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Background: As populations age, the possible consequences of increased frailty are a major concern for the health
sector. Here, we investigate how life expectancy with and without frailty has changed during a 10–11-year-period
across Europe. Methods: The Sullivan method was used to investigate changes in life expectancy with and without
frailty in 10 European countries. Frailty status (non-frail, pre-frail and frail) was determined by use of the Survey of
Health, Ageing and Retirement in Europe Frailty Instrument (SHARE-FI). Data on frailty prevalence was obtained
from 21 698 individuals in wave 1 (2004–05) and 38 859 individuals in wave 6 (2015) of the SHARE. Information
on mortality was obtained from the Eurostat Database. Results: In 2015, women aged 70 spent 25.0% (95%
CI: 24.0–26.1) of their remaining life expectancy in a frail state, and the number for men was 11.5% (95% CI:
10.7–12.3). Southern Europeans spent 24.2% (95% CI: 22.9–25.4) of their remaining life expectancy in a frail state
and the numbers for Central Europeans and Northern Europeans were 17.0% (95% CI: 16.0–17.9) and 12.2% (95%
CI: 10.9–13.5), respectively. From 2004–05 to 2015, life expectancy increased by 1.1 years (from 15.3 to 16.4 years)
for 70-year-old Europeans. Similarly, non-frail life expectancy increased by 1.1 years (95% CI: 0.8–1.4), whereas no
significant changes in life expectancy in frail states were observed. Conclusions: This study suggests that
Europeans today spend more years in a non-frail state than Europeans did 10–11 years ago. Our findings reflect
a considerable inequality by gender and region.
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Introduction

In high-income countries, mortality at older ages has fallen dra-
matically and record life expectancy (LE) has risen for more than a

centuryby three months per year in low-mortality countries.1,2 The
reason for the rise in LE has, since the 1950s, mostly been caused by
declining mortality rates at older ages.1 The social and economic
implications associated with ageing have been discussed extensively.
A key concern is whether the years gained in LE are healthy years or
years spent in a disabled and unhealthy state.3,4

In the late 1970s and early 1980s, three alternative scenarios of
future health trends in ageing populations were proposed.5–7

Gruenberg argued that as mortality rates are declining, partly as a
product of better health care, individuals who previously would have
died are kept alive but in a less than healthy state.5 According to
Gruenberg, the proportion of unhealthy elderly people will increase
as LE increases. This projection is often referred to as the failure-of-
success theory or the expansion of morbidity theory.4,5,8. Fries pro-
posed a contrasting projection, namely that improved health care
will postpone the onset of morbidity and disability to a higher age,
so that time spent in an unhealthy state will be compressed into a
shorter period before death—a theory known as the success-of-suc-
cess theory or the compression of morbidity theory.4,6,8 An intermedi-
ate theory, the dynamic equilibrium theory, proposed by Manton,
suggests that the proportion of unhealthy elderly people will in-
crease, but that there will be a shift towards less severe morbidities
and disabilities.7

As data on measures of health in the ageing population has be-
come increasingly available, these theories have been tested widely
with a considerable amount of research suggesting that people are
living longer and healthier lives.4 However, current evidence shows
that many older community-dwelling people have risk factors for
major health-related events, and this has caused the frailty-syndrome
to be recognized as a condition to be given high priority in public
health prevention and research.9

Frailty has been defined as a state of increased physiological vul-
nerability and is associated with an increased risk for negative health
outcomes (e.g. falls, hospitalization, long-term care, institutionaliza-
tion and mortality).9–11 Frailty may represent a transition phase
between successful ageing and disability, and with the gradually
increasing number of elderly, there is growing global awareness on
preventing and delaying the onset of frailty.9,12

While numerous definitions of frailty have been proposed, the
one that has gained most recognition is the definition given by
Fried et al.13 Fried’s method requires the measurement of five frailty
criteria: weakness, slowness, low level of physical activity, low energy
or self-reported exhaustion and unintentional weight loss.13

