitals, it is reason-
able to see varying degrees of inclusion to CPP in the
hospital referral areas across the different CPPs. A hos-
pital might have lower threshold for including patients in
CPP in some areas due to capacity or clinical practice (for
example, the gastroenterological and lung clinics) while
having higher threshold for other areas due to capac-
ity constraints or stricter clinical practice (for example,
prostate cancer).

Experiences with CPPs
CPPs in Norway were introduced as a joint action from
health politicians, health bureaucrats and clinicians as an
initiative from the Ministry of Health and patient organ-
isations. The experiences with CPPs in Norway are so
far positive [34, 35]. In Norway, decreased waiting times
have been observed before and during implementation
of CPPs [36]. Studies from Denmark [3, 37] and Sweden
[38] have documented reduced waiting times, and a study
from Denmark showed increased survival among patients
in CPP compared to patients not in CPP for some can-
cer sites [23]. It is worth noting that Denmark started CPP
eight years before Norway, a period in which cancer care
made great progress in Norway.
CPPs may also have some unintended consequences.

Wilkens et al. discuss challenges with possible crowding-
out effects as a result of implementing CPP [5]. A Nor-
wegian study, with interviews of physicians and patients,
indicated possible crowding-out effects as a result of the
standardised target times in CPPs [35, 39]. In a qualita-
tive study on CPP in Sweden, implementation of CPPs
was accompanied by unintended effects such as longer
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waiting times for other patients and patient groups in need
of the same health care resources [40]. However, in Nor-
way these types of crowding-out effects are not observed
in quantitative data, such as national data for waiting
times [41].

Strengths and limitations
The strength of this study is the use of individualised data
for the complete Norwegian population of CPP patients
and cancer patients for three years. The completeness of
data eliminates selection bias. However, there are some
limitations.
Firstly, the proportions studied empirically in this paper

reflect two underlying conditional probabilities, the prob-
ability of not having cancer given that an individual is
assigned to a CPP, and the probability of being included
in a CPP given that the patient is diagnosed with can-
cer. The probability of not having cancer for an individual
included in a CPP can be expressed in terms of the
overall probability of cancer and the ratio of the prob-
abilities of being assigned to a CPP for those with and
without cancer (Appendix A). However, it is not possi-
ble to estimate all relevant terms involved with the data
available in the current study. Such analysis requires data
on the entire Norwegian population, including those not
in contact with the hospitals. It is important to note
that the relationships presented in Appendix A and dis-
cussed above do not invalidate the findings as presented;
the relationships reflect the associations as they are in
Norwegian cancer care. The explanations for the find-
ings are not, however, self-evident and may be open for
discussion.
Secondly, it was not possible in this study to evalu-

ate at which point in the diagnostic and staging work-up
patients are included in CPPs. The possibility that cancer
patients have been retrospectively included in CPPs can-
not be ruled out. However, this probably contributes only
to a small degree to the observed geographic variation.
Thirdly, the presented results are mutually adjusted for

all the predictors, i.e., there is a risk of Table II fallacy.
However, adjusting the predictors according to a DAG
framework basically reproduced the results in Table 2.

Conclusion
Among the CPP patients, the youngest patients had the
highest probability of not receiving the cancer diagnosis,
and among the cancer patients the oldest patients had
the lowest probability of being included in a CPP. This is
most likely due to increasing risk of cancer and increas-
ing contacts with the health care system with age. The
lack of consistent differences among CPP patients accord-
ing to income, education, comorbidity and travel time
to hospital with regard to the proportion not diagnosed
with cancer is encouraging and suggests that CPP as a

health service in Norway is equitably distributed. Increas-
ing diagnostic accuracy is probably a more effective way
to increase the proportions of cancer patients included in
CPPs, as lowering the threshold for referring patients into
CPPs did not have an effect. Lowering the threshold may
also lead to an increase in demand for diagnostic services
with a possible risk of over-diagnosis, over-treatment
and crowding-out effects for other patients. Unwarranted
variation according to patients’ place of residence was
documented, both for CPP patients without the cancer
diagnosis and for cancer patients included in CPP. This
variation is probably related to both differences in clini-
cal practice and capacity at the Norwegian hospitals and
should be further investigated.
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Appendix
A. Conditional probabilities
Considerwhat happens during the study period to an individual selected at random from a
subgroup in the population. Let “Cancer” represent the event that the individual actually
has cancer of a particular type, and let “CPP” represent the event that the individual is
referred to the corresponding cancer patient pathway.

The probability of not having this type of cancer, conditional on the individual being
referred to the corresponding CPP, can be expressed as

%(Cancer|CPP) = %(CPP and Cancer)
%(CPP)

Applying Bayes’ theorem

%(Cancer|CPP) = %(CPP|Cancer)%(Cancer)
%(CPP|Cancer)%(Cancer) + %(CPP|Cancer)%(Cancer)

Dividing both numerator and denominator with %(CPP|Cancer)

%(Cancer|CPP) = %(Cancer)
%(CPP|Cancer)
%(CPP|Cancer)%(Cancer) + %(Cancer)

Finally, dividing both numerator and denominator with %(Cancer), the probability of
not having this type of cancer, conditional on the individual being referred to the corre-
sponding CPP, can be written as

%(Cancer|CPP) = 1
%(CPP|Cancer)
%(CPP|Cancer)

%(Cancer)
%(Cancer) + 1

This equation expresses the first conditional probability of interest, the probability of not
having cancer conditional on the individual being referred to the corresponding CPP;
%(Cancer|CPP), in terms of the second one, the probability of being referred to CPP
conditional on the individual having the corresponding cancer; %(CPP|Cancer). But
the expression also involves the overall probability of having the cancer in question;
%(Cancer), and the conditional probability of being referred to the CPP for someone
without the cancer; %(CPP|Cancer).
This study is based on data on all Norwegian patients in CPPs and all Norwegian
patients with a cancer diagnosis. It is not possible to make statements about associations
with the overall probability of having cancer or the probability of being referred to a

1



CPP for a person without cancer. That would require data on the entire Norwegian
population. Thus, despite the mathematical relationship described above, it is still
relevant to examine associations with both proportions by a statistical approach, as
carried out in this work.

A wide funnel into a CPP will in general correspond to large values of both probabilities
%(CPP|Cancer) and %(CPP|Cancer). The expression above shows that the ratio between
these probabilities is essential. In fact, the probability of not having cancer for someone
referred to a CPP is a decreasing function of this ratio. Studying associations between the
proportion of CPP patients without cancer and other factors is for this reason largely the
same as comparing the width of the funnel into CPP for cancer and non-cancer patients.
However, the proportion is also a decreasing function of the basic probability of cancer,
so results may in addition reflect associations with cancer incidence rates.
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B. Supplementary tables and figures

Table B1: CPP patients and cancer patients, by hospital referral area. Norway, 2015-
2017.

Lung Colorectal Prostate Breast Total
Male Female Male Female

CPP patients, n (% CPP patients diagnosed without cancer)

Number of patients 7 461 (46.3%) 6 428 (43.9%) 15 802 (64.6%) 16 824 (69.3%) 19 897 (48.7%) 23 279 (56.5%) 89 691 (56.9%)
Hospital referral area
Finnmark 158 (43.7%) 135 (46.7%) 264 (73.5%) 254 (78.0%) 291 (51.2%) 307 (58.6%) 1 409 (60.5%)
UNN 306 (37.3%) 247 (38.9%) 573 (62.8%) 565 (63.0%) 741 (41.8%) 826 (50.8%) 3 258 (50.8%)
Nordland 247 (42.1%) 160 (31.3%) 623 (70.0%) 638 (74.6%) 315 (48.9%) 475 (45.7%) 2 458 (58.5%)
Helgeland 136 (54.4%) 132 (54.5%) 536 (79.7%) 555 (83.4%) 422 (59.5%) 291 (51.9%) 2 072 (69.4%)
Nord-Trøndelag 196 (44.9%) 169 (36.7%) 293 (43.0%) 270 (51.1%) 621 (51.0%) 423 (38.8%) 1 972 (45.4%)
St. Olav 568 (66.2%) 517 (61.3%) 610 (48.9%) 614 (54.4%) 1 200 (48.8%) 993 (47.8%) 4 502 (53.0%)
Møre-Romsdal 322 (35.7%) 238 (33.6%) 859 (57.6%) 851 (61.8%) 1 460 (53.0%) 1 082 (49.8%) 4 812 (52.6%)
Førde 182 (40.1%) 134 (37.3%) 358 (56.4%) 343 (58.0%) 367 (28.9%) 527 (61.7%) 1 911 (50.0%)
Bergen 533 (35.6%) 418 (35.2%) 866 (42.5%) 904 (48.1%) 1 359 (45.3%) 2 257 (63.9%) 6 337 (50.4%)
Fonna 341 (46.0%) 230 (41.7%) 674 (61.9%) 724 (69.3%) 495 (36.4%) 1 342 (73.1%) 3 806 (61.3%)
Stavanger 486 (46.1%) 430 (47.9%) 804 (59.0%) 810 (64.9%) 1 024 (43.1%) 1 239 (55.7%) 4 793 (53.4%)
Østfold 539 (56.4%) 450 (49.1%) 876 (59.0%) 943 (64.1%) 1 447 (43.8%) 1 659 (61.9%) 5 914 (55.9%)
Akershus 805 (53.2%) 722 (48.8%) 1 578 (66.3%) 1 666 (70.4%) 2 079 (48.5%) 3 493 (69.8%) 10 343 (62.3%)
OUS 226 (55.8%) 238 (44.1%) 657 (70.6%) 723 (73.4%) 725 (52.7%) 973 (49.7%) 3 542 (59.1%)
Lovisenberg 141 (48.2%) 95 (42.1%) 224 (72.3%) 213 (67.6%) 269 (54.3%) 396 (52.5%) 1 338 (57.4%)
Diakonhjemmet 121 (51.2%) 142 (46.5%) 370 (68.4%) 438 (73.1%) 432 (56.7%) 554 (43.7%) 2 057 (57.8%)
Innlandet 582 (42.1%) 535 (41.5%) 1 842 (71.9%) 2 155 (79.4%) 1 592 (53.8%) 1 646 (50.2%) 8 352 (62.1%)
Vestre Viken 451 (37.0%) 455 (40.4%) 1 117 (60.6%) 1 166 (64.9%) 1 895 (51.1%) 1 989 (49.3%) 7 073 (52.8%)
Vestfold 402 (48.5%) 385 (44.4%) 1 005 (74.2%) 1 140 (76.5%) 1 050 (52.2%) 1 053 (51.9%) 5 035 (61.1%)
Telemark 278 (47.8%) 234 (48.3%) 985 (83.2%) 1 091 (84.0%) 799 (48.4%) 590 (36.8%) 3 977 (65.0%)
Sørlandet 441 (32.4%) 362 (29.8%) 688 (58.6%) 761 (62.7%) 1 314 (47.7%) 1 164 (52.1%) 4 730 (50.0%)

Cancer patients, n (% cancer patients included in CPP)

