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Abstract

Background: on an individual level, lower-income has been associated with disability, morbidity and death. On a population
level, the relationship of economic indicators with health is unclear.
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Objective: the purpose of this study was to evaluate relative fitness and frailty in relation to national income and healthcare
spending, and their relationship with mortality.
Design and setting: secondary analysis of data from the Survey of Health, Ageing and Retirement in Europe (SHARE); a
longitudinal population-based survey which began in 2004.
Subjects: a total of 36,306 community-dwelling people aged 50 and older (16,467 men; 19,839 women) from the 15 countries
which participated in the SHARE comprised the study sample. A frailty index was constructed as the proportion of deficits
present in relation to the 70 deficits available in SHARE. The characteristics of the frailty index examined were mean, preva-
lence of frailty and proportion of the fittest group.
Results: the mean value of the frailty index was lower in higher-income countries (0.16 ± 0.12) than in lower-income countries
(0.20 ± 0.14); the overall mean frailty index was negatively correlated with both gross domestic product (r = −0.79; P< 0.01)
and health expenditure (r = −0.63; P< 0.05). Survival in non-frail participants at 24 months was not associated with national
income (P = 0.19), whereas survival in frail people was greater in higher-income countries (P< 0.05).
Conclusions: a country’s level of frailty and fitness in adults aged 50+ years is strongly correlated with national economic
indicators. In higher-income countries, not only is the prevalence of frailty lower, but frail people also live longer.

Keywords: ageing, frailty, Europe, SHARE, older people

Introduction

People today generally live longer and healthier lives than at
any point in history [1]. This has engendered two related phe-
nomena now affecting the global population. First, lower
birth rates and higher life expectancy in many countries form
a ‘demographic transition’ marking the ageing of national
populations [2]. Secondly, achievements in health and longev-
ity have caused a ‘disease transition’, wherein individuals ac-
cumulate and manage an increasing burden of
age-associated, non-communicable diseases [3]. Together
these transitions represent the beginning of an accelerating
strain on social insurance and public health care systems [4].
Effective management will require further understanding of
the determinants of the health of older adult populations and
designing health systems appropriate to the needs of older
adults, especially those with multiple, interacting medical and
social problems.

In this regard, higher-income countries have expected
advantages. Even so, the relationship between national
wealth and health is complex [5]; gross domestic product
(GDP) and healthcare spending per capita are only inconsist-
ently related to life expectancy [6]. This inconsistency may be
related to the heterogeneity of the health status of older
adults in these populations. Among older adults in wealthy,
developed countries, lower individual income has been vari-
ably associated with disability [7], disease-specific morbidity
[8], cognitive decline [9], falls [10] and death [11]. These vari-
able deficits, considered individually, can be variably present
but on average, individuals accumulate health deficits at dif-
fering rates as they age, and these differences may be related
to economic and social factors [12].

Elsewhere, a simple, widely validated means of summaris-
ing health status and its variability with age has been pro-
posed [13]. That approach counts the deficits present in
individuals and infers relative fitness or frailty on that basis,
irrespective of the specific nature or combinations of deficits.
The frailty index is the application of this approach and

forms a state variable that captures the whole health of the
individual. It has been shown to be a stronger predictor of
mortality than chronological age [14, 15]. While properties of
the frailty index are comparable across populations [16, 17],
differences in the prevalence of frailty exist between countries
[17–19]. These differences may be explained by socio-
economic factors, especially as low individual income [20] and
high social vulnerability [21] are associated with frailty. As
health systems are responsible for an increasing proportion of
frail older adults, it is important to examine whether this rela-
tionship between socio-economic factors and frailty at the
level of the individual exists across populations as well.
Investigating the determinants of frailty at the level of national
populations would help policy-makers advance economic and
social policies to benefit health in later life.