Romero-Ortuno et al. were the first to investigate LE with and
without frailty across Europe, in 15 countries participating in the
Survey of Health, Ageing and Retirement in Europe (SHARE) in
wave 4 in 2011.14 Among 50 351 Europeans aged 50þ, they found
that LE in a frail state at age 70 was 0.7 years for men and 1.8 years
for women; however, the estimates varied by country, with a higher
proportion of pre-frailty and frailty in Southern Europe than in
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Northern Europe.14 A similar study in a French population of 2350
individuals aged 70þ by Herr et al., found that LE at age 70 in a frail
state was 1.2 years for men and 3.4 years for women, confirming the
known gender differences in health expectancy.15

To our knowledge, no studies have evaluated the development in
LE with frailty over time in the European population. In this study,
we estimate LE in different frailty states for the European population
in 2004–05 and 2015, respectively, to assess the change over time
and evaluate whether LE with and without frailty has increased,
decreased or stagnated in the European population. Moreover, we
explore gender and regional differences in frailty during the obser-
vation period.

Methods

Study population

This study was based on data from SHARE, a cross-national panel
survey, collecting data on health, socioeconomic status and social
networks of people aged 50þ and their spouses/partners, living in
Europe. The data were collected by trained interviewers in the par-
ticipants’ homes using computer-assisted personal interviews. To
increase sample size and compensate for attrition, SHARE continu-
ously adds refresher samples in each wave.16

The present study included respondents aged 50þ from wave 1
(2004–05)17 and wave 6 (2015).18 A total of 10 European countries
were part of both waves. These countries were classified into three
regions: Northern Europe (Denmark and Sweden), Central Europe
(Austria, Germany, France, Switzerland and Belgium) and Southern
Europe (Italy, Spain and Greece). Response rates for baseline/re-
freshment interviews at the household level varied from 40.3% in
Belgium to 97.6% in France in wave 1 and from 45.0% in Italy to
69.3% in Greece in wave 6.19

Frailty classification

To classify the study population according to frailty status, the
SHARE Frailty Instrument (SHARE-FI)20–22 was applied. The
SHARE-FI is based on five items in the SHARE questionnaire (ex-
haustion, weight loss, weakness, slowness, and low physical activity)
which have been identified to be the best approximation to Fried’s
frailty criteria.23

• Exhaustion was identified as a ‘yes’ to the question: ‘In the last
month, have you had too little energy to do the things you wanted to
do’?

• Weight loss was defined as a ‘Diminution in desire for food’ in
response to: ‘What has your appetite been like?’ or, if the response
was non-specific or not codable, by responding ‘less’ to: ‘So, have
you been eating more or less than usual?’

• Weakness was assessed by handgrip strength in kilograms using a
dynamometer. Two measurements were taken from both hands,
with the highest value being selected.

• Slowness was identified by answering ‘yes’ to one or both of the
following questions: ‘Because of a health problem, do you have

difficulty (expected to last more than 3 months) walking 100 meters?’
or ‘. . . climbing one flight of stairs without resting?’.

• Low physical activity was assessed by the question: ‘How often do
you engage in activities that require a low or moderate level of energy
such as gardening, cleaning the car, or doing a walk?’ The answer
was measured on an ordinal scale: more than once a week; once a
week; one to three times a month; or hardly ever or never.
Based on the answers to these questions, the SHARE-FI formula

calculates a frailty score from which individuals can be classified
according to three categories: non-frail, pre-frail and frail.20

Detailed information on the SHARE-FI formula can be found in
the original paper by Romero-Ortuno et al.20

Statistical analysis

LE in different frailty states and 95% confidence intervals (CIs) were
measured by application of the Sullivan method with direction from
the practical guide by Jagger et al.24 The required data for calculating
healthy life expectancy (HLE) by the Sullivan method is the age-
specific prevalence of the population in healthy and unhealthy states
(i.e. the prevalence of non-frail, pre-frail and frail individuals in the
two SHARE waves) as well as age-specific mortality information
provided from a period life table.24 Mortality data from the respect-
ive 10 SHARE countries in 2004 and 2015 were obtained from
period life tables at Eurostat.25

The age-specific prevalence’s of frailty was assessed in five-year
age groups for the total study population and investigated separately
by gender and regions and weighted using the calibrated individual
probability weights provided in the SHARE dataset, designed to
reduce the impact of non-response and attrition.16

LE in the different frailty states was estimated using STATA and
Microsoft Excel.

