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Abstract
Background: Over the past decades, both health inequalities and income inequalities have been increasing in
many European countries, but it is unknown whether and how these trends are related. We test the hypothesis
that trends in health inequalities and trends in income inequalities are related, i.e. that countries with a stronger
increase in income inequalities have also experienced a stronger increase in health inequalities.
Methods: We collected trend data on all-cause and cause-specific mortality, as well as on the household income of
people aged 35–79, for Belgium, Denmark, England & Wales, France, Slovenia, and Switzerland. We calculated
absolute and relative differences in mortality and income between low- and high-educated people for several time
points in the 1990s and 2000s. We used fixed-effects panel regression models to see if changes in income
inequality predicted changes in mortality inequality.
Results: The general trend in income inequality between high- and low-educated people in the six countries is
increasing, while the mortality differences between educational groups show diverse trends, with absolute
differences mostly decreasing and relative differences increasing in some countries but not in others. We found no
association between trends in income inequalities and trends in inequalities in all-cause mortality, and trends in
mortality inequalities did not improve when adjusted for rising income inequalities. This result held for absolute as
well as for relative inequalities. A cause-specific analysis revealed some association between income inequality and
mortality inequality for deaths from external causes, and to some extent also from cardiovascular diseases, but
without statistical significance.
Conclusions: We find no support for the hypothesis that increasing income inequality explains increasing health
inequalities. Possible explanations are that other factors are more important mediators of the effect of education on
health, or more simply that income is not an important determinant of mortality in this European context of
high-income countries. This study contributes to the discussion on income inequality as entry point to tackle health
inequalities. More research is needed to test the common and plausible assumption that increasing income
inequality leads to more health inequality, and that one needs to act against the former to avoid the latter.
Keywords: Income inequality, Health inequality, Mortality, International comparison, Fixed-effects, Longitudinal
analysis, Europe
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Background
In many European countries health inequalities are increasing [1–5]. Likewise income inequality is increasing
in many but not all European countries [6, 7]. In this
paper, we test the hypothesis that these two trends are
related, i.e. that countries with a greater increase in income inequalities have also experienced a greater increase in health inequalities, and that increasing income
inequalities can explain some of the widening of health
inequalities over time.
The plausibility of this hypothesis can be derived in
two different ways. First, higher income inequality has
been associated with lower life expectancy and other
health measures [8]. This finding has been discussed and
researched intensively in the past 20 years [9–14], and
one of the possible explanations for such an association
is that higher income inequality leads to larger health inequalities [12]. While many different mechanisms may
be involved in the hypothesized effect of income inequality on health on the social level, our empirical
study focuses on a second, more straightforward explanation: if income partly mediates the effect of education
on mortality, one would expect countries with larger income inequalities between educational groups also to
have larger mortality inequalities between educational
groups. Income is associated with mortality [15, 16], as
well as with other health outcomes [17–19], probably
because it is needed to buy healthy food, good housing
in a safe environment, quality health care, etc. [20–23].
Also, there is a strong association between education
and income, partly because higher education provides
better opportunities on the labour market [24]. As a result, income (or material conditions more generally) has
indeed been found to partly mediate the effect of education on mortality [25–28].
Our hypothesis that income differences between educational groups predict mortality differences between
educational groups has not been directly tested as yet,
but previous studies have found results inconsistent with
our hypothesis. Studies comparing the degree of health
inequality between countries that have different degrees
of income inequality have surprisingly revealed that
countries with smaller income inequalities, such as the
Scandinavian countries, often have larger mortality inequalities (measured by education or income) than
countries with larger income inequalities, such as the
USA or Mediterranean countries [25, 29–33]. On the
other hand, countries with larger income inequalities
usually have larger inequalities in self-assessed health between income groups [17].
However, all these studies were based on crosssectional international correlations, and are therefore inconclusive with regard to causality. To address this
problem, our study looks at changes over time in income
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inequality within countries, and assesses whether these
are associated with changes in inequality in mortality.
To the best of our knowledge, only two studies exploit
changes over time. One is a study comparing trends in
occupational class differences in material living standards to trends in occupational class differences in mortality in England & Wales, which found that trends in
relative poverty did explain some of the changes in inequality in mortality [34]. However, as this was a singlecountry study, the scope for causal inference was limited. The other is an international time-series analysis, in
34 North American and European countries, of socioeconomic inequalities in adolescent health as the outcome of, among others, changes in income per person
and income inequality (GINI). The authors found the
expected association between social inequality (measured by material indicators) and health inequality [35].
Data from Scandinavian countries suggests a lack of association between trends of income inequality and
health inequality measured by several indicators for social stratification [36]. In the period from the 1970s to
the mid-1990s, inequality in mortality increased in
Denmark, Finland, Norway and Sweden [37] while income inequality was stable, at least until the early 1990s
in Denmark and Finland. In Norway and Sweden, income inequality increased only after the mid-1980s, after
the most rapid increases in health inequality [38].
Our study tests the common and plausible claim that
increasing income inequality will lead to more health inequality, and that one needs to act against the former to
avoid the latter [39–43] – a claim which has not been
universally accepted [36, 44].