The Survey of Health, Ageing, and Retirement in Europe
(SHARE) enables cross-country comparisons of the relation-
ship between economic indicators and the health status of
community-dwelling older adults. European countries are of
particular interest in understanding the determinants of
health of older adults, as Europe leads the demographic tran-
sition in population ageing; European nations have among
the highest median ages, with one in five persons aged 60 or
older [22]. Recent investigations further suggest that frailty
may be more prevalent in European than North American
populations [23]. The current study aimed to examine the re-
lationship between national economic indicators and the
health status of middle-aged and older adults in Europe. Our
objectives were to evaluate health (measured by characteris-
tics of the distribution of frailty) in relation to national
income and healthcare spending and the relationship of
these health and economic indicators with mortality.

Methods

This is a secondary analysis of the baseline data from the first
and second SHARE waves (SHARE release 2.5.0 of 24 May

615

Relationship between national economic indicators and relative fitness and frailty



2011). SHARE began in 2004 and 37,546 people (16,590
men; 20,956 women) from probability samples in 15 coun-
tries participated in baseline interviews [wave 1: Austria,
Belgium, Denmark, France, Germany, Greece, Italy,
Netherlands, Spain, Sweden, Switzerland (2004–05), Israel
(2005–06); wave 2: Czech Republic, Poland (2006–07), Ireland
(2007)]. SHARE represents the non-institutionalised popula-
tion aged 50 and older and their spouses/partners independ-
ent of age in all participating countries. We excluded spouses/
partners below the age of 50 from the secondary analysis.
Mortality data were obtained from the second (2006–07) and
third waves (2008–09) of SHARE for all countries except
Israel and Ireland.

Included economic indicators for each country were GDP
per capita adjusted for purchasing power parity (constant
2005 international dollar) and healthcare expenditure as a per-
centage of GDP (World Bank data). For each country, we
used economic indicators from the first year that data collec-
tion started for SHARE. The 15 included countries were cate-
gorised by GDP per capita as lower-income countries (GDP
$14,652–$28,227) and higher-income countries (GDP
$29,222–$41,137). The lower-income countries were those
located in Southern and Eastern Europe (Greece, Italy, Spain,
Israel, Czech Republic, Poland and Israel), and the higher-
income countries were those located in Northern and Western
Europe (Austria, Belgium, Denmark, France, Germany,
Netherlands, Sweden, Switzerland and Ireland) [24].
Approval for secondary analyses came from the Research
Ethics Committee of the Capital District Health Authority at
Halifax, Nova Scotia, Canada.

A frailty index was constructed as the proportion of defi-
cits present out of the 70 deficits available in the SHARE
database. A deficit can be any symptom, sign, disease, dis-
ability or laboratory abnormality that is associated with age
and adverse outcomes, present in at least 1% of the popula-
tion, covers several organ systems and has no >5% missing
data [25]. A recent study used a 40-item frailty index from
SHARE [14]. The frailty index used here employed 70 mea-
sures from the physical health, behavioural risks, cognitive
function, and mental health sections of the SHARE database
(Supplementary data are available in Age and Ageing online,
Appendix S1). These measures which were either binary,
ordinal or continuous variables were mapped to a 0–1 inter-
val (e.g. 0, 0.5, 1). Participants’ frailty index scores were calcu-
lated by dividing the number of recorded deficits by the total
number of measures (70 measures). For example, if 35 defi-
cits were present the frailty index score would be 35/
70 = 0.5. The frailty index’s properties have been extensively
cross-validated [13]. A score of 0.25 was considered the
frailty cut-point score [26]. The fittest individuals were
defined as those with a frailty index score of 0.03 or less (0–2
health deficits reported) [12]. The characteristics of the frailty
index examined for each country were mean frailty index
score, prevalence of frailty (proportion of people with a
frailty index score of 0.25 or greater) and proportion of the
fittest group (people with a frailty index score of 0.03 or
less).