Number of patients 5 076 (78.9%) 4 629 (77.9%) 6 836 (81.8%) 6 471 (79.8%) 15 864 (64.4%) 10 911 (92.7%) 49 787 (77.7%)
Hospital referral area
Finnmark 104 (85.6%) 89 (80.9%) 83 (84.3%) 64 (87.5%) 196 (71.9%) 129 (98.4%) 665 (83.5%)
UNN 219 (87.7%) 174 (86.8%) 245 (86.9%) 251 (83.3%) 597 (72.2%) 420 (96.7%) 1 906 (84.1%)
Nordland 174 (82.2%) 137 (80.3%) 233 (80.3%) 198 (81.8%) 359 (44.8%) 269 (95.9%) 1 370 (74.5%)
Helgeland 80 (77.5%) 88 (68.2%) 126 (86.5%) 110 (83.6%) 243 (70.4%) 149 (94.0%) 796 (79.6%)
Nord-Trøndelag 135 (80.0%) 129 (82.9%) 203 (82.3%) 162 (81.5%) 495 (61.4%) 290 (89.3%) 1 414 (76.2%)
St. Olav 252 (76.2%) 269 (74.3%) 386 (80.8%) 355 (78.9%) 918 (67.0%) 626 (82.6%) 2 806 (75.4%)
Møre-Romsdal 280 (73.9%) 214 (73.8%) 415 (87.7%) 407 (79.9%) 940 (72.9%) 587 (92.5%) 2 843 (80.3%)
Førde 129 (84.5%) 102 (82.4%) 176 (88.6%) 164 (87.8%) 350 (74.6%) 213 (94.8%) 1 134 (84.3%)
Bergen 445 (77.1%) 362 (74.9%) 625 (79.7%) 581 (80.6%) 1 181 (63.0%) 865 (94.2%) 4 059 (77.3%)
Fonna 224 (82.1%) 161 (83.2%) 286 (89.9%) 252 (88.1%) 619 (50.9%) 387 (93.3%) 1 929 (76.4%)
Stavanger 301 (87.0%) 268 (83.6%) 416 (79.3%) 363 (78.2%) 1 096 (53.2%) 628 (87.4%) 3 072 (72.7%)
Østfold 330 (71.2%) 321 (71.3%) 445 (80.7%) 447 (75.8%) 1 237 (65.7%) 665 (95.0%) 3 445 (75.7%)
Akershus 441 (85.5%) 438 (84.5%) 603 (88.2%) 574 (85.9%) 1 450 (73.9%) 1 102 (95.6%) 4 608 (84.5%)
OUS 136 (73.5%) 173 (76.9%) 233 (82.8%) 245 (78.4%) 511 (67.1%) 512 (95.5%) 1 810 (80.1%)
Lovisenberg 87 (83.9%) 65 (84.6%) 82 (75.6%) 84 (82.1%) 173 (71.1%) 202 (93.6%) 693 (82.4%)
Diakonhjemmet 72 (81.9%) 92 (82.6%) 143 (81.8%) 151 (78.1%) 345 (54.2%) 327 (95.4%) 1 130 (76.9%)
Innlandet 437 (77.1%) 399 (78.7%) 626 (82.6%) 547 (81.2%) 1 344 (54.7%) 897 (91.3%) 4 250 (74.5%)
Vestre Viken 413 (69.0%) 393 (69.0%) 634 (69.4%) 609 (67.2%) 1 471 (63.0%) 1 070 (94.2%) 4 590 (72.7%)
Vestfold 244 (84.8%) 254 (84.3%) 329 (79.0%) 328 (81.7%) 753 (66.7%) 538 (94.2%) 2 446 (80.0%)
Telemark 198 (73.2%) 179 (67.6%) 218 (75.2%) 232 (75.4%) 599 (68.9%) 415 (89.9%) 1 841 (75.6%)
Sørlandet 375 (79.5%) 322 (78.9%) 329 (86.6%) 347 (81.8%) 987 (69.6%) 620 (89.8%) 2 980 (79.4%)
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Table B2: Associations between hospital referral area and the odds ratios of being
diagnosed without cancer among CPP patients and the odds ratio for being included
in CPP among cancer patients. Norway, 2015-2017. Analyses with mutual adjustment
for all variables included; age, income, education, comorbidity, travel time and hospital
referral area.

Lung Colorectal Prostate Breast
Male Female Male Female

CPP patients: odds ratio of being diagnosed without cancer OR (95% CI)

Hospital referral area
Finnmark 0.70 (0.48-1.02) 0.92 (0.62-1.38) 1.41 (1.04-1.92) 1.44 (1.03-2.01) 1.20 (0.92-1.56) 0.70 (0.53-0.92)
UNN 0.57 (0.43-0.76) 0.68 (0.50-0.93) 0.88 (0.71-1.08) 0.74 (0.60-0.92) 0.79 (0.66-0.94) 0.50 (0.43-0.60)
Nordland 0.65 (0.48-0.88) 0.48 (0.33-0.69) 1.22 (0.99-1.50) 1.27 (1.02-1.57) 1.05 (0.83-1.34) 0.39 (0.31-0.48)
Helgeland 1.08 (0.74-1.57) 1.29 (0.89-1.89) 1.99 (1.57-2.53) 2.24 (1.74-2.88) 1.74 (1.40-2.15) 0.45 (0.35-0.59)
Nord-Trøndelag 0.76 (0.55-1.05) 0.61 (0.43-0.87) 0.40 (0.31-0.52) 0.49 (0.38-0.64) 1.17 (0.98-1.41) 0.30 (0.24-0.38)
St. Olav 1.70 (1.35-2.13) 1.58 (1.25-2.01) 0.51 (0.42-0.62) 0.54 (0.44-0.66) 1.02 (0.88-1.18) 0.42 (0.36-0.49)
Møre og Romsdal 0.51 (0.39-0.67) 0.52 (0.38-0.71) 0.72 (0.61-0.86) 0.75 (0.62-0.89) 1.19 (1.04-1.37) 0.48 (0.41-0.55)
Førde 0.56 (0.40-0.79) 0.62 (0.42-0.92) 0.67 (0.53-0.85) 0.65 (0.51-0.84) 0.46 (0.36-0.58) 0.76 (0.62-0.93)
Bergen 0.48 (0.38-0.61) 0.56 (0.44-0.73) 0.38 (0.32-0.45) 0.41 (0.34-0.48) 0.87 (0.76-1.00) 0.80 (0.71-0.90)
Fonna 0.73 (0.56-0.95) 0.74 (0.54-1.00) 0.84 (0.69-1.02) 1.04 (0.85-1.26) 0.62 (0.51-0.76) 1.11 (0.96-1.29)
Stavanger 0.69 (0.54-0.86) 0.93 (0.73-1.19) 0.73 (0.61-0.88) 0.84 (0.70-1.01) 0.79 (0.68-0.92) 0.54 (0.47-0.62)
Østfold 1.18 (0.95-1.48) 1.02 (0.81-1.30) 0.77 (0.65-0.92) 0.82 (0.69-0.97) 0.86 (0.75-0.98) 0.71 (0.62-0.81)
Akershus 1.00 1.00 1.00 1.00 1.00 1.00
OUS 1.02 (0.75-1.39) 0.78 (0.58-1.06) 1.18 (0.96-1.44) 1.20 (0.98-1.47) 1.18 (0.99-1.40) 0.45 (0.39-0.53)
Lovisenberg 0.71 (0.49-1.03) 0.64 (0.41-1.00) 1.15 (0.84-1.58) 0.74 (0.54-1.01) 1.18 (0.91-1.53) 0.43 (0.35-0.55)
Diakonhjemmet 0.78 (0.53-1.16) 0.80 (0.56-1.17) 1.15 (0.90-1.48) 1.23 (0.97-1.57) 1.39 (1.13-1.72) 0.42 (0.34-0.51)
Innlandet 0.69 (0.55-0.86) 0.77 (0.61-0.97) 1.32 (1.14-1.53) 1.71 (1.47-1.99) 1.21 (1.06-1.38) 0.45 (0.39-0.51)
Vestre Viken 0.51 (0.40-0.65) 0.68 (0.53-0.86) 0.79 (0.67-0.93) 0.82 (0.69-0.96) 1.10 (0.97-1.25) 0.44 (0.39-0.50)
Vestfold 0.81 (0.64-1.04) 0.83 (0.64-1.06) 1.51 (1.26-1.80) 1.48 (1.24-1.77) 1.16 (1.00-1.35) 0.53 (0.46-0.62)
Telemark 0.79 (0.60-1.05) 0.95 (0.70-1.28) 2.40 (1.96-2.93) 2.21 (1.82-2.69) 0.97 (0.82-1.14) 0.26 (0.22-0.32)
Sørlandet 0.44 (0.34-0.56) 0.44 (0.33-0.57) 0.77 (0.64-0.92) 0.78 (0.65-0.94) 0.93 (0.81-1.07) 0.51 (0.44-0.59)
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Cancer patients: odds ratio of being included in CPP OR (95% CI)

Hospital referral area
Finnmark 1.01 (0.53-1.91) 0.91 (0.48-1.72) 0.66 (0.34-1.28) 1.21 (0.54-2.70) 0.79 (0.55-1.13) 3.61 (0.85-15.31)
UNN 1.34 (0.81-2.22) 1.32 (0.78-2.25) 0.83 (0.53-1.32) 0.88 (0.58-1.34) 0.85 (0.68-1.06) 1.49 (0.81-2.74)
Nordland 0.85 (0.52-1.39) 0.85 (0.51-1.43) 0.53 (0.35-0.80) 0.75 (0.48-1.17) 0.27 (0.21-0.34) 1.19 (0.60-2.34)
Helgeland 0.60 (0.33-1.10) 0.42 (0.24-0.72) 0.88 (0.49-1.56) 0.90 (0.51-1.59) 0.89 (0.65-1.21) 0.78 (0.37-1.63)
Nord-Trøndelag 0.70 (0.42-1.17) 1.00 (0.58-1.72) 0.59 (0.38-0.93) 0.71 (0.45-1.14) 0.55 (0.44-0.69) 0.41 (0.25-0.65)
St. Olav 0.55 (0.37-0.82) 0.56 (0.38-0.83) 0.54 (0.38-0.77) 0.64 (0.45-0.91) 0.68 (0.56-0.82) 0.23 (0.16-0.33)
Møre og Romsdal 0.48 (0.33-0.71) 0.55 (0.36-0.83) 0.91 (0.62-1.35) 0.68 (0.48-0.96) 0.90 (0.74-1.09) 0.61 (0.40-0.93)
Førde 0.91 (0.52-1.60) 0.80 (0.44-1.45) 1.02 (0.60-1.75) 1.20 (0.70-2.06) 1.01 (0.76-1.33) 0.87 (0.44-1.72)
Bergen 0.58 (0.41-0.82) 0.59 (0.41-0.85) 0.51 (0.37-0.70) 0.69 (0.51-0.95) 0.60 (0.51-0.72) 0.78 (0.52-1.17)
Fonna 0.80 (0.51-1.23) 0.95 (0.57-1.56) 1.18 (0.74-1.87) 1.23 (0.79-1.94) 0.34 (0.28-0.42) 0.68 (0.41-1.11)
Stavanger 1.13 (0.73-1.74) 1.00 (0.65-1.52) 0.49 (0.35-0.69) 0.61 (0.43-0.86) 0.36 (0.31-0.43) 0.33 (0.23-0.48)
Østfold 0.41 (0.29-0.59) 0.46 (0.32-0.66) 0.53 (0.38-0.75) 0.53 (0.38-0.73) 0.67 (0.56-0.79) 0.92 (0.58-1.45)
Akershus 1.00 1.00 1.00 1.00 1.00 1.00
OUS 0.50 (0.31-0.80) 0.62 (0.40-0.98) 0.65 (0.42-0.99) 0.59 (0.40-0.87) 0.76 (0.60-0.95) 0.97 (0.58-1.61)
Lovisenberg 0.89 (0.47-1.69) 1.04 (0.50-2.17) 0.41 (0.23-0.73) 0.79 (0.43-1.46) 0.81 (0.57-1.16) 0.68 (0.36-1.27)
Diakonhjemmet 0.75 (0.38-1.47) 0.81 (0.44-1.50) 0.53 (0.32-0.88) 0.58 (0.36-0.91) 0.43 (0.34-0.56) 0.92 (0.51-1.67)
Innlandet 0.59 (0.42-0.84) 0.68 (0.47-0.98) 0.63 (0.45-0.87) 0.73 (0.53-1.01) 0.41 (0.35-0.49) 0.52 (0.36-0.75)
Vestre Viken 0.36 (0.26-0.51) 0.40 (0.28-0.56) 0.28 (0.21-0.39) 0.34 (0.26-0.46) 0.60 (0.51-0.71) 0.76 (0.51-1.11)
Vestfold 0.98 (0.63-1.53) 1.03 (0.67-1.60) 0.49 (0.34-0.70) 0.76 (0.52-1.09) 0.75 (0.61-0.91) 0.79 (0.50-1.26)
Telemark 0.45 (0.29-0.68) 0.37 (0.24-0.56) 0.39 (0.26-0.58) 0.52 (0.35-0.76) 0.75 (0.61-0.93) 0.43 (0.28-0.66)
Sørlandet 0.67 (0.46-0.97) 0.66 (0.45-0.96) 0.84 (0.56-1.26) 0.75 (0.52-1.08) 0.78 (0.65-0.94) 0.43 (0.29-0.63)
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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Table B3: Comparison of the age-adjusted proportions of CCP patients diagnosed with-
out cancer across the six CPP groups, and comparison of the age-adjusted proportion of
cancer patients included in CPP across the six cancer groups, in the 21 hospital referral
areas. Spearman’s correlation coefficients (p-value).

Lung Colorectal Prostate Breast
Male Female Male Female

CPP patients, proportion diagnosed without cancer, dB (p-value)

Lung, Male 1.00 0.77 (<0.01) 0.30 (0.18) 0.40 (0.07) 0.12 (0.61) -0.07 (0.76)
Lung, Female 1.00 0.26 (0.25) 0.42 (0.06) 0.13 (0.59) 0.02 (0.92)
Colorectal, Male 1.00 0.86 (<0.01) 0.53 (0.01) -0.19 (0.41)
Colorectal, Female 1.00 0.45 (0.04) -0.09 (0.70)
Prostate 1.00 -0.50 (0.02)
Breast 1.00

Cancer patients, proportion included in CPP, dB (p-value)

Lung, Male 1.00 0.81 (<0.01) 0.41 (0.06) 0.55 (<0.01) 0.09 (0.69) 0.30 (0.19)
Lung, Female 1.00 0.29 (0.21) 0.65 (<0.01) 0.25 (0.27) 0.23 (0.31)
Colorectal, Male 1.00 0.65 (<0.01) 0.32 (0.16) 0.25 (0.28)
Colorectal, Female 1.00 0.42 (0.06) 0.34 (0.14)
Prostate 1.00 0.34 (0.13)
Breast 1.00
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Abstract

Background: The aim of this study was to analyse whether there are patient related or geographic differences in the
use of catheter ablation among atrial fibrillation patients in Norway.

