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We designed a retrospective cohort study for exploring the impact of municipality-level income inequality, based
on the Gini 1986, 2004 indices, on all-cause old-age mortality among the older Swedish population during
2005-2009. We controlled for the confounding effects of individual and regional correlates and the lag effects of
inequality by using multilevel logistic regression. The effects of income inequality were not consistent across age
cohorts and, among the youngest cohorts, were negligible. This study reiterates that individual-level economics
rather than the immediate or lagged effects of income inequality matter more for old-age mortality, even after

controlling for individual and regional factors.

Introduction

A multitude of studies demonstrate that socioeconomic conditions
have a strong impact on health, even in economically advantaged wel-
fare societies. Wilkinson and Pickett argue that socioeconomic
inequality in society has an independent effect on health and adds to
increasing health gaps between the rich and the poor (Wilkinson and
Pickett, 2009). Since the 1980s, income and wealth inequality has
increased substantially in many countries, not least in Sweden (Pickett
and Wilkinson, 2014). However, previous research on the effect of in-
come inequality on health provides an ambiguous picture. Most studies
confirming the hypothesis about the deleterious effects of income
inequality on mortality have either been on a national level or within the
US and the UK (Arber et al., 2014; Martinson, 2012). Studies on the
comparatively egalitarian Nordic countries, however, have pointed in
different directions. Most Nordic studies have not confirmed the hy-
pothesis, but others provide evidence of the hazardous effect of income
inequality on health (Dahl et al., 2006; Edvinsson et al., 2013; Gerdtham
and Johannesson, 2004; Henriksson et al., 2006).

The absolute income hypothesis, also called the “concavity effect”,
tests the consequence of distribution of individual incomes on health
(Wagstaff and van Doorslaer, 2000)(Subramanian and Kawachi, 2004).
The marginal positive effect of increasing income is the greatest in

lower-income groups. Incomes for those in poor groups are usually
higher in more equal societies, and for this reason their group general
health is better. The effect on health is therefore mainly an effect of
individual economy and not one of inequality in itself. Wilkinson and
Pickett, on the other hand, are more interested in how inequality in
society influences health and mortality beyond the effect of individual
economy (Wilkinson and Pickett, 2006). The income inequality effect is
based on the assumption that inequality in itself has an independent
effect, making egalitarian societies healthier.

The wealth of research on income inequality and health has always
been challenged by methodological issues. Subramanian and Kawachi
warned of a number of confounders that might threaten the validity of
the association between income inequality and health (Subramanian
and Kawachi, 2004). These threats include confounding by individual
income, educational attainment (and other individual socioeconomic
correlates), racial composition, regional effects, and potential lag effects
of income inequality on health.

The potential confounding effect of regional characteristics can be
substantial if important differences between geographical units exist;
different economic levels in a society; for example. A richer society is
reasonably beneficial for all, even individuals with less economic re-
sources. Several studies have shown the importance of contextual factors
at the societal level — such as economic standard and structure, access to
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infrastructure, and cost of living — on the association between income
inequality and mortality (Clough-Gorr et al., 2015; Elstad, 2011; Hen-
riksson et al., 2010). In the Swedish context, such differences in
contextual factors between the largest cities and the rural parts of
Sweden are substantial, representing very different settings when it
comes to population size, economy, and living standards. Therefore,
multilevel regression models which take into account higher-level
geographical area characteristics, e.g. regional characteristics, should
be applied to differentiate the effects of individual income and societal
inequality on health outcomes.

Only a few studies have incorporated the lagged effects of income
inequality on health (Blakely et al., 2000; Subramanian and Kawachi,
2004). A couple of these studies identified the strongest effect of income
inequality on mortality at a time lag of 15 years (Subramanian and
Kawachi, 2004); while Zheng (2012) found that the effect peaks at 7
years and diminishes after 12 years. Mellor and Milyo (2003) found no
association between lagged income inequality and mortality after con-
trolling for regional characteristics (Mellor and Milyo, 2003). In many of
the studies it is impossible to control for any changes in inequality levels
in residential area and individual income that occurred at earlier life
stages. This might have resulted in an underestimation of the effects of
inequality.

Most of the previous studies also focused on the working-age popu-
lation, as the effects of income inequality might be more evident and
stronger at these ages. Health problems, however, are more prominent
among older people, and advantages or disadvantages may be accu-
mulated throughout the course of life (Dannefer, 2003). The effects of
inequality among older populations have rarely been investigated.

