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A B S T R A C T

Education develops skills that help individuals use available material resources more efficiently. When material
resources are scarce, each decision becomes comparatively more important. Education may also protect from
health-related income decline, since the highly educated tend to work in occupations with lower physical de-
mands. Educational inequalities in health may, therefore, be more pronounced at lower levels of income. The
aim of this study is to assess whether the shape of the income gradient in premature mortality depends on the
level of education.

Total population data on education, income and mortality was obtained by linking several Swedish registers.
Income was defined as five-year average disposable household income for ages 35–64 and mortality follow-up
covered the period 2006–2009. The final population comprised 2.3 million individuals, 6.2 million person-years
and 14,362 deaths. Income was modeled using splines in order to allow variation in the functional form of the
association across educational categories. Poisson regression with robust standard errors was used.

The curvilinear shape of the association between income and mortality was more pronounced among those
with a low education. Both absolute and relative educational inequalities in premature mortality tended to be
larger at low levels of income. The greatest income differences in mortality were observed for those with a low
education and the smallest for the highly educated.

Education and income interact as predictors of mortality. Education is a more important factor for health
when access to material resources is limited.

1. Introduction

The association between socioeconomic position and health is well
established. Both education (Sundquist & Johansson, 1997;
Mackenbach et al., 2008; Shkolnikov et al., 2012; Mackenbach et al.,
2016) and income (Backlund, Sorlie, & Johnson, 1996; Van Doorslaer
et al., 1997; Gerdtham & Johannesson, 2004; Mortensen et al., 2016)
have been consistently found to predict mortality risk in high-income
populations. In social epidemiology, education, occupational class and
income have been used interchangeably as an indicator of an under-
lying construct of socioeconomic position (Geyer, Hemström, Peter, &
Vågerö, 2006; Bonaccio et al., 2016). However, empirical evidence
suggests that although these dimensions of socioeconomic position are
correlated, education, occupational class and income are independent
predictors of mortality (Elo & Preston, 1996; Geyer et al., 2006;
Torssander & Erikson, 2010; Östergren, 2015). Geyer et al. (2006) in-
terpret this finding as suggesting that different components of socio-
economic position, while correlated, indicate different underlying

phenomena and are related to health through different mechanisms
(Geyer et al., 2006).

Although limited attention has been paid to the possibility that
education and income may interact as predictors of mortality, some
studies do suggest that the shape and size of the income gradient in self-
rated health (Mirowsky & Ross, 2003; Schnittker, 2004), physical im-
pairment (Mirowsky & Ross, 2003), and mortality (Bonaccio et al.,
2016) are conditional on education. These studies indicate that health
differences between educational groups seem to be larger at lower le-
vels of income (and vice versa). Mirowsky and Ross (2003) conclude
that”…at any given level of income, health tends to be better at higher
levels of education, …within each level of education, health tends to be
worst at the lowest levels of income, but … the differences in health
across levels of income are smaller at higher levels of education.”
(Mirowsky & Ross, 2003, p. 78–79). Schnittker (2004) attributes a si-
milar finding to differences in consumption patterns, resource alloca-
tion and the ability to navigate the medical system, all of which may
favor the health of the well-educated within levels of income

https://doi.org/10.1016/j.ssmph.2018.05.008
Received 10 January 2018; Received in revised form 2 May 2018; Accepted 30 May 2018

E-mail address: olof.ostergren@su.se.

SSM - Population Health 5 (2018) 122–128

2352-8273/ © 2018 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/23528273
https://www.elsevier.com/locate/ssmph
https://doi.org/10.1016/j.ssmph.2018.05.008
https://doi.org/10.1016/j.ssmph.2018.05.008
mailto:olof.ostergren@su.se
https://doi.org/10.1016/j.ssmph.2018.05.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ssmph.2018.05.008&domain=pdf


(Schnittker, 2004). In contrast to these findings, a recent Italian study
by Bonaccio et al. (2016) found larger differences in mortality by
education at higher levels of income “…the inverse association between
household income with all-cause death varied across educational level
groups and was larger at higher levels of education” (Bonaccio et al.,
2016, p. 771). This conclusion is based on an analysis in which a range
of health and behavioural factors were adjusted for (Bonaccio et al.,
2016). Both Mirowsky and Ross (2003) and Schnittker (2004) suggest
that behavioural patterns are the main explanation for why income
differences in health are larger among individuals with a low education,
which could account for the reverse pattern found by Bonaccio et al.
(2016).