Statistical analysis

Associations between mean frailty index score and national
economic indicators were examined using Pearson correlation
coefficients. The prevalence of frailty and the proportion of
the fittest group were compared between the lower- and
higher-income countries. Death rates at 24 months were cal-
culated for each country and Kaplan–Meier survival curves
were generated. We evaluated survival in relation to the frailty
index for each country using the Cox proportional hazard
models adjusted by age and sex. To control for differences in
institutionalisation rates across European countries, we also
analysed data from those aged 50–64 years old, where institu-
tionalisation is uncommon. Calibration weights were used to
reflect the size of the national population by age and sex. The
statistical significance level was set to 0.05. All calculations
were performed using the SPSS software (version 19).

Results

The age of the included participants and the percentage of
women were similar (P > 0.05) in the lower- (65.0 ± 0.78
years, 55.0% women) and higher-income countries
(65.0 ± 0.63 years, 54.2% women) (Supplementary data are
available in Age and Ageing online, Appendix S2). GDP
(r= −0.79, P < 0.001; Figure 1) and healthcare expenditure
(r= −0.63, P< 0.05) were negatively correlated with each
country’s mean frailty index. When only those aged 50–64
years were included in the analysis, GDP (r= −0.71,
P< 0.01) and health-care expenditure (r = −0.63, P < 0.05)
remained negatively correlated with each country’s mean
frailty index.

At all ages, the mean frailty index was greater in women
than in men regardless of country. Every additional year of
age was associated with a 3.5 and 2.8% higher mean frailty
index in lower- and higher-income countries, respectively.
The prevalence of frailty was lower (16.1 versus 27.6%;

Figure 1. Relationship between GDP per capita (PPP) and
mean frailty index.
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P< 0.01; Figure 2) and that of fitness was higher (7.2 versus
4.0%; P < 0.05; Supplementary data are available in Age and
Ageing online, Appendix S3) in higher-income countries. The
demographic characteristics of frail people were similar
(P> 0.05) in the lower- (72.0 ± 1.98 years, 68.4% women)
and higher-income countries (72.8 ± 1.44 years, 70.0%
women). In contrast, the fittest group in higher-income
countries was older (58.1 ± 0.70 versus 56.7 ± 1.18 years;
P< 0.05) and with a greater proportion of women (41.3
versus 32.7%; P < 0.01).

Death rates were negatively correlated with each country’s
GDP (r = −0.80, P< 0.01) and health expenditure
(r= −0.67, P < 0.05). In higher-income countries, the death
rate across all participants was 3.3%, whereas in lower-
income countries it was 6.3%. For non-frail participants,
death rates were 1.9% for both lower- and higher-income
countries. For frail participants, death rates were 11.6% in
the lower-income countries and 10.5% in the higher-income
countries. Survival in non-frail participants was greater than

in frail participants in both lower- and higher-income coun-
tries (Figure 3). Survival in non-frail participants was not
associated with national income (log-rank Chi-square = 1.69,
P = 0.19), but survival in frail people was greater in higher-
income countries than in lower-income countries (log-rank
Chi-square = 3.69, P < 0.05; Figure 3). When only those
aged 50–64 years were included in the analysis, survival in
non-frail participants remained unassociated with national
income (log-rank Chi-square = 0.58, P = 0.45) whereas the
difference in the survival of the frail participants in lower-
and higher-income countries was close to reaching signifi-
cance (log-rank Chi-square = 3.55, P= 0.06). Adjusting for
age and sex, a higher frailty index score was associated with a
greater risk of death in all countries (P < 0.001)
(Supplementary data are available in Age and Ageing online,
Appendix S4). This association was similar in the higher-
(adjusted HR: 1.05; 95% CI: 1.04–1.06) and lower-income
countries (adjusted HR: 1.05; 95% CI: 1.05–1.06).

Discussion

This secondary analysis of a large, representative data set
of 15 European countries showed a strong relationship
between national economic indicators and the health status
of middle-aged and older adult populations, as measured by
a frailty index. It also helps to clarify the often ambiguous rela-
tionship between national income and health. Lower-income
countries had lower health care expenditure and demon-
strated higher levels of frailty and lower levels of fitness when
compared with the higher-income countries. Survival in
non-frail participants was not related to national income;
however, survival in frail people was greater in higher-income
countries. The ability to compare the rate and prevalence of
accumulated health deficits across many countries using the
same frailty measure contributes to better understanding the
determinants of the health of older adult populations, and
further clarifies the relationship between national income and
population health.