The present study utilised Swedish longitudinal micro-data covering
the entire Swedish population for the period 1986-2009. The over-
arching aim of this study was to explore the impact of income inequality
at the municipality level among the older Swedish population (aged
65-92 years in 2004) on the overall mortality rate during 2005-2009.
We hypothesised that: (i) the effects of income inequality at the mu-
nicipality level on old-age mortality were not homogenous across
different age cohorts of older people; and (ii) the effects of individual-
level income on old-age mortality (absolute income) were stronger
than the municipality-level income inequality (relative income). More-
over, this paper attempts to fill the knowledge gaps related to two
challenging methodological issues by researching income inequality and
health, as described by Subramanian and Kawachi (2004) (Subramanian
and Kawachi, 2004)a confounding of regional effects and potential lag
effects of income inequality. First, we hypothesised that the effect of
income inequality at the municipality level on old-age mortality would
change when individual and contextual conditions at the municipality
level were controlled for. Second, we hypothesised that income
inequality in the municipality of residence has long-term effects on
old-age mortality. In this study, we used municipality as the level of
aggregation for assessing the effects of income inequality. Municipalities
represent formal political units where much of the practical arrange-
ments of people’s lives are organized. Furthermore, it represents an
important spatial unit where people identify themselves. Other levels of
aggregation such as economic regions and neighbourhoods represent
somewhat different aspects.

Methods
Study population and data sources

This study is designed as a retrospective cohort study. The study
utilised the Linnaeus database, maintained by the Centre for De-
mographic and Ageing Research (CEDAR) at Umea University in Swe-
den. The Linnaeus database is an anonymised dataset which links
different administrative population registers such as the LISA database
(a longitudinal database for health insurance and labour market), death,
and hospitalisation registers. Further details about the Linnaeus
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database can be found elsewhere (Malmberg et al., 2010). In this study,
we utilised (i) the LISA database for 2004; (ii) the national socioeco-
nomic survey from 1986 to 2004; and (iii) the death register from the
Swedish National Board of Health and Welfare for the period
2005-20009.

During 1986-2009, a small number of municipalities were merged or
split up. In this study, we used the 2007 administrative borders to
identify the geographical coordinates of each individual’s residence,
which were later used to identify the municipality where the individual
lived in 1984 and 2004. The study is based on 290 municipalities.

Independent variables

In the analysis, we controlled for both individual- and municipality-
level variables. The individual-level variables included year of birth,
whether the person had a partner (either married or cohabitating),
disposable income at individual level, and highest level of education.
For the income variable, we used the individualised disposable house-
hold income in Swedish SEK, divided into five equal categories on a
national level from very high to very low. While this individual-level
household income offers information on the absolute value, it does not
consider the differences in costs of living across municipalities.

The municipality level variables include median municipality income,
Gini index, and region family, i.e. a classification of municipalities based
on their population structure, economic level, costs of living, occupa-
tional structure and the availability of infrastructure, as they were
defined and labelled by The Swedish Agency for Economic and Regional
Growth, a governmental agency (NUTEK, 2007). The region family
variable includes six region types: (i) the three large cities of Stockholm,
Gothenburg, and Malmo, used as the reference group in the analysis; (ii)
the big cities other than the three large cities; (iii) the bigger regional
centres; (iv) small regional centres; (v) small regional private sectors;
and (vi) small regional public sectors. Our initial analyses indicated a
clustering of different region families, particularly the largest cities,
when the association between income inequality and old-age mortality
was analysed; thereby making it essential to adjust the analysis using the
region family variable.

The Gini index, which is a commonly used measure of income
inequality, was calculated based on equivalised disposable income of the
working-age population aged 30-59 years in each municipality, in
accordance with Elstad (2011) (Elstad, 2011). This aggregate index
provides a general description of the inequality level in each munici-
pality. Our choice to calculate the Gini coefficient based on income in
the working-age population yielded an index which was less dependent
on the age structure and composition of populations outside working
age; those who might have lower incomes which could vary consider-
ably across municipalities. This, however, made our Gini index not
directly compatible with the typical Gini index, which is based on the
whole population in a geographical/administrative area. Nevertheless,
we observed a strong correlation between the two measures of Gini
indices, i.e. the one based on the whole population and the one based
only on the working-age population. To address municipalities with
outlier Gini values and the possible non-linear effect of Gini on old-age
mortality, we categorised the Gini index into quintiles.

We obtained these individual and municipality level variables for the
year 2004 from the LISA database. We also calculated the lag-terms for
the Gini index based on the 1986 LISA data to assess the long-term ef-
fects of municipality-level income inequality on old-age mortality.

