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Inequalities in health outcomes by income and education:
The case of Norway

Carl Michael Baravelli' @, Tord Finne Vedgy' @, Rannveig K. Hart'2 ®,
Jonas Minet Kinge'2® and Astri Syse’

ABSTRACT Reducing social inequalities in health is a priority in European policy and
the UN’s Sustainable Development Goals. We aim to estimate the magnitude of health
inequalities in Norway, a high-income country with a universal health care system but
rising income inequality. Using survey and registry data, we estimated relative and abso-
lute inequality in self-reported health, health behaviours and mortality by education and
income, using the Relative and Slope Index of Inequality (RII/SII). Social disparities in
health were evident across nearly all outcomes, for both income and education and for
both sexes. Significant RIls were found for self-reported health, long-standing health
problems, global activity limitations, dental health and the behavioural risk factors of
smoking, obesity, physical inactivity, low fruit (women only) and vegetable intake, and
various causes of deaths. Inequality by income were particularly pronounced for mortal-
ity among men, with the RII for men’s all-cause mortality reaching 6.2 (CI 5.9-6.5) for
income, compared to 3.6 (3.5-3.8) for education. SlIs were also significant for all
outcomes, except for fruit intake for education among men. Thus, despite its extensive
welfare system, income- and education-related health inequalities persist in Norway,
highlighting the need for targeted policy interventions. Proportionate universalism
may be a valuable strategy to address these disparities within European efforts to improve
public health.
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Introduction
Motivation

Marked socio-economic inequalities in health persist across Europe and reducing them
is a key priority for most European countries (European Commission, 2021; Joint Action
Prevent Non-Communicable Diseases Project, 2024), including Norway (Meld. St. 15
(2022-2023)). Addressing these disparities is also central to the United Nations’ Sustainable
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Development Goals (SDGs), particularly Goal 3 (Good Health and Well-being) and Goal 10
(Reduced Inequalities) (Morton et al., 2017; United Nations, 2015).

Using Norway as a case, we examine how education and household income are associ-
ated with behavioural risk factors and health outcomes (mortality) among working-
age adults, leveraging both survey data (2015 and 2019) and full population register data
(2015-2019).

Norway ranks among the top countries in the Human Development Index (United
Nations Development Programme, 2024), and has low income inequality, a generous social
security system (Barth et al., 2021; Eurostat, 2023; Molven and Ferkis, 2011) and one of
the highest per capita health expenditures in Europe (WHO Regional Office for Europe,
2025). Norway has made reducing socio-economic health inequalities a political priority.
A government white paper from 2007 called for targeted efforts to reduce inequalities over
the next decade, particularly in smoking, nutrition and physical activity (St.meld. nr. 20
(2006-2007)). Despite this, significant socio-economic inequalities in mortality and
health-related behaviours persist (Mackenbach, 2017, 2019; Mackenbach et al., 2008).

Given Norway’s focus on reducing social inequalities in health and its fast rate of adop-
tion of international health regulations (World Health Organisation, 2025), examining the
state of social inequalities in health in Norway can illustrate the regulatory challenges other
European countries face in reducing inequalities.

Poor health disproportionately affects lower socio-economic groups, increasing health-
care demand, sickness absences and reliance on social security. Given the strong relation-
ship between education, income and health outcomes, reducing inequality in these social
determinants may help to mitigate health disparities. Improving healthcare services and
optimising treatment outcomes, which are often worsened by behavioural risk factors,
are also critical. These measures, alongside broader policies grounded in proportionate uni-
versalism, are necessary to effectively reduce health inequalities.

This study contributes to existing knowledge in three key ways. First, it employs esta-
blished methods of measuring inequality (Relative Index of Inequality, RII, and Slope
Index of Inequality, SIT) (Mackenbach et al., 2008; Mackenbach et al., 2018) across mul-
tiple behavioural risk factors and mortality indicators, facilitating cross-country compara-
bility. Second, it combines survey and registry data to assess whether inequalities are
consistent across different data sources, and to what degree inequalities are associated
with specific measures. Third, it provides up-to-date estimates of absolute and relative
health inequalities in a country with a strong welfare system and a longstanding political
commitment to reducing disparities. Given the rising income inequality and shifting edu-
cational demographics in Norway (Statistics Norway, 2021), understanding how inequa-
lities emerge across different health measures remains crucial. We address the following
research questions:

*  To what extent do socio-economic inequalities in health exist among adults in Norway?
*  How do inequalities differ by education and income?

*  Are these differences consistent across various health outcomes and gender?