Methods
We selected countries for which comparable data on
mortality, as well as income by education, were available
for the same time periods (or slightly later for mortality
than for income) and for at least two points in time. Our
study covers six countries, representing different European regions: Belgium, Denmark, England & Wales,
France, Slovenia, and Switzerland. Years of income
measurement are shown in Table 1 and periods of mortality data are shown in Table 2.
We calculated rates for all-cause and cause-specific
mortality for four causes of death: cardiovascular diseases (CVD) (code of the 10th Revision of the International Classification of Diseases I00-I99), cancer (C00D48), external causes (V01-Y98) which are mainly composed of deaths from accidents, violence, and suicide.
Our mortality data covered the whole population, except
for England & Wales and France, where a 1 % representative sample was used. Mortality data stemmed from
longitudinal mortality follow-up after a census and socioeconomic information of the population-at-risk came
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Table 1 Description of the survey data
Country

Survey name

Belgium

Health Interview Survey 1997

6288

40.5

30.3

29.3

2001

7640

40.0

29.4

30.6

13.1

2004

7811

40.0

29.1

30.9

14.5

1994

3322

30.8

54.2

14.9

2000

12373

26.3

54.8

18.8

2005

11469

21.9

55.5

22.6

1990

10369

58.0

25.4

16.5

1996

9961

49.5

29.1

21.4

17.3

2000

9121

33.2

39.2

27.6

16.4

2005

14323

34.0

37.5

28.6

15.5

Denmark

Danish Health and
Morbidity Survey

England&Wales General Household
Survey

France

Slovenia

Switzerland

Health Barometer

Slovenian Public
Opinion Survey

Swiss Health survey

Survey years Sample Low educated Middle educated High educated Income Income item
size
(ISCED 0–2, %) (ISCED 3–4, %)
(ISCED 5–6, %) measure non-response (%)
net

gross

4.9

9.8
9.3
7.9

gross

2000

9641

33.3

41.1

25.7

2005

20105

27.6

41.6

30.7

1994 + 1996

1012

37.4

52.3

10.3

1999 + 2001

1035

28.9

57.0

14.1

1997

8267

19.8

63.1

17.0

2002

14075

16.8

66.2

16.9

3.9

2007

12878

13.2

61.6

25.2

4.8

from the census. The data was provided by national
statistical offices. As indicator of socioeconomic position, we used self-reported level of education, using
the ‘low’ and ‘high’ categories corresponding to the
International Standard Classification of Education
(ISCED 1997) categories 0–2 and 5–6 [45], leaving
out the mid-educated. Mortality rates by educational
level were age-standardised using the European Standard Population [46]. All analyses were restricted to
the age-range 35–79 years, because below the age of
35 people may still be studying for a degree (and because most health problems are rare before that age),
and because above the age of 80 the proportion of institutionalized people increases strongly, and institutionalized people are excluded from most surveys.
Available mortality data for Belgium did not include
cause-specific information, thus Belgium was left out
of the cause-specific analyses. Slovenia could not provide mortality data for external causes of death. Numbers of deaths and person-years can be found in
Table 2.
Social inequalities in mortality and income were measured by calculating absolute (rate differences, RD) and
relative (rate ratios, RR) differences in these indicators
between low and high educated persons, leaving out the
middle educated. It is important to look at both relative

net

16.2

5.4
12.5

net

28.4
33.0

net

5.8

and absolute inequalities, because these two perspectives
can reveal quite different changes over time, depending
on the underlying trend of income or mortality. Income
is measured as the gross or net equivalent income,
weighting the first person of the household by 1 and all
other persons by 0.5. While for most countries and years
income was measured as a continuous variable,
Denmark used 12, 17 and 13 income categories (in 1994,
2000 and 2005 respectively), England & Wales used 21
categories in 1990 and then adopted a continuous measurement, and France used 12 categories. This categorical
data was translated into continuous amounts by taking
the midpoint of each income category. For the highest
and open category an algorithm was applied that takes
into account the overall income distribution. The trends
of income inequalities for England & Wales showed no
jumps between years in which categories were used
(until 1990) and years with continuous measurement
(1996 onwards), suggesting that a high number of income categories limits the bias due to the categorical
measurement. In order to compare absolute income differences across periods and countries, the given amounts
from the survey data have been adjusted by purchasing
power parities (PPP) by the OECD [47] to be interpretable as comparable US dollars. This adjustment was not
done for the analysis of relative income inequalities.

All deaths
Belgium

CVD

Cancer

External

Other

Person-years

1996–2000

All deaths

CVD

Cancer

External

Other

Person-years

2001–2006

All deaths

CVD

Cancer

External

Other

Person-years

2007–2009

low educated (M)

118421

NA

NA

NA

NA

6407982

105757

NA

NA

NA

NA

5970453

60504

NA

NA

NA

NA

3554647

high educated (M)

13469

NA

NA

NA

NA

1964531

18925

NA

NA

NA

NA

3200120

12922

NA

NA

NA

NA

2143056

low educated (F)

79799

NA

NA

NA

NA

7605202

79353

NA

NA

NA

NA

6769775

44294

NA

NA

NA

NA

3995676

high educated (F)

6484

NA

NA

NA

NA

1769456

8854

NA

NA

NA

NA

3094898

6632

NA

NA

NA

NA

2151643

Denmark

1991–1995

low educated (M)

82260

34043

23803

3888

20526

2879895

65457

1996–2000
23445

19275

3236

19501

2619922

48692

2001–2005
15620

15282

2269

15521

2371357

high educated (M)

6230

1963

2187

611

1469

970282

8514

2519

3234

555

2206

1168456

11211

3322

4287

604

2998

1406524

low educated (F)

72760

27067

23675

3067

18951

3930208

62915

19759

21263

2405

19488

3535190

49941

13801

17779

1372

16989

3062525

high educated (F)

3417

540

1837

330

710

893934

4937

794

2584

359

1200

1155526

6887

1371

3308

356

1852

1527771

England&Wales

1991–1995

1996–2000

2001–2005

low educated (M)

7823

3581

2565

177

1500

470395

7072

3006

2303

191

1572

453846

5169

1865

1857

162

1285

338033

high educated (M)

789

355

274

29

131

111191

818

325

314

32

147

115782

769

263

274

47

185

131316

low educated (F)

6175

2468

2222

125

1360

547626

5694

2077

2045

107

1465

523884

4307

1410

1600

98

1199

401301

high educated (F)

366

113

167

23

63

82117

364

113

163

11

77

87852

490

117

230

19

124

129356

England&Wales

(continued) 2006–2009

low educated (M)

3050

1026

1084

82

858

235349

high educated (M)

