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Abstract
Objectives Analyze the association between socioeconomic deprivation and old-age survival in Europe, and investigate

whether it varies by country and gender.

Methods Our study incorporated five countries (Portugal, Spain, France, Italy, and England). A 10-year survival rate

expressing the proportion of population aged 75–84 years who reached 85–94 years old was calculated at area-level for

2001–11. To estimate associations, we used Bayesian spatial models and a transnational measure of deprivation. Attri-

butable/prevention fractions were calculated.

Results Overall, there was a significant association between deprivation and survival in both genders. In England that

association was stronger, following a dose–response relation. Although lesser in magnitude, significant associations were

observed in Spain and Italy, whereas in France and Portugal these were even weaker. The elimination of socioeconomic

differences between areas would increase survival by 7.1%, and even a small reduction in socioeconomic differences

would lead to a 1.6% increase.

Conclusions Socioeconomic deprivation was associated with survival among older adults at ecological-level, although with

varying magnitude across countries. Reasons for such cross-country differences should be sought. Our results emphasize

the importance of reducing socioeconomic differences between areas.
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Introduction

Health inequalities have been entrenched in European

societies for centuries. Between- and within-country dif-

ferences in mortality and life expectancy have been

reported since the 1960s and, despite the overall increase in

life expectancy, spatial differentials are still present and

seem to be, in part, explained by socioeconomic factors

(Mackenbach et al. 2017; Richardson et al. 2013). In the

past, the pace of life expectancy improvements was dic-

tated by the decline in premature mortality; currently,

further increases in life expectancy depend essentially on

reductions in old-age mortality (Huisman et al. 2013).

Therefore, survival rates at older ages constitute a good

indicator of overall population health and development

(Huisman et al. 2004). Although studies among younger

groups are relatively common few investigations have, to

date, examined the role of socioeconomic factors on the

inequalities in life expectancy and mortality among older

age groups (Fouweather et al. 2015; Huisman et al. 2004;

Kim 2014; Wohland et al. 2014). Nonetheless, there are

important reasons to evaluate socioeconomic inequalities

in health at advanced ages.

On the one hand, although the impact of socioeconomic

deprivation later in life has been found to decrease with age

(Green 2013; House et al. 1994), there is also evidence that

the disparities in health later in life might not be as small as

initially claimed. Huisman et al. found that, in certain

countries, socioeconomic inequalities in old-age mortality

can be as large as those in middle life (Huisman et al.

2004). Indeed, as the variability in age at death decreases,

survivors to older ages have become increasingly hetero-

geneous in their mortality risks, suggesting that mortality

inequalities are shifting in age as survival in early life

improves (Engelman et al. 2010). On the other hand, and

above all, it is important to note that even if the relative

differences between socioeconomic groups decrease with

age, absolute differences may not. From a public health

perspective, it is crucial to combine relative and absolute

measures of inequality (Asada 2010). Notice that subtle

differences in mortality risks may represent a large number

of potentially preventable deaths; Huisman found that

absolute inequalities in mortality rose exponentially with

age, reaching a maximum in the C 90 years old age group

(Huisman et al. 2004). Moreover, even if the relative

inequalities in old-age mortality do not increase in the

future, the number of deaths will certainly rise because of

the ageing of the population in European countries, which

will continue to accelerate in the next decades.

In a previous study, we identified several fold differ-

ences in old-age survival across more than four thousand

European small areas (Ribeiro et al. 2016). We postulate

that a large share of this variation can be attributed to the

socioeconomic factors. We also hypothesize there might

exist cross-national and gender differences in the associa-

tion between survival and socioeconomic deprivation.

Dozens of studies have compared the socioeconomic gra-

dient in health across different countries and identified

noteworthy differences (Dahl and van der Wel 2013;

Niedzwiedz et al. 2015). However, these findings are

inconsistent and none of these studies looked at old-age

survival (Brennenstuhl et al. 2012). There is also evidence

that the socioeconomic gradient in health might be stronger

among men than in women (Borrell et al. 2014; Gotsens

et al. 2013; Hoffmann et al. 2014; Mari-Dell’Olmo et al.