* Do survey and registry data yield comparable findings?
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Empirical background

In 2019, Norway had a higher life expectancy (83 vs 81 years) and lower rates of all-cause
mortality! (701 vs 770), daily smoking (9% vs 17%), BMI of 25 or more (48% vs 56%),
self-reported less-than-good health? (37% vs 55%) and activity limitations? (23% vs 50%)
compared to other OCED countries. Levels of daily vegetable consumption (58% vs 59%)
and insufficient daily physical activity (34% vs 35%) were similar to the OECD average
(OECD, 2021).

Recent studies show that marked and relatively persistent differences in lifestyle, health,
use of health services and mortality exist in Norway (Goldblatt et al., 2023; Gutacker et al.,
2023; Kinge et al., 2015, 2023) as well as in other European countries (Enroth and Fors,
2021; Gallo et al., 2012; Mackenbach et al., 2015a; Moor et al., 2017), and that these dif-
ferences are related to both education and income.

However, the magnitude of the estimates depends on which health outcomes are investi-
gated and whether relative or absolute differences are examined, and also partly on the con-
text (who, where and when) (Granstrom et al., 2015; Hu et al., 2016; Lahelma et al., 2019;
Ledo et al., 2018; van der Wel et al., 2018).

Since the publication of the British Black report and the Whitehall I study (Marmot et al.,
1978; Townsend and Davidson, 1982), an extensive literature has documented health
inequalities, particularly in self-reported health and mortality, from the early 1990s onwards
(see, for instance, Hu et al., 2016; Kunst et al., 2005; Lahelma and Arber, 1994; Lahelma
etal., 1997, 2002; Mackenbach et al., 1997; Strand et al., 2010; von dem Knesebeck et al.,
2006; Yngwe et al., 2001).

In general, health inequalities have remained stable even during economic crises, includ-
ing during the 2008 financial crisis (Ledo et al., 2018; Mackenbach et al., 2018). Ledo
et al. attributed this stability to countries avoiding austerity policies (Ledo et al., 2018).
Mackenbach et al. (2018), however, observed a slowdown in the decline in less-than-good
health among people with both short and long education, even in the hardest hit countries.

Most studies on health inequalities focus on education, though some also include indi-
vidual or household income. Although the mechanisms linking income, education and
health are complex, income can be regarded as a measure of material resources, while edu-
cation represents ability, information and social and cultural capital (Dahl, 1994; Goldman,
2001). Research consistently shows that people with higher education or higher income
report better health and live longer lives than their less advantaged counterparts.

However, few existing studies on health inequalities, with notable exceptions (Huijts
et al., 2010; Lahelma et al., 2004; Muller, 2002), have examined the impact of both educa-
tion and income. Even fewer studies have examined results from both relative and absolute
perspectives across a wider range of health outcomes using both population survey and
full-population samples. By including a wide range of risk factors and measures of mortality
and assessing inequality in terms of both education and income, we aim to provide a

1 Age-standardised rates per 100,000 population.
2 Among people aged 65 and older.
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comprehensive picture of socio-economic inequality in Norway using the latest available
data from before the COVID-19 epidemic.

Data and methods
Data

We used two data sources: representative surveys and registries. The sample included adults
aged 30—69 years, as most of this group had completed their education and established
an income, while excluding most retirees.

Survey data

We used self-reported health and health behaviour data from Survey on Living Conditions
2015 and 2019 (Statistics Norway, 2016, 2020). The Survey on Living Conditions is a
nationally representative, cross-sectional survey that is conducted every 3—4 years and is
harmonised with the European Health Interview Survey (EHIS).> Pooled data from
10,382 participants were linked to national registry data on education and income by
Statistics Norway before an anonymised release for research. The response rates were
59% (2015) and 57% (2019) (Statistics Norway, 2016, 2020). Ethical approval (2023/
1333) for our study was granted by the Norwegian Agency for Shared Services in Education
and Research.

We analysed nine measures: obesity, the Minimal European Health Module* (MEHM],
comprising self-reported general health, longstanding health problems and the Global
Activity Limitation Indicator [GALI]), self-reported dental health and four health
behaviours (smoking, fruit and vegetable intake and exercise). These measures were
selected because they are used in comparative studies or align with WHO’s healthy diet
recommendations (World Health Organisation, 2020). Dental health was included because
it is generally not covered by social security for most adults in Norway.

Registry data

For the mortality analyses, we used comprehensive registry data covering the entire popu-
lation from Statistics Norway (2015-2019, N=2.64 million)5 and cause-specific data from
the Cause of Death Registry. Data were linked at the individual level. The Regional Ethics
Committee (2013/2394) approved the data linkage and analysis, and a de-identified file
was provided to researchers.

v

See https://ec.europa.eu/eurostat/web/microdata/european-health-interview-survey.