551

177

239

22

113

101360

low educated (F)

2693

727

1086

53

827

276224

high educated (F)

405

87

191

12

115

100753

France

1999–2003
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Table 2 Number of deaths and person-years for all-cause and cause-specific mortality, by country, gender, educational group and period

2004–2007

low educated (M)

4066

1012

1670

286

1098

232761

2766

629

1159

214

764

161535

high educated (M)

408

81

193

33

101

99336

406

87

179

41

99

84549

low educated (F)

2600

677

978

160

785

333404

1925

453

807

102

563

231945

high educated (F)

175

21

100

19

35

101300

175

20

105

16

34

89985

Slovenia

1996–2001

low educated (M)

38151

13924

11538

N/A

12689

1470820

16598

2002–2006
5506

5186

N/A

5906

724842

17639

2007–2011
6044

5922

N/A

5673

637051

high educated (M)

3501

1344

1264

N/A

893

275375

3216

1077

1218

N/A

921

371373

4034

1304

1714

N/A

1016

352609

low educated (F)

36149

16727

9188

N/A

10234

1896579

17228

7045

5181

N/A

5002

1205125

23038

10602

6474

N/A

5962

1101551

high educated (F)

1157

319

559

N/A

279

209281

1220

280

659

N/A

281

366379

1707

453

866

N/A

388

358818

Switzerland

1996–2000

2001–2005

2006–2008

24851

8622

7149

1359

7721

1078295

18448

5805

5614

1118

5911

1038023

9248

2818

3012

596

2822

544751

high educated (M)

11185

3642

3551

970

3022

1553571

10897

3120

3751

1031

2995

2138595

6610

1783

2458

596

1773

1297871

low educated (F)

28105

9602

8647

1035

8821

2718754

20986

5940

7241

960

6845

2419220

11091

2746

4214

454

3677

1276367

high educated (F)

1920

379

829

135

577

539677

2357

374

1084

228

671

889636

1485

225

727

132

401

559904
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All analyses were done separately by gender. As a
first preparatory step, we established the trend for all
absolute and relative inequality measures (income, allcause mortality, cause-specific mortality) for each
country to see where we find statistically significant
trends. The sample size of our unbalanced time series
data is 18 data points for income and 17 data points
for mortality. The main analysis used fixed-effects
panel regression models including dummy variables
for each country, first, to determine the average trend
of income inequalities for all countries together
(Model 0), second, to determine the average trend of
mortality inequalities for all countries together (Model
1) and, finally, to see if the average trend in income
inequality predicted the overall change in mortality
inequality (Model 2). Fixed-effects models allow taking time-invariant unknown country characteristics
into account that would otherwise bias the results.
Clustered sandwich estimators were used to allow for
within-country correlation between error terms. Our
models are represented by the following equations,
where incomeinequalityit is the income inequality of
country i in year t, mortalityinequalityit represents
the mortality inequality of country i in year t, α is a

constant, year denotes the continuous time trend,
countryi is a vector of country dummies, and e is the
error term.
ðModel 0Þ incomeinequalityit
¼ α þ βyear t þ countryi þ eit
ðModel 1Þ mortalityinequalityit
¼ α þ βyear t þ countryi þ eit
ðModel 2Þ mortalityinequalityit
¼ α þ βyear t þ Υincomeinequalityit þ countryi
þ eit

Results
Figure 1 shows that absolute income inequality between
educational groups generally increased over the study
period. However, this is not a universal phenomenon, as
France and Slovenia showed almost no increase. Trends
in relative income inequality revealed a more diverse
international pattern, with England & Wales clearly increasing, France and Slovenia clearly decreasing, and
other countries showing variable trends. This difference
between absolute and relative results can be explained

Fig. 1 Trends in income inequality between low and high educated people in six European countries. Note: The first two data points for England
& Wales are shown in Fig. 1 but not used in the regression analyses in order to keep the period of analysis similar across countries

Hoffmann et al. International Journal for Equity in Health (2016) 15:103

by the fact that as income increases in many countries,
absolute inequalities are more likely to increase than
relative inequalities. Figure 2 shows that absolute inequality in mortality has decreased for men and has
been stable for women. Relative inequality in mortality
has increased for both men and women (with international differences), the only clear exception being men
in France, among whom inequality decreased. Analogously to income inequality, the differences between absolute and relative trends can be explained by the fact
that as mortality decreases in all countries, absolute inequalities are more likely to decrease even when relative
inequalities increase. An important gender difference
can also be seen in our mortality trends: mortality decline is stronger for men than for women.
Table 3 shows the country-specific annual changes in
inequality in income and all-cause mortality as produced
by regression models. This way of describing the trends
goes beyond Fig. 1 by showing the level of statistical significance of the change. As in Figs. 1 and 2, income
inequality mostly increased and absolute mortality differences decreased while relative mortality differences increased. The cause-specific results confirm this overall
pattern, with the exception that absolute differences in
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mortality from cancer for women increased (see Additional file 1: Table S1).
We also used the data in Table 3 to see whether
country-specific trends in income inequality were correlated with trends in mortality inequality. About half of
all correlation coefficients were negative (including
about half of those that were statistically significant).
Negative correlations mean that increasing income inequality is associated with decreasing mortality inequality, or vice versa. All correlations between the trend in
income inequality and the trend in mortality inequality
were negative for all-cause mortality. Cause-specific correlation coefficients suggested that inequality in cancer
mortality is negatively correlated and inequality in external causes of death is positively correlated with the trend
in income inequality (see Additional file 2: Table S2).
In the next step, we combined the trends of inequalities for all countries by estimating regression models
that identified overall trends using dummy variables for
the country. This produced overall trends for income inequality (Model 0 in Table 4). Increases in income inequality were mostly statistically significant and similar
for men and women, i.e. gender differences were not statistically significant. The results indicate that across all