Outcome variable
The main outcome variable in this study is all-cause mortality among

older people aged 65-92 years at baseline in 2004 during the five years
that followed: 2005-2009.
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Statistical analysis

We stratified the analyses by sex and birth cohort (respondents born
1912-1919, 1920-1929, and 1930-1939) - six groups in total. We built
three different multilevel logistic regression models to assess the effect
of income inequality at the 2004 municipality level, reflected in the Gini
index, on old-age mortality during 2005-2009. Based on the quintile of
Gini index distribution, municipality was further sub-grouped into five
groups on a low to high Gini index scale. In our analyses, we used the 3rd
quintile as the reference categories, against which the 1st/2nd as well as
the 4th/5th quintiles were compared. In the first model, we controlled
the analysis for all individual-level variables. In the second model, we
added municipality-level variables including municipality median in-
come and region family. In the last model, we added different Gini
lagged terms. We used the likelihood-ratio test to assess the goodness of
fit of the different models we specified in the study. In this article, we
only present the 1986 Gini lagged term, which represents an 18-23-year
lagged effect of Gini on old age mortality. The results of the other time
lags are available upon request.

Results

In this study, we included 1,484,852 individuals born between 1912
and 1930 (646,386 men and 838,466 women) in three different cohorts:
1912-1919, 1920-1929, and 1930-1939 (Table 1). As the number of
missing data in the population register data was very small (<0.5%), we
were able to use complete case in all our analyses. In all cohorts, more
men than women had a partner (either married or cohabiting). Men had
consistently higher individualised disposable incomes in 2004 across all
cohorts, with the greatest difference observed in the younger cohort. A
total of 344,999 individuals (162,940 men and 182,059 women) died
during 2004-2009, yielding an annual mortality rate that went from 5.2
per 1000 men in the youngest cohort, to 41.2 per 1000 men in the oldest
cohort. The corresponding numbers for women were 3.3 and 32.4 per
1,000, respectively.

During the late 20th and early 21st centuries, both income inequality
and disposable income increased substantially in all municipalities.
Municipalities became richer, but also more unequal. Additionally, as
the mean disposable income and Gini in municipalities became more
dispersed between 1986 and 2004, so did the differences in mean
disposable income and Gini between municipalities become wider
(Table 2 and Fig. 1). We observed substantial growth in income and
inequality in municipalities located in the big city regions (in Stock-
holm, Gothenburg, Malmo and the big city areas). For municipalities in
the other region families, the growth in mean disposable income and
inequality was comparatively small. Since a large part of the population
lived in the big city regions, they have a strong impact on the analyses.
Thus, it is important that we control for region family in subsequent

Table 1
Characteristics of the study subject.
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Table 2
Characteristics of the municipalities (for all municipalities).

Municipality-level variables Year 1986 Year 2004

Aggregated individualised disposable income in tSEK at municipality level
Mean (SD) 593 (50) 1325 (90)

Median (interquartile range) 590 (556-621) 1309 (1263-1364)
Mean (SD) for each region family

Small region public sector 573.1 (27.3) 1310.6 (60.4)

Small region private sector 572.0 (27.1) 1.320.0 (64.8)

Small region centres 571.7 (28.8) 1386.3 (73.6)

Bigger region centres 579.1 (30.4) 1400.7 (61.4)

Big city area 623.6 (56.9) 1552.1 (249.8)

Stockholm, Malmo, 662.7 (33.7) 1579.4 (188.6)
Gothenburg

Gini index at municipality level

Mean (SD) 0.2128 (0.0119) 0.2929 (0.0366)

Median (interquartile range) 0.2110
(0.2036-0.2223)
Mean (SD) for each region family

Small region public sector 0.2133 (0.0101)
Small region private sector 0.2111 (0.0118)
Small region centres 0.2150 (0.0128)
Bigger region centres 0.2128 (0.0134)
Big city area 0.2197 (0.0132)
Stockholm, Malmo, 0.2174 (0.0084)

Gothenburg

0.2848
(0.2669-0.309)

0.2583 (0.0145)
0.2669 (0.0246)
0.2728 (0.0248)
0.2711 (0.0150)
0.3037 (0.0412)
0.3362 (0.0226)

Notes: The region family represented municipalities with different population
structure, economic level, costs of living, occupational structure, and the
availability of infrastructure.

analyses.