4 For questions and response alternatives, see https:/ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:
Minimum_European_Health_Module_(MEHM).

5 Welimited the latest year to 2019 for two reasons: (i) we wanted the period covered to be as similar as possible in the survey and

registry data; and (ii) we did not want to include the pandemic years to avoid confounding the results.
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Categories included causes amenable to medical intervention, such as infectious
diseases, cervical and breast cancer, Hodgkin’s disease leukaemia, hypertension, cerebro-
vascular disease, pneumonia/influenza, appendicitis/hernia/gastric ulcer, cholecystitis and
lithiasis and maternal mortality. Smoking-related causes were specified as bronchitis,
chronic obstructive pulmonary disease (COPD), bronchiectasis and cancers of the mouth,
pharynx, oesophagus, trachea, bronchi and lungs.

Categorisation of outcome variables

Self-reported health was dichotomised as not good (“fair”, “bad” or “very bad”) vs good
(“good” or “very good”). Having a longstanding illness or health problem was categorised
as “yes” vs “no”. For activity limitations, we combined “severely limited” and “not severely
limited” (vs “not limited”). Self-reported dental health followed the same categorisation as
self-reported health. Other self-reported measures were obesity (BMI>30), current smoking
(daily or non-daily), physical inactivity (exercise <1 day per week) and low fruit and
vegetable intake (<1/day for both).

All-cause mortality was defined as death irrespective of the cause. Cause-specific mor-
tality categories were based on the International Classification of Diseases, 10th edition
(ICD-10) codes from the Cause of Death Registry, following previously applied categori-
sations (Mackenbach et al., 2008). These included causes amenable to medical intervention
(i.e., diseases that can be effectively treated or managed with timely and appropriate medical
management), which were comprised of infectious diseases (A00-B99), cervical cancer
(C53), breast cancer (C50), Hodgkin’s disease and leukaemia (C81, C91-C95), hyperten-
sion (I10-115), cerebrovascular disease (160-169), pneumonia/influenza (J10-J18), appen-
dicitis, hernia and gastric ulcer (K25-K28, K35-K38, K40-K46, K56), cholecystitis and
lithiasis (K80-K83) and maternal mortality (O00-099). Smoking-related causes included
bronchitis (J40), COPD (J41-J44), bronchiectasis (J47), cancer of the mouth, pharynx
and oesophagus (C00-C15) and cancer of the trachea, bronchi and lungs (C33-C34, C39).

Categorisation of demographic and socio-economic variables

We categorised age into four age groups: 30-39, 40—49, 50-59 and 60—69 years. Men and
women were analysed separately. Education and income data from registers were catego-
rised into three groups: low, medium and high. Educational attainment followed the Inter-
national Standard Classification of Education (ISCED 2011): low (ISCED 0-2, secondary
school or shorter), medium (ISCED 3 and 5, secondary and vocational school) and high
(ISCED 6-8, higher education).” Income was based on household income after tax, adju-
sting for household size using the square root scale (OECD, 2013). To account for potential
unreported income among individuals with extremely low or negative reported income,
we set a lower inclusion limit at 200,000 NOK (~17,600 euros at time of writing).

6 For questions and response alternatives, see https:/ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:
Minimum_European_Health_Module_(MEHM).
7 See https://www.ssb.no/klass/klassifikasjoner/139.
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This excluded <2% of the survey respondents and 3.4% of the registry data, including indi-
viduals with missing information. For educational attainment, we further excluded indivi-
duals with missing information, and in total this applied to 2.2% of the survey respondents
and 3.5% of the registry data.® The Goodman and Kruskal’s gamma value for the associa-
tion between education and income was 0.3 1 in the survey data and 0.43 in the register data,
indicating a moderate association. Table 1 summarises the numbers of men and women
analysed for each health outcome.

Methods

To investigate the associations between health behaviours, outcomes and socio-economic
position (educational and income), we employed two gender-specific regression-based
inequality indices (cf. Mackenbach et al., 2008) to pooled 2015 and 2019 data: (1) the
Relative Index of Inequality (RII) for relative differences and (2) the Slope Index of Inequal-
ity (SII) for absolute differences.