In order to evaluate which of the proposed theories fitted the
development in time spent with and without frailty in the
European population, the classification proposed by Nusselder26,27

was applied (table 1). The classification distinguishes between ab-
solute and relative compression and expansion of morbidity, based
on changes observed in healthy and unhealthy LE over time. We
defined ‘healthy LE’ as non-frail LE and ‘unhealthy LE’ as pre-frail
and frail LE. For instance, if healthy LE (i.e. years spent in a non-
frail state) increases during the observation period, while at the
same time unhealthy LE (i.e. years spent in a pre-frail and frail
state) decreases, there will be evidence of absolute compression of
unhealthy LE. Contrarily, if unhealthy LE increases over time, there
will be evidence of absolute expansion of unhealthy LE. In case of
no changes observed in unhealthy LE, there will be evidence of an
equilibrium between absolute expansion and compression. Relative
compression of unhealthy LE is observed if the proportion of
healthy LE increases during the observation period, while there
will be a relative expansion if the proportion of healthy LE
decreases (table 1). There is evidence for the dynamic equilibrium
theory if an absolute and relative expansion of unhealthy LE is
observed together with a shift from more to less severe unhealthy
life years (i.e. a shift towards increasing pre-frail LE and decreasing
frail LE).7,27

Table 1 Classification of absolute and relative compression and expansion of morbidity (as proposed by Nusselder26)

Life expectancy (LE) Healthy LE Unhealthy LE % Healthy LE

in LE

Classification

Absolute Relative

" " # " Compression Compression

" " ¼ " Equilibrium compression-expansion Compression

" " " " Expansion Compression

" " " ¼ Expansion Equilibrium compression-expansion

" " " # Expansion Expansion

" ¼ " # Expansion Expansion

" # " # Expansion Expansion
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Results

The study population comprised 21 698 individuals in wave 1 and
38 859 in wave 6. The average age was 64.3 (SD 9.8) years in 2004–
05 and 67.0 (SD: 9.8) years in 2015. There was a slightly higher
proportion of participating women than men (53.6% in 2004–05
and 54.1% in 2015). The proportion of frail individuals increased
from 7.1% to 7.9% for 50þ yearolds and decreased from 15.6% to
15.0% for 70þ yearolds from 2004–05 to 2015. The highest propor-
tion of frail individuals was observed in the Southern European
population (table 2).

In the following, results for the age group of individuals aged ‘70–
74’ are reported. LE for all age groups in each frailty state and across
gender and regional area can be found in the supplementary file,
table A1–12.

In 2004–05 as well as in 2015, we observed disparity in healthy
(non-frail) and unhealthy (pre-frail and frail) LE between men and
women and across regions. Women had a higher LE compared with
men but spent a considerably higher proportion of their remaining
LE in an unhealthy state. In 2015, a 70-year-old woman could expect
to live a further 17.7 years, of which 29.2% (95% CI: 28.1–30.3)
would be in a pre-frail state and 25.0% (95% CI: 24.0–26.1) would
be in a frail state. In comparison, a 70-year-old man could expect to
further live 14.8 years, of which 19% (95% CI: 18.0–20.0) would be
in a pre-frail state and 11.5% (95% CI: 10.7–12.3) would be in a frail
state (table 3, figure 1). Across regions, Northern Europeans had the
lowest LE (15.9 years in 2015) and the lowest proportion of un-
healthy LE [pre-frail LE: 18.0% (95% CI: 16.4–19.5) and frail LE:
12.2% (95% CI: 10.9–13.5)] while Southern Europeans had the
highest LE (16.4 years in 2015) and the highest proportion of un-
healthy LE [pre-frail LE: 28.0% (95% CI: 26.7–29.4) and frail LE:
24.2% (95% CI: 22.9–25.4)] (table 3, figure 1).