The association between income and mortality is curvilinear
(Preston, 1975; Gravelle, 1998; Mortensen et al., 2016; Rehnberg &
Fritzell, 2016). This indicates that an increase in available material
resources has greater benefits for health when resources are scarce than
when they are plentiful. Additional resources at the lower end of the
income spectrum may help individuals to avoid the most acute material
risks, for example being without food and shelter. The health benefits of
higher incomes, for example improving the quality of housing and
nutrition or purchasing a more comprehensive insurance, are less dra-
matic. This is the basic outline of the material explanation of the cur-
vilinear association between income and mortality (Miething, 2014). As
Schnittker (2004) points out, uniformity of resource management is one
of the assumptions of the material explanation for the income gradient
in mortality (Schnittker, 2004). However, how individuals use their
resources may differ systematically across educational groups.
Mirowsky and Ross (2005) characterize education as learned effective-
ness. Education develops cognitive skills such as information-gathering,
valuing, synthesizing and decision-making. Developing these skills al-
lows those with a high level of education to be more efficient as agents
(Mirowsky & Ross, 2003, 2005). Education may, then, be interpreted as
a proxy for decision-making skills, while income may be interpreted as
a proxy for available material resources. If the highly educated are
better at managing available resources, the amount of available re-
sources should be comparatively less important for mortality in this
group than among those with a low education. Having more material
resources increases available options. Individuals with more resources
have more chances to achieve a given goal, while for individuals with
few resources, every decision is important (Molander, 2016). There is
therefore an inverse association between the availability of material
resources and the importance of decision-making skills. Both material
resources and decision-making skills are probably more important for
mortality at lower levels of income, which in turn indicates that edu-
cation may be more important for mortality at lower levels of income.

Education and income may also interact as predictors of mortality if
education protects from income decline caused by poor health. While
studies have shown that childhood health can have an effect on edu-
cational attainment (Case, Fertig, & Paxson, 2005; Bambra, 2011), since
education is generally stable across working ages, the impact of adult
health on educational attainment is limited. Income, however, fluc-
tuates across the working life. Empirical evidence suggests that the
association between income and adult health is reciprocal (Stronks, van
de Mheen, Van Den Bos, & Mackenbach, 1997; Benzeval & Judge, 2001;
Halleröd & Gustafsson, 2011). This finding is intuitive. Health is needed
to be able to work and income is needed to be able to obtain health-
promoting resources. Education may protect from income decline re-
sulting from poor health. Falk, Burström, and Nylén (2014) found that
individuals with a low education were more likely to be unemployed as
a consequence of musculoskeletal disorders, while Elstad and Dahl
(2014) found that labor income preceding death started to decline
earlier among individuals who had only completed compulsory edu-
cation than among individuals with university degrees. The highly
educated may be better at navigating the medical system (Mirowsky &
Ross, 2003; Schnittker, 2004). By seeking medical attention earlier and
being better at achieving and complying with treatment, those with a

high level of education may be better at avoiding the severe con-
sequences of ill health for working capacity. Furthermore, individuals
with low educational attainment may be more likely to have more
mentally and physically strenuous working conditions, while well-
educated individuals are likely to have jobs with less strain, greater
autonomy and more flexible working conditions (Mirowsky & Ross,
2003). Poor health may therefore be more likely to prevent people with
a low level of education from working.

Thus, the income gradient in mortality may be shaped differently
across educational groups through several processes. 1) The highly
educated may be more efficient at using available resources. Since
every decision has a greater impact when resources are scarce, educa-
tion is expected to have a greater importance for health at lower levels
of income. 2) Education may protect from income decline resulting
from ill health. The aim of this paper is, therefore, to examine whether
the shape of the income gradient in mortality is different across dif-
ferent educational groups.

I hypothesize that educational inequalities in premature mortality
are larger among individuals with low income and that the income
gradient in mortality is steeper among those with a low educational
level.