Both the RII and the SII are regression-based measures that account for the distribution of
socio-economic characteristics in the samples (Mackenbach and Kunst, 1997; Mackenbach
etal., 2008). To estimate the RII and the SII, we calculated “ridits” for education and income
using the “wridit” command (Newson, 2012) in Stata 18 (StataCorp LLC, 2023), stratified
by gender and five-year birth cohort. Ridits represent cumulative probabilities on a contin-
uous scale, ranging from zero (lowest status) to one (highest status) (Donaldson, 1998).
Specifically, the ridit for value x of variable X is the proportion of values lower than x, plus
half of the proportion of values equal to x. For example, the middle income tertile has a
mean ridit value of 0.5 (0.33 + [0.33/2]).

The RII was calculated by regressing the ridit-transformed education and income variab-
les on the outcomes (mortality, MEHM and self-reported dental health, obesity, smoking
and fruit/vegetable intake) using generalised linear regression models (GLM) with Poisson-
family and log-link. RII was the exponentiated beta coefficient.

The SII, representing the absolute difference between the lowest and the highest educa-
tion and income groups, was similarly calculated using GLM with an identity-link. SII was
the beta coefficient of the transformed education and income variables. Hjorthen et al.
(2022) demonstrated that these calculation methods yield results equivalent to Mackenbach
et al. (2008).

Regression models for self-reported health and health behaviours were adjusted
or 10-year age groups and a dummy variable for calendar year. Survey weights,
accounting for age, sex, education and geographical region of residence, were applied to
ensure representativeness when examining self-reported health and health behaviours.

8 InTable 1, the income from the living conditions surveys is consumer price index (CPI) adjusted to 2015. In other figures and
tables, the income percentiles are specific to each year.
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Mortality models, utilising registry data, were adjusted for 10-year age groups and five-year
birth cohorts (cf. Pamuk, 1985).7 Statistical significance was set at 5%.

Sensitivity analyses, employing alternative model specifications for income
(Supplementary material, Figures S.1 and S.2, available online at https://doi.org/10.
1553/p-d6az-d2j6), demonstrated minimal impact on estimates.

RII and SII differences were influenced by the baseline level of the lowest category.
SII reflected the absolute difference in the outcome between the highest and the lowest pos-
sible value of the explanatory variable. For example, a SII of 0.1 for self-reported health
indicated a 10 percentage point higher likelihood of having poorer self-reported health
in the lowest educated group compared to in the highest educated group.

Results
Descriptive results

Table 1 summarises the samples used in our analyses and highlights differences in
education and income distributions between the registry sample and the survey sample.
Secondary and tertiary education varied by gender and data source. In the registry sample,
20% of the population had basic education across genders, while a larger share of women
(42%) than of men (33%) had tertiary education. In the survey sample, smaller shares of the
population had basic education (14% of women, 16% of men), with tertiary education being
overrepresented (50% of women, 37% of men).

Table 1 indicates a pronounced social gradient in most health outcomes for both men
and women. The prevalence difference between women at the top and the bottom of
the education distribution was especially large for less-than-good self-reported health
(27 percentage points [pp]), activity limitations (22 pp), longstanding health problems
(18 pp) and current smoking (21 pp). Among men, absolute differences were largest
for current smoking (23 pp) and low physical activity (22 pp). Differences according
to income were also substantial, but smaller. Absolute differences in BMI were relatively
small, regardless of the measure used. A gradient for both income and education was also
observed for all three mortality outcomes (cf. Supplementary material Table S.1 for further
details on mortality).

Relative social inequality in health

Figure 1 depicts RlIs for self-reported health behaviours and outcomes among men (solid
markers) and women (hollow markers) for education (left panel) and income (right panel).
Detailed estimates are reported in Supplementary material Table S.2. Across all health
behaviours (triangles), BMI (squares) and self-reported health (circles), the RII coefficients

9  Due to alow number of deaths in birth cohorts from 1970 onwards, five-year groups were used up to 1970. Thereafter, 10-year
groups were used.
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Figure1 Relative inequality (RII) (with corresponding 95% confidence intervals) among men (solid markers) and
women (hollow markers) by education (left) and income (right) for self-reported health behaviours and outcomes
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were consistently positive with a 95% confidence interval (CI) above one, indicating
statistically significant differences, except for income inequality in fruit intake among
men (RII=1.09, CI 0.98-1.21).'% Associations were especially strong for less-than-good
self-reported health, activity limitations and current smoking.