2015), yet not all studies support this conclusion (Koskinen

and Martelin 1994; Mustard and Etches 2003).

In this sequence, the present ecological study aimed to

determine whether spatial inequalities in old-age survival

across European areas are associated with socioeconomic

deprivation. Specifically, we addressed the following

research questions: (1) is there an ecological association

between area-level old-age survival and socioeconomic

deprivation and what is the magnitude of the association,

(2) does it vary by country and gender, and (3) how much

could area-level old-age survival be improved by elimi-

nating and/or reducing socioeconomic differences?

Methods

Study area

Our study included five European countries and 1911 areas:

Portugal (308 ‘municı́pios’), Spain (337 ‘comarcas’),

France (329 ‘arrondissements’), England (318 ‘local

authorities’) and Italy (619 ‘distrettos sanitarios’). The

average population per area in 2011 was 32,246 in Portu-

gal, 69,464 in Spain, 177,853 in France, 83,353 in England,

and 46,529 in Italy. Despite not covering all of Europe, the

five included countries account for 35% of the European

Union population and represent two distinct geographical

regions—Southern and Western Europe—and different

welfare regimes (Bambra 2011)—England, generally

labelled as Liberal; Spain, Portugal and Italy, positioned in

the Southern Europe regime; and France classified as

Conservative/Corporatist/Bismarckian.

Outcome: old-age survival

Mortality data in the oldest-old was not disclosed for local

areas and, even if available, the calculus of life expectancy

in late life for local areas comes with well documented

problems (Eayres and Williams 2004). Consequently, we

derived a measure of old-age survival (ri ¼ yi
ni
) that
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expresses the probability of the people aged 75–84 years

surviving for an additional 10 years, i.e., surpassing the

average life expectancy, where ri is a 10-year survival rate,

i = 1,…,1911, denotes area, yi represents the population

aged 85–94 years old in 2011 and ni the population aged

75–84 years, 10 years before, in 2001 (Ribeiro et al. 2016).

To calculate this rate we obtained population counts (in-

stitutionalized residents were not removed from these

counts) from the Statistic Offices of each country, by

5-year age groups (75–79, 80–84, 85–89, and 90–94),

gender, census year (2001 and 2011), and by the smallest

geographical area available (previously defined).

Covariate: socioeconomic deprivation

The European Deprivation Index (EDI) was used to clas-

sify areas according to each one’s level of socioeconomic

deprivation (Fig. 1). The EDI is a transnational multivari-

ate index developed for France, England, Italy, Spain, and

Portugal (Guillaume et al. 2015). The EDI was used in the

present study, because, although there are national

deprivation indexes, no other transnationally comparable

index of socioeconomic deprivation exists in Europe. The

construction of EDI is extensively described elsewhere

(Guillaume et al. 2015; Ribeiro et al. 2017). Briefly, in

every country, the index included socioeconomic variables

related with housing conditions, social class, educational

attainment, and demographics. The composing variables

differed by country, but the index was comparable between

countries because the choice of the variables followed the

same methodological procedures and theoretical frame-

work. Included variables and weighting are fully depicted

in supplementary material (supplementary material 1). The

index was categorized into ten rank-ordered classes (C1—

least to C10—most deprived). For categorization, we have

used theoretical deciles instead of the ‘traditional’ empir-

ical deciles. Cut-offs for these theoretical deciles were

defined based on standard deviations from the overall mean

and customized so that the classes included a more even

number of geographical units. This approach avoids the

well-known problems of using empirical quintiles, which

Fig. 1 Spatial distribution of the European deprivation index (a) and spatial distribution of the old-age survival rates posterior means for men

(b) and women (c) (England, France, Italy, Portugal and Spain, 2001–2011)
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assume homogeneity of risk within groups (Bennette and

Vickers 2012).