Methods: National population-based data on individual level of all Norwegians aged 25 to 75 diagnosed with atrial
fibrillation from 2008 to 2017 were used to study the proportion treated with catheter ablation. Survival analysis, by
Cox regression with attained age as time scale, separately by gender, was applied to examine the associations
between ablation probability and educational level, income level, place of residence, and follow-up time.

Results: Substantial socioeconomic and geographic variation was documented. Atrial fibrillation patients with high
level of education and high income were more frequently treated with ablation, and the education effect increased
with increasing age. Patients living in the referral area of St. Olavs Hospital Trust had around three times as high
ablation rates as patients living in the referral area of Finnmark Hospital Trust.

Conclusions: Differences in health literacy, patient preference and demands are probably important causes of
socioeconomic variation, and studies on how socioeconomic status influences the choice of treatment are warranted.
Some of the geographic variation may reflect differences in ablation capacity. However, geographic variation related
to differences in clinical practice and provider preferences implies a need for clearer guidelines, both at the specialist
level and at the referring level.

Keywords: Norway, Atrial fibrillation, Catheter ablation, Universal health care, Socioeconomic factors, Small-area
analysis

Background
Atrial fibrillation (AF) is the most common cardiac
arrhythmia, with significant influence on quality of life,
morbidity and mortality [1–6]. The prevalence of AF has
been increasing over the last decades, and is expected to
increase further over the next 30 to 50 years [2, 7–10].
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Thus, AF has become an important public health issue
and a significant contributor to health care cost in the
Western world.
Over the last two decades, catheter ablation has evolved

as an important treatment option for many patients with
symptomatic AF, with reasonable success rates, low com-
plication rates and acceptable cost-effectiveness [3, 5, 11].
The procedure was primarily indicated for patients with-
out structural heart disease, where rhythm control is
the strategy of choice and in whom medical therapy has
failed [4]. However, more recently, catheter ablation has

© The Author(s). 2022 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
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indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative
Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made
available in this article, unless otherwise stated in a credit line to the data.
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also increasingly been considered as first-line therapy in
selected individuals [3, 6, 12, 13].
In 2010 the Norwegian Ministry of Health and Care

Services instructed the regional health authorities (RHA)
to increase the capacity for catheter ablation of AF, as
there was an increasing discrepancy between demand
and capacity for catheter ablation in Norway. This led to
a substantial increase in the number of radiofrequency
ablation procedures performed within the national
health care system. By 2013, Norway was near the top in
Europe in number of AF ablations performed per million
inhabitants [14].
In Norway, only five hospitals are performing AF abla-

tions, one in each of the four RHAs. In addition, one
private hospital in the South-East RHA is performing
the procedure as a subcontractor for the regional health
authority.
Norway has a universal health care system and in-

hospital treatment is free of charge. It is a fundamental
principle in this system that equal needs should be met
by equal services regardless of e.g., socioeconomic sta-
tus (SES) or place of residence. However, an increasing
number of studies indicate that this principle is not ade-
quately met, in Norway as in other Western countries
[15–19]. Several studies report socioeconomic differences
in utilisation of health care, e.g. relatively wealthy and/or
highly educated people visit more specialists and have
more access to sophisticated therapies [16–19]. Further-
more, several decades ago Wennberg reported on small
area variations in health care delivery, which could not be
explained by corresponding variations in need [20]. Geo-
graphic variation in access to health care in Norway has
been documented in a broad spectrum of services [15, 21,
22], especially by the Norwegian health care Atlases [23].
According to the equity aims of the Norwegian health

care system, treatment with catheter ablation of AF should
be distributed according to disease prevalence regardless
of socioeconomic class and place of residence. The aim
of the present study was to analyse whether there are
patient related or geographic differences in the use of this
procedure among patients diagnosed with AF.

Methods
Study design and data sources
The study population was the complete cohort of all Nor-
wegians, aged 25 to 75, diagnosed with atrial fibrillation
by Norwegian hospitals/specialist health care providers,
in Norway in the period 1 January 2008 to 31 December
2017. Data from the Norwegian Patient Register (NPR)
and Statistics Norway (SSB) were linked by an encrypted
serial number derived from the unique 11-digit personal
identifier held by all persons living in Norway. The data
from NPR included patient demographics (residential

information, year of birth and gender), start and end date
for the contact, hospital, type of contact, diagnoses and
clinical procedures. In Norway, all hospitals submit data
to NPR for registration and reimbursement purposes. The
data from SSB included income and level of education
each year, gender, year of birth, date of death, date of
emigration and residential municipality.

Definitions
The data were analysed by survival analysis and the patient
age at the year of the first AF diagnosis was used as entry
age. Patients’ attained age at the year of ablation, death,
emigration or end of study period was used as exit age.
As the exact date of birth was not available for this study,
age at the first AF diagnosis was calculated as the differ-
ence between the year of the first AF diagnosis and the
year of birth. Attained age was calculated as the differ-
ence between the year of exit and the year of birth. Only
patients aged 25 to 75 at the year of the first AF diagnosis
were included in the study. In addition, 80 years was set
as an upper age limit for attained age, with patients older
than 80 being censored at the year they became 80.
The AF diagnoses were identified from the International

Statistical Classification of Diseases and Related Health
Problems (ICD-10) diagnosis code: I48 (primary or sec-
ondary diagnosis). The code I48 also includes atrial flutter,
as it was not possible to distinguish between atrial fibril-
lation and flutter by diagnosis code before 2013. However,
atrial fibrillation is a much more common condition than
atrial flutter. The AF ablation procedures were identified
from the Nomesco Classification of Surgical Procedures
(NCSP) code: (FPB32, FPB22, FPB35, FPB25, FPO25A,
FPO10A, FPB13). Patients without an AF diagnosis prior
to or at the same date as the AF ablation procedure were
excluded.
Educational level was coded applying the international

standard classification of education (ISCED) [24]. Larger
numbers represented higher educational levels; 0 repre-
sented less than primary education, and 8 indicated a
doctorate or equivalent while 9 was not classified and
regarded as missing. Educational level was recoded into
three categories; low (0-2), medium (3-5), and high (6-8),
where 3-5 is high school level.
After-tax income was calculated as total income minus

assessed tax and negative transfers, with total income
representing the sum of income as employee, income
from self-employment, property income, capital income,
and transfers received. The after-tax income was index-
adjusted, to 2015 by the consumer price index (CPI), to
account for inflation. From after-tax income a categor-
ical income variable was defined with three categories;
low (less than NOK 240 000), medium (NOK 240 000 -
400 000), and high (more than NOK 400 000).
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The patients’ hospital referral area was defined by place
of residence and the corresponding geographic catch-
ments areas served by the 21 Norwegian hospital trusts
(HT). The patients’ regional referral area was defined by
the catchment areas for the four regional health author-
ities (RHA) (North, Central, West and South-East) in
Norway. The catchments areas are given by the health
authority as administrative borders.
Follow-up time was defined as the number of years from

the first AF diagnosis to ablation or censoring. Age, place
of residence, income, and educational level were defined
according to the date of the first AF diagnosis. Patients
with date of censoring equal to date of diagnosis were
excluded.

Statistical analyses
Data were analysed using SAS 9.4 (SAS Institute, Cary
NC).
Survival analysis was carried out, separately for females

and males, by Cox regression with attained age as time
scale. Two models were analysed. In model 1, place of
residence was classified by the 21 hospital referral areas
(HT). In model 2, place of residence was classified by the
four regional referral areas (RHA). Apart from this the
two models were identical. Age at the first AF diagno-
sis was treated as entry age to the study, regarded as left
truncation time. AF ablation was considered as the rele-
vant event, with educational level, income level, place of
residence (hospital (HT) or regional referral area (RHA))
and follow-up time since the first AF diagnosis as covari-
ates. Follow-up time was time-dependent, while the other
covariates were defined by the year of the first AF diag-
nosis. The categories representing low levels of education
and income, Vestre Viken (HT) hospital referral area,
South-East (RHA) regional referral area, and follow-up
time within the first year were set as reference categories.
Vestre Viken HT and South-East RHA have the largest
number of AF patients in hospital (HT) and regional
referral areas (RHA), respectively. The Efron method was
applied for handling ties.
In the initial analysis, travel time to hospital was

included as a covariate. Two different measures of travel
time were applied, travel time to nearest hospital and
travel time to nearest ablation hospital. Travel time was
measured as travel time by road from municipality cen-
tre. Including travel time as a covariate did not have any
impact on the remaining results, and this variable was
therefore not included in the analysis.
The proportional hazard assumption was tested by gen-

erating time dependent covariates by including interac-
tions of the predictors (education, income and place of
residence) and the log of attained age in the model, as
described in Allison [25], where significant interaction
terms indicate non-proportional hazards.

Spearman’s rank correlation coefficients were computed
in order to investigate associations between the variables
representing age group, education and income, separately
by gender.
In addition, separate analyses for three different time

periods were conducted, for the period before the pre-
sumed capacity increase (2008-2010), for the period after
the instructed capacity increase (2011-2017), and the
period 2013-2017. From 2013, it was possible to dis-
tinguish between atrial fibrillation and atrial flutter by
ICD-10 codes. Only atrial fibrillation patients with diag-
nosis codes I48.0, I48.1, and I48.2 were included in the
analysis for the period 2013-2017.

Results
Patient selection and characteristics
During 2008-2017, a total of 88 534 patients aged 25–75
years were diagnosed with AF, 29 233 women (mean age
at diagnosis 64.6 years) and 59 301 men (mean age at diag-
nosis 63.0 years) (Table 1). A total of 10 725 patients were
treated with ablation in the period, 2 759 women (mean
age at ablation 61.1 years) and 7 966 men (mean age at
ablation 59.5 years). While 67.0% of the AF patients were
males, 74.3% of the ablation patients were males. More
than half of the AF patients (51.1%) were in the age group
70-75, compared to only 17.6% of the ablation patients
in the age group 70-75. Among the AF patients, 27.1%
were in the high educational level group, compared to
37.3% among the ablation patients. Of the AF patients,
22.7% belonged to the high income group, compared to
38.8% of the ablation patients. Figure 1 and Table 1 shows
the proportion of AF patients treated with ablation in the
hospital referral areas. AF patients in Finnmark HT hospi-
tal referral area had the lowest proportion (7.1%) treated
with ablation, while AF patients in St. Olavs HT hospital
referral area had the highest proportion (20.1%).

Results from statistical analysis
Figure 2 shows that a higher proportion of male AF
patients were treated with ablation compared to female
AF patients, and this was consistent in all age groups
and follow-up years. However, the gender differences
decreased with increasing age, and in the age groups 60-69
and 70-75 the differences were small.
The rate of ablation, in both female and male AF

patients, increased with increasing levels of education.
The effect of education was stronger in males than
females. Patients with high level of education had around
60% (males) and 35% (females) higher rate of ablation,
compared to patients with low education (Table 2).
The rate of ablation in AF patients also increased with

increasing levels of income. Similarly, as for education,
the effect of income was stronger in males than females,
with around 80% (males) and 40% (females) higher rate
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Table 1 Characteristics of AF patients and ablation patients. Norway, 2008-2017

Atrial fibrillation Ablation (% proportion with ablation)

Female Male Total Female Male Total

Number of patients 29 233 59 301 88 534 2 759 (9.4%) 7 966 (13.4%) 10 725 (12.1%)

Age at diagnosis, mean [SD] 64.6 [9.9] 63.0 [9.8] 63.6 [9.8] 59.1 [10.6] 57.7 [10.0] 58.0 [10.2]

Age at exit†, mean [SD] 68.1 [10.4] 66.7 [10.3] 67.1 [10.4] 61.1 [11.1] 59.5 [10.2] 59.9 [10.5]

Years to exit†, mean [SD] 3.5 [2.7] 3.6 [2.8] 3.6 [2.8] 1.9 [2.1] 1.9 [2.1] 1.9 [2.1)

Age group‡

25-49 2 041 4 458 6 499 430 (21.1%) 1 283 (28.8%) 1 713 (26.4%)

50-59 2 879 7 867 10 746 550 (19.1%) 2 204 (28.0%) 2 754 (25.6%)

60-69 7 651 18 359 26 010 1 143 (14.9%) 3 224 (17.6%) 4 367 (16.8%)

70-75 16 662 28 617 45 279 636 (3.8%) 1 255 (4.4%) 1 891 (4.2%)

Education‡

Low 8 580 13 232 21 812 563 (6.6%) 1 142 (8.6%) 1 705 (7.8%)

Medium 13 643 29 122 42 765 1 313 (9.6%) 3 705 (12.7%) 5 018 (11.7%)

High 7 010 16 947 23 957 883 (12.6%) 3 119 (18.4%) 4 002 (16.7%)

Income‡

Low 14 315 10 861 25 176 1 004 (7.0%) 745 (6.9%) 1 749 (6.9%)

Medium 12 156 31 108 43 264 1 339 (11.0%) 3 506 (11.3%) 4 845 (11.2%)