2. Materials and methods

2.1. Data material

The data were obtained from several linked Swedish national reg-
isters. Demographic characteristics were obtained from the total po-
pulation register. Information about sex, births, and deaths were used
to define the study population and to assess mortality. The aim of the
paper, to examine whether the shape of the income gradient in mor-
tality is different across different educational groups, requires accurate
measurements of education and income. Therefore, the population was
restricted to individuals for whom accurate information on these were
available.

Education was obtained from the educational register and assessed
according to the highest level of completed education in three levels:
lower secondary or lower (ISCED 0–2, compulsory schooling in
Sweden); upper secondary (ISCED 3–4); and tertiary (ISCED 5–6).
Educational level will henceforth be referred to as low, intermediate
and high. Information about the education of those born outside
Sweden is often missing from the educational register (Statistics
Sweden, 2006). Consequently, the population comprises only Swedish-
born individuals.

The associations between education, income and mortality change
over time (Shkolnikov et al., 2012; Mortensen et al., 2016). Using
longitudinal data would introduce variation in the main effects that
could obscure the interaction between education and income, if not
adjusted for properly. Instead, the measurement period was restricted
to a limited period in order to isolate the interaction between education
and income as predictors of mortality. Income was collected from the
tax register and defined as the average annual disposable household
income (after taxes and transfers) over a five-year period. Income
fluctuates over time and average income over a number of years pro-
vides a more stable estimate of available resources than if only one year
is used. Household composition was adjusted for by weighting the in-
come using the Oxford method in which each household member is
assigned a weight, 1 for the first adult, 0.7 for the second adult and 0.5
for each child. The household income is then divided by the sum of the
weights (OECD, 1982). Income was further adjusted for inflation using
the consumer price index (KPI) provided by Statistics Sweden, with
2005 as the index year. Individuals for whom income was missing for at
least one year during the period were excluded (1.5% of the popula-
tion). Because income is collected from the tax register, the very low
end of the income spectrum is a very heterogeneous group. It contains,
among others, the very poor, tax evaders, entrepreneurs and individuals
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living off capital. Disposable income, as collected from the tax register,
is therefore likely to be a poor indicator of the available economic re-
sources at the lower end of the income spectrum. Consequently, the
bottom 5% of the income distribution was removed. Income was top
coded at the 99th percentile.

In order to exclude those who were in education or transitioning
from education to employment, individuals under the age of 35 were
excluded. Income falls on retirement and other types of resources
(savings, capital, family support) may become more important. In such
cases, disposable income may not be properly captured by taxable in-
come. In order to avoid misclassifying income due to retirement status,
individuals over 64 years of age at the end of the income measurement
was excluded. The mortality follow-up covered the period 01-01-2006
to 30-04-2009, which was the latest time period available for this
analysis. The final population therefore covered the ages 35–64, with
mortality measurement in ages 40–64, comprising 2.3 million in-
dividuals, 6.2 million person-years and 14,362 deaths (Table 1).

2.2. Methods

Age standardized mortality rates by 100,000 person years were
calculated by income quintile and education. The age distribution in the
total study population was used as the standard population. In order to
assess whether relative educational inequalities in mortality varied
across the income distribution, Incidence Rate Ratios (IRR) by educa-
tion were calculated within each income quintile. The IRRs were esti-
mated by fitting Poisson regression models using death as the depen-
dent variable and person months at risk as the offset. In order to avoid
overdispersion and autocorrelation the models were fitted with robust,
clustered standard errors where each cluster was defined as an in-
dividual. The models further adjusted for sex and age, which was
treated as a time-varying covariate.

I hypothesized that education and income interact as predictors of
mortality, and that the interaction is more pronounced at low levels of
income. One way of determining this is to examine whether the func-
tional form of the income gradient in mortality is different across
educational groups. Regression using splines is a suitable option when
modeling continuous variables without restricting the functional form
of the association, since this method allows the coefficient to change at
defined knots. Using splines to model the income-mortality association
allows the functional form to assume the familiar curvilinear form
while at the same time allowing for different functional forms. A
Poisson model was fitted using numbers of deaths as the dependent
variable and the person months at risk as the offset controlling for sex
and age. Five-year average income was treated as a time-varying cov-
ariate (for example, average income during the period 2001–2005 was
used to model mortality in 2006, average income during 2002–2006
was used to model mortality in 2007, etc). Income was modeled using
splines with four knots defined as the cut-off values between each
quintile. Education was modeled using a set of dummy variables. By
including interaction terms between each spline and educational level,
both the functional form and the steepness of the income gradient in

mortality are allowed to vary across educational groups. The regression
coefficients were used to predict absolute death risks by income and
education in order to enable visual interpretation. Model fit statistics
(AIC and BIC) were used to assess whether including interaction terms
improved the overall fit of the model. All analyses were carried out in
Stata while r was used to generate figures.