We started with a naive model, in which we estimated the effects of
municipality-level income inequality and mortality and adjusted the
results only by the year of birth (results shown in Appendix 1 and 2). In
the first model, we focused on the associations between Gini and old-age
mortality when all the individual variables were controlled for.
Comparing the six age and sex groups, we found some differences, as
shown in Table 3 (full models are available in Appendices 3 and 4). We
observed higher odds of mortality among men and women who lived in
the more equal municipalities (quintiles 1 and 2); this was a consistent
finding across all age cohorts, except for men aged 65-74 years, for
whom the results were not significant. Living in municipalities with a
high inequality level (quintile 5) had a significant association with
mortality among men and women aged 65-74 and men aged 75-84, but
not in the oldest age group. For women aged 65-74, living in the most
unequal municipalities increased mortality the most. Older women aged
85-92 who lived in municipalities with the highest inequality showed a
significantly lower mortality risk. It was only among men aged 65-74
that we observed a tendency towards a hierarchical trend of higher
mortality in more unequal municipalities. Instead, there is the opposite
hierarchical order (higher mortality in the most equal municipalities) in
the oldest age group and for women aged 75-84. Inequality seems to

Youngest cohort
65-74 years (born 1930-1939)

Middle cohort
75-84 years (born 1920-1929)

Oldest cohort
85-92 years (born 1912-1919)

Variables

Men Women Men Women Men Women

n = 348,275 n = 384,182 n = 237,174 n = 330,913 n = 60,937 n = 123,371
Marital status in 2004 (%)
Married or cohabited 68.5 55.6 64.0 33.8 47.7 10.7
Did not have partner 31.5 44.4 36.0 66.2 52.3 89.3
Individualised disposable income in 2004 (in tSEK)
Mean (SD) 153.3 (207.5) 139.6 (154.8) 126.1 (108.3) 119.3 (88.7) 122.7 (109.6) 114.1 (125.9)
Median 131.3 120.2 111.1 109.1 107.5 106.1

(interquartile range) (108.9, 167.9) (103.2, 150.8) (94.6, 134.5) (94.1, 124.3) (90.2, 129.5) (92.3,117.9)

Deaths and follow-up during 2004-2009
Total deaths 42,778 30,061 80, 190 81, 968 39,972 70,030
Total follow-up (in years) 1,638,316 1,849,917 985,625 1,458,347 193,853 432,024
Annual mortality rate per 1000 population 5.2 3.3 16.3 11.2 41.2 32.4
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Fig. 1. Income inequality (Gini) and mean income (in tSEK, adjusted to price
level in 2004) in Swedish municipalities in 1986 (circles) and 2004 (triangles)
(based on individualised disposable income for working-age population).

have different associations with mortality depending on age group.

In the second model, when we introduced the context variables at
municipality level, the patterns of association between income
inequality and mortality changed in the youngest age group (Table 3).
The effects of living in unequal municipalities on mortality disappeared
among the youngest men and women, and the Gini variable was no
longer significant for men. There was rather a tendency towards lower
mortality in more unequal places. Both the oldest and middle age cohort
women exhibited a negative association, indicating a lower mortality
level in unequal municipalities. The results showing a higher mortality
risk from living in equal municipalities among men and women
remained. The contextual variable that made the greatest difference in
the association between income inequality and mortality was region
family, while median municipality income did not change the overall
pattern in this model (full results in Appendices 5 and 6). Men and
women who lived in the three big cities of Stockholm, Gothenburg, and
Malmo had higher mortality than their counterparts who lived in other
regions. This pattern was less clear in the oldest age group.

In the final model, we included municipality-level income inequality
18 years before baseline (Gini index in 1986). Most of the associations in
Model 2 that related to the 2004 inequality level remained, albeit
sometimes diluted (Table 3, full results in Appendix 7 and 8). Some of
the effects were taken up by the conditions at time lag, but for the middle
and old cohorts this did not change the findings where time lag was not
considered. The lagged Gini term had no significant impact on the
middle cohort, and a rather weak impact on the old cohort (without
changing the basic results when only including the 2004 Gini term),
after adjusting for individual-level and municipality-level variables
(Fig. 2). In the youngest cohort, for both men and women, the conditions
at the time lag had more power than those at the 2004 baseline. These
results, however, did not change the general interpretation of the find-
ings when only the 2004 baseline data was used. The 1986 Gini term was
negatively associated with mortality.

As expected, we observed higher mortality among those with fewer
years of education, and the patterns were consistent for both sexes and
all age groups. Also as expected, age/birth cohort was highly significant
in relation to mortality, with a lower risk of mortality among men and
women in younger cohorts in all age groups. Those who were married at
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the 2004 baseline had a lower risk of mortality (for both sexes), and the
effects were much greater among the younger cohort and among men.
The association between individualised disposable income and mortal-
ity showed the pattern we expected in the young and middle cohorts,
whilst the effect among the oldest cohort was negligible. The Likelihood-
Ratio test (LR-test) indicated that our final full model reported in Table 3
had the lowest likelihood and Akaike Information Criterion compared to
the other models (Appendix 9), indicating the full model as the best fit
model. We observed no collinearity when the region family variable was
included in the analysis in the final model, indicated by the variation
inflation factor being less than 10 (Appendix 10).