High 2 762 17 332 20 094 416 (15.1%) 3 715 (21.4%) 4 131 (20.6%)

Hospital referral area (HT)‡ ∗
Finnmark (N) 326 847 1 173 15 (4.6%) 68 (8.0%) 83 (7.1%)

UNN (N)± 977 2 183 3 160 55 (5.6%) 239 (10.9%) 294 (9.3%)

Nordland (N) 765 1 714 2 479 36 (4.7%) 178 (10.4%) 214 (8.6%)

Helgeland (N) 528 1 086 1 614 45 (8.5%) 112 (10.3%) 157 (9.7%)

Nord-Trøndelag (C) 732 1 555 2 287 66 (9.0%) 214 (13.8%) 280 (12.2%)

St. Olavs (C)± 1 390 3 188 4 578 211 (15.2%) 707 (22.2%) 918 (20.1%)

Møre-Romsdal (C) 1 254 2 809 4 063 158 (12.6%) 425 (15.1%) 583 (14.3%)

Førde (W) 590 1 350 1 940 48 (8.1%) 140 (10.4%) 188 (9.7%)

Bergen (W)± 1 959 4 472 6 431 223 (11.4%) 744 (16.6%) 967 (15.0%)

Fonna (W) 924 2 098 3 022 115 (12.4%) 335 (16.0%) 450 (14.9%)

Stavanger (W) 3 326 5 180 8 506 198 (6.0%) 526 (10.2%) 724 (8.5%)

Østfold (SE) 1 689 3 391 5 080 144 (8.5%) 417 (12.3%) 561 (11.0%)

Akershus (SE)∓ 2 808 5 253 8 061 257 (9.2%) 673 (12.8%) 930 (11.5%)

OUS (SE)± 1 224 2 597 3 821 131 (10.7%) 398 (15.3%) 529 (13.8%)

Lovisenberg (SE) 368 775 1 143 45 (12.2%) 106 (13.7%) 151 (13.2%)

Diakonhjemmet (SE) 613 1 378 1 991 70 (11.4%) 231 (16.8%) 301 (15.1%)

Innlandet (SE) 2 497 4 992 7 489 179 (7.2%) 487 (9.8%) 666 (8.9%)

Vestre Viken (SE) 2 884 5 714 8 598 334 (11.6%) 825 (14.4%) 1 159 (13.5%)

Vestfold (SE) 1 567 2 975 4 542 139 (8.9%) 358 (12.0%) 497 (10.9%)

Telemark (SE) 1 103 2 302 3 405 125 (11.3%) 343 (14.9%) 468 (13.7%)

Sørlandet (SE) 1 709 3 442 5 151 165 (9.7%) 440 (12.8%) 605 (11.7%)

†Exit is ablation, death, emigration or end of study period. For ablation patients the exit is ablation. ‡ At the time of diagnosis. ∗ The four regional health authorities: N North, C
Central,W West and SE South-East. ± Hospital trust (HT) with ablation centre. ∓ Location of private ablation centre
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Fig. 1 Proportion of atrial fibrillation patients treated with ablation in the 21 hospital referral areas (HTs) in Norway

of ablation in patients with high income, compared to
patients of the same gender with low income.
Compared to patients living in the regional referral area

of the South-East RHA, patients living in the regional
referral area of the Central RHA had around 50% higher
rates of ablation, and patients living in the regional refer-
ral area of the North RHA had lower rates of ablation (39%
lower for females and 17% lower for males). There was
substantial variation within the RHAs. Patients living in
the four hospital referral areas in the North RHA all had
lower rates of ablation, compared to patients living in the
hospital referral area of Vestre Viken HT. Patients living
in the hospital referral area of St. Olavs HT, in the Cen-
tral RHA, had the highest rates of ablation in the country,
and around three times as high ablation rates, compared
to patients living in the hospital referral area of Finnmark

HT (3.9 times higher in females and 2.9 times higher in
males).
The rate of ablation decreased with increasing number

of years since AF diagnosis in both males and females
in both models; however, the decreasing trend was not
consistent throughout all the follow-up years.
The tests for proportional hazard showed significant

interactions with attained age for education in both
females and males and place of residence in females
(Table 2). Thus, the effects of education in both genders
and the effects of place of residence in females may differ
over age groups. This was confirmed by the results from
multivariable Cox regressions, separate by both gender
and age groups (Tables 3 and 4). In females, the positive
effect of education was found in the age groups 50-59,
60-69 and 70-75, and the effect of high educational level
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Fig. 2 Cumulative ablation probability by follow-up time, separate by age groups (age at AF diagnosis) and gender. Smooth probability curves

increased with increasing age. In contrast, there was no
effect in the age group 25-49. In males, the positive edu-
cation effect was found in all age groups, and the effect of
high educational level increased with increasing age.
The hazard ratios increased with age in patients living in

the West (both females and males) and Central (females)
RHA, compared to patients living in the South-East RHA
(Table 3). This age effect was also present in females living
in Bergen and Fonna HT (both in West RHA), compared
to patients living in Vestre Viken HT (Table 4).
The correlation coefficients between covariates were

relatively low, except for the correlation between edu-
cation and income (see supplementary Table A1). Cox
regression analysis without SES adjustment gave similar
results for the HTs and RHAs as in Table 2 (see supple-
mentary, Table A2). The results from the analysis of the
three different periods were generally similar to the results
in the main analysis (see supplementary).

Discussion
Principal findings
Our data show substantial socioeconomic and geographic
differences in frequency of ablation therapy in patients
with diagnosed atrial fibrillation in Norway. AF patients
living in the regional referral area of the Central RHA
had the highest ablation rates, while patients living in the
regional referral area of the North RHA were less likely to
receive ablation treatment. AF patients with high level of
education and high level of income were more frequently
treated with ablation.

Age
We found a marked age effect, with younger patients
being more likely to receive ablation than older patients.

The European guidelines for treatment of atrial fibrilla-
tion from 2010 recommend ablation for younger patients
with symptomatic paroxysmal or persistent atrial fibril-
lation in whom antiarrhythmic drug treatment failed [4].
In an update from 2012, these indications were further
strengthened [5]. The prevalence of AF increases pro-
gressively with age, and age is an independent risk factor
for adverse outcomes in AF. AF catheter ablation may be
an effective and safe option in selected older individuals
with success rates comparable to younger patients [26].
However, age may be a predictor of complications in AF
ablation [27] and a longer follow-up study suggests an age-
related increase in risk of AF recurrence, major adverse
cardiac events, and death after ablation [28].

Gender
Our data showed that females are treated with ablation
for atrial fibrillation to a lesser extent than males. This is
in line with other studies [29–31]. Females are referred
for AF catheter ablation later than males, possibly reflect-
ing AF occurrence later in life among females [32]. Female
atrial fibrillation patients more commonly present comor-
bidities and are referred to hospital care later and with
longer disease history [29]. This might affect the clini-
cians’ decisions concerning therapeutic strategy [29]. A
review recommends a gendered management strategy in
treating AF, as the gender differences in AF are substan-
tial, and antiarrhythmic drugs and ablation can have more
complications in females than in males [30]. However,
both the 2020 ESC Guidelines and a recent review rec-
ommend that females and males are offered diagnostic
assessment and therapies equally [6, 33]. It is difficult
to conclude on gender differences in risk and benefit of
different treatment strategies in AF patients, as females
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Table 2 Multivariable Cox regression, separate by gender. Hazard ratios (95% confidence interval), adjusted for follow-up time

Model 1 (HT) Model 2 (RHA)

Female Male Female Male

Education Education

Low 1.0 (ref) 1.0 (ref) Low 1.0 (ref) 1.0 (ref)

Medium 1.31 (1.19 - 1.45) 1.28 (1.20 - 1.37) Medium 1.32 (1.19 - 1.45) 1.29 (1.21 - 1.38)

High 1.34 (1.19 - 1.51) 1.62 (1.51 - 1.74) High 1.36 (1.21 - 1.53) 1.67 (1.55 - 1.79)

Income Income

Low 1.0 (ref) 1.0 (ref) Low 1.0 (ref) 1.0 (ref)

Medium 1.20 (1.10 - 1.31) 1.54 (1.42 - 1.67) Medium 1.20 (1.10 - 1.31) 1.54 (1.42 - 1.67)

High 1.40 (1.23 - 1.59) 1.84 (1.69 - 2.00) High 1.37 (1.21 - 1.56) 1.82 (1.68 - 1.97)

Follow-up time (years) Follow-up time (years)

1 1.0 (ref) 1.0 (ref) 1 1.0 (ref) 1.0 (ref)

2 0.68 (0.61 - 0.76) 0.86 (0.81 - 0.91) 2 0.68 (0.61 - 0.75) 0.85 (0.80 - 0.91)

3 0.63 (0.56 - 0.71) 0.64 (0.60 - 0.69) 3 0.63 (0.56 - 0.71) 0.64 (0.59 - 0.69)

4 0.58 (0.51 - 0.67) 0.70 (0.65 - 0.75) 4 0.58 (0.50 - 0.66) 0.70 (0.64 - 0.75)

5 0.68 (0.59 - 0.79) 0.62 (0.56 - 0.68) 5 0.68 (0.58 - 0.79) 0.62 (0.56 - 0.67)

6 0.73 (0.61 - 0.86) 0.63 (0.57 - 0.70) 6 0.73 (0.61 - 0.87) 0.63 (0.57 - 0.70)

7 0.85 (0.71 - 1.03) 0.63 (0.56 - 0.71) 7 0.86 (0.71 - 1.03) 0.63 (0.56 - 0.71)

8 0.63 (0.49 - 0.82) 0.62 (0.53 - 0.71) 8 0.64 (0.49 - 0.82) 0.62 (0.53 - 0.72)

9 0.62 (0.45 - 0.86) 0.59 (0.49 - 0.71) 9 0.63 (0.45 - 0.86) 0.59 (0.49 - 0.71)

10 or more 0.37 (0.21 - 0.66) 0.33 (0.24 - 0.46) 10 or more 0.37 (0.21 - 0.66) 0.33 (0.24 - 0.46)

Hospital referral area (HT) Regional referral area (RHA)

Finnmark (N) 0.39 (0.23 - 0.66) 0.62 (0.48 - 0.80) North 0.61 (0.52 - 0.72) 0.83 (0.76 - 0.90)

UNN (N) 0.52 (0.39 - 0.69) 0.81 (0.70 - 0.94) Central 1.43 (1.29 - 1.59) 1.52 (1.43 - 1.62)

Nordland (N) 0.45 (0.32 - 0.63) 0.82 (0.70 - 0.97) West 0.79 (0.72 - 0.87) 1.01 (0.95 - 1.07)

Helgeland (N) 0.73 (0.53 - 1.00) 0.80 (0.66 - 0.97) South-East 1.0 (ref) 1.0 (ref)

Nord-Trøndelag (C) 0.86 (0.66 - 1.12) 1.14 (0.98 - 1.32)

St. Olavs (C) 1.50 (1.26 - 1.78) 1.78 (1.61 - 1.97)

Møre-Romsdal (C) 1.19 (0.99 - 1.44) 1.24 (1.10 - 1.39)

Førde (W) 0.81 (0.60 - 1.10) 0.83 (0.70 - 1.00)

Bergen (W) 1.09 (0.92 - 1.29) 1.27 (1.15 - 1.40)

Fonna (W) 1.18 (0.96 - 1.47) 1.29 (1.13 - 1.46)

Stavanger (W) 0.38 (0.32 - 0.46) 0.65 (0.58 - 0.72)

Østfold (SE) 0.84 (0.69 - 1.02) 0.95 (0.85 - 1.07)

Akershus (SE) 0.81 (0.69 - 0.96) 0.94 (0.85 - 1.04)

OUS (SE) 0.90 (0.73 - 1.10) 1.00 (0.89 - 1.13)

Lovisenberg (SE) 0.97 (0.71 - 1.32) 0.90 (0.73 - 1.10)

Diakonhjemmet (SE) 0.91 (0.70 - 1.17) 1.02 (0.88 - 1.18)

Innlandet (SE) 0.67 (0.56 - 0.81) 0.80 (0.71 - 0.89)

Vestre Viken (SE) 1.0 (ref) 1.0 (ref)

Vestfold (SE) 0.78 (0.64 - 0.95) 0.87 (0.77 - 0.99)

Telemark (SE) 1.05 (0.86 - 1.29) 1.13 (1.00 - 1.28)

Sørlandet (SE) 0.90 (0.74 - 1.08) 0.98 (0.87 - 1.10)

Interactions with attained age (p-values) Interactions with attained age (p-values)

Education <0.001 <0.001 Education <0.001 0.001

Income 0.53 0.17 Income 0.85 0.06

Area (HT) <0.001 0.50 Area (RHA) <0.001 0.25
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Table 3 Multivariable Cox regression, Model 2 (RHA), adjusted for follow-up time. Separate by gender and age groups (age at AF
diagnosis). Hazard ratios (95% confidence interval)