3. Results

Table 2 indicates that mortality varies by both education and in-
come. Within each income quintile, mortality is highest among those
with low education and lowest among those with high education.
Within educational groups, mortality is lower at higher levels of in-
come. With the exception of Q4 and Q5 (the two top quintiles) among
those with low education, there is a gradient in mortality along the
entire income distribution. The magnitude of the differences in mor-
tality between educational groups tends to be larger at lower levels of
income. The rate difference between high and low education was 443 in
Q1 (the bottom quintile) and 114 in Q5 (the top quintile). The smallest
rate difference by education was observed in Q4.

Table 3 shows that the educational gradient in mortality is steepest
in the bottom income quintile, followed by Q2. Although the point
estimates vary between Q3–Q5, the confidence intervals indicate that
the educational gradient is of similar magnitude in these quintiles.
Conversely, the income gradient in mortality is steepest among those
with a low education (IRR=3.52 (3.11–3.98)) and flattest among the
highly educated (IRR=2.22 (1.98–2.49)).

The estimates in both Tables 2 and 3 indicate that both absolute and
relative educational inequalities in mortality tend to be larger at lower
levels of income. However, while these estimates hint at the possibility
of there being an interaction, neither approach directly addresses the
issue. Further, assessing the IRR, as is done in Table 2, requires se-
lecting a reference category (in this case the highly educated). This
makes comparisons across income quintiles somewhat difficult because
mortality differences by income within the highly educated group are
ignored. In order to facilitate a more complete interpretation of the
patterns, absolute death risks were predicted using Poisson regression,
modelling income as splines. By including interaction terms between
education and the splines, the functional shape of the income-mortality
association was allowed to vary across educational groups. Plotting the

Table 1
Description of the data.

Education

High Int. Low

Income Person years Deaths Person years Deaths Person years Deaths

Q1 272,521 501 723,081 2524 255,551 1810
Q2 337,892 424 698,739 1509 208,093 775
Q3 383,625 559 646,002 1259 212,122 682
Q4 453,148 634 584,268 1106 194,378 501
Q5 659,678 958 436,148 810 112,928 310

Table 2
Age standardized mortality rates per 100,000 person years by income and
education.

Education Rate difference

High Int. Low H-I H-L

Income Q1 279 483 722 204 443
Q2 175 261 350 86 174
Q3 165 196 276 31 111
Q4 134 169 214 35 80
Q5 124 155 238 31 114
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predicted death risks makes it possible to simultaneously interpret both
the absolute and the relative scales. The regression coefficients used to
calculate the predictions can be found in the supplementary material,
Table A.1.

Fig. 1 displays predicted death risks by education and income based
on the coefficients from the Poisson regression model. Death risks were
predicted for the baseline values of sex (men) and age (40–45). The
curvilinear relationship between income and mortality was present
across at all levels of education, but was much more pronounced among
those with a low education. The educational differences in mortality
were larger at lower incomes and smaller at higher incomes. At below-
median incomes (< 178 K/year) educational differences in mortality
narrowed whereas at above-median incomes, educational differences in
death risk were roughly stable. The estimated interaction terms be-
tween income and education were statistically significant mainly in the
bottom income quintile (Table A1). The interaction between education
and income appears to be present only among low-income earners.

Using splines to model income relaxes assumptions about the shape
of the functional form of the association between income and mortality.
However, attempting to determine statistically whether there is inter-
action may be difficult since the model includes several interaction
terms. Comparing model fit statistics across models provides a single
estimate which determines whether the interaction improved the fit
between the predicted values and the observed data.