Discussion

In this paper, we contribute to the discourse on income inequality
and health (Bor et al., 2017; Kim, 2017; Pickett and Wilkinson, 2014;
Subramanian and Kawachi, 2004; Wilkinson and Pickett, 2006) by
analysing the impacts of income inequality on the Swedish population at
municipality level, as measured by the Gini index, and the risk of old-age
mortality using register data. Using multilevel analysis, we assessed the
association between the Gini coefficient and old-age mortality, con-
trolling for individual-level variables (Model 1), contextual-level vari-
ables including region family and median income of municipality
(Model 2), and a lagged-term of Gini index 18 years before baseline
(Model 3).

A couple of main findings have emerged from our study. First, the
effects of income inequality on mortality were not consistent across
different age cohorts. Living in unequal areas was connected to lower
mortality among women in the oldest cohort only. In contrast, we
observed a higher mortality level in men and women in the middle and
oldest cohorts among those who live in the unequal areas, once
individual-level and municipality-level variables have been adjusted for.
The overall effect of income inequality on mortality among the youngest
men and women, however, seems negligible. Additionally, It is only in
the youngest cohort that we find a significant change in the associations
when the region family variable is included in the analysis. Second,
individual income has a strong association with survival at the indi-
vidual level: higher income is associated with lower mortality. Third, the
inclusion of regional characteristics at municipality level, particularly
region family, affects the observed association between municipality-
level Gini and mortality after adjustments for individual-level vari-
ables; including year of birth, having a partner, disposable income at
individual level, and highest level of education. Fourth, most of the
associations are apparent with only baseline conditions included, and
the inclusion of time lags does not change the basic patterns. The situ-
ation at baseline is a good reflection of survival prospects. However,
once again the youngest cohort reveals a somewhat different pattern. In
the following section, we present our interpretation of these findings, as
well as the potential confounding roles of municipality-level variables
and lag effects of income inequality on health and mortality.

The impacts of income inequality and old-age mortality

When using the Gini coefficient as a continuous index, Edvinsson
et al. (2013) found a moderate positive association between Gini and
mortality in Swedish municipalities in 2006 for the age group 65-74
(Edvinsson et al., 2013). The present study, which extends the previous
analysis to older age groups and a longer follow-up period, does not
confirm the previous results. In this study, we categorised the Gini index
into quintiles and analysed men and women separately. By extending
the follow-up period for mortality and controlling for other contextual
variables in order to take into account compositional differences be-
tween municipalities, we obtained different results from those reported
by Edvinsson et al., in 2013 (Edvinsson et al., 2013). Studies with short
follow-up times are more sensitive to migration close to death. More-
over, Edvinsson et al. (2013) did not study the older age groups (75-84
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Table 3
Municipality-level income inequality and old-age mortality among older Swedish men and women.
Men Women
Youngest cohort Middle cohort Oldest cohort Youngest cohort Middle cohort Oldest cohort
65-74 years (born 75-84 years (born 85-92 years (born 65-74 years (born 75-84 years (born 85-92 years (born
1930-1939) 1920-1929) 1912-1919) 1930-1939) 1920-1929) 1912-1919)
Model 1: Gini in 2004 adjusted for individual-level variables
Gini 2004: Q1 (Lowest 0.026 0.066** 0.084** 0.037* 0.078** 0.052%*
inequality) (-0.004, 0.056) (0.044, 0.088) (0.052, 0.117) (0.001, 0.072) (0.056, 0.100) (0.028, 0.077)
Gini 2004: Q2 —0.014 0.039** 0.044** 0.050** 0.027* 0.022
(-0.045, 0.016) (0.017, 0.061) (0.011, 0.077) (0.014, 0.086) (0.006, 0.049) (-0.002, 0.046)
Gini 2004: Q4 0.017 0.006 0.019 0.036* —0.014 —0.021
(-0.013, 0.047) (-0.015, 0.028) (-0.013, 0.052) (0.001, 0.071) (-0.036, 0.008) (-0.046, 0.003)
Gini 2004: Q5 (Highest 0.104** 0.031* —0.011 0.074** 0.001 —0.072%*

inequality)

(0.073, 0.135)

(0.007, 0.055)

(-0.046, 0.024)

Model 2: Gini in 2004 adjusted for individual-level and municipality-level variables