All 25-49 50-59 60-69 70-75

Female

Education

Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Medium 1.32 (1.19 - 1.45) 1.21 (0.94 - 1.57) 1.28 (1.04 - 1.57) 1.28 (1.11 - 1.49) 1.54 (1.19 - 1.98)

High 1.36 (1.21 - 1.53) 1.01 (0.77 - 1.33) 1.28 (1.02 - 1.61) 1.54 (1.29 - 1.84) 1.63 (1.17 - 2.27)

Income

Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Medium 1.20 (1.10 - 1.31) 1.14 (0.90 - 1.44) 1.31 (1.09 - 1.58) 1.13 (0.99 - 1.28) 1.23 (0.98 - 1.55)

High 1.37 (1.21 - 1.56) 1.45 (1.09 - 1.93) 1.35 (1.05 - 1.73) 1.33 (1.09 - 1.62) 1.60 (1.01 - 2.55)

Regional referral area (RHA)

North 0.61 (0.52 - 0.72) 0.51 (0.34 - 0.77) 0.60 (0.43 - 0.84) 0.65 (0.51 - 0.84) 0.69 (0.44 - 1.08)

Central 1.43 (1.29 - 1.59) 1.01 (0.75 - 1.38) 1.15 (0.92 - 1.44) 1.67 (1.44 - 1.95) 1.86 (1.41 - 2.45)

West 0.79 (0.72 - 0.87) 0.33 (0.27 - 0.42) 0.74 (0.61 - 0.90) 1.10 (0.95 - 1.27) 1.35 (1.05 - 1.74)

South-East 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Male

Education

Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Medium 1.29 (1.21 - 1.38) 1.37 (1.18 - 1.60) 1.25 (1.12 - 1.41) 1.32 (1.18 - 1.47) 1.23 (0.99 - 1.52)

High 1.67 (1.55 - 1.79) 1.45 (1.23 - 1.70) 1.52 (1.34 - 1.72) 1.82 (1.62 - 2.05) 2.17 (1.72 - 2.73)

Income

Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Medium 1.54 (1.42 - 1.67) 1.55 (1.28 - 1.88) 1.72 (1.48 - 2.01) 1.39 (1.23 - 1.56) 1.50 (1.20 - 1.88)

High 1.82 (1.68 - 1.97) 1.64 (1.34 - 1.99) 2.05 (1.76 - 2.39) 1.68 (1.49 - 1.91) 1.92 (1.47 - 2.50)

Regional referral area (RHA)

North 0.83 (0.76 - 0.90) 0.87 (0.72 - 1.06) 0.83 (0.72 - 0.96) 0.80 (0.69 - 0.92) 0.79 (0.58 - 1.07)

Central 1.52 (1.43 - 1.62) 1.50 (1.30 - 1.73) 1.47 (1.31 - 1.64) 1.52 (1.38 - 1.67) 1.78 (1.47 - 2.17)

West 1.01 (0.95 - 1.07) 0.81 (0.71 - 0.92) 0.87 (0.78 - 0.96) 1.20 (1.10 - 1.31) 1.29 (1.07 - 1.55)

South-East 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

are significantly underrepresented in studies on AF [30].
However, in Norway, the gender differences seem to
diminish with age, as the ablation probabilities are almost
equal for the older AF patients.

Income and education
Both patients with high level of education and patients
with high income were more likely to receive ablation
than patients with low level of education and low income.
These inequalities increased with increasing age. How-
ever, no effect of education was found in the youngest
females.
Socioeconomic differences in use of health care ser-

vices have been discussed extensively, also in countries as
Norway with universal health care systems where there
is no co-payment from the patients for in-hospital treat-
ment. Our finding, that patients with higher education

and higher income are over-represented among those who
undergo ablation therapy, is in accordance with several
other reports of such gradients in the use of specialised
health care, both international and from Norway [16, 17,
34]. For coronary heart disease, socioeconomic differ-
ences in revascularisation procedures have been reported
in several European countries [35–38]. In a study from
Denmark, socioeconomic differences were documented
in outcomes after hospital admission for atrial fibrillation
or flutter, both in mortality and treatment with abla-
tion [39]. A Norwegian study indicated that low SES was
related to higher mortality in AF patients [40].
One of the mechanisms underlying SES differences in

health care usemay be found in the concept of health liter-
acy [41]. Health literacy is the degree to which individuals
have the ability to find, understand, and use informa-
tion and services to inform health-related decisions and
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Table 4 Multivariable Cox regression, Model 1 (HT), adjusted for follow-up time. Separate by gender and age groups (age at AF
diagnosis). Hazard ratios (95% confidence interval)

All 25-49 50-59 60-69 70-75

Female

Education

Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Medium 1.31 (1.19 - 1.45) 1.23 (0.95 - 1.60) 1.27 (1.03 - 1.56) 1.28 (1.10 - 1.48) 1.51 (1.17 - 1.94)

High 1.34 (1.19 - 1.51) 1.01 (0.77 - 1.33) 1.26 (1.00 - 1.59) 1.53 (1.28 - 1.83) 1.56 (1.12 - 2.18)

Income
Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Medium 1.20 (1.10 - 1.31) 1.15 (0.91 - 1.46) 1.33 (1.11 - 1.60) 1.13 (0.99 - 1.29) 1.20 (0.95 - 1.51)

High 1.40 (1.23 - 1.59) 1.52 (1.14 - 2.03) 1.42 (1.10 - 1.82) 1.34 (1.10 - 1.64) 1.54 (0.96 - 2.46)

Hospital referral area (HT)

Finnmark (N) 0.39 (0.23 - 0.66) 0.44 (0.14 - 1.40) 0.54 (0.22 - 1.32) 0.29 (0.12 - 0.71) 0.43 (0.10 - 1.80)

UNN (N) 0.52 (0.39 - 0.69) 0.72 (0.39 - 1.34) 0.62 (0.35 - 1.10) 0.42 (0.27 - 0.66) 0.52 (0.23 - 1.16)

Nordland (N) 0.45 (0.32 - 0.63) 0.33 (0.10 - 1.05) 0.52 (0.26 - 1.04) 0.44 (0.27 - 0.72) 0.53 (0.23 - 1.25)

Helgeland (N) 0.73 (0.53 - 1.00) 0.29 (0.13 - 0.67) 0.68 (0.34 - 1.35) 1.08 (0.70 - 1.66) 0.90 (0.38 - 2.12)

Nord-Trøndelag (C) 0.86 (0.66 - 1.12) 0.67 (0.32 - 1.40) 0.99 (0.58 - 1.70) 0.90 (0.62 - 1.29) 0.65 (0.28 - 1.54)

St. Olavs (C) 1.50 (1.26 - 1.78) 0.92 (0.56 - 1.51) 1.32 (0.91 - 1.91) 1.61 (1.25 - 2.06) 2.23 (1.45 - 3.43)

Møre-Romsdal (C) 1.19 (0.99 - 1.44) 1.06 (0.63 - 1.77) 1.02 (0.69 - 1.52) 1.32 (1.01 - 1.73) 1.34 (0.79 - 2.26)

Førde (W) 0.81 (0.60 - 1.10) 0.41 (0.15 - 1.12) 0.82 (0.43 - 1.54) 0.94 (0.62 - 1.43) 0.84 (0.38 - 1.87)

Bergen (W) 1.09 (0.92 - 1.29) 0.82 (0.52 - 1.27) 1.18 (0.83 - 1.67) 1.00 (0.78 - 1.29) 1.57 (1.02 - 2.41)

Fonna (W) 1.18 (0.96 - 1.47) 0.78 (0.44 - 1.36) 1.18 (0.74 - 1.88) 1.30 (0.96 - 1.76) 1.38 (0.79 - 2.44)

Stavanger (W) 0.38 (0.32 - 0.46) 0.20 (0.14 - 0.29) 0.43 (0.30 - 0.63) 0.59 (0.44 - 0.78) 0.71 (0.41 - 1.22)

Østfold (SE) 0.84 (0.69 - 1.02) 0.71 (0.43 - 1.17) 0.92 (0.62 - 1.38) 0.90 (0.68 - 1.19) 0.65 (0.36 - 1.18)

Akershus (SE) 0.81 (0.69 - 0.96) 0.91 (0.62 - 1.33) 0.85 (0.61 - 1.19) 0.76 (0.60 - 0.97) 0.80 (0.50 - 1.27)

OUS (SE) 0.90 (0.73 - 1.10) 0.82 (0.52 - 1.31) 1.21 (0.82 - 1.79) 0.77 (0.56 - 1.06) 0.89 (0.50 - 1.59)

Lovisenberg (SE) 0.97 (0.71 - 1.32) 1.16 (0.65 - 2.08) 0.54 (0.23 - 1.23) 1.09 (0.70 - 1.69) 0.56 (0.13 - 2.30)

Diakonhjemmet (SE) 0.91 (0.70 - 1.17) 1.09 (0.60 - 1.99) 0.82 (0.46 - 1.45) 0.70 (0.46 - 1.06) 1.58 (0.88 - 2.82)

Innlandet (SE) 0.67 (0.56 - 0.81) 0.79 (0.52 - 1.21) 0.98 (0.69 - 1.37) 0.48 (0.36 - 0.65) 0.74 (0.44 - 1.22)

Vestre Viken (SE) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Vestfold (SE) 0.78 (0.64 - 0.95) 0.55 (0.33 - 0.93) 0.96 (0.66 - 1.40) 0.76 (0.56 - 1.02) 0.88 (0.51 - 1.52)

Telemark (SE) 1.05 (0.86 - 1.29) 1.23 (0.78 - 1.93) 1.12 (0.74 - 1.69) 0.99 (0.73 - 1.36) 0.81 (0.44 - 1.52)

Sørlandet (SE) 0.90 (0.74 - 1.08) 0.92 (0.61 - 1.41) 1.23 (0.86 - 1.77) 0.78 (0.58 - 1.04) 0.74 (0.43 - 1.29)

Male

Education

Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Medium 1.28 (1.20 - 1.37) 1.34 (1.15 - 1.56) 1.25 (1.11 - 1.40) 1.30 (1.17 - 1.45) 1.22 (0.99 - 1.52)

High 1.62 (1.51 - 1.74) 1.40 (1.19 - 1.65) 1.48 (1.30 - 1.68) 1.78 (1.58 - 2.00) 2.12 (1.68 - 2.68)

Income

Low 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Medium 1.54 (1.42 - 1.67) 1.58 (1.30 - 1.92) 1.72 (1.48 - 2.01) 1.38 (1.23 - 1.56) 1.48 (1.18 - 1.85)

High 1.84 (1.69 - 2.00) 1.69 (1.39 - 2.06) 2.07 (1.77 - 2.41) 1.69 (1.49 - 1.91) 1.86 (1.42 - 2.43)

Hospital referral area (HT)

Finnmark (N) 0.62 (0.48 - 0.80) 0.86 (0.49 - 1.52) 0.49 (0.31 - 0.78) 0.60 (0.41 - 0.88) 0.88 (0.42 - 1.81)

UNN (N) 0.81 (0.70 - 0.94) 1.12 (0.81 - 1.53) 0.92 (0.73 - 1.17) 0.66 (0.51 - 0.84) 0.55 (0.32 - 0.94)

Nordland (N) 0.82 (0.70 - 0.97) 1.01 (0.69 - 1.47) 0.89 (0.68 - 1.18) 0.73 (0.57 - 0.95) 0.62 (0.34 - 1.11)

Helgeland (N) 0.80 (0.66 - 0.97) 0.61 (0.36 - 1.04) 0.88 (0.63 - 1.22) 0.81 (0.59 - 1.10) 0.80 (0.41 - 1.54)

Nord-Trøndelag (C) 1.14 (0.98 - 1.32) 1.45 (1.04 - 2.01) 1.23 (0.94 - 1.62) 0.94 (0.74 - 1.20) 1.09 (0.67 - 1.79)

St. Olavs (C) 1.78 (1.61 - 1.97) 1.87 (1.47 - 2.39) 1.75 (1.46 - 2.09) 1.70 (1.45 - 1.99) 1.99 (1.46 - 2.70)

Møre-Romsdal (C) 1.24 (1.10 - 1.39) 1.46 (1.10 - 1.93) 1.30 (1.06 - 1.60) 1.13 (0.94 - 1.35) 1.10 (0.75 - 1.62)

Førde (W) 0.83 (0.70 - 1.00) 1.16 (0.77 - 1.74) 0.72 (0.52 - 1.01) 0.81 (0.61 - 1.07) 0.80 (0.46 - 1.38)

Bergen (W) 1.27 (1.15 - 1.40) 1.25 (0.98 - 1.59) 1.21 (1.01 - 1.44) 1.30 (1.12 - 1.52) 1.32 (0.97 - 1.80)

Fonna (W) 1.29 (1.13 - 1.46) 1.38 (1.01 - 1.89) 1.15 (0.91 - 1.46) 1.31 (1.08 - 1.59) 1.39 (0.93 - 2.07)
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Table 4 Multivariable Cox regression, Model 1 (HT), adjusted for follow-up time. Separate by gender and age groups (age at AF
diagnosis). Hazard ratios (95% confidence interval) (Continued)