During the observation period from 2004–05 to 2015, we
observed an increase in remaining LE for a 70-year-old individual
in the total study population of 1.1 years, from 15.3 years in 2004–05
to 16.4 years in 2015. Northern women had the smallest increase of
0.9 years from 16.1 years in 2004–05 to 17.0 years in 2015, while

Southern men had the highest increase of 1.5 year from 13.5 years
in 2004–05 to 15.0 years in 2015 (table 3).

In the total study population, healthy LE increased by 1.1 years
from 8.1 years (95% CI: 7.9–8.3) in 2004–05 to 9.2 years (95% CI:
9.0–9.3) in 2015, while unhealthy LE increased by 0.1 years, as a
result of a non-significant increase in years spent in a pre-frail state
[4.0 years (95% CI: 3.8–4.2) in 2004–05 to 4.1 years (95% CI: 4.0–4.2
in 2015)] (table 3). In relative measures, the proportion of healthy
LE increased by 2.9 percentage points from 52.8% (95% CI: 51.5–
54.1) in 2004–05 to 55.7% (95% CI: 54.9–56.5) in 2015, resulting in
a relative compression of unhealthy LE during the period
(tables 1and 3).

Healthy LE increased from 2004–05 to 2015 for both men and
women in each regional area. However, overlap in 95% CIs of
healthy LE for the period 2004–05 and 2015 was observed for
Central European women (table 3). Varying trends in changes in
unhealthy LE were observed across gender and region. Generally, the
changes were minor compared with the changes observed in healthy
LE, and in all cases, the 95% CI overlapped (table 3).

A trend of absolute compression of unhealthy LE was observed
among Northern women and Southern men, while a trend of abso-
lute expansion was observed among Southern women and Central
women and men. Among Northern men, an equilibrium between
absolute compression and expansion was detected, as there were no
changes in overall unhealthy LE during the period. A trend of rela-
tive compression of unhealthy LE was observed among Northern
and Southern men and women, while relative expansion was
detected among Central men and an equilibrium between relative
compression and expansion was detected among Central women
(tables 1and 3). Central European men were the only population
group in which an inclination towards the dynamic equilibrium was
observed, as there was a trend of absolute as well as relative expan-
sion of unhealthy LE together with a shift from severe (i.e. frail) to
moderate (i.e. pre-frail) ill health. The proportion of remaining LE
in a frail state decreased from 10.5% (95% CI: 8.6–12.3) to 10.0%
(95% CI: 8.9–11.1) while the proportion of remaining LE in a

Table 2 Demographic characteristics of the study population (50þyearold), SHARE waves 1 (2004–05) and 6 (2015)

Total study population Northern Europe Central Europe Southern Europe

2004–05

(n 5 21 698)

2015

(n 5 38 859)

2004–05

(n 5 4282)

2015

(n 5 7145)

2004–05

(n 5 10 835)

2015

(n 5 18 391)

2004–05

(n 5 6581)

2015

(n 5 13 323)

Gender(n (%))

Men 10 074 (46.4) 17 815 (45.9) 2031 (47.4) 3336 (46.7) 5042 (46.5) 8332 (45.3) 3001 (45.6) 6147 (46.1)

Women 11 624 (53.6) 21 044 (54.1) 2251 (52.6) 3809 (53.3) 5793 (53.5) 10 059 (54.7) 3580 (54.4) 7176 (53.9)

Age interval (n (%))

50–54 4057 (18.7) 3896 (10.0) 775 (18.1) 677 (9.5) 2093 (19.3) 1920 (10.4) 1189 (18.1) 1299 (9.8)

55–59 4102 (18.9) 6090 (15.7) 870 (20.3) 976 (13.7) 2014 (18.6) 3035 (16.5) 1218 (18.5) 2079 (15.6)

60–64 3716 (17.1) 7046 (18.1) 750 (17.5) 1224 (17.1) 1818 (16.8) 3360 (18.3) 1148 (17.4) 2462 (18.5)

65–69 3345 (15.4) 7029 (18.1) 609 (14.2) 1434 (20.1) 1705 (15.7) 3224 (17.5) 1031 (15.7) 2371 (17.8)