Statistical model

To take into account the spatial autocorrelation and large

variance of local areas, we used Hierarchical Bayesian

spatial models. Additionally, to account for the fact that the

effect of each deprivation class depends on the effect of the

previous (ordered categorical covariate), and to allow for

flexible slopes in the risk curve, flexible regression models

were employed (Rue et al. 2005).

We assumed that the response variable ðYijkÞ, number of

survivors in each country k, area i and gender j, follows a

binomial distribution, where pijk is an unknown survival

rate and nijk is the population aged 75–84 years, 10 years

before Eq. (1).

Yijk �Bin nijk; pijk
� �

ð1Þ

The logit of the survival rate was modelled considering

gender, country, and the interaction between the covariate

(socioeconomic deprivation) and country, gender and area

Eq. (2.1).

log it ðpijkÞ ¼ gijk genderj þ countryk þ fjk xið Þ þ si:

ð2:1Þ

where gijk is the linear predictor, genderj is an intercept in

the model that is specific for each gender, countryk is an

intercept in the model that is specific for each country, and

the interaction term, fjkðxiÞ, is the gender- and country-

specific effect of socioeconomic deprivation, which

assumes the value xi for the area i, and si is the area-

specific effect.

The function fjk assumes a nonlinear effect of the

covariate. This nonlinear effect is modelled as a first order

random walk prior over the covariate’ classes, that is, a

normal distribution, whose mean at each class is an average

over the neighbouring classes (Martino and Rue 2009). As

xi was categorized into classes, we can simplify fjkðxiÞ into
eljk, which denotes the effect of covariate class, l, for

gender j and country k.

The area-specific effect si was modelled considering a

Besag, York and Mollié model Eq. (2.2).

si ¼ sð ffiffiffiffi
u

p � ui þ
ffiffiffiffiffiffiffiffiffiffiffiffi
1� u

p
� viÞ ð2:2Þ

where ui is the structured effect and vi is the unstructured

effect. The ui effect was scaled to make the model more

intuitive and interpretable, so that u expresses the pro-

portion of the spatial effect due to the structured part and 1/

s is the marginal variance of si. A penalised complexity

prior was considered.

From eljk the ‘‘relative risk’’ (RR) of survival for each

socioeconomic deprivation class l, gender j and country k

and was calculated. An RR was considered significantly

higher or lower if its 95% credible interval (95% CrI) did

not include the value 1. RR and 95% CrI were derived from

their posterior means and quantiles. Posterior distributions

were obtained using the Integrated Nested Laplace

Approximation (INLA), which was implemented in the R

INLA library (Rue et al. 2009). The R code is provided in

Online resource 1. The model from Eq. (2.1) was our final

model, but we started with a model with no country

interaction effects to obtain the overall associations

between deprivation and survival.

Complementarily, the Slope Index of Inequality (SII)

and the Relative Index of Inequality (RRI) and corre-

sponding 95% CrI were computed, using previously

described methods (Dalstra et al. 2002; Mackenbach and

Kunst 1997). The SII expresses the health Inequality

between the top and bottom of the social hierarchy in terms

of rate differences, whereas the RRI represents those dif-

ferences in terms of rate ratios. The larger the RII/SII the

larger the inequality.

Population attributable risk proportion and

preventable proportion

We calculated the population attributable risk proportion

(PAR) by adapting the formulas proposed by Rockhill et al.

(Rockhill et al. 1998). Our formula Eq. (3) allows for

estimation of what the decrease in old-age deaths would be

in the absence of socioeconomic deprivation, i.e., if the

‘risk’ of survival in all the areas was equal to the risk of

survival in the least deprived areas.

PAR ¼
Xn

i¼1

Pi RR1 � RRið Þ; ð3Þ

where RRi refers to the RR associated to each of the i

deprivation class Ci and Pi the corresponding proportion of

the total population aged 75–84 years in 2001.

Because the elimination of socioeconomic inequalities

might not be (easily) achieved, a more realistic measure

was also used. The preventable proportion (PP) estimates

what would be the decrease in old-age mortality if the areas

moved a class upwards in the socioeconomic spectrum (C2

to C1, C3 to C2…) Eq. (4).