All 25-49 50-59 60-69 70-75

Stavanger (W) 0.65 (0.58 - 0.72) 0.61 (0.48 - 0.77) 0.60 (0.49 - 0.73) 0.75 (0.63 - 0.90) 0.74 (0.50 - 1.09)

Østfold (SE) 0.95 (0.85 - 1.07) 1.09 (0.83 - 1.44) 0.98 (0.80 - 1.21) 0.83 (0.69 - 1.01) 1.07 (0.74 - 1.54)

Akershus (SE) 0.94 (0.85 - 1.04) 1.13 (0.90 - 1.44) 1.00 (0.84 - 1.20) 0.82 (0.69 - 0.97) 0.87 (0.63 - 1.21)

OUS (SE) 1.00 (0.89 - 1.13) 1.39 (1.08 - 1.80) 1.03 (0.83 - 1.27) 0.86 (0.71 - 1.05) 0.87 (0.58 - 1.31)

Lovisenberg (SE) 0.90 (0.73 - 1.10) 0.83 (0.55 - 1.24) 1.00 (0.70 - 1.44) 1.05 (0.76 - 1.46) 0.49 (0.18 - 1.33)

Diakonhjemmet (SE) 1.02 (0.88 - 1.18) 1.08 (0.76 - 1.53) 1.07 (0.80 - 1.42) 0.95 (0.76 - 1.18) 1.05 (0.68 - 1.62)

Innlandet (SE) 0.80 (0.71 - 0.89) 0.94 (0.72 - 1.23) 0.85 (0.70 - 1.04) 0.74 (0.62 - 0.88) 0.62 (0.42 - 0.90)

Vestre Viken (SE) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)

Vestfold (SE) 0.87 (0.77 - 0.99) 0.96 (0.71 - 1.30) 1.05 (0.86 - 1.29) 0.75 (0.62 - 0.92) 0.61 (0.39 - 0.94)

Telemark (SE) 1.13 (1.00 - 1.28) 1.27 (0.95 - 1.69) 1.21 (0.97 - 1.51) 1.11 (0.91 - 1.35) 0.73 (0.45 - 1.16)

Sørlandet (SE) 0.98 (0.87 - 1.10) 1.22 (0.93 - 1.59) 1.08 (0.88 - 1.32) 0.85 (0.70 - 1.02) 0.80 (0.54 - 1.18)

actions for themselves and others [42]. Health literate
patients may be more capable of understanding, question-
ing and discussing treatment options with their physician.
It has been demonstrated that low functional health lit-
eracy is associated with sub-optimal use of health care
services [43], and the association between educational
level and health literacy is well documented [44]. A sys-
tematic review of associations between socioeconomic
status, atrial fibrillation, and outcomes found no consis-
tent social gradient in the risk of AF [45]. However, when
AF was present there was a social gradient in the risk
of poorer outcome. Low SES was associated with out-
comes such as poorer treatment, less knowledge, poorer
psychological health and higher mortality.
Demand for a specific treatment depends on the pref-

erences, perceptions and prejudices of both patient and
health care provider [46]. Two equally healthy individuals
may assess their health differently because their concep-
tions of good health and their health expectations are
contingent on their knowledge of disease and available
treatments. More highly educated people are reported to
assess their health more negatively, and superior informa-
tion acquisition skills increase the likelihood that they will
recognise and report symptoms of disease earlier [19]. The
socioeconomic gradient in physical activity is well known,
and individuals in higher SES classes are more likely to
be physically active compared to individuals in lower SES
classes [47, 48]. Even though physical activity improves
the health of AF patients, it is also reported that exercise
can trigger AF episodes in paroxysmal AF patients [49].
Thus, AF patients in higher SES classes might be more
affected by AF, andmay therefore both prefer and demand
ablation treatment to a greater extent than AF patients in
lower SES classes. However, several studies have shown
that exercise can reduce the burden of AF [50–52].

Follow-up time
The rate of ablation decreased with time since the AF
diagnosis. This is as expected, as the natural history of AF

is characterised by progressive atrial remodelling. Shorter
duration between the time of first AF diagnosis and AF
ablation is associated with an increased likelihood of abla-
tion procedural success [53]. The atrial substrate and
remodelling increase with the duration of ongoing AF and
lead to greater resistance to successful AF ablation, and
higher AF recurrence rates [53].

Geographic variation
Substantial geographic variation was found in the proba-
bility of ablation according to the patients’ place of resi-
dence, both considering hospital referral areas (HT) and
regional referral areas (RHA).
Geographic variation in ablation utilisation has been

documented in studies from both Europe and the US [54,
55]. Also amongMedicare beneficiaries in the US, marked
geographic variation in the use of catheter ablation for
atrial fibrillation has been found. The variation was not
associated with the prevalence of atrial fibrillation, avail-
ability of cardiologists or end-of-life resource use [56].
Unwarranted variation in health care is mainly due

to services that can be defined as preference-sensitive
or supply-sensitive [57]. Preference-sensitive care rep-
resents patient preferences, clinical practice, and pref-
erences and beliefs of a single clinician or department
rather than a clear evidence-based approach. Supply-
sensitive care refers to local capacity of health care
resources, such as ablation clinics. The observed geo-
graphic variation in this study is probably related to
both differences in clinical practice and differences in
capacity.
The reasons for the observed variation in the ablation

rate are not clear but may reflect provider preferences and
uncertainty of safety and/or efficacy of the procedure in a
region. Ablation for atrial fibrillation is a procedure that
is developing fast. The rapid development in procedural
techniques and indications may increase the likelihood
that specialists performing the procedure show individual
variation in patient selection. Some specialists might pri-
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marily select patients without structural heart disease who
have highly symptomatic, paroxysmal atrial fibrillation
and have failed one or more treatments with antiarrhyth-
mic drugs. Others might have a different threshold and
offer ablation as first-line therapy, or to patients with
persistent or chronic fibrillation, with or without under-
lying structural heart disease. Guidelines might be imple-
mented at different time points in the regions, as the
shift in ablation probability between age groups in West
RHA might be an example of. Furthermore, not all pri-
mary care and local hospital physicians, who are respon-
sible for referring the patients to specialists in Norway,
may be equally familiar with the potential benefit of the
procedure.
Differences in ablation capacity at the five ablation

centres can also contribute to the observed geographic
variation. The ablation procedure in Norway was first
implemented in 2001 in the West RHA, while the North
RHA was the last RHA to implement the procedure in
2009. The waiting time for ablation has been more than a
year during the study period, despite the fact that all five
ablation centres have fully utilised the capacity. However,
ablation capacity cannot alone explain the threefold dif-
ference in rates of ablation between patients living in the
hospital referral areas of Finnmark HT and St.Olavs HT.
Differences in sociodemographic factors between the

hospital referral areas might be a source of variation.
However, the funding system for public hospitals in Nor-
way is based on a model that accounts for regional differ-
ences in sociodemographic factors and differences in the
cost of providing specialist health care services. The aim
of the model is to ensure equitable health care services
across the regions.

Strengths and limitations
The major strength of this study is that it covers, for all
practical purposes, all patients who have been diagnosed
with atrial fibrillation within the specialised health care
services and all patients who have undergone ablation
within the national health care system in Norway during
the period 2008-2017. We have information about income
and educational level of all patients included in the study.
Privately financed ablations are not included, as there are
no available data on privately financed procedures in Nor-
way. However, the vast majority of Norwegian health care
services are publicly financed, and this is, even more, the
case for ablations. Thus, there are no reasons to believe
that this limitation is important for the interpretation of
our data.
During the study period, the guidelines for treatment

of AF patients have evolved, and the results should be
interpreted in accordance with the applicable guidelines at
any given time. The ICD-10 code I48 for atrial fibrillation
was used to identify the patient population in this study.

A possible limitation is that this also includes atrial flut-
ter. Until 2013 it was not possible to distinguish between
atrial fibrillation and atrial flutter. This means that the
actual number of atrial fibrillation patients is somewhat
lower than reported. However, the separate analysis for
the period 2013-2017, with atrial fibrillation patients only,
showed similar associations.
Individuals moving between residential areas within the

study period could be a limitation. However, this will
probably have a small effect, since the study population is
older and less people tend to move compared to younger
people.
The test for the proportional hazard assumption and the

separate analysis for age groups showed that some of the
effects varied over age groups. Interpretation of the results
must take this age effect into consideration.

Conclusion
This study demonstrates a significant socioeconomic gra-
dient in the proportion of AF patients treated with abla-
tion in Norway. This gradient is probably related to both
differences in health literacy and differences in patient
preference and demands between socioeconomic groups.
Further research exploring the mechanisms by which SES
influences the choice of treatment of AF patients is war-
ranted. A substantial part of the geographic variation
is probably related to differences in capacity. However,
geographic variation caused by differences in clinical prac-
tice and provider preferences implies a need for clearer
guidelines, both at specialist level and also at the refer-
ring level. The observed gender differences in ablation
probabilities, especially in younger AF patients, do not
necessarily reflect differences in AF morbidity only but
also differences in clinical strategies. More research on
gender differences in the effect of treatment strategies is
needed.
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Supplementary

Table A1: Correlations, Spearman rank correlation.

Age group Education Income

Females Age group 1 -0.164 -0.265
Education -0.164 1 0.430
Income -0.265 0.430 1

Males Age group 1 -0.071 -0.232
Education -0.071 1 0.376
Income -0.232 0.376 1

Table A2: Multivariable Cox regression without SES, separate by gender. Hazard ratios
(95% confidence interval), adjusted for follow-up time.

Model 1 (HT) Model 2 (RHA)
Female Male Female Male

Follow-up time (years) Follow-up time (years)
1 1.0 (ref) 1.0 (ref) 1 1.0 (ref) 1.0 (ref)
2 0.68 (0.61 - 0.76) 0.86 (0.81 - 0.91) 2 0.68 (0.61 - 0.76) 0.85 (0.80 - 0.91)
3 0.63 (0.56 - 0.72) 0.64 (0.60 - 0.69) 3 0.63 (0.56 - 0.71) 0.64 (0.59 - 0.69)
4 0.59 (0.51 - 0.67) 0.70 (0.65 - 0.75) 4 0.58 (0.51 - 0.67) 0.70 (0.64 - 0.75)
5 0.68 (0.59 - 0.79) 0.61 (0.56 - 0.67) 5 0.68 (0.59 - 0.79) 0.61 (0.56 - 0.67)
6 0.73 (0.61 - 0.86) 0.63 (0.56 - 0.70) 6 0.73 (0.61 - 0.87) 0.63 (0.56 - 0.70)
7 0.85 (0.71 - 1.03) 0.62 (0.55 - 0.71) 7 0.85 (0.71 - 1.03) 0.63 (0.55 - 0.71)
8 0.63 (0.49 - 0.82) 0.61 (0.53 - 0.71) 8 0.64 (0.49 - 0.82) 0.62 (0.53 - 0.72)
9 0.63 (0.45 - 0.86) 0.59 (0.49 - 0.71) 9 0.63 (0.46 - 0.87) 0.59 (0.49 - 0.71)
10 or more 0.38 (0.21 - 0.67) 0.33 (0.24 - 0.46) 10 or more 0.38 (0.21 - 0.67) 0.34 (0.24 - 0.47)

Hospital referral area (HT) Regional referral area (RHA)
Finnmark (N) 0.39 (0.23 - 0.66) 0.55 (0.43 - 0.70) North 0.60 (0.51 - 0.71) 0.76 (0.70 - 0.83)
UNN (N) 0.49 (0.37 - 0.65) 0.73 (0.63 - 0.85) Central 1.42 (1.27 - 1.58) 1.47 (1.39 - 1.57)
Nordland (N) 0.43 (0.31 - 0.61) 0.72 (0.62 - 0.85) West 0.80 (0.72 - 0.88) 1.01 (0.95 - 1.07)
Helgeland (N) 0.70 (0.51 - 0.96) 0.68 (0.56 - 0.82) South-East 1.0 (ref) 1.0 (ref)
Nord-Trøndelag (C) 0.82 (0.63 - 1.06) 1.02 (0.87 - 1.18)
St. Olavs (C) 1.47 (1.24 - 1.75) 1.69 (1.53 - 1.86)
Møre-Romsdal (C) 1.15 (0.95 - 1.39) 1.14 (1.02 - 1.28)
Førde (W) 0.78 (0.58 - 1.06) 0.76 (0.63 - 0.91)
Bergen (W) 1.06 (0.90 - 1.26) 1.22 (1.11 - 1.35)
Fonna (W) 1.14 (0.92 - 1.41) 1.20 (1.06 - 1.36)
Stavanger (W) 0.38 (0.32 - 0.45) 0.64 (0.57 - 0.71)
Østfold (SE) 0.78 (0.64 - 0.95) 0.86 (0.77 - 0.97)
Akershus (SE) 0.81 (0.68 - 0.95) 0.90 (0.81 - 1.00)
OUS (SE) 0.92 (0.75 - 1.13) 1.03 (0.91 - 1.16)
Lovisenberg (SE) 0.96 (0.71 - 1.32) 0.87 (0.71 - 1.06)
Diakonhjemmet (SE) 1.01 (0.78 - 1.30) 1.17 (1.01 - 1.35)
Innlandet (SE) 0.64 (0.53 - 0.77) 0.71 (0.63 - 0.79)
Vestre Viken (SE) 1.0 (ref) 1.0 (ref)
Vestfold (SE) 0.75 (0.62 - 0.91) 0.83 (0.73 - 0.94)
Telemark (SE) 1.00 (0.82 - 1.23) 1.04 (0.92 - 1.18)
Sørlandet (SE) 0.86 (0.71 - 1.04) 0.92 (0.82 - 1.03)
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B: 2008-2010 - Before capacity increase

Table B1: Characteristics of patients 2008-2010.