Figure 2 similarly shows pronounced relative inequalities for all-cause premature
mortality, medical intervention-amenable mortality and smoking-related mortality
(see Supplementary material Table S.3). Educational attainment (left panel) showed
substantial relative inequalities for both genders for all-cause premature mortality
(Ryomen = 3.5, 95% CI=3.3-3.7 and RIl,,., = 3.6, 95% CI=3.5-3.8), medical interven-
tion-amenable mortality (RIl,omen =2.4, 95% CI=2.1-2.7 and RIl,., =3.8, 95%
CI=3.24.4) and especially smoking-related mortality (RIlyomen = 6.2, 95% CI=5.4-7.1
and RIl,., = 6.2, 95% CI=5.5-7.0). No substantial gender differences were observed
for all-cause premature mortality or smoking-related mortality for education. However,
women exhibited lower income-related mortality estimates than men. Among men, income
had a strong association with all-cause mortality (RII=6.2, 95% CI=5.9-6.5), with the
greatest inequality observed in deaths amenable to medical intervention (RII=9.5, 95%
CI=7.8-11.6).

10 p<0.01 for all associations except BMI (p=0.02) and low fruit intake (p=0.11).
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Figure 2 Relative inequality (RII) in mortality (with corresponding 95% confidence intervals) among men (solid
markers) and women (hollow markers) by education (left) and income (right)
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Note: Medical intervention-amenable mortality includes infectious diseases (A00-B99), cervical cancer (C53),
breast cancer (C50), Hodgkin’s disease and leukaemia (C81, C91-C95), hypertension (I110-115), cerebrovascular
disease (160-169), pneumonia and influenza (J10-J18), appendicitis, hernia and peptic ulcer (K25-K28, K35-K38,
K40-K46, K56), cholecystitis and lithiasis (K80-K83) and maternal deaths (O00-099). Smoking-related causes of
death include bronchitis (J40), COPD (J41-J44), bronchiectasis (J47), cancer of the oral cavity, pharynx and
oesophagus (C00-C15) and cancer of the trachea, bronchi and lungs (C33-C34, C39).

Absolute social inequality in health

Figure 3 illustrates absolute inequality (SII) for self-reported health outcomes, with estima-
tes detailed in Supplementary material Table S.2. Note that the axes are different from the
axes in Figure 1, reflecting smaller numerical inequalities on an absolute scale, where values
greater than zero indicate statistically significant differences.

The SII patterns differed somewhat from those for RII, with the largest absolute diffe-
rences observed for smoking, exercise and less-than-good dental health (at least for income)
among men, and for smoking, exercise, self-reported health and activity limitations among
women. BMI had the smallest SII estimates among both genders, except for income inequa-
lities in fruit intake among men, which was not statistically different from zero (p=0.09).

Figure 4. (and Supplementary material Table S.3) shows that compared to relative
inequality (Figure 2), estimates for absolute inequality in all-cause mortality (per 1,000)
were higher compared to medical intervention-amenable and smoking-related mortality,
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Figure 3 Absolute inequality (SIT) (with corresponding 95% confidence intervals) among men (solid markers)
and women (hollow markers) by education (left) and income (right) for self-reported health behaviours and
outcomes
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which was partly attributable to low baseline mortality in adults under 70. The large abso-
lute differences for all-cause mortality reflect the higher number of overall deaths compared
to deaths from select causes, with a larger impact among men. Among men, absolute esti-
mates for income and education were similar (13/1,000), unlike the relative scale, which
showed greater disparities. Among women, SII was higher for education than for income
for all-cause and smoking-related mortality.

Discussion

In a European comparative perspective, Norwegian adults generally report good health and
have high life expectancy (Goldblatt et al., 2023; OECD, 2019, 2021). However, despite
Norway’s extensive welfare system and high per capita spending on health, significant
socio-economic inequalities in health outcomes remain, indicating that these national-level
advantages are not shared equally across socio-economic groups. Specifically, we found that
(1) individuals with shorter education and lower income reported poorer health across all
behavioural risk factors (except fruit intake among men) and mortality measures; (2) inequa-
lities in behavioural risk factors were similar for education and income, while income-related
relative inequalities in all-cause mortality and medical intervention-amenable mortality
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Figure 4 Absolute inequality (SII) in mortality (with corresponding 95% confidence intervals) among men (solid
markers) and women (hollow markers) by education (left) and income (right)
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Note: Slope Index of Inequality is per 1,000. Medical intervention-amenable mortality includes infectious diseases
(A00-B99), cervical cancer (C53), breast cancer (C50), Hodgkin’s disease and leukaemia (C81, C91-C95), hyper-
tension (I10-115), cerebrovascular disease (160-169), pneumonia and influenza (J10-J18), appendicitis, hernia and
peptic ulcer (K25-K28, K35-K38, K40-K46, K56), cholecystitis and lithiasis (K80-K83) and maternal deaths
(000-099). Smoking-related causes of death include bronchitis (J40), COPD (J41-J44), bronchiectasis (J47), can-
cer of the oral cavity, pharynx and oesophagus (C00-C15) and cancer of the trachea, bronchi and lungs (C33-C34,
C39).

were larger than education-related inequalities, especially for men; (3) inequality between
men and women was, to a large degree, comparable in magnitude; and (4) these inequalities
were consistent across survey and register data.