Figure 2. Prevalence of frailty by country.

Figure 3. Survival at 24 months for frail and non-frail groups
in lower- and higher-income countries.
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Our findings must be interpreted with caution. As the
sample only includes community-dwelling participants, insti-
tutionalised older adults in each country are excluded. As in-
stitutionalisation practices may vary by country, this would
affect the health status of the community-dwelling popula-
tion in each country. Even so, we found similar results in
people aged 50–64 years, who would not be affected by dif-
ferences in institutionalisation practices. As the frailty index
used in these analyses incorporated only self-reported defi-
cits, there may be differences between countries based on
cultural attitudes towards illness and health, regional varia-
tions in health literacy or diagnosis frequencies independent
of the health status.

The characteristics of the frailty index across the countries
studied here are comparable with findings from different na-
tionally representative samples. Mitnitski et al. [17] reported
that among seven community-based studies in Canada,
Australia, the USA and Sweden deficits were found to accu-
mulate on average at 2.9%/year. This is comparable with the
higher-income countries presented here (2.8%/year). In
China, the frailty index increased at 3.9%/year [19], compar-
able with the lower-income countries presented here (3.5%/
year). Our results are also consistent with a recent study
using a 40-item frailty index from SHARE, which showed
that a higher frailty index score is associated with higher mor-
tality and that the frailty index is greater in women than in
men [14].

Another study from SHARE database, but with fewer
countries, used the phenotypic approach to measure frailty
and found that its prevalence was greater in women and in
southern European countries [23]. The prevalence of frailty
reported in that study was almost 50% lower than the preva-
lence we have estimated. This difference, which has been
noted in other studies [27, 28], is not surprising considering
the major differences between the two operational definitions
of frailty. Although there is debate about the nature and
measurement of frailty, a recent systematic review concluded
that the frailty index seems to be the most suitable instru-
ment to evaluate outcome measures in frailty research [29].

This is the first study to suggest that variability in the ac-
cumulation of age-associated health deficits may be
explained, in part, by differences in environmental and par-
ticularly socio-economic factors. In higher-income countries,
not only is the prevalence of frailty lower, but frail people
also live longer. This might be because frail people in lower-
income countries are exposed to different environmental and
social insults in addition to limited access to high-quality
health care while health and social systems in wealthier coun-
tries can support individuals in managing multiple problems.
While this study of the relationship between economic
resources and frailty on a population level is novel, there have
been limited studies on the contribution of economic
resources to frailty. The cross-sectional nature of the data
used here limit potential conclusions as to causality of the
associations observed. In particular, the possibility of reverse
causation is non-trivial; that is, better health has also been
found to be related to economic prosperity in these countries

[30]. Understanding of the specific mechanisms influencing
the health status of older adult populations is vital.

The findings of this study have potential implications for
health policy and clinical practice. As the health of popula-
tions is linked with economic prosperity, and vice versa, in-
vestment in policies which promote access to income and
health may limit the burden of frailty on national health care
systems. Lower-income countries should focus their
resources on this vulnerable population. While our study
focused on population health, considering the social and eco-
nomic issues facing frail older adults might influence clinical
decisions about the course of their care. Future studies
should focus not only on factors that contribute to lengthen-
ing survival, but improving the quality of life of frail older
adults. One important aspect of this may be the relative pro-
portion of public and private financing that makes up health-
care expenditure. Further, economic changes in Europe
since SHARE data collection began may have influenced
levels of frailty in these countries. Future studies should in-
vestigate potential consequences of these recent develop-
ments.

Key points

• On a population level, the relationship of economic indica-
tors with health is unclear.

• A strong relationship exists between national economic
indicators and a country’s level of frailty and fitness.

• In higher-income countries, not only is the prevalence of
frailty lower, but frail people also live longer.
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