Table 4 displays model fit statistics for three alternative model

specifications. Model 1 included interaction terms between education
and income splines and was the basis for the predictions presented in
Fig. 1. Model 2 included education as a set of dummy variables and
splines to model income, but did not include interaction terms. While
the AIC preferred Model 1, the BIC preferred Model 2. However, BIC is
more sensitive than the AIC to adding additional parameters. Fig. 1
indicates that the interaction between education and income is pri-
marily is located in the bottom income quintile. Consequently, a third
model using splines but restricting the interaction to the bottom income
quintile was fitted. Model 3 was preferred by the BIC over Model 1 and
Model 2. Both the AIC and the BIC suggest that allowing for interaction
improves model fit, but they prefer different specific models. The
conclusions that can be drawn from Model 1 and 3 are similar, namely
that there is an interaction between income and education, and that the
interaction is primarily located in the bottom quintile. Model 1 was
chosen as the main focus of the results since it places the fewest formal
restrictions on the functional form of the income-mortality association
across educational groups.

4. Discussion

4.1. Summary of findings

In this study, education and income interacted as predictors of
premature mortality. Both absolute and relative educational inequal-
ities in mortality tended to be larger at low levels of income. Income
differences in mortality were observed to be the greatest among those
with a low education and smallest among the highly educated.
Educational inequalities in mortality were observed across all income
levels.

4.2. Methodological considerations

Although the steepness of the income gradient varied across the
educational groups, the income gradient in mortality assumed the ty-
pical curvilinear shape (Preston, 1975; Gravelle, 1998; Mortensen et al.,
2016), implying that the data set and method used are suitable for
modeling mortality as a function of income.

Fitting splines and interaction terms are computationally de-
manding techniques and require relatively large amounts of data. The
data requirements are especially high for the research question under
scrutiny here, because it requires a sufficient number of observations
with unusual combinations of values (highly educated individuals with
low incomes and vice versa). It is therefore potentially difficult to re-
plicate the current analysis in smaller data sets or using survey data
without continuous measures of income. An alternative approach for
capturing the curvilinear association between income and education is
to model mortality as a log-linear function of income. Using a log-linear
function is computationally more efficient but restricts the shape of the
functional form since the shape is assumed to be log-linear across the
entire distribution. In order to compare the results of the two ap-
proaches, a Poisson model was fitted with mortality modeled as a log-
linear function of income instead of using splines, including education
and interaction terms. Although the log-linear model performed worse
in terms of model fit, the model yielded overall patterns similar to the
splines model. The regression coefficients and model fit statistics can be
found in the supplementary material (Table A.2) along with predicted
death risks by education and income (Fig. A.1). At higher incomes,
mortality differences by education converged and even reversed, in-
dicating that people with a low education and a high income may have
had lower death risks than those with a high education and a high in-
come. Because the log-linear use two terms (log income and an inter-
action term by education) to describe mortality across the whole in-
come distribution, the shape of the gradient will be comparatively more
dependent on the slope in the part of the income distribution where
most observations are located. The log-linear model, therefore, gives

Table 3
Incidence rate ratios (95% CI) by education at different income quintiles.

Education

High (ref.) Int. Low

Income Q1 1 1.74 (1.58–1.91) 2.55 (2.31–2.82)
Q2 1 1.54 (1.38–1.72) 1.98 (1.75–2.24)
Q3 1 1.19 (1.07–1.31) 1.52 (1.36–1.71)
Q4 1 1.24 (1.13–1.37) 1.42 (1.26–1.61)
Q5 1 1.22 (1.11–1.34) 1.62 (1.43–1.85)

All models adjusted for sex and age.

Fig. 1. Predicted death risks and 95% confidence intervals by education and
1000s of SEK in annual disposable household income.

Table 4
Model fit statistics.

AIC ΔAIC BIC ΔBIC

Model 1a 220182.5 ref. 220489.5 ref.
Model 2b 220272.3 89.8 220439.7 -49.8
Model 3c 220199.8 17.3 220395.0 -94.5

Poisson models estimating mortality by education and income, using person-
time at risk as the offset and adjusting for age and sex.

a Interaction between education and all income splines.
b No interaction.
c Interaction restricted to the lowest income spline.
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misleading estimates at higher incomes but is a viable option for de-
tecting the general patterns in smaller data sets.