Substantial inequalities were observed for several outcomes. Women with the lowest
education or income level were more than four times as likely to report poor health
(i.e., RI[>4), and all-cause mortality was around four times greater (i.e., Rll.4ycation =
3.5 & Rlljcome =4.5), compared to those with the highest education or income level.
Among men, RII exceeded four for smoking (education), self-reported health and activity
limitations (income) and exceeded three for all-cause mortality. As expected, absolute
inequality (SII) for mortality was smaller but significant for all outcomes. Higher education
and income levels were, therefore, consistently associated with better health and lower
mortality in both absolute and relative terms.

In the self-reported data, daily smoking exhibited a stronger association with inequality
than fruit/vegetable intake, obesity or lack of physical activity. This underlines the
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significant contribution of smoking to health inequalities in Norway, in contrast to the larger
role played by obesity in other European countries (Eikemo et al., 2014). Despite declining
smoking rates over the past two decades (Statistics Norway, 2021), a pronounced social
gradient persists, and higher education is more strongly associated with successful cessation
(Gram et al., 2022). We found substantial socio-economic disparities in smoking-related
mortality. Considering the protracted development of smoking-related diseases, such as car-
diovascular diseases, lung cancer and COPD, our findings reflect historical lifestyle habits.
Despite declining smoking rates, the substantial disparities in self-reported smoking suggest
that these diseases will continue to contribute to premature mortality inequalities in the near
future, as others have noted (Long et al., 2021). Therefore, while some social groups have
benefited from declining smoking rates, others have been left behind.

Significant relative (RII 2.2-3.0) and absolute (SII 0.15-0.26) inequalities in self-
reported dental health were observed, although they were smaller than those reported in
other Scandinavian countries (Guarnizo-Herrefio et al., 2013). Suboptimal dental health
is influenced by childhood dental care, diet, financial barriers to oral healthcare and
pro-oral health behaviours. Although dental care is free for all Norwegians below age 19,
Norwegian adults are generally required to cover the full cost of oral healthcare. Thus,
incorporating dental care into the universal healthcare framework could reduce social
inequalities and improve overall health, as argued by Lyshol et al. (2022).

Findings in relation to existing literature

Our findings, which describe the situation in recent years, are similar in magnitude to
findings from several European countries (Mackenbach et al., 2008; 2015a,b, 2018;
2019a). This likely reflects shared health and welfare systems characteristics and similar
societal views on social inequalities, as observed in countries like the UK, the Netherlands,
Sweden and Finland (Lahelma et al., 2019). Supporting an earlier study of 22 countries
(Mackenbach et al., 2008), we found significantly higher mortality and poorer self-reported
health in lower socio-economic groups. While Mackenbach et al. (2008) attributed these
disparities to smoking, alcohol and intervention-amenable mortality, our RIIs for poorer
self-reported health and current smoking were generally larger. Our finding that income
was associated with poor health, particularly in relative terms, is consistent with previous
studies (Siegel et al., 2014; Wachtler et al., 2019). Notably, a systematic review found that
material factors had a direct impact on health inequalities (Moor et al., 2017).

This study presents a snapshot of the current situation. Longitudinal studies indicate
that inequalities have increased over time, although their findings vary depending on
whether education or income is considered. While educational inequalities have remained
fairly stable (as noted above), many studies have reported a growing trend in income-
related disparities (Degerlund Maldi et al., 2019; Pfortner and Elgar, 2016), albeit with
some exceptions.

The observed socio-economic disparities in self-reported health and mortality align with
the existing literature (Groeniger et al., 2020; Pampel et al., 2010). However, the extent to
which physical inactivity, obesity and low fruit/vegetable intake explain the observed
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variance in health outcomes continues to be debated. Some authors have argued that the
predictive value of these factors is relatively low (cf., for instance, Brunello et al., 2016;
Hamplova et al., 2022; Jones and Wildman, 2008), while others have suggested that they
play a vital role (cf., for instance, Himmig et al., 2014; Moor et al., 2017). Smoking, how-
ever, stands out as a key factor explaining inequalities in both health and mortality, partic-
ularly in countries with high smoking prevalence (Lanari et al., 2022). This observation is in
line with Mackenbach et al. (2019b), who identified smoking, low income and high body-
weight as critical targets for policies aimed at reducing educational inequalities in life
expectancy across Europe.