Fig. 2 Trends in mortality inequality between low and high educated people in six European countries. Note: The first two data points for England &
Wales are shown in Fig. 2 but not used in the empirical analysis in order to keep the period of analyses similar across countries. Rates are per 100,000
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Table 3 Annual changes of absolute and relative inequalities in income and all-cause mortality
Income

Belgium

All-cause mortality

Absolute inequality

Relative inequality

Absolute inequality

Relative inequality

Men

Women

Men

Women

Men

Women

Men

Women

30.00*

34.61

0.29

1.15

2.27

8.45

1.67

2.63

Denmark

74.04

60.16

2.08

2.06

-18.06

-4.35

-1.05

-0.09

England&Wales

101.91*

88.60***

3.08

3.16***

-6.40*

-1.58

0.87*

0.52

France

-3.33

5.67

-2.75

-1.18

-14.86

5.18

-3.73

2.05

Slovenia

6.17

2.44

-4.81

-2.85

8.37

8.62

5.64***

5.00

Switzerland

59.77*

43.86

0.96

0.71

-9.59*

0.43

2.14*

1.26

The annual changes are the slope coefficients from linear regression models of the particular inequality measure on the variable “year”. Statistically significant
results are printed in bold, significance levels are *:p < 0.1; **:p < 0.05; ***:p < 0.01. Slopes for relative differences have been multiplied by 100 to make them more
legible: 1.0 means that relative inequality changes e.g. from 1.55 to 1.56 in one year. For absolute differences, e.g. a slope of 30.00 means that absolute income
inequality increases by US$ 30 per year

countries, absolute income differences between low- and
high-educated people increased by $ 75.3 (men) and $
64.3 (women) per year, respectively. Relative inequalities
increased by almost two percentage points per year,
which means, for example, an increase of income advantage of the high educated from 1.50 to 1.52.
Likewise, we ran such models for the overall trend in
mortality inequality for all countries together (Model 1
in Table 4). In general, mortality trends were less clear
than for income but they confirmed some findings in

Fig. 2, although without statistical significance: absolute
inequalities in all-cause mortality decreased among men,
while they increased among women. Relative inequalities
increased for both men and women. The two statistically
significant cause-specific results (relative inequalities in
cancer mortality among women and in mortality from
other causes among men) also suggest that relative inequalities increased. We then added the trends for income inequality to the model to show, first, the effect of
income inequality on mortality inequality and, second,

Table 4 Regression models for annual trends in inequalities in all-cause and cause-specific mortality (Belgium, Denmark, England &
Wales, France, Slovenia, Switzerland)
Income

Total mortality

CVD

Cancer

External

Other

Coefficient for Model 0 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Absolute
men
inequalities

year (annual
trend)

75.3***

-4.95

income
inequality
women year (annual
trend)

year (annual
trend)

64.3***

1.67

income
inequality

4.48

1.65

1.51

1.08

-9.48

1.64

1.72**
-0.36**

2.19

-26.05

3.40

3.23

2.96

-13.00*
5.00*

-0.12

5.03*

1.56

1.10

0.52

1.65**
-0.12

1.60

-0.11

0.71

0.01

1.84

1.05
0.83*

3.27**
-0.02

4.02**

0.41
2.30

3.25
-0.01

0.01**

0.01
1.70*

-0.52
0.01

-0.02

-0.60
-3.86

2.02
-0.01

0.27

-0.08
1.90*

8.30
-0.13

-0.07

income
inequality
women year (annual
trend)

-0.01

-0.02

income
inequality
Relative
men
inequalities

-5.08

3.87*
-0.39

2.76

4.22***
-1.19*

Model 0 estimates a general trend of income inequality between high- and low-educated: incomeinequalityit = α + βyear + countryi
Model 1 estimates a general trend of mortality inequality between high- and low-educated: mortalityinequalityit = α + βyear + countryi
Model 2 estimates a general trend of mortality inequality, taking the trend of income inequality into
account: mortalityinequalityit = α + βyear + Υincomeinequalityit + countryi
Coefficients for income inequality in Model 0 mean that e.g. absolute income inequality increased by 75.3 US$ per year
Coefficients for the annual trend in Model 1 mean that e.g. absolute differences in total mortality decreased by 4.95 deaths per 100.000 per year
Coefficients for the annual trend in Model 2 mean that e.g. absolute differences in total mortality decreased by 5.08 deaths per 100.000 per year if the trend in
income inequality is added to the model
Coefficients for income inequality in Model 2 mean that one-unit increase in income inequality leads to, e.g., a 0.02 unit decrease in inequality in total mortality.
Statistically significant results are printed in bold, significance levels are *:p < 0.1; **:p < 0.05; ***:p < 0.01
Belgium was excluded from the cause-specific analysis because data was not available. Slovenia was excluded from the analysis of external causes because data
was not available
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whether the trend for mortality inequality changed once
trends in income inequality were taken into account
(Model 2 in Table 4).
Ignoring statistical significance, the coefficients for income inequality were mostly negative, suggesting that
increasing income inequality was associated with decreasing mortality inequality. Five of 20 coefficients for
the trend in income inequality were statistically significant: two negative coefficients for relative inequalities
among women were observed (-0.36 and -1.19, respectively), which is against our hypothesis. Three positive coefficients were observed in line with our hypothesis: for
mortality from external causes for both absolute and
relative inequalities among women (0.01 and 0.83 respectively), and from CVD for relative inequalities
among women (5.00). Overall, this suggests that increasing income inequality does not lead to increasing mortality inequality, but external causes and mortality from
CVD among women may be an exception.
If we compare the annual trend in mortality inequality
between Model 1 and Model 2, we see that, in most
cases, the trend in mortality inequality improves (i.e., becomes less increasing, or more decreasing) if the trend
in income inequality is taken into account. For external
causes of death, all four trends are more favourable in
Model 2 (which accounts for income inequality) than in
Model 1. For example, in the first row (absolute inequalities among men) the annual trend of decreasing inequality of -0.12 becomes even more decreasing with
-0.52 deaths per 100,000, although this trend was not
statistically significant.