Income was defined as the average annual disposable income
measured at the household level across five years. Income is understood
as an indicator of available resources. For this reason, income was
measured as disposable income at the household level. Even though
there are empirical findings which indicate that the different measures
of income which can be used provide similar estimates when measuring
the association between income and health (McDonough, Duncan,
Williams, & House, 1997; Geyer, 2010), it is possible that defining in-
come differently would generate different patterns than the ones ob-
served here.

Income fluctuates over time and an individual may experience a
peak or a dip in income in the course of a single year. Five-year average
income was used in order to avoid misleading classifications of avail-
able resources due to such peaks and dips. As a sensitivity analysis, the
analyses were repeated using the level of income of the year before
mortality follow up as well as using ten-year average income. The
analysis were also repeated including the bottom 5% of the income
distribution. Similar patterns were observed across all versions, al-
though the point estimates varied, indicating that the measurement of
income did not influence the main conclusions.

Mortality is lower among women, while socioeconomic inequalities
in mortality tend to be more pronounced among men. This may indicate
that the processes around social stratification and health, on a general
level, are moderated by gender. However, there are few indications that
the specific theoretical concepts and processes of interest in this study
differ greatly by gender. Gender stratified analysis produced similar
patterns for men and women (results not shown). There was a shift in
the overall level of mortality and the slope of the income-mortality
association (estimates of the educational gradient in mortality were
similar among men and women in Sweden during this period, as re-
ported elsewhere (Östergren, 2015; Mackenbach et al., 2016)). To im-
prove statistical power, gender was treated as an independent covariate
in the main analysis.

Mortality differences by income and education are salient features
of high income populations. The specific size of these differences do,
however, vary across national context but also change over time
(Shkolnikov et al., 2012; Mortensen et al., 2016). It is possible that the
interaction between income and education as predictors of mortality
will differ not only across contexts but also across time. The current
analysis was conducted on premature mortality among Swedish-born
individuals observed during a short period in time and in a single na-
tional context. The advantage of observing a single population during a
limited period is that it allows me to isolate the interaction between
income and education as predictors of mortality. Although the pro-
cesses described are not specific to the period and context analysed, the
results should be interpreted with this in mind.

4.3. Interpretation of results

The results clearly indicated that educational inequalities in pre-
mature mortality were larger at the lower end of the income distribu-
tion and, conversely, that the income gradient in mortality was steeper
among those with a low education. These results are consistent with
those of previous studies of self-rated health, physical impairment, and
multimorbidity (Mirowsky & Ross, 2003; Schnittker, 2004). However,
the recent study of mortality by Bonaccio et al. (2016), found the op-
posite, namely that the inverse association between income and mor-
tality is stronger among the highly educated (Bonaccio et al., 2016).
One of the explanations suggested by both Schnittker (2004) and
Mirowsky and Ross (2003) for the interaction between income and
education is that there are systematic differences in behaviour across
educational levels. The analysis in Bonaccio et al. (2016) adjusts for
(among other things) dietary patterns, physical activity and smoking
status (Bonaccio et al., 2016), which may also be proxies of behavioural

patterns beyond those specific behaviours. Potentially, adjusting for a
key mechanism, as proposed by Schnittker (2004) and Mirowsky and
Ross (2003), makes it difficult to compare the results from the different
studies. Further, as Bonaccio et al. (2016) point out, there are large
international variations in the socioeconomic gradient in mortality.
Southern Europe and Italy typically show low mortality and small so-
cioeconomic inequalities in mortality while socioeconomic inequalities
in mortality in the Nordic countries and Sweden are of moderate
magnitude (Mackenbach et al., 2008). The latter finding has received
some attention because of the intuitive discrepancy between inequal-
ities in health and comprehensive welfare programs (Bambra, 2011;
Mackenbach, 2012).