PAR ¼
Xn

i¼1

Pi RRi � RRiþ1ð Þ ð4Þ

Both proportions (PAR and PP) were used to compute

the absolute number of ‘‘additional’’ survivors after

improvement in socioeconomic deprivation by multiplying

them by the number of people aged 75–84 years who

reached 85–94 years in each country.
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Results

On average, the proportion of the population aged

75–84 years that reached 85–94 years was 35.3% (range

22.9–53.7) among men and 48.5% (31.0–67.8) among

women. There were important spatial inequalities, depicted

in the maps from Fig. 1. The lowest survival rates were

observed in Portugal (31.8 and 43.3% for men and women,

respectively), followed by England (33.9; 44.8), Italy

(35.8; 49.6), Spain (36.6; 49.8), and France (37.4; 53.7).

Tables 1 and 2 depict the average survival rates of each

country and gender according to socioeconomic depriva-

tion. Generally, old-age survival decreased as deprivation

level increased. From the least to the most deprived areas,

survival rates experienced a decline of 12% in men and

14% in women. However, the deprivation-related gaps in

survival rates seemed to be larger in certain countries.

Figure 2 shows the association between area deprivation

and survival rates for each country and gender. The RR

compares old-age survival in a certain deprivation class

with the overall survival in any given country and gender.

The inclusion of socioeconomic deprivation as a covariate

reduced the variance of the spatial term by 30.8%, meaning

that deprivation explains a substantial part of spatial

inequalities in old-age survival. Overall, there was a sig-

nificant, and approximately linear, association between

socioeconomic deprivation and survival in both genders

[Men in least deprived areas compared with the overall

men survival RR = 1.047 (1.033–1.062); Women 1.074

(1.064–1.086)]. Important interactions were observed.

England was the country where the effect of socioeco-

nomic deprivation was the strongest—the least deprived

areas had about 30% higher survival rates than the most

deprived. There, the association followed a clear dose

response relationship, with ‘chance’ of survival increasing

as deprivation decreases [Men RR = 1.144 (1.109–1.179);

Women 1.135 (1.108–1.162)]. Indeed, the RII and SII from

England depicted in Tables 1, 2 were the largest from all

the studied countries [Men RII = 1.44 (1.37–1.51);

Women 1.43 (1.38–1.48); Men SII = 12.00 (10.65–13.35);

Women 15.46 (14.25–26.67)]

Significant associations between deprivation and sur-

vival, albeit of lower magnitude, were observed in Spain

and Italy, where the most advantaged areas registered

consistently higher survival rates as compared to the most

disadvantaged [RR: Italian men, 1.028 (1.002–1.055);

Table 1 Posterior means of old-age survival rates among men according to socioeconomic deprivation classes, and increase in old-age survival

related with improvement in socioeconomic deprivation (England, France, Italy, Portugal and Spain, 2001-2011)

Socioeconomic deprivation

classesa
All England France Italy Portugal Spain

C1—Least deprived 37.4b 40.3 38.9 37.5 32.9 39.7

C2 36.9 37.8 37.7 37.4 31.9 38.6

C3 36.2 36.0 38.3 36.1 32.3 37.0

C4 35.9 34.8 37.9 36.3 32.1 37.5

C5 35.4 34.0 37.1 36.2 31.7 36.5

C6 35.5 33.4 38.4 35.7 32.2 37.6

C7 34.8 32.5 36.4 35.3 31.8 36.3

C8 33.9 31.1 38.1 35.6 30.6 34.6

C9 33.0 29.9 35.4 34.2 31.9 33.4

C10—Most deprived 32.4 28.0 34.8 33.3 30.7 34.7

SIIc 5.23

(3.59–6.87)

12.00

(10.65–13.35)

3.25

(0.97–5.53)

3.49

(2.07–4.91)

1.63

(0.63–2.91)

5.19

(2.87–7.33)

RIId 1.16

(1.09–1.23)

1.44 (1.37–1.51) 1.09

(1.00–1.18)