Discussion
This study has shown that the general trend in income
inequality between high and low educated people in the
six countries increased during the study period while the
mortality differences between educational groups
showed diverse trends, with absolute differences mostly
decreasing and relative differences increasing in some
countries but not in others. A more detailed discussion
of trends in mortality differences in Europe and its determinants has been published elsewhere [5]. We found
no association between trends in income inequalities
and trends in inequalities in all-cause mortality. Further,
trends in mortality inequalities did not improve when
adjusted for rising income inequalities. This result holds
for absolute, as well as for relative, inequalities. A causespecific analysis suggested some association for deaths
from external causes, and to some extent also from cardiovascular diseases, but without statistical significance.
The strength of our study is that it used a substantive
new data collection with comparable information on income and mortality by educational level over time and
across countries. This approach goes beyond earlier
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studies that focussed on a single country [34] and could
therefore not test a general link between income inequality and health inequality. Secondly, it goes beyond
cross-sectional attempts to establish this link because it
controls for country-specific fixed effects that might influence inequality in health or income. Such countryspecific characteristics might be the setup of the welfare
system or cultural values that are especially tolerant or
adverse with regard to inequalities in health or income.
The longitudinal design was an advantage, but also a
limitation to our study: the lack of comparable data over
time, especially on income by education, made our time
series shorter than we wanted and several trend estimations are based on only two time points. Income can be
measured in many different ways, and many countries
changed the way of measurement over time or used categorical measurement with too few categories which led
to the exclusion of several countries and years. To respect temporal order between the income period starting
first and the mortality period starting later further limited the overall amount of available data. We cannot exclude that the inconsistencies in the income
measurement between countries influenced the results.
For example, the results for England & Wales and
Denmark are based on gross incomes, thus the income
inequalities are biased upwards. However, the increase in
income inequality might be biased downwards, at least
in England & Wales where substantial reductions in the
tax rates for top income levels were introduced in the
observed period. While this limits the comparability of
the level and the trend of income inequalities, it is unlikely to create a systematic bias that influenced the answer to our research question, because the trend of
income inequality in England & Wales is already steeply
increasing using the available income measures. A second limitation is that mortality data and income data
come from different sources and can only be matched
through the assumption that the samples are representative for the same population. While our mortality either
covers whole national populations or stems from 1 %
representative samples, our income data comes from
health surveys that usually suffer from a participation
bias in favour of more educated and higher-income
people. Thus, income inequalities in our study might be
underestimated, but that does not necessarily imply that
trends in income inequality are biased. Only the latter
bias would have an effect on our results. To solve this
data problem, register data with mortality and income
from the same persons over time could be used, but it
only exists in very few Scandinavian countries. Third,
this data situation implied that we could only use only a
small number of countries, which may account for the
low level of statistical significance of our results. Fourth,
differences between countries in classification of causes
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of death could also have affected our results. For example, certification and coding of ischemic heart disease
vary between countries, and a substantial underestimation of ischemic heart disease in official mortality statistics has been reported for France [48]. Even if such
underestimation does not differ between socioeconomic
groups, and does not affect estimates of relative inequalities in mortality, it will affect estimates of absolute inequalities in mortality from ischemic heart disease.
Similar problems may be present for other causes of
death. However, as our analysis focused on changes over
time within countries, between-country variations in
data collection do not pose a major risk of bias. Generally, we consider mortality to be a good and objective indicator for health. But it is noteworthy that alternative
health measures, such as self-rated health, might have
revealed higher responsiveness to changes in income, be
it because it reacts faster than mortality, or because it
captures more subjective feelings about well-being. Future research should verify whether our findings also
apply to alternative health measures. Finally, we compared low- and high-educated people, leaving out the
middle educated group, in order to use only two very
different groups and observe their differences over time.
The comparison of three groups is much more complex
and dividing the whole population in two educational
groups implies difficult compromises in the
categorization of mid-educated people that would have
decreased rather than increased international comparability. The excluded mid-educated population ranges
between 25.4 % (England & Wales in 1990) and 66.2 %
(Switzerland in 2002) (Table 1). This difference in size
mirrors the difference in size of the groups included in
our study and smaller educational groups at the very
end of the educational distribution are likely to be more
selected and produce more extreme results. However,
changes in educational group sizes over time are much
smaller than differences between countries, so we assume that our trend analysis was not biased
substantially.
Our research question contributes to the larger discussion on the reasons for changes in health inequality over
time. Several contributing factors have been discussed:
changes in social inequality [2] or changes in the health
returns of a certain socioeconomic status [49], changes
in the social distribution of more proximate (behavioural) risk factors [21], and changes in the distribution
of health care [50, 51]. These are also the factors that
may explain international differences in changes in
health inequalities. Our findings suggest that changes in
income inequality have only minor effects on health inequality. This could be because income, relative to many
other determinants of health, is not important enough
to show a clear determination on health in our study
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design because it is not a strong mediator between education and health. This argument may be especially valid
in a sample of relatively rich countries where, despite increasing income inequalities, low-educated people may
not have experienced absolute income losses. Income is
an important predictor for health on the individual level,
but it is possible that much of its predictive power
comes from associations (with working conditions,
health behaviour, health care) rather than from causal effects of income on health-relevant material living conditions. This argument includes the possibility that
causality partly goes from health to income [52].
It is also possible that our aggregated data leads to
ecological biases where distributional changes over time
in the involved variables or in their associations hide the
actual association.
Finally, a lack of association could be due to the fact
that trends in inequalities in mortality are strongly determined by the progression of the smoking epidemic. Our
findings support the view that the development of health
inequalities is slightly more positive for men than for
women, which has been attributed to women being in
an earlier stage of the smoking epidemic [33, 53–55]. In
many fields of mortality analysis, it is now common
practice to “remove” the effects of smoking before other
influences are studied. As a sensitivity analysis, we used
the Preston-Glei-Wilmoth method [56] to calculate nonsmoking attributable mortality by level of education. We
established the mortality trends for non-smoking related
mortality and calculated the regression results in Table 4
also for this subset of mortality (see Additional file 3:
Table S3). The results show that excluding smoking related causes of death changed the results for women:
trends in mortality inequality were better for nonsmoking related causes of death than for all-cause mortality. However, the results lead to the same conclusion
with regard to our research question: first, most coefficients for the effect of income inequality on mortality inequality are negative, and none is statistically significant;
second, most trends of mortality inequality get worse
once income inequality is controlled for. This suggests
that smoking does not influence our main findings.
While all-cause mortality was unrelated to income
inequality, a cause specific-analysis revealed two
causes of death for which educational inequalities
seem to depend on income inequality. Although our
findings were not statistically significant, it is plausible and in line with previous findings that mortality
from external causes, such as accidents, violence and
suicide, and CVD depend more on socioeconomic determinants than cancer and other causes of death [5].
Cancers as a whole are less associated with socioeconomic determinants because some specific cancers are
unrelated or inversely associated with socioeconomic
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position. A simple explanation is that for some cancers (e.g. breast and prostate cancer) it is not clear
how they can be prevented, so there is less advantage
for people with high socioeconomic status than in the
cases of CVD, where knowledge and healthy behaviour can prevent disease, and external causes that also
largely depend on general social living conditions
[57]. It is noteworthy that our analysis did not include deaths from external causes that occur below
age 35, because education as an indicator is less useful at young ages. A detailed analysis of external
causes of death among young people might provide
additional insights.
A second reason may explain the difference between the findings for all-cause mortality and the
cause-specific results. In general, there is little knowledge about the time lag in which mortality reacts to
changes in income. Two recent studies with good
data and methods reveal an effect of income inequality after 5 to 12 years for people aged 30+ [58] and a
life-long effect of income inequality in childhood [59].
Income inequality works through different mechanisms than income, but the timing chosen in our
study, which is largely determined by data availability,
may not cover time lags long enough to observe the
effect of changes in income. In this regard, it is
plausible that causes of death that react faster to
changes in the economic status, such as external
causes and potentially CVD, show the expected association that was not observed for all-cause mortality.