70–74 2726 (12.6) 5585 (14.4) 494 (11.5) 1148 (16.1) 1329 (12.3) 2535 (13.8) 903 (13.7) 1902 (14.3)

75–79 2000 (9.2) 4430 (11.4) 411 (9.6) 809 (11.3) 1014 (9.4) 2051 (11.2) 575 (8.7) 1570 (11.8)

80–84 1183 (5.5) 2846 (7.3) 221 (5.2) 500 (7.0) 619 (5.7) 1294 (7.0) 343 (5.2) 1052 (7.9)

85þ 569 (2.6) 1937 (5.0) 152 (3.6) 377 (5.3) 243 (2.2) 972 (5.3) 174 (2.6) 588 (4.4)

Age in years (mean (SD))

64.3 (9.8) 67.0 (9.8) 64.4 (10.0) 67.5 (9.7) 64.2 (9.7) 66.8 (9.9) 64.4 (9.7) 67.0 (9.7)

Frailty status (n (%))

50þ-year-old

Non-Frail 16 875 (77.8) 29 521 (76.0) 3617 (84.5) 6049 (84.7) 8689 (80.2) 14 352 (78.0) 4625 (69.3) 9120 (68.5)

Pre-Frail 3291 (15.2) 6251 (16.1) 482 (11.3) 759 (10.6) 1469 (13.6) 2731 (14.9) 1363 (20.4) 2761 (20.7)

Frail 1532 (7.1) 3087 (7.9) 183 (4.3) 337 (4.7) 677 (6.3) 1308 (7.1) 684 (10.3) 1442 (10.8)

70þ-year-old

Non-Frail 3905 (60.3) 9247 (62.5) 897 (70.2) 2129 (75.1) 2039 (63.6) 4417 (64.5) 969 (48.6) 2701 (52.8)

Pre-Frail 1564 (24.1) 3329 (22.5) 256 (20.0) 441 (15.6) 710 (22.2) 1487 (21.7) 598 (30.0) 1401 (27.4)

Frail 1009 (15.6) 2222 (15.0) 125 (9.8) 264 (9.3) 456 (14.2) 948 (13.8) 428 (21.4) 1010 (19.8)
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pre-frail state increased from 17.6% (95% CI: 15.3–19.9) to 18.8%
(95% CI: 17.4–20.2) (table 3).

Discussion

In this paper, we focused on evaluating the development in time
spent with and without frailty over a 10–11-year period, and we
assessed gender and regional differences in the European population
of older adults.

Our analysis showed that a minority of the European population
of 70þ yearolds were frail in 2004–05 (15.6%), and that there was a
slight decrease in 2015 (15.0%).

We found disparity in healthy LE (non-frail) and unhealthy LE
(pre-frail and frail) across gender, with women spending more time
in an unhealthy state compared with men, and across regions, with
Southern Europeans spending considerably more time in an un-
healthy state compared with Northern and Central Europeans.
From 2004–05 to 2015, we found that healthy LE increased along
with total LE for men as well as women in each European regional
area. However, during the observation period, unhealthy LE did also
increase for some groups in the study population, revealing disparity
across gender and regions. Northern European women and
Southern European men had the most positive development during
the 10–11-year period, compressing absolute as well as relative un-
healthy LE, while Central European men were worse off expanding
absolute and relative unhealthy LE.

To our knowledge, this study is the first to investigate the devel-
opment in HLE spent in different states of frailty over time in the

European population. While other studies have looked at the devel-
opment in HLE in Europe with respect to other health indicators,
comparison across results is difficult due to differences in methods
(e.g. observation period, health indicator, agerange).27–29 In general,
these studies report an increase in years spent in good health, but
only in some populations does the increase in healthy life years
exceed the increase in total LE during the observation period.27–29