1.10

(1.05–1.16)

1.05

(1.00–1.10)

1.15

(1.06–1.24)

PARe 5.5% (91,721) 15.1% (55,863) 0.8% (3269) 2.4% (11,265) 0.3% (178) 6.3% (21,146)

PPf 1.1% (18,772) 3.2% (11,871) 0.3% (1081) 0.6% (2890) 0.04% (27) 0.9% (2903)

aDeciles of increasing socioeconomic deprivation, where C1 corresponds to the least deprived areas and C10 to the most deprived. C2 to C9

correspond to intermediate levels of deprivation
bPosterior means of old-age survival (%) according to socioeconomic deprivation deciles
cSlope Index of Inequality (and corresponding 95% credible Intervals)
dRelative Index of Inequality (and corresponding 95% credible Intervals)
ePopulation attributable risk proportion: % and absolute increase in survival if all areas were class C1—least deprived
fPreventable proportion: % and absolute increase in survival if all areas (besides C1) moved a class upwards in the socioeconomic spectrum
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Italian women, 1.066 (1.046–1.086); Spanish men, 1.058

(1.029–1.088); Spanish women, 1.081 (1.059–1.104)], with

corresponding RII of 1.10 (1.05–1.16) and 1.17 (1.11–1.23)

for Italy and 1.15 (1.06–1.24) and 1.19 (1.14–1.25) for

Spain.

Although most RRs were on the borderline of statistical

significance and the magnitude of the inequalities was

much smaller, survival rates of women in Portugal and

France were significantly higher in the most advantaged

end [Portugal = 1.055 (1.031–1.080); France = 1.048

(1.023–1.073)]. Thus, the values of RII were lower than in

the other countries [France = 1.14 (1.05–1.23); Portu-

gal = 1.14 (1.08–1.19)]. Among men, survival in France

and in Portugal was still significantly (but weakly) asso-

ciated with deprivation, as expressed by the corresponding

RII [France = 1.09 (1.00–1.18) and Portugal = 1.05

(1.00–1.10)].

By eliminating socioeconomic differences between

areas (wherein all areas have the same survival levels of the

least deprived areas) the number of survivors in men would

increase by 5.5 and by 7.9% in women, more than 370,000

fewer deaths in 10 years (Tables 1, 2). Larger gains would

be expected in England (? 15.1% in men; ? 14.3% in

women), followed by Spain (? 6.3; ? 8.6) and Italy

(? 2.4; ? 5.6). In Portugal and France improvements

would be almost irrelevant in men, but still notable among

women (4.5 and 5.4%, respectively). And even if each area

improved by only one class upward in the socioeconomic

spectrum, survival could increase by 1.1 and 1.8% in men

and women, respectively, i.e., 80,000 fewer deaths in

10 years. Averaging the estimates for men and women, the

entire elimination of socioeconomic differences between

areas would increase survival by 7.1%, and even a small

reduction in socioeconomic differences would lead to a

1.6% increase.

Discussion

Our study reports that socioeconomic deprivation signifi-

cantly influences survival after 75 years of age in five

European countries. England was by far the country where

the association between deprivation and old-age survival

was stronger, with a clear linear effect of decreasing sur-

vival as deprivation levels increase. Although lesser in

magnitude, significant associations were observed in Spain

Table 2 Posterior means of old-age survival rates among women according to socioeconomic deprivation classes, and increase in old-age

survival related with improvement in socioeconomic deprivation (England, France, Italy, Portugal and Spain, 2001–2011)

Socioeconomic deprivation

classesa
All England France Italy Portugal Spain

C1—Least deprived 52.2b 52.2 57.4 53.6 46.7 54.8

C2 51.1 50.0 54.4 52.2 44.6 53.7

C3 50.7 47.7 55.3 51.2 44.8 51.2

C4 50.2 46.1 55.2 51.2 43.8 51.2

C5 49.0 44.5 54.1 50.1 43.5 49.3

C6 48.2 44.2 54.1 48.9 43.6 49.5

C7 47.2 42.2 52.4 48.2 42.0 47.9

C8 46.2 41.3 53.6 48.4 40.6 48.1

C9 44.8 39.4 50.7 46.2 42.3 45.8

C10—Most deprived 43.4 37.0 48.4 44.7 40.7 45.8

SIIc 8.72

(6.62–10.82)