Gini 2004: Q1 (Lowest
inequality)
Gini 2004: Q2

Gini 2004: Q4

Gini 2004: Q5 (Highest
inequality)

Model 3: Gini in 2004 adjusted for individual-level and municipality-level

Gini 2004: Q1 (Lowest
inequality)
Gini 2004: Q2

Gini 2004: Q4

Gini 2004: Q5 (Highest
inequality)

Gini 1986: Q1 (Lowest
inequality)

Gini 1986: Q2

Gini 1986: Q4

Gini 1986: Q5 (Highest
inequality)

0.026

(-0.006, 0.059)
—-0.011
(-0.043, 0.020)
—0.005
(-0.038, 0.029)
—-0.038
(-0.087, 0.011)

0.015

(-0.018, 0.048)
—0.01

(-0.042, 0.021)
0.008

(-0.026, 0.041)
—-0.007

(-0.057, 0.044)
0.025 (-0.007,
0.058)

0.013 (-0.019,
0.045)

—0.050** (—0.082,
—0.018)

—0.055** (—0.087,
—0.024)

0.060**
(0.036, 0.085)
0.034**
(0.011, 0.058)
—0.008
(-0.032, 0.017)
-0.017
(-0.050, 0.016)

0.058**

(0.034, 0.082)
0.036**

(0.013, 0.060)
—0.001

(-0.026, 0.025)
—0.007

(-0.041, 0.027)
0.023 (-0.002,
0.047)

0.024* (0.0004,
0.047)

—0.006 (—0.030,
0.019)

—0.008 (-0.031,
0.016)

0.078**
(0.043, 0.114)
0.050%**
(0.015, 0.084)
0.014

(-0.024, 0.051)
—0.007
(-0.056, 0.042)

variables, and lagged Gini variable in 1986

0.076**
(0.040, 0.112)
0.053**
(0.018, 0.088)
0.022

(-0.016, 0.060)
—0.006
(-0.056, 0.045)
0.062** (0.024,
0.100)

(0.035, 0.112)

(-0.022, 0.024)

(-0.097, —0.047)

0.037 0.066** 0.044**
(-0.002, 0.076) (0.043, 0.090) (0.017, 0.070)
0.048** 0.018 0.016

(0.012, 0.085) (-0.004, 0.040) (-0.008, 0.041)
—0.002 —0.027* —0.017

(-0.043, 0.039)
0.001
(-0.053, 0.054)

(-0.053, —0.001)
—0.039*
(-0.072, —0.006)

(-0.046, 0.012)
—0.071**
(-0.108, —0.033)

0.024 0.065** 0.035*
(-0.015, 0.063) (0.041, 0.088) (0.008, 0.062)
0.048* 0.019 0.018

(0.010, 0.085) (-0.003, 0.042) (-0.007, 0.042)
0.011 —0.021 —0.007
(-0.031, 0.052) (-0.047, 0.006) (-0.037, 0.023)
0.02 —0.032 —0.061**

(-0.035, 0.074)
0.075** (0.036,
0.114)

(-0.067, 0.002)
0.024 (—0.0005,
0.048)

(-0.100, —0.023)
0.045** (0.017,
0.074)

0.049** (0.013, 0.075** (0.037, 0.026* (0.002, 0.049)  0.018 (—0.009,
0.085) 0.114) 0.046)

0.033 (—0.0002, 0.011 (-0.027, 0.003 (—-0.021, 0.003 (—0.022,
0.067) 0.049) 0.028) 0.028)

0.033 (-0.010, 0.006 (—0.032, 0.004 (—-0.020, —0.022 (—0.055,
0.075) 0.045) 0.028) 0.011)

Notes: The Gini index was calculated based on the equivalised disposable income of the working-age population aged 30-59 years old in each municipality. The index
was made into quintiles, with the highest quintile consisted of municipalities with the highest level of inequality. The asterisks indicate significant level: *p < 0.05, **p

< 0.01.

and 85+), among whom we observed a number of distinct and differing
patterns regarding the effects of income inequality on mortality
(Edvinsson et al., 2013).