From a theoretical perspective, the importance of decisions is in-
versely correlated with available resources. Each decision is crucial
when resources are scarce, while a surplus of resources enables in-
dividuals to make mistakes and try again, with each decision mattering
less. Educational attainment may be interpreted as a proxy for cognitive
skills and the propensity to act – the efficiency of the individual in terms
of agency (Mirowsky & Ross, 2005), while disposable income may be
interpreted as a proxy for available material resources. The results are
consistent with this interpretation. The educational gradient in mor-
tality within levels of income may be interpreted as an indicator of how
efficiently available resources are used to protect and promote health.
The results showed that the educational gradient in mortality is steeper
at lower levels of income, where each decision is more crucial. The
highly educated may, furthermore, have access to a wider range of
resources, for example through social networks. Using one type of re-
source to compensate for the lack of another type of resource is process
referred to as resource substitution (Mirowsky & Ross, 2003, 2005). Re-
source substitution requires individuals to have other resources to use
as substitutes to be efficient at resource management, both of which
may be positively correlated with education (Mirowsky & Ross, 2003).
Having a low income may, then, have fewer severe consequences for
the highly educated, since they may use resource substitution to com-
pensate, to some degree, for the lack of income.

For several reasons, the highly educated may experience less income
decline as a result of health complications. They may have more in-
fluence over their working conditions and more flexible employers,
thereby enabling them to adjust working conditions to accommodate
impaired physical functioning. Education may also help individuals to
navigate the medical system, leading them to receive more efficient
treatment, which in turn limits the time they spend in poor health, and
therefore its consequences. Those with low education and low income
may, accordingly, be more likely than those with high education and
low income to be low income earners because of poor health. Having a
high income is, to some degree, an indication that severe income loss
has not happened, which is consistent with the interaction between
education and income only being observed at lower levels of income.
Those with a low education may also be more likely to work in phy-
sically strenuous occupations which demand good physical functioning.
These types of job may be clustered among low income earners in the
low educated group, which implies that this process is consistent with
the finding that the interaction between education and health is ob-
servable only at lower levels of income. However, it remains unclear
whether income declines tend to steepen or flatten the income gradient
in mortality. Studies of social mobility and health, tend to find that the
health of socially mobile individuals is worse than those who are stable
in higher strata but better than the health of those who are stable in
lower strata (Blane, Harding, & Rosato, 1999; Elstad, 2001; Boyle,
Norman, & Popham, 2009). Individuals with declining income may
have worse health than the group they are leaving but better health
than the group they are joining. Whether income decline contributes to
steeper or flatter income gradients in an empirical issue that warrants
specific attention.

At higher levels of income, the educational gradient in mortality
seemed to remain stable. Even in the top income quintile, those with a
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low education had a 51% (IRR=1.51) higher risk of dying than those
with a high education; the results are both statistically significant and
substantial. This finding indicates that while each decision matter less
when resources are abundant, it still matters to some degree how re-
sources are spent. This corroborates the notion that education is an
inherent good for health and improves health across all contexts.
However, the high income earners, regardless of their educational at-
tainment, represent a small part of the population and have low death
risks. In policy terms, these results suggest efforts should be con-
centrated on groups that are exposed to multiple deprivation.

5. Conclusions

Educational inequalities in mortality are wider among low income
earners. Conversely, the income gradient in mortality is wider among
those with a low education. Education promotes decision-making skills.
These are especially important at lower levels of income, where re-
sources are scarce and each decision matters more. Education may also
limit the income loss which can result from poor health.
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Appendix A

See Tables A1 and A2 and Fig. A.1.

Table A.1
Regression coefficients and standard errors, Poisson regression using splines.

Coef SE Coef SE Coef SE

Education High 0
Int. 1.902*** 0.452
Low 2.718*** 0.463

Interaction terms
High Int1 Low1

Income Q1 -0.010** 0.003 -0.011** 0.004 -0.015*** 0.004
Q2 -0.012** 0.003 -0.002 0.004 -0.002 0.004
Q3 -0.002 0.003 -0.003 0.003 -0.012** 0.004
Q4 -0.004 0.002 -0.003 0.002 0.003 0.003
Q5 -0.001** 0.000 0.001 0.001 0.001 0.001

1Significance test for divergence from the slope of the high educated *=p≤0.05, **=p≤0.01, ***=p≤0.001 Adjusted for sex and age.

Table A.2
Regression coefficients and standard errors, Poisson regression using log income.

Coef SE

Education High 0
Intermediate 4.262*** 0.380
Low 6.823*** 0.445

Log Income -0.700*** 0.056
Log income×Education Intermediate -0.765*** 0.073

Low -1.215*** 0.086

Model fit statistics AIC 220569.9
BIC 220709.4

*=p≤0.05, **=p≤0.01, ***=p≤0.001
Adjusted for sex and age
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