Atrial fibrillation Ablation (% proportion with ablation)
Female Male Total Female Male Total

Number of patients 7 844 17 949 25 793 287 (3.7%) 1 139 (6.3%) 1 426 (5.5%)
Age group‡
Under 50 456 1 538 1 994 49 (10.7%) 230 (15.0%) 279 (14.0%)
50-59 966 3 445 4 411 86 (8.9%) 364 (10.6%) 450 (10.2%)
60-69 3 307 7 873 11 180 123 (3.7%) 441 (5.6%) 564 (5.0%)
70 and older 3 115 5 093 8 208 29 (0.9%) 104 (2.0%) 133 (1.6%)

Education‡
Low 2 647 4 128 6 775 68 (2.6%) 155 (3.8%) 223 (3.3%)
Medium 3 603 8 736 12 339 123 (3.4%) 537 (6.1%) 660 (5.3%)
High 1 594 5 085 6 679 96 (6.0%) 447 (8.8%) 543 (8.1%)

Income‡
Low 4 761 4 145 8 906 126 (2.6%) 134 (3.2%) 260 (2.9%)
Medium 2 611 8 842 11 453 131 (5.0%) 508 (5.7%) 639 (5.6%)
High 472 4 962 5 434 30 (6.4%) 497 (10.0%) 527 (9.7%)

Hospital referral area‡ ∗
Finnmark (N) 85 257 342 1 (1.2%) 9 (3.5%) 10 (2.9%)
UNN (N) 310 740 1 050 10 (3.2%) 41 (5.5%) 51 (4.9%)
Nordland (N) 225 574 799 6 (2.7%) 35 (6.1%) 41 (5.1%)
Helgeland (N) 148 346 494 10 (6.8%) 17 (4.9%) 27 (5.5%)
Nord-Trøndelag (C) 191 458 649 9 (4.7%) 30 (6.6%) 39 (6.0%)
St. Olavs (C) 400 1 051 1 451 16 (4.0%) 112 (10.7%) 128 (8.8%)
Møre-Romsdal (C) 342 861 1 203 18 (5.3%) 71 (8.2%) 89 (7.4%)
Førde (W) 165 424 589 7 (4.2%) 20 (4.7%) 27 (4.6%)
Bergen (W) 532 1 355 1 887 31 (5.8%) 122 (9.0%) 153 (8.1%)
Fonna (W) 251 648 899 11 (4.4%) 42 (6.5%) 53 (5.9%)
Stavanger (W) 500 1 134 1 634 23 (4.6%) 80 (7.1%) 103 (6.3%)
Østfold (SE) 445 985 1 430 12 (2.7%) 50 (5.1%) 62 (4.3%)
Akershus (SE) 814 1 631 2 445 27 (3.3%) 92 (5.6%) 119 (4.9%)
OUS (SE) 362 814 1 176 14 (3.9%) 56 (6.9%) 70 (6.0%)
Lovisenberg (SE) 95 212 307 5 (5.3%) 13 (6.1%) 18 (5.9%)
Diakonhjemmet (SE) 179 435 614 6 (3.4%) 26 (6.0%) 32 (5.2%)
Innlandet (SE) 666 1 463 2 129 13 (2.0%) 60 (4.1%) 73 (3.4%)
Vestre Viken (SE) 869 1 838 2 707 40 (4.6%) 137 (7.5%) 177 (6.5%)
Vestfold (SE) 481 979 1 460 14 (2.9%) 41 (4.2%) 55 (3.8%)
Telemark (SE) 323 746 1 069 8 (2.5%) 40 (5.4%) 48 (4.5%)
Sørlandet (SE) 461 998 1 459 6 (1.3%) 45 (4.5%) 51 (3.5%)
† Event is ablation, death, emigration or end of study period. For ablation patients the event is ablation.
‡ At the time of diagnosis.
∗ The four regional health authorities: N - North, C - Central, W - West and SE - South-East.
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Table B2: Multivariable Cox regression, separate by gender, 2008-2010. Hazard ratios
(95% confidence interval), adjusted for follow-up time.

Model 1 (HT) Model 2 (RHA)
Female Male Female Male

Education Education
Low 1.0 (ref) 1.0 (ref) Low 1.0 (ref) 1.0 (ref)
Medium 1.13 (0.83 - 1.53) 1.33 (1.11 - 1.60) Medium 1.12 (0.83 - 1.52) 1.34 (1.11 - 1.60)
High 1.45 (1.02 - 2.06) 1.62 (1.33 - 1.97) High 1.48 (1.04 - 2.10) 1.65 (1.36 - 2.01)

Income Income
Low 1.0 (ref) 1.0 (ref) Low 1.0 (ref) 1.0 (ref)
Medium 1.11 (0.84 - 1.46) 1.43 (1.18 - 1.74) Medium 1.14 (0.86 - 1.49) 1.44 (1.19 - 1.75)
High 1.06 (0.68 - 1.65) 1.77 (1.44 - 2.18) High 1.12 (0.72 - 1.74) 1.81 (1.48 - 2.23)

Follow-up time (years) Follow-up time (years)
1 1.0 (ref) 1.0 (ref) 1 1.0 (ref) 1.0 (ref)
2 0.95 (0.73 - 1.22) 0.93 (0.82 - 1.06) 2 0.94 (0.73 - 1.21) 0.93 (0.82 - 1.05)
3 0.55 (0.37 - 0.81) 0.61 (0.50 - 0.74) 3 0.54 (0.37 - 0.81) 0.61 (0.50 - 0.73)

Hospital referral area (HT) Regional referral area (RHA)
Finnmark (N) 0.22 (0.03 - 1.62) 0.57 (0.29 - 1.13) North 1.22 (0.81 - 1.85) 1.07 (0.87 - 1.32)
UNN (N) 0.86 (0.43 - 1.73) 0.81 (0.57 - 1.15) Central 1.49 (1.06 - 2.10) 1.79 (1.53 - 2.10)
Nordland (N) 0.67 (0.28 - 1.59) 1.00 (0.69 - 1.46) West 1.51 (1.13 - 2.01) 1.43 (1.24 - 1.66)
Helgeland (N) 1.54 (0.76 - 3.10) 0.77 (0.47 - 1.29) South-East 1.0 (ref) 1.0 (ref)
Nord-Trøndelag (C) 1.02 (0.49 - 2.12) 1.11 (0.75 - 1.65)
St. Olavs (C) 0.93 (0.52 - 1.66) 1.54 (1.20 - 1.97)
Møre-Romsdal (C) 1.17 (0.67 - 2.05) 1.33 (1.00 - 1.78)
Førde (W) 1.05 (0.47 - 2.35) 0.79 (0.49 - 1.27)
Bergen (W) 1.40 (0.88 - 2.25) 1.38 (1.08 - 1.76)
Fonna (W) 0.96 (0.49 - 1.89) 0.99 (0.70 - 1.40)
Stavanger (W) 0.81 (0.48 - 1.36) 0.98 (0.74 - 1.30)
Østfold (SE) 0.64 (0.33 - 1.22) 0.72 (0.52 - 1.00)
Akershus (SE) 0.75 (0.46 - 1.23) 0.80 (0.61 - 1.04)
OUS (SE) 0.91 (0.49 - 1.67) 0.85 (0.62 - 1.16)
Lovisenberg (SE) 1.07 (0.42 - 2.73) 0.77 (0.44 - 1.37)
Diakonhjemmet (SE) 0.67 (0.28 - 1.58) 0.69 (0.45 - 1.05)
Innlandet (SE) 0.47 (0.25 - 0.88) 0.67 (0.50 - 0.92)
Vestre Viken (SE) 1.0 (ref) 1.0 (ref)
Vestfold (SE) 0.66 (0.36 - 1.21) 0.59 (0.42 - 0.84)
Telemark (SE) 0.57 (0.27 - 1.22) 0.75 (0.53 - 1.07)
Sørlandet (SE) 0.29 (0.12 - 0.69) 0.68 (0.48 - 0.95)
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C: 2011-2017 - After capacity increase

Table C1: Characteristics of patients 2011-2017.

Atrial fibrillation Ablation (% proportion with ablation)
Female Male Total Female Male Total

Number of patients 26 887 55 415 82 302 2 415 (9.0%) 6 935 (12.5%) 9 350 (11.4%)
Age group‡
Under 50 2 372 5 411 7 783 392 (16.5%) 1 217 (22.5%) 1 609 (20.7%)
50-59 3 516 9 612 13 128 514 (14.6%) 2 052 (21.3%) 2 566 (19.5%)
60-69 10 386 23 003 33 389 1 095 (10.5%) 2 845 (12.4%) 3 940 (11.8%)
70 and older 10 613 17 389 28 002 414 (3.9%) 821 (4.7%) 1 235 (4.4%)

Education‡
Low 7 668 12 152 19 820 494 (6.4%) 996 (8.2%) 1 490 (7.5%)
Medium 12 608 27 277 39 885 1 151 (9.1%) 3 223 (11.8%) 4 374 (11.0%)
High 6 611 15 986 22 597 770 (11.6%) 2 716 (17.0%) 3 486 (15.4%)

Income‡
Low 12 454 8 909 21 363 845 (6.8%) 620 (7.0%) 1 465 (6.9%)
Medium 11 587 27 607 39 194 1 191 (10.3%) 2 986 (10.8%) 4 177 (10.7%)
High 2 846 18 899 21 745 379 (13.3%) 3 329 (17.6%) 3 708 (17.1%)

Hospital referral area‡ ∗
Finnmark (N) 298 795 1 093 14 (4.7%) 59 (7.4%) 73 (6.7%)
UNN (N) 877 2 032 2 909 46 (5.2%) 205 (10.1%) 251 (8.6%)
Nordland (N) 688 1 595 2 283 29 (4.2%) 147 (9.2%) 176 (7.7%)
Helgeland (N) 478 1 015 1 493 33 (6.9%) 97 (9.6%) 130 (8.7%)
Nord-Trøndelag (C) 677 1 468 2 145 53 (7.8%) 191 (13.0%) 244 (11.4%)
St. Olavs (C) 1 260 2 962 4 222 192 (15.2%) 627 (21.2%) 819 (19.4%)
Møre-Romsdal (C) 1 151 2 585 3 736 141 (12.3%) 372 (14.4%) 513 (13.7%)
Førde (W) 525 1 240 1 765 37 (7.0%) 122 (9.8%) 159 (9.0%)
Bergen (W) 1 806 4 184 5 990 183 (10.1%) 624 (14.9%) 807 (13.5%)
Fonna (W) 856 1 958 2 814 103 (12.0%) 281 (14.4%) 384 (13.6%)
Stavanger (W) 3 173 4 920 8 093 160 (5.0%) 445 (9.0%) 605 (7.5%)
Østfold (SE) 1 557 3 165 4 722 126 (8.1%) 370 (11.7%) 496 (10.5%)
Akershus (SE) 2 568 4 897 7 465 219 (8.5%) 596 (12.2%) 815 (10.9%)
OUS (SE) 1 136 2 434 3 570 119 (10.5%) 344 (14.1%) 463 (13.0%)
Lovisenberg (SE) 342 739 1 081 41 (12.0%) 97 (13.1%) 138 (12.8%)
Diakonhjemmet (SE) 559 1 289 1 848 59 (10.6%) 203 (15.7%) 262 (14.2%)
Innlandet (SE) 2 296 4 638 6 934 161 (7.0%) 428 (9.2%) 589 (8.5%)
Vestre Viken (SE) 2 627 5 316 7 943 297 (11.3%) 705 (13.3%) 1 002 (12.6%)
Vestfold (SE) 1 421 2 792 4 213 127 (8.9%) 320 (11.5%) 447 (10.6%)
Telemark (SE) 1 019 2 156 3 175 118 (11.6%) 309 (14.3%) 427 (13.4%)
Sørlandet (SE) 1 573 3 235 4 808 157 (10.0%) 393 (12.1%) 550 (11.4%)
† Event is ablation, death, emigration or end of study period. For ablation patients the event is ablation.
‡ At the time of diagnosis.
∗ The four regional health authorities: N - North, C - Central, W - West and SE - South-East.
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Table C2: Multivariable Cox regression, separate by gender, 2011-2017. Hazard ratios
(95% confidence interval), adjusted for follow-up time.