Conclusions
We did not find consistent evidence that trends in income inequality between educational groups are associated with or predict trends in mortality differences
between educational groups. Possible reasons for the
overall lack of the assumed association could be, first,
that income is not a sufficiently important determinant of mortality, or at least does not mediate to a
large extent the effect of education on mortality in
the setting of high income countries. Second, it is
possible that our assumed time-lag between changes
in income and mortality does not sufficiently reflect
different time-lags for different causes of death. Future research should look at differences when using
health measures other than mortality and at differences between causes of death using even more specific causes of death to further test our overall
hypothesis. A decisive step forward can probably be
done only with large, longitudinal individual-level data
sets from a range of different countries with information on mortality and income for the same persons,
which is currently unavailable.

Page 10 of 12

Additional files
Additional file 1: Table S1. Annual changes of absolute and relative
inequalities in cause-specific mortality. (DOCX 14 kb)
Additional file 2: Table S2. Correlation coefficients between countryspecific trends in inequality in mortality and country-specific trends in income
inequality. (DOCX 12 kb)
Additional file 3: Table S3. Sensitivity analysis comparing all-cause and
non-smoking related mortality. (DOCX 12 kb)
Abbreviations
CVD, cardiovascular diseases; ISCED, International Standard Classification of
Education; PPP, purchasing power parities; RD, rate differences; RR, rate ratios.
Acknowledgements
We thank Giorgia Gregoraci for providing rates for non-smoking attributable
mortality.
Funding
Supported by a grant (FP7-CP-FP grant no. 278511) from the European
Commission Research and Innovation Directorate General, as part of the
“Developing methodologies to reduce inequalities in the determinants of
health” (DEMETRIQ) project.
Availability of data and materials
The raw mortality data by educational status cannot be shared because it is
sensitive data from national statistical offices. However, we provide the
person-years and number of deaths in Additional file 1. We cannot share the
raw income data by educational status because it stems from national surveys on individuals and is protected data.
Authors’ contributions
RH and JM were responsible for conception and design, RG, GM and MB
were involved in acquisition of the data, RH, YH and RG analyzed the data
and RH drafted the manuscript. All authors were involved in data
interpretation, revised the manuscript and approved the final version.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.
Author details
1
Department of Public Health, Erasmus Medical Center, P.O. Box 20403000,
CA, Rotterdam, Netherlands. 2Sorbonne Universités, UPMC Univ Paris 06,
INSERM, Institut Pierre Louis d’épidémiologie et de Santé Publique (IPLESP
UMRS 1136), F75012 Paris, France. 3Epidemiology, Biostatistics and Prevention
Institute, University of Zurich, Zurich, Switzerland.
Received: 31 January 2016 Accepted: 30 June 2016

References
1. Borrell C, Azlor E, Rodríguez-Sanz M, Puigpinós R, Cano-Serral G, Pasarín MI,
Martínez JM, Benach J, Muntaner C. Trends in socioeconomic mortality
inequalities in a southern European urban setting at the turn of the 21st
century. J Epidemiol Community Health. 2008;62:258–66.
2. Marmot M et al. Fair society, healthy lives. Strategic Review of Health
Inequalities England post-2010. The Marmot Review. London; 2010.
3. Fawcett J, Blakely T, Kunst AE. Are mortality differences and trends by
education any better or worse in New Zealand? A comparison study with
Norway, Denmark and Finland, 1980–1990s. Eur J Epidemiol. 2005;20:683–91.
4. Mackenbach JP, Bos V, Andersen O, Cardano M, Costa G, Harding S, Reid A,
Hemström Ö, Valkonen T, Kunst AE. Widening socioeconomic inequalities in
mortality in six Western European countries. Int J Epidemiol. 2003;32:830–7.