15.46

(14.25–16.67)

7.13

(3.93–10.34)

7.81

(5.66–9.96)

5.63

(3.76–7.49)

8.84 (7.07-

10.60)

RIId 1.20

(1.13–1.26)

1.43 (1.38–1.48) 1.14

(1.05–1.23)

1.17

(1.11–1.23)

1.14

(1.08–1.19)

1.19

(1.14–1.25)

PARe 7.9% (281,622) 14.3% (104,946) 5.4% (51,368) 5.6% (59,376) 4.5% (6501) 8.6 (59,431)

PPf 1.8% (62,831) 3.0% (21,702) 1.3% (12,223) 1.4% (15,027) 1.2% (1738) 1.8 (12,140)

aDeciles of increasing socioeconomic deprivation, where C1 corresponds to the least deprived areas and C10 to the most deprived. C2 to C9

correspond to intermediate levels of deprivation
bPosterior means of old-age survival (%) according to socioeconomic deprivation deciles
cSlope Index of Inequality (and corresponding 95% credible Intervals)
dRelative Index of Inequality (and corresponding 95% credible Intervals)
ePopulation attributable risk proportion: % and absolute increase in survival if all areas were class C1–least deprived
fPreventable proportion: % and absolute increase in survival if all areas (besides C1) moved a class upwards in the socioeconomic spectrum
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and Italy, whereas in France and Portugal these associa-

tions were weaker. We projected that the elimination of

socioeconomic differences between areas would increase

survival by 7.1% and, even a slight reduction in socioe-

conomic differences would mean a 1.6% higher survival in

these countries.

Much has already been published about the effect of

area-level of socioeconomic deprivation on life expectancy

at birth and on overall mortality (Borrell et al. 2014;

Gotsens et al. 2013; Hoffmann et al. 2014; Mackenbach

et al. 2008; Mari-Dell’Olmo et al. 2015; Richardson et al.

2013; Taulbut et al. 2014). In our study, we found that this

effect exists later in life too. The probability of people aged

75–84 years reaching more advanced ages was signifi-

cantly higher in the least deprived areas (15–20% higher)

compared to the most deprived. Literature in this topic is

sparse, and most studies correspond to between-country

comparisons. However, they consistently show that

socioeconomic deprivation matters. A Europe-wide study

reported mortality rate ratios (most vs. the least educated)

that ranged from 1.05 in Norway (men) to 1.39 in Austria

(women) (Huisman et al. 2004); whilst our study area and

Fig. 2 Association (Relative Risks and 95% Credible Intervals) between old-age survival and socioeconomic deprivation according to gender

and country (England, France, Italy, Portugal and Spain, 2001–2011)
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design is considerably different, these ratios match ours.

Kim (Kim 2014) constructed a similar indicator (proba-

bility of reaching 100 years) and found it was highly cor-

related with socioeconomic factors, such standard of living,

as well as health care expenditure and. Looking at other

endpoint (healthy life expectancy—HLE—at old ages),

three studies found that material deprivation, as well as

health care expenditure, explained cross-national HLE

inequalities across Europe (Fouweather et al. 2015; Woh-

land et al. 2014). The influence of socioeconomic depri-

vation later in life has also been confirmed by individual

level studies, recently summarized in a literature review

(Huisman et al. 2013). In terms of measures of impact, and

compared to other public health and socioeconomic policy

interventions’ effects on mortality on this age group

(Stringhini et al. 2017), the effects of reducing deprivation

gradients demonstrated here are rather large; we showed

that the elimination of socioeconomic differences between

areas would increase survival by 7.1% and, even a slight

reduction in socioeconomic differences, would mean a

1.6% higher survival in these countries.