Model 1 (HT) Model 2 (RHA)
Female Male Female Male

Education Education
Low 1.0 (ref) 1.0 (ref) Low 1.0 (ref) 1.0 (ref)
Medium 1.27 (1.14 - 1.41) 1.29 (1.20 - 1.39) Medium 1.28 (1.15 - 1.42) 1.31 (1.21 - 1.40)
High 1.29 (1.14 - 1.47) 1.66 (1.54 - 1.80) High 1.32 (1.17 - 1.49) 1.71 (1.58 - 1.84)

Income Income
Low 1.0 (ref) 1.0 (ref) Low 1.0 (ref) 1.0 (ref)
Medium 1.21 (1.10 - 1.33) 1.49 (1.36 - 1.62) Medium 1.21 (1.10 - 1.33) 1.49 (1.36 - 1.62)
High 1.34 (1.17 - 1.54) 1.71 (1.57 - 1.88) High 1.32 (1.15 - 1.51) 1.70 (1.55 - 1.86)

Follow-up time (years) Follow-up time (years)
1 1.0 (ref) 1.0 (ref) 1 1.0 (ref) 1.0 (ref)
2 0.58 (0.53 - 0.65) 0.69 (0.65 - 0.73) 2 0.58 (0.52 - 0.64) 0.68 (0.65 - 0.73)
3 0.46 (0.40 - 0.52) 0.45 (0.42 - 0.49) 3 0.45 (0.40 - 0.51) 0.45 (0.42 - 0.49)
4 0.40 (0.34 - 0.47) 0.41 (0.37 - 0.45) 4 0.39 (0.34 - 0.46) 0.41 (0.37 - 0.45)
5 0.52 (0.44 - 0.62) 0.39 (0.35 - 0.43) 5 0.52 (0.44 - 0.61) 0.38 (0.34 - 0.43)
6 0.50 (0.40 - 0.62) 0.46 (0.41 - 0.53) 6 0.50 (0.40 - 0.62) 0.46 (0.41 - 0.53)
7 0.35 (0.24 - 0.50) 0.34 (0.27 - 0.42) 7 0.35 (0.24 - 0.50) 0.34 (0.27 - 0.42)

Hospital referral area (HT) Regional referral area (RHA)
Finnmark (N) 0.42 (0.24 - 0.72) 0.61 (0.47 - 0.79) North 0.55 (0.46 - 0.66) 0.80 (0.73 - 0.87)
UNN (N) 0.49 (0.36 - 0.66) 0.83 (0.71 - 0.97) Central 1.40 (1.25 - 1.57) 1.52 (1.42 - 1.62)
Nordland (N) 0.41 (0.28 - 0.60) 0.78 (0.65 - 0.93) West 0.69 (0.62 - 0.77) 0.93 (0.87 - 0.99)
Helgeland (N) 0.58 (0.40 - 0.83) 0.80 (0.65 - 0.99) South-East 1.0 (ref) 1.0 (ref)
Nord-Trøndelag (C) 0.74 (0.56 - 1.00) 1.14 (0.97 - 1.34)
St. Olavs (C) 1.55 (1.29 - 1.86) 1.86 (1.67 - 2.07)
Møre-Romsdal (C) 1.17 (0.96 - 1.43) 1.24 (1.09 - 1.41)
Førde (W) 0.68 (0.48 - 0.96) 0.84 (0.69 - 1.02)
Bergen (W) 0.98 (0.81 - 1.17) 1.21 (1.08 - 1.34)
Fonna (W) 1.20 (0.96 - 1.50) 1.27 (1.10 - 1.46)
Stavanger (W) 0.31 (0.26 - 0.38) 0.60 (0.53 - 0.67)
Østfold (SE) 0.81 (0.66 - 1.00) 0.99 (0.87 - 1.13)
Akershus (SE) 0.78 (0.65 - 0.93) 0.98 (0.87 - 1.09)
OUS (SE) 0.92 (0.74 - 1.14) 1.01 (0.89 - 1.15)
Lovisenberg (SE) 0.98 (0.71 - 1.36) 0.92 (0.75 - 1.14)
Diakonhjemmet (SE) 0.91 (0.68 - 1.20) 1.06 (0.91 - 1.25)
Innlandet (SE) 0.67 (0.56 - 0.82) 0.80 (0.71 - 0.91)
Vestre Viken (SE) 1.0 (ref) 1.0 (ref)
Vestfold (SE) 0.79 (0.64 - 0.98) 0.91 (0.80 - 1.04)
Telemark (SE) 1.12 (0.90 - 1.38) 1.19 (1.04 - 1.36)
Sørlandet (SE) 0.95 (0.79 - 1.16) 1.00 (0.88 - 1.13)
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D: 2013-2017 - Fibrillation only

Table D1: Characteristics of patients 2013-2017.

Atrial fibrillation Ablation (% proportion with ablation)
Female Male Total Female Male Total

Number of patients 19 619 42 341 61 960 1 543 (7.9%) 4 604 (10.9%) 6 147 (9.9%)
Age group‡
Under 50 1 046 3 548 4 594 157 (15.0%) 697 (19.6%) 854 (18.6%)
50-59 2 373 6 930 9 303 309 (13.0%) 1 260 (18.2%) 1 569 (16.9%)
60-69 7 675 17 460 25 135 724 (9.4%) 1 983 (11.4%) 2 707 (10.8%)
70 and older 8 525 14 403 22 928 353 (4.1%) 664 (4.6%) 1 017 (4.4%)

Education‡
Low 5 491 9 002 14 493 326 (5.9%) 630 (7.0%) 956 (6.6%)
Medium 9 338 20 816 30 154 743 (8.0%) 2 144 (10.3%) 2 887 (9.6%)
High 4 790 12 523 17 313 474 (9.9%) 1 830 (14.6%) 2 304 (13.3%)

Income‡
Low 8 885 6 343 15 228 544 (6.1%) 365 (5.8%) 909 (6.0%)
Medium 8 642 21 178 29 820 746 (8.6%) 1 928 (9.1%) 2 674 (9.0%)
High 2 092 14 820 16 912 253 (12.1%) 2 311 (15.6%) 2 564 (15.2%)

Hospital referral area‡ ∗
Finnmark (N) 229 616 845 7 (3.1%) 42 (6.8%) 49 (5.8%)
UNN (N) 728 1 664 2 392 31 (4.3%) 136 (8.2%) 167 (7.0%)
Nordland (N) 575 1 310 1 885 21 (3.7%) 105 (8.0%) 126 (6.7%)
Helgeland (N) 385 793 1 178 23 (6.0%) 62 (7.8%) 85 (7.2%)
Nord-Trøndelag (C) 516 1 133 1 649 41 (7.9%) 142 (12.5%) 183 (11.1%)
St. Olavs (C) 941 2 269 3 210 153 (16.3%) 457 (20.1%) 610 (19.0%)
Møre-Romsdal (C) 883 1 998 2 881 110 (12.5%) 277 (13.9%) 387 (13.4%)
Førde (W) 432 1 004 1 436 28 (6.5%) 87 (8.7%) 115 (8.0%)
Bergen (W) 1 471 3 375 4 846 133 (9.0%) 434 (12.9%) 567 (11.7%)
Fonna (W) 655 1 457 2 112 75 (11.5%) 183 (12.6%) 258 (12.2%)
Stavanger (W) 1 259 2 693 3 952 81 (6.4%) 260 (9.7%) 341 (8.6%)
Østfold (SE) 1 115 2 310 3 425 85 (7.6%) 239 (10.3%) 324 (9.5%)
Akershus (SE) 2 025 3 856 5 881 141 (7.0%) 372 (9.6%) 513 (8.7%)
OUS (SE) 862 1 899 2 761 73 (8.5%) 225 (11.8%) 298 (10.8%)
Lovisenberg (SE) 286 646 932 22 (7.7%) 67 (10.4%) 89 (9.5%)
Diakonhjemmet (SE) 418 1 014 1 432 31 (7.4%) 148 (14.6%) 179 (12.5%)
Innlandet (SE) 1 800 3 660 5 460 98 (5.4%) 270 (7.4%) 368 (6.7%)
Vestre Viken (SE) 2 009 4 189 6 198 154 (7.7%) 421 (10.1%) 575 (9.3%)
Vestfold (SE) 1 026 2 103 3 129 75 (7.3%) 198 (9.4%) 273 (8.7%)
Telemark (SE) 733 1 655 2 388 65 (8.9%) 207 (12.5%) 272 (11.4%)
Sørlandet (SE) 1 271 2 697 3 968 96 (7.6%) 272 (10.1%) 368 (9.3%)
† Event is ablation, death, emigration or end of study period. For ablation patients the event is ablation.
‡ At the time of diagnosis.
∗ The four regional health authorities: N - North, C - Central, W - West and SE - South-East.
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Table D2: Multivariable Cox regression, separate by gender, 2013-2017. Hazard ratios
(95% confidence interval), adjusted for follow-up time.

Model 1 (HT) Model 2 (RHA)
Female Male Female Male

Education Education
Low 1.0 (ref) 1.0 (ref) Low 1.0 (ref) 1.0 (ref)
Medium 1.22 (1.07 - 1.40) 1.30 (1.19 - 1.42) Medium 1.23 (1.08 - 1.41) 1.31 (1.20 - 1.43)
High 1.25 (1.07 - 1.46) 1.66 (1.51 - 1.83) High 1.27 (1.08 - 1.48) 1.70 (1.54 - 1.87)

Income Income
Low 1.0 (ref) 1.0 (ref) Low 1.0 (ref) 1.0 (ref)
Medium 1.16 (1.03 - 1.30) 1.52 (1.36 - 1.71) Medium 1.16 (1.03 - 1.30) 1.53 (1.37 - 1.71)
High 1.35 (1.13 - 1.60) 1.81 (1.61 - 2.03) High 1.33 (1.12 - 1.58) 1.82 (1.62 - 2.05)

Follow-up time (years) Follow-up time (years)
1 1.0 (ref) 1.0 (ref) 1 1.0 (ref) 1.0 (ref)
2 0.63 (0.55 - 0.71) 0.63 (0.59 - 0.68) 2 0.62 (0.55 - 0.71) 0.63 (0.59 - 0.68)
3 0.48 (0.41 - 0.56) 0.42 (0.38 - 0.46) 3 0.47 (0.41 - 0.55) 0.41 (0.38 - 0.46)
4 0.39 (0.32 - 0.47) 0.35 (0.31 - 0.39) 4 0.38 (0.31 - 0.47) 0.34 (0.31 - 0.39)
5 0.21 (0.14 - 0.30) 0.21 (0.17 - 0.26) 5 0.21 (0.14 - 0.30) 0.21 (0.17 - 0.26)

Hospital referral area (HT) Regional referral area (RHA)
Finnmark (N) 0.39 (0.18 - 0.83) 0.76 (0.55 - 1.04) North 0.59 (0.47 - 0.73) 0.83 (0.74 - 0.93)
UNN (N) 0.59 (0.40 - 0.86) 0.89 (0.73 - 1.07) Central 1.87 (1.64 - 2.14) 1.77 (1.64 - 1.91)
Nordland (N) 0.51 (0.32 - 0.81) 0.89 (0.72 - 1.11) West 1.12 (0.98 - 1.27) 1.12 (1.04 - 1.20)
Helgeland (N) 0.71 (0.46 - 1.10) 0.85 (0.65 - 1.11) South-East 1.0 (ref) 1.0 (ref)
Nord-Trøndelag (C) 1.08 (0.77 - 1.53) 1.41 (1.17 - 1.71)
St. Olavs (C) 2.37 (1.89 - 2.96) 2.30 (2.02 - 2.63)
Møre-Romsdal (C) 1.72 (1.34 - 2.19) 1.57 (1.35 - 1.83)
Førde (W) 0.91 (0.61 - 1.36) 0.96 (0.76 - 1.21)
Bergen (W) 1.24 (0.99 - 1.57) 1.32 (1.16 - 1.51)
Fonna (W) 1.69 (1.28 - 2.23) 1.42 (1.19 - 1.69)
Stavanger (W) 0.74 (0.56 - 0.96) 0.93 (0.80 - 1.08)
Østfold (SE) 1.09 (0.84 - 1.42) 1.12 (0.96 - 1.32)
Akershus (SE) 0.91 (0.72 - 1.14) 0.99 (0.87 - 1.14)
OUS (SE) 1.10 (0.83 - 1.45) 1.15 (0.98 - 1.36)
Lovisenberg (SE) 0.91 (0.58 - 1.43) 0.94 (0.72 - 1.22)
Diakonhjemmet (SE) 0.93 (0.63 - 1.37) 1.33 (1.10 - 1.60)
Innlandet (SE) 0.75 (0.58 - 0.96) 0.84 (0.72 - 0.98)
Vestre Viken (SE) 1.0 (ref) 1.0 (ref)
Vestfold (SE) 1.00 (0.76 - 1.31) 1.00 (0.84 - 1.18)
Telemark (SE) 1.23 (0.92 - 1.64) 1.35 (1.14 - 1.59)
Sørlandet (SE) 1.05 (0.81 - 1.35) 1.06 (0.91 - 1.24)
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