Hoffmann et al. International Journal for Equity in Health (2016) 15:103

5.

6.
7.
8.

9.

10.
11.

12.
13.
14.

15.

16.

17.
18.

19.

20.

21.

22.
23.

24.
25.
26.
27.

28.

29.

30.

Mackenbach JP, Kulhanova I, Menvielle G, Bopp M, Borrell C, Costa G,
Deboosere P, Esnaola S, Kalediene R, Kovacs K, et al. Trends in inequalities in
premature mortality: a study of 3.2 million deaths in 13 European countries.
J Epidemiol Community Health. 2014;69:207–17.
OECD. Divided We Stand: Why Inequality Keeps Rising. Paris: OECD
Publishing; 2011.
Piketty T, Saez E. Inequality in the long run. Science. 2014;344:838–43.
Wilkinson RG. Why is inequality bad for health? In: Income, socioeconomic
status and health: exploring the relationship. Edited by Auerbach JA,
Krimgold BK. Washington, DC: National Policy Association et al.; 2001.
p.29–43: NPA Report.
Avendano M. Correlation or causation? Income inequality and infant
mortality in fixed effects models in the period 1960–2008 in 34 OECD
countries. Soc Sci Med. 2012;75:754–60.
Kawachi I, Blakely TA. When economists and epidemiologists disagree.
J Health Polit Policy Law. 2001;26:533–41.
Regidor E, Martinez D, Santos JM, Calle ME, Ortega P, Astasio P. New
findings do not support the neomaterialist theory of the relation between
income inequality and infant mortality. Soc Sci Med. 2012;75:752–3.
Wilkinson RG, Pickett KE. Income inequality and socioeconomic gradients in
mortality. Am J Public Health. 2008;98:699–704.
Avendano M, Hessel P. The income inequality hypothesis rejected? Eur J
Epidemiol. 2015;30:595–8.
Hu Y, van Lenthe FJ, Mackenbach JP. Income inequality, life expectancy and
cause-specific mortality in 43 European countries, 1987–2008: a fixed effects
study. Eur J Epidemiol. 2015;30:615–25.
Martikainen P, Makela P, Peltonen R, Myrskyla M. Income differences in life
expectancy: the changing contribution of harmful consumption of alcohol
and smoking. Epidemiology. 2014;25:182–90.
Tarkiainen L, Martikainen P, Laaksonen M, Valkonen T. Trends in life
expectancy by income from 1988 to 2007: decomposition by age and
cause of death. J Epidemiol Community Health. 2012;66:573–8.
Van Doorslaer E, Koolman X. Explaining the differences in income-related
health inequalities across European countries. Health Econ. 2004;13:609–28.
van Doorslaer E, Wagstaff A, Bleichrodt H, Calonge S, Gerdtham UG, Gerfin
M, Geurts JJM, Gross L, Hakkinen U, Leu RE, et al. Income-related inequalities
in health: some international comparisons. J Health Econ. 1997;16:93–112.
van Ourti T, van Doorslaer E, Koolman X. The effect of income growth and
inequality on health inequality: Theory and empirical evidence from the
European Panel. J Health Econ. 2009;28:525–39.
Blane D, Bartley M, Davey Smith G. Disease aetiology and materialist
explanations of socioeconomic mortality differentials: a research note. Eur J
Pub Health. 1998;8:259–60.
Eikemo TA, Hoffmann R, Kulik MC, Kulhanova I, Toch-Marquardt M,
Menvielle G, Looman C, Jasilionis D, Martikainen P, Lundberg O,
Mackenbach JP. How can inequalities in mortality be reduced? A
quantitative analysis of 6 risk factors in 21 European populations. PLoS One.
2014;9:e110952.
Hoffmann R. Socioeconomic Differences in Old Age Mortality. Dordrecht:
Springer; 2008.
Lynch JW, Davey Smith G, Kaplan GA, House JS. Income inequality and
mortality: importance to health of individual income, psychosocial
environment, or material conditions. Br Med J. 2000;320:1200–4.
Autor DH. Skills, education, and the rise of earnings inequality among the
“other 99 percent”. Science. 2014;344:843–51.
Hoffmann R. Socioeconomic inequalities in old-age mortality: A comparison
of Denmark and the USA. Soc Sci Med. 2011;72:1986–92.
Menchik PL. Economic status as a determinant of mortality among black
and white and older men: does poverty kill? Popul Stud. 1993;47:427–36.
Schrijvers CTM, Stronks K, van de Mheen HD, Mackenbach JP. Explaining
Educational Differences in Mortality: The Role of Behavioral and Material
Factors. Am J Public Health. 1999;89:535–40.
van Oort FVA, van Lenthe FJ, Mackenbach JP. Material, psychosocial, and
behavioural factors in the explanation of educational inequalities in mortality
in the Netherlands. J Epidemiol Community Health. 2005;59:214–20.
Cavelaars AEJM, Kunst AE, Geurts JJM, Crialesi R, Grötvedt L, Helmert U,
Lahelma E, Lundberg O, Matheson J, Mielck A, et al. Differences in selfreported morbidity by educational level: A comparison of 11 Western
European countries. J Epidemiol Community Health. 1998;52:219–27.
Dahl E, Fritzell J, Lahelma E, Martikainen P, Kunst A, Mackenbach JP. Welfare
regimes and health inequalities. In: Siegrist J, Marmot M, editors. Social

Page 11 of 12

31.

32.

33.

34.
35.

36.

37.

38.
39.
40.

41.
42.
43.
44.

45.
46.

47.
48.

49.
50.

51.
52.

53.

54.

55.