Our current findings show that higher income inequality at the
municipality level, i.e. higher Gini index, is correlated with lower
mortality in some age groups. These findings do not confirm the hy-
pothesis of an income inequality effect. Similar findings have been re-
ported elsewhere, for example in Switzerland (Clough-Gorr et al., 2015)
and Spain (Regidor et al., 2015). It is difficult to make direct compari-
sons between studies due to differing definitions of the Gini index,
different variables at the individual level and higher that are controlled
for in the analysis, and importantly, the level of aggregation. The results
are sensitive to variable operational definitions and how the regression
models are built. Clough-Gorr et al., studying 4.7 million Swiss citizens
in 2740 municipalities in the 2000 census, observed a lower risk of
mortality for those who lived in municipalities with a high Gini index
quintile. Note, however, that Clough-Gorr et al. have not included in-
dividual incomes in the models. In line with our observations in Sweden,
Clough-Gorr et al. also reported a higher Gini index in larger cities. The
average Gini in Switzerland was much higher compared to that observed
in Sweden (mean Gini of 0.377 in 2000 in Switzerland as compared to
0.2929 in 2004 in Sweden in our dataset) (Clough-Gorr et al., 2015). The
difference in the average Gini between the two studies, however, needs
to be interpreted carefully. The way we calculated Gini based on the
working-age population (30-60 years) as done by Elstad (2011), might
make it incomparable with Gini reported in other studies where it is

calculated based on the income distribution in the whole population.
Using the national census register in Spain, Regidor et al. conducted a
seven-year prospective study on a national sample of over 28 million
people to investigate the effect of income inequality and per capita in-
come of area of residence at the provincial level on mortality. They re-
ported the lowest overall and cause-specific mortality rate of cancer and
external causes, but not of cardiovascular disease, among residents in
the poorest provinces. The study, however, shows no relationship be-
tween income inequality at provincial level and mortality (Regidor
et al., 2015). In contrast to these other studies, Elstad (2011) finds an
association between higher mortality and higher income inequality,
measured using the Gini index in 35 Norwegian regions, even after
adjusting for differences in regional socioeconomic and population
structures (Elstad, 2011).

One might hypothesise that living in an unequal area potentially
carries health benefits, especially if the poor people living alongside a
wealthier population have adopted their healthier lifestyle. This hy-
pothesis might hold true, subject to the wealthier segment of the pop-
ulation having a better education level and a healthier lifestyle; such as
reduced cigarette consumption, more physical activity, lower blood
pressure and lower cholesterol levels. Another hypothesis might be
related to the availability and accessibility of infrastructures in the
wealthier municipalities that are also often regarded as unequal mu-
nicipalities, that benefit all the residents of the municipalities. Despite
our effort to use region family to control for these differences between
municipalities, it might be that the region family variable is not
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Fig. 2. Income inequality and old-age mortality among older Swedish population (controlled for individual disposable income and other individual and

municipality-level factors).

sufficient for capturing differences in the (health) infrastructure avail-
ability and accessibility between municipalities.

Another possible explanation for the different effects of income
inequality on mortality reported in different studies is the appropriate
level of aggregation when assessing income inequality. In their review,
Subramanian and Kawachi (2004) stressed the importance of
geographical scale for the relation between income inequality and
health (Subramanian and Kawachi, 2004). Negative findings similar to
ours were reported by Regidor et al. (2015) in Spain, who explored the
effects of provincial-level income inequality and mortality (Regidor
et al., 2015). They argued that analysis of smaller geographical aggre-
gations, such as census tracts or neighbourhoods, might be needed to
reveal the true effect of area-level income inequality and mortality
(Regidor et al., 2015).

The influence on old age mortality from income inequality in the
surrounding geographical area may act on different levels, from the
closest neighbourhood to the regional and even national level and the
choice of geographical level for the analyses will most likely capture
different mechanisms, at least to some extent. In this study, we have
addressed the possible influence from the intermediate municipal level
rather than from neighbourhood or regional levels. Hence, we are
focusing not only on the potential impact from the income composition
among those who live very close, but also on the influence from the
income inequality in the wider administrative unit. We estimated the
Gini index at the municipality level, at which population size differs
considerably from fewer than 10,000 in many small municipalities in
northern Sweden to over 100,000 in the 12 largest municipalities (the
three largest municipalities being Stockholm with a population in 2004
of 765,582, Gothenburg with 481,523, and Malmo with 268,791)
(Statistics Sweden, 2019). As the mechanisms through which income
inequality exerts its effect upon smaller and larger municipalities (where
populations are more segregated) might differ, the level of aggregation
could be an important characteristic for estimating associations between

income inequality and mortality. Gerdtham and Johannesson (2004),
however, found no association of income inequality on mortality at
higher levels of aggregation in Sweden (Gerdtham and Johannesson,
2004). An alternative would have been to include the even larger local
labour market regions (defined by commuting patterns), but since we
are focusing on a people that almost exclusively have left the labour
force, we believe that the municipality level rather than commuting
regions better capture the region of everyday activity, interaction and
influence from the socio-economic characteristics in the geographical
surroundings.