Strengths and limitations

This study employed established methods (Mackenbach et al., 2008; Moreno-Betancur
etal., 2015) to investigate both relative and absolute inequalities, and offers significant pol-
icy insights (Hjorthen et al., 2022; Ledo et al., 2018; Mackenbach, 2015; van der Wel et al.,
2018). The inclusion of both measures, as recommended by previous studies (Mackenbach
and Kunst, 1997; Regidor, 2004), provides a more comprehensive understanding of socio-
economic health disparities, and is especially important when the frequency of health pro-
blems changes (Regidor, 2004), or in cases in which absolute differences close to zero can
be expressed as large relative differences.

Combining survey data from 2015 and 2019 increased the sample size but could have
masked year-to-year variations. However, separate year analyses (not shown) revealed no
substantial differences in Rlls or Slls for any behavioural risk factor, except for income-
related smoking inequalities among women, where the RII was larger in 2019 than
in 2015.

Data on education and income, our primary exposures, were obtained from national regis-
tries with objectively derived data for almost the entire population, linked at the individual
level to outcome measures. Restricting the sample to adults aged 30—69 ensured that most of
the sample had completed their education and were in their prime working years. Household
income, representing disposable income aftertax and including all income sources, adjusted for
household composition, likely provided an accurate reflection of the respondents’ economic
situation. Although education and income are linked, they influence health through different
mechanisms: education promotes healthier lifestyles as a non-material resource, while income
reflects material resources and purchasing power, shaping health through access to health care
and social comparisons (Huijts et al., 2010). Accounting for both measures was therefore
appropriate.

Unlike previous studies focusing on one measure, we consistently highlighted differen-
ces by income and education and incorporated multiple data sources. Inequality was promi-
nent in both the population-wide registry data and the representative sample surveys,
reinforcing the value of using surveys in tracking social inequalities in health, especially
in the absence of registry data. Despite variations in health measures across data sources,
previous studies have shown that self-reported health aligns closely with objective health
measures (Miller et al., 2022).
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This study also has several limitations. We employed a pooled cross-sectional study
design, which only allowed for the investigation of associations between socio-economic
characteristics and health-related behaviours and mortality, rather than causal inferences.
Moreover, we did not address the possible mechanisms behind the gender differences or
the variations between RIIs and SlIs based on education versus income. Given the broad
selection of health behaviours that were included, these mechanisms were likely diverse.
For mortality estimates, both the RIls and the SIIs were generally larger among men than
women, while behavioural risk factors estimates did not show clear gender differences.
Nevertheless, having knowledge about associations provides a solid foundation for further
work towards meeting the SDGs. Although our analyses presented a snapshot of the current
situation, we acknowledge the importance of examining time trends and believe that our
findings can serve as a basis for further evaluations in the years leading up to 2030.

Sample surveys generally exhibit selection biases related to both explanatory and
outcome variables, as the most disadvantaged groups tend to be underrepresented due to
self-selection (as shown in Table 1). To mitigate this problem, we applied survey weights
to account for selection bias. Despite these potential biases, comparing survey data with
registry data can be informative, even if the outcome measures differ. Self-reported health
has been validated in other studies as a reliable measure of both mental and physical health
across European countries, reflecting inequalities in mortality as well as in bodily and
mental functions between different social groups (Hamplova et al., 2022; Idler and
Benyamini, 1997; Moor et al., 2017). Consequently, self-reported health is considered a
useful indicator for assessing socio-economic inequalities in health (Ba¢ak and Olafsdottir,
2017), as demonstrated in our study.

Whether our findings apply to other contexts with different levels of affluence and
inequality warrants further research. Previous studies have shown that economic hardship
can exacerbate health inequalities, especially in countries experiencing both austerity and
economic recession (Mackenbach et al., 2018). Additionally, our study was limited to the
period following the Great Recession, which had a smaller effect in Norway than in Eastern
and Southern European countries due to Norway’s higher level of prosperity and robust
welfare schemes (Ledo et al., 2018; van der Wel et al., 2018).

Survey data directly capture risk factors like diet and smoking, offering insights that reg-
istry data cannot. While we grouped causes of death as smoking-related or amenable to med-
ical intervention, following Mackenbach’s classification (2018), misclassification was
unavoidable. For example, some intervention-amenable diseases are behaviour-linked,
and smoking-related causes exclude conditions like ischaemic heart disease despite its con-
nection to smoking. Thus, while registry data offer unbiased population-level insights with-
out selection bias, we prioritised survey findings in our assessments of risk factors.