Corroborating other investigations, we found relevant

cross-national differences in the effect of socioeconomic

deprivation on mortality. In a study involving 22 European

counties, socioeconomic inequalities in mortality were

found to be smaller in some southern European countries

and larger in the Eastern and Baltic states (Mackenbach

et al. 2008). Similarly, researchers of INEQ-CITIES pro-

ject observed that the effect magnitude of socioeconomic

deprivation in all-cause (Borrell et al. 2014), cause-specific

(Hoffmann et al. 2014; Mari-Dell’Olmo et al. 2015), and

injury related mortality (Gotsens et al. 2013) was smaller in

the southern European cities than in northern, western and

central-eastern European cities. We did not find such a

clear divide between South and Western Europe. Certainly,

in England (Western Europe) the effect of socioeconomic

deprivation in survival was the strongest, but consistent and

significant associations between deprivation and survival

were also observed in Italy and Spain, particularly among

women.

The welfare regime theory is being increasingly used to

understand health inequalities across different nations. The

welfare regime refers to the state’s function in providing

services, such as education and social protection. Its role in

influencing population health is still under intense debate

(Brennenstuhl et al. 2012), but the most generous welfare

regimes—Scandinavian (e.g., Sweden), Conservative (e.g.,

France) and, at lesser extent, Southern European (e.g.,

Portugal, Italy, Spain)—are supposed to ‘protect’ citizens

against the detrimental effects of deprivation better than

liberal regimes (e.g., United Kingdom). The welfare

regime theory might then explain the substantial effect of

socioeconomic factors in England and their relative

mildness in France and Portugal. Following up the idea that

the state generosity may contribute to reduce the effects of

socioeconomic deprivation, it is important to note that the

net pension replacement rates in the studied countries are

rather different and might also help us to understand the

differential influence of socioeconomic deprivation on old-

age survival (Lundberg et al. 2008). Net pension replace-

ment rates measure how effectively a pension system

provides a retirement income to replace earnings, the main

source of income before retirement. This indicator is

measured in percentage of pre-retirement earnings (OECD

2017). Data from the OECD (Organisation for Economic

Co-operation and Development), shown in Table 3, places

England amongst the countries with the lowest replacement

rates of the European continent (28.5%), contrasting with

France (67.7%), Italy (79.7%), Portugal and Spain (89.5%).

The type of healthcare system might also contribute to

such differentials: a strong healthcare system that guaran-

tees universal and free access and emphasizes primary care

might ameliorate the effects of socioeconomic deprivation.

The countries we evaluated have universal (England, Por-

tugal, Italy) or nearly universal healthcare systems (France,

Spain) (Jakubowski et al. 1998); and have high (Portugal,

England, Spain) or medium (Italy, France) strength pri-

mary care systems defined based on their structure,

accessibility, continuity, comprehensiveness and coordi-

nation (Kringos et al. 2013). However, paradoxically, we

observed that the effect of socioeconomic deprivation was

particularly prominent in England, known for its primary

care centered health system and for being one of the

world’s largest publicly funded health systems (Susser

1993).

Finally, the social distribution of risk factors, particu-

larly smoking, might also help to interpret cross-national

differences. Large education-related inequalities in smok-

ing were seen in the Western European countries and small

inequalities (and, among women, even reverse inequalities,

in which smoking rates are higher amongst the most edu-

cated) were observed in Southern European countries

(Mackenbach et al. 2008), which are in an earlier stage of

the smoking epidemic. That might explain the lesser

impact of socioeconomic deprivation in Portugal and the

stronger effect in England. But, again, it does not clarify

the position of Spain and Italy, wherein smoking patterns

Table 3 Net pension replace-

ment rates in the included

countries in 2014 (OECD 2017)

Mean OECD 63.2%

England 28.5%

France 67.7%

Italy 79.7%

Portugal 89.5%

Spain 89.5%

476 A. I. Ribeiro et al.

123



are less socioeconomically patterned and smoking preva-

lence is higher in more educated women.