Inequalities in health: New Evidence and Policy Implications. Oxford: Oxford
University Press; 2006. p. 193–222.
Eikemo TA, Bambra C, Joyce K, Dahl E. Welfare state regimes and incomerelated health inequalities: a comparison of 23 European countries. Eur J
Pub Health. 2008;18:593–9.
Mackenbach JP, Kunst AE, Cavelaars AEJM, Groenhof F, Geurts JJM.
Socioeconomic inequalities in morbidity and mortality in western Europe.
The EU Working Group on Socioeconomic Inequalities in Health. Lancet.
1997;349:1655–9.
Mackenbach JP, Stirbu I, Roskam A-JR, Schaap MM, Menvielle G, Leinsalu M,
Kunst AE. Socioeconomic inequalities in health in 22 European countries.
N Engl J Med. 2008;358:2468–81.
Wilkinson RG. Class mortality differentials, income distribution and trends in
poverty 1921–1981. J Soc Policy. 1989;18:307–35.
Elgar FJ, Pförtner T-K, Moor I, De Clercq B, Stevens GWJM, Currie C.
Socioeconomic inequalities in adolescent health 2002–2010: a time-series
analysis of 34 countries participating in the Health Behaviour in Schoolaged Children study. Lancet. 2015;385:2088–95.
Martikainen P, Valkonen T. Inequalities in health - Policies to reduce income
inequalities are unlikely to eradicate inequalities in mortality. Br Med J. 1999;
319:319–9.
Whitehead M, Diderichsen F. International evidence on social inequalities in
health. In: Health inequalities Decennial supplement. Volume DS No 15.
Edited by Drever F, Whitehead M. London: Stationery Office; 1997. p.45–69:
National statistics series.
Hills JJ. Inquiry into income and wealth. York: Joseph Rowntree Foundation;
1995.
Davey Smith G, Morris JN, Shaw M. The independent inquiry into
inequalities in health. Br Med J. 1998;317:1465–6.
Lynch J, Davey Smith G, Harper S, Hillemeier M, Ross N, Kaplan GA, Wolfson
M. Is income inequality a determinant of population health? Part 1. A
systematic review. Milbank Q. 2004;82:5–99.
Marmot M. Social determinants of health inequalities. Lancet. 2005;365:1099–104.
Shaw M, Davey Smith G, Dorling D. Health inequalities and New Labor: how
the promises compare with real progress. Br Med J. 2005;330:1016–21.
Woodward A, Kawachi I. Why reduce health inequalities? J Epidemiol
Community Health. 2000;54:923–9.
Regidor E, Santos JM, Ortega P, Calle ME, Astasio P, Martinez D. Decreasing
income inequality and emergence of the association between income and
premature mortality: Spain, 1970–2010. Health Place. 2014;27:30–7.
UNESCO. International Standard Classification of Education - ISCED 1997. 1997.
Ahmad OB, Boschi-Pinto C, Lopez AD, Murray CJL, Lozano R, Inoue M. Age
Standardization of Rates: A New WHO Standard. In: GPE Discussion Paper
Series, vol. 31. 2001.
OECD. http://www.oecd.org/std/prices-ppp, Accessed 18 Sept 2015.
Lozano R, Murray CJL, Lopez AD, Satoh T. Miscoding and misclassification of
ischemic heart disease mortality. In: Global Programme on Evidence for Health
Policy Working Paper. 12th ed. Geneva: World Health Organization; 2001.
Lynch SM. Cohort and life course patterns in the relationship between
education and health: a hierarchical approach. Demography. 2003;38:551–61.
Mackenbach JP, Stronks K, Kunst AE. The contribution of medical care to
inequalities in health: differences between socio-economic groups in
decline of mortality from conditions amenable to medical intervention. Soc
Sci Med. 1989;29:369–76.
Tobias M, Yeh L-C. How much does health care contribute to health
inequality in New Zealand? Aust N Z J Public Health. 2007;31:207–10.
Kröger H, Pakpahan E, Hoffmann R. What causes health inequality? A
systematic review on the relative importance of social causation and health
selection. Eur J Public Health. 2015;25:951–60.
Huisman M, Kunst AE, Bopp M, Borgan J-K, Borrell C, Costa G, Deboosere P,
Gadeyne S, Glickman M, Marinacci C, et al. Educational inequalities in causespecific mortality in middle-aged and older men and women in eight western
European populations. Lancet. 2005;365:493–500.
Kulik MC, Hoffmann R, Judge K, Looman C, Menvielle G, Kulhanova I,Toch
M, Ostergren O, Martikainen P, Borrell C, et al. Smoking and the potential
for reduction of inequalities in mortality in Europe. Eur J Epidemiol.
2013;28:959–71.
Mackenbach JP, Huisman M, Andersen O, Bopp M, Borgan J-K, Borrell C,
Costa G, Deboosere P, Donkin A, Gadeyne S, et al. Inequalities in lung
cancer mortality by the educational level in 10 European populations. Eur J
Cancer. 2004;40:126–35.

Hoffmann et al. International Journal for Equity in Health (2016) 15:103

Page 12 of 12

56. Preston SH, Glei DA, Wilmoth JR. A new method for estimating
smoking-attributable mortality in high-income countries. Int J Epidemiol.
2010;39:430–8.
57. Mackenbach JP, Kulhanova I, Bopp M, Deboosere P, Eikemo TA, Hoffmann R,
Kulik MC, Leinsalu M, Martikainen P, Menvielle G, et al. Variations in the
relation between education and cause-specific mortality in 19 European
populations: A test of the “fundamental causes” theory of social inequalities
in health. Soc Sci Med. 2015;127:51–62.
58. Zheng H. Do people die from income inequality of a decade ago? Soc Sci
Med. 2012;75:36–45.
59. Lillard DR, Burkhauser RV, Hahn MH, Wilkins R. Does early-life income
inequality predict self-reported health in later life? Evidence from the
United States. Soc Sci Med. 2015;128:347–55.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