The effects of individual-level variables on old-age mortality

The positive relationship between income and health - i.e., higher
income results in better health — is well-established and confirms what
we observed in our study. Individualised disposable income seems to
have little effect in the oldest age group, indicating a diminishing as-
sociation between income and health as individuals age. For the oldest
age group, disposable income might be less of a distinguishing factor
than education. As a large proportion in this age group were widowed,
using disposable income as an individual economic standard indicator is
problematic. In their study of Swedish municipalities in the 1990s,
Gerdtham and Johannesson (2004) found that mortality decreased with
increasing individual income (Gerdtham and Johannesson, 2004). They
did not, however, find any support for either the relative income hy-
pothesis or the income inequality hypothesis as defined by Wagstaff and
van Doorslaer (Wagstaff and van Doorslaer, 2000). Though the
income-health relationship is well-established, the association between
income inequality and health is independent of the income-health
relationship (Subramanian and Kawachi, 2004).
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The role of contextual variables

The potential confounding of regional differences needs to be
controlled for in studies assessing income inequality and mortality
(Subramanian and Kawachi, 2004). In this study, we used median mu-
nicipality —income and region family as proxies for
contextual/municipality-level variables. Municipalities differ in
compositional factors that might influence the wealth and health of their
populations. The underlying social and economic structure in the mu-
nicipality can influence the level of wealth and its distribution — and
therefore income inequality — and the level of morbidity and mortality in
the population, thus potentially confounding the association between
income inequality and health outcomes. Adjusting for the region family
characteristic changed the association between Gini index and mortal-
ity, indicating that income inequality and mortality differed signifi-
cantly across different region families. In contrast to our findings, Elstad
(2011) did not observe any significant impact of regional-level social
and economic characteristics on the association between income
inequality and mortality (Elstad, 2011). The results in this study illus-
trate the importance of correct statistical modelling. Controlling for
regional characteristics resulted in substantial changes in the results for
some groups. There are important differences between studies in how
the analyses have been performed and which variables are controlled
for, making any comparisons difficult.

The long-term effects of income inequality on old-age mortality

It might be possible that the effects of a lagged Gini index were non-
significant or marginally significant because of the very low and ho-
mogenous 1986 Gini index, suggestive of very low-income inequality
across different municipalities in Sweden at that time. A meta-analysis
conducted by Kondo et al. (2009) on 19 cross-sectional studies
showed that the association between income inequality and health
outcome was much stronger among studies with a higher Gini of over
0.3 (Kondo et al., 2009). Our findings could be seen as supportive of the
threshold effect hypothesis in Sweden. Those who were in old age in the
early 21st century had lived their adult years in a society with very low
levels of income inequality. The trajectory towards more inequality may
in turn change the associations for coming generations of older people,
but this can only be known in the future. Still, our results here imply that
the association between income inequality and mortality in old age can
act in the opposite direction at municipality level. The mechanisms for
these associations are not completely clear, however.

Strengths and limitations

In this study, we had access to high-quality linked register/national
data on all older individuals living in Sweden during the period
1986-2009. Having access to this longitudinal information allowed us to
create lagged terms for the Gini index, which enabled us to investigate
the long-term effects of income equality on health. The ability to control
for individual income, the use of longitudinal data, and the use of lagged
term of income inequality information are the three major strengths of
this study. Subramanian and Kawachi (2004) identify the lack of these
controls as a limitation in existing studies on income inequality and
health (Subramanian and Kawachi, 2004). In addition, in this study we
focused on the effects of income inequality in old age, which are not yet
well-studied.

Several limitations need to be kept in mind when interpreting the
results of this study. Despite our attempt to use region family as a proxy
to capture the contextual variables at the municipality level, other
contextual-level variables that could influence the different mortality
risks observed across municipalities were not controlled for. We did not
control for municipality size or the proportion of older people in a
municipality, both of which might influence the availability of social
and health services provided by the municipality. Different
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municipalities might have different infrastructure development that
could influence the population’s health. We also did not assess the effect
of neighbourhood or residential segregation.

Conclusions

Our study found no immediate or lagged effect of income inequality
on increasing old-age mortality at the municipality level in Sweden. In
some age cohorts, we even observed lower mortality among those living
in unequal municipalities. However, this study shows the importance of
regional effects as a potential confounder in measuring the association
between income inequality and old-age mortality. Regional differences
in infrastructure and health facilities and services should therefore be
considered. This study reiterates that it is economic conditions at the
individual level rather than income inequality in the municipality that
impacts more on mortality among the contemporary Swedish popula-
tion. This might be explained by the low (albeit increasing in recent
years) level of income inequality in Sweden, particularly at the time
lags.
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