We did not observe the effect of socioeconomic depri-

vation on survival being stronger among men, contrasting

with articles that report men are more susceptible to

socioeconomic circumstances (Borrell et al. 2014; Gotsens

et al. 2013; Hoffmann et al. 2014; Mari-Dell’Olmo et al.

2015). Yet other studies showed that these gender differ-

ences either do not exist or are more evident among women

(Koskinen and Martelin 1994; Mustard and Etches 2003).

Indeed, we observed that the effects of deprivation on old-

age survival were slightly larger among women and, in

Portugal and France, almost absent in men. It is actually

plausible that inequalities among women become wider

later in life. Women live longer than men; in our study

mean old-age survival rates were 48.5% in women and

35.3% in men. Therefore, due to delayed mortality selec-

tion, the pool of women that reaches advanced ages can be

expected to be more diverse in terms of socioeconomic

characteristics, leading to a wider gap in survival between

the least and most deprived.

Some limitations of the study must be discussed.

Although we tried to use areas as comparable as possible,

in some countries the areas were, in average, larger than in

others. It is usually recommended to use the smallest units

possible—the use of large geographical areas can ‘‘wash

away’’ (gerrymander) differences in covariates and out-

comes. Consequently, despite Hierarchical Bayesian mod-

els accounting for the different population size of the areas,

we might have underestimated the true dimension of the

effect of deprivation on survival and ultimately failed to

detect significant associations. For instance, in France,

where larger geographical units were employed, the gap

between the most and least deprived areas was smaller.

Nonetheless, in the UK, the mean population per area was

also relatively large and substantial differences between the

most and least deprived areas were observed. Our study

was also grounded on the assumption that people have

lived in the same area for 10 years. Migration of population

aged 75 years or more, although infrequent, remains a

possibility and can constitute a substantial source of error.

Yet, we have a number of reasons to believe that our results

were not driven by migration patterns. Firstly, according to

Tatsiramos and colleagues, migration of those aged

C 75 years is infrequent, ranging (for the period

1994–2001) from roughly 1–1.5% in Southern European

countries to approximately 2–3% in Western European

countries such as France and the UK (Tatsiramos 2006).

Moreover, among the oldest-old, local mobility (within

short distances) to seek assistance in nursing homes and

near relatives is the most common form of migration

(Meyer and Speare 1985; Port et al. 2001). These figures,

combined with the fact that we have used relatively large

geographical units, suggest that the error introduced by

migration later in life is expected to be small. Furthermore,

evidence suggests that residential mobility is most likely to

cause an underestimation of spatial inequalities and

socioeconomic effects (Bryere et al. 2015).

Our study has numerous strengths as well. We were able

to collect homogeneous and internationally comparable

data at local area-level for five countries and derived a

measure of old-age survival that can be used as an alter-

native to life expectancy in older ages. This is especially

relevant since building internationally comparable datasets

to monitor health inequalities is a top priority. Moreover,

we have employed a transnational multivariate index of

socioeconomic deprivation to quantify the association with

old-age survival. This has not been done before at least to

such a Europe-wide extent (the INEQ-Cities project fol-

lowed similar approach but only covered metropolitan

areas Borrell et al. 2014; Gotsens et al. 2013; Hoffmann

et al. 2014; Mari-Dell’Olmo et al. 2015). Cross-national

studies on the impact of socioeconomic factors have been

using single indicators of socioeconomic deprivation (ed-

ucation, income, or occupation), which do not fully capture

the multifactorial nature and the context specificity of

deprivation.

Concluding, socioeconomic deprivation seems to shape

the survival probability of the moderately-to-oldest-old

from five European countries. These results highlight the

need to implement actions to reduce of the socioeconomic

gap between European areas and regions, as this reduction

may improve and render more uniform the chances of

survival among the oldest-old. Furthermore, because we

observed significant cross-national differences in the effect

of deprivation, it is crucial to better understand why

socioeconomic gradients in survival vary so much across

these European countries—is welfare provision acting as a

buffer against the detrimental effects of deprivation, or are

there other forces (informal support networks, culture)

performing in parallel?
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