The way forward

Norway, as a welfare state, provides its citizens with health and welfare services, affordable
higher education and income security (Molven and Ferkis, 2011). The Norwegian Public
Health Act (Norwegian Ministry of Health and Care, 2011) further strengthened public
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health regulations. Multiple universal programs, such as vaccination, screening and pre-
and postnatal care initiatives, are in place, in addition to regulations aimed at limiting con-
sumption of tobacco and alcohol. Similar egalitarian programs have been implemented in
countries like the UK, the Netherlands, Sweden and Finland (Lahelma et al., 2019). Reduc-
tions in social inequalities in health have, however, also been observed in countries without
such programs (Hu et al., 2016).

Despite Norway’s history of generous health and welfare policies, our findings suggest
that these efforts alone do not mitigate avoidable health inequalities. While social security
and public services are essential, these universal measures appear insufficient for eliminat-
ing socio-economic inequalities in health, particularly in dental health, which is largely
unfunded (Hu et al., 2016). Future research should assess inequities in the use of both health
and dental services, areas that were not addressed here. As the population ages, ensuring
equitable health services across socio-economic groups will become increasingly important
for stabilising or reducing socio-economic inequalities in health (Mackenbach et al., 2008;
Rydland, 2021; Rydland et al., 2020).

Governments and other stakeholders have recently recognised that while universal
public health measures improve overall population health, they may inadvertently increase
social inequality in health (cf., for instance, McGill et al., 2015 for systematic review results
related to eating habits). This paradox is partly attributed to health literacy, as individuals
with higher health literacy are more likely to benefit from universal measures (Berkman
et al.,, 2011). Based on our findings, this appears to be the case in Norway as well.
Consequently, the focus is gradually shifting towards employing proportionate approaches
or specifically targeting at-risk groups. Proportionate universalism implies designing
policies that “act across the whole social gradient, to ‘level up the gradient” while addressing
the needs of those in the most vulnerable and excluded situations” (Goldblatt et al., 2023).
This strategy ensures that interventions are proportional to the needs of different groups. In
Norway, for example, the national cervical screening program has recently been extended to
offer in-home tests for individuals who have not attended screenings in the past 10 years.
Targeting at-risk groups means focusing on individuals with higher risk exposure, who are
often members of vulnerable groups with shared social characteristics (Frohlich and Potvin,
2008). Consequently, public health interventions that take a proportionate or more targeted
approach to reaching at-risk groups might be a valuable addition to efforts to reduce socio-
economic inequalities in health in welfare societies where universal measures have been the
“gold standard”. Further research into such interventions and their effectiveness for various
subgroups is, however, warranted.

Our findings can support the endeavours of the UN and European and national authori-
ties aimed at reducing socio-economic inequalities in health, particularly in relation to the
UN’s Sustainable Development Goal 3 (Good Health and Well-being) and Goal 10
(Reduced Inequalities) (United Nations, 2015). Our results suggest that both sample sur-
veys and registry data are useful in the continued effort, as the results are largely comparable
across the data sources. Furthermore, the strong agreement between findings across various
health outcomes, regardless of whether they are examined in absolute or in relative terms,
suggests that not all measures or methods need always be applied in ongoing policy evalu-
ation work.
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Evaluations of how current national, supra-national and sub-national policies mitigate
health inequalities are scarce. The optimal design and content of such actions remain
unclear, as is the counterfactual scenario of how the situation would develop in the absence
of such policies. More evidence is needed to determine which policies work — and for
whom, when and where they work — to improve population health, reduce inequalities and
limit the unnecessary use of public economic and non-economic (e.g., personnel) resources
for ineffective interventions. A recently launched large-scale European Joint Action, JA
PreventNCD, aims to address inequalities in cancer and other non-communicable diseases
by evaluating policies, actions and interventions with a strong focus on inequality
(Klepp, 2023).

Conclusion

Substantial social inequalities in mortality and health-related behaviours exist in Norway
across socio-economic measures such as education and household income. These dispari-
ties are evident in both absolute and relative terms across multiple indicators of health and
behaviours, and irrespective of whether the data originated from surveys or full population
registers. The observed inequalities are associated with group-level differences in behaviou-
ral lifestyles by education and income. As the current social protections offered by the
Norwegian welfare system are shown to be insufficient to reduce social inequalities in
health, new strategies and fundamental systematic changes appear warranted. To achieve
meaningful progress, expanding knowledge on effective policies such as proportionate
universalism could provide valuable insights for European policy efforts aimed at reducing
socio-economic inequalities in health.
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