The observed differences in time spent with and without frailty
between men and women are consistent with findings from other
comparable studies. Romero-Ortuno et al. found that LE at age 70
in a non-frail state was 8.1 years for men and 6.0 years for women,
for the total study population of 15 European countries participat-
ing in the fourth wave (2010–11) of SHARE.14 Another study, con-
ducted in a French population of 70þ yearolds in 2008–2010, found
that women could expect to live 5.1 years in a non-frail state, while
men could expect to live 6.4 years.15 These observations of women
living longer lives but in poor health were also found in studies
investigating HLE with respect to other health measures than
frailty.28,30,31 The phenomenon has been termed the male–female
health-survival paradox, and despite being studied extensively, the
underlying mechanisms for these observed gender differences in LE
and health are still poorly understood.32 Gender differences in bio-
logical, social and lifestyle risk factors as well as selection and infor-
mation bias in surveys have been proposed as being potentially
explanatory reasons for the phenomenon.32 A study in a French
population found that women’s higher LE with disability compared
with that of men was attributed to lower mortality from diseases as
well as higher disability prevalences from mainly musculoskeletal

Figure 1 Remaining life expectancy at age 70 by frailty state in the Total Study Population and across European regions in 2004–05 and 2015
in absolute (years) and relative (proportion) measures.
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diseases.33 The close connection between frailty and musculoskeletal
diseases10 might explain some of the gender differences observed in
time spent with and without frailty in this study.

Cross-country differences in frailty distribution in the European
region have been documented in other studies as well. Santos-
Eggimann et al. found that Southern European countries had a
higher prevalence of frailty compared with Northern European
countries.23 Similarly, another study among centenarians residing
in five countries found that the Central European countries
(France and Switzerland) had higher frailty prevalences compared
with the Northern European countries (Denmark and
Sweden).34Romero-Ortuno et al. found that LE in a pre-frail and
frail state was highest in Southern countries like Spain and Italy and
shortest in Northern and Central countries like Denmark, Sweden,
Germany and the Netherlands.14 These disparities in frailty distri-
bution across European countries are consistent with findings of a
north-south gradient with respect to other health indicators in the
European population.35,36 A study investigating the association be-
tween national economic gross domestic product and frailty in the
SHARE countries found that higher-income countries (e.g.
Denmark, Sweden, France, Germany, Belgium) had lower preva-
lence of frailty compared with lower-income countries (e.g. Spain
and Italy),37 suggesting that the observed country differences in
frailty may be caused by socioeconomic factors.14 The north-south
gradient observed with respect to LE (lowest LE in Northern Europe
and highest LE in Southern Europe), might be partly explained by
the north-south gradient in cardiovascular diseases across Europe.
Cardiovascular disease is the main cause of death in Europe, and
Southern European countries have for several decades reported
lower age-standardized death rates from ischaemic heart disease
compared with the rest of Europe—most likely due to dietary
differences.38

The strength of this study is the large national sample of people
from 10 European countries interviewed 10–11 years apart, making
it possible to compare trends in LE in different frailty states across
European regions. A limitation of the SHARE-FI score is that four
out of the five items included are based on self-reporting, which
makes the measurement vulnerable towards misclassification.
Additionally, since nursing home residents are underrepresented
in SHARE, it is likely that the prevalence of the population in a frail
state is underestimated.18

Despite being the most widely used method for estimating HLE,
the Sullivan method has been criticized for its assumptions of sta-
tionary mortality and disability rates.39 The Multi State Life Table
(MSLT) model, in which transition rates between different states of
health and ultimately death are calculated in a longitudinal setting,
has been highlighted as being superior to the Sullivan method for
estimating HLE over time.39 However, as the MSLT model requires
mortality data on an individual level, and as it has been documented
that SHARE’s mortality follow-up systematically underestimates real
mortality,40 we considered the Sullivan method to be the most ap-
propriate considering the data.

Based on our findings, we cannot decisively conclude which of the
three theories proposed by Fries (compression of morbidity),6

Gruenberg (expansion of morbidity)5 and Manton (dynamic equi-
librium of morbidity)7 is true for the European population as a
whole, as we found different trends across regional areas.
However, our findings are encouraging in demonstrating that, gen-
erally, most of the extra years added to life in the European popu-
lation from 2004–05 to 2015 are years spent in a non-frail state.
Although there were substantial differences in LE with and without
frailty among men and women in the three European regions, an
improvement in years spent in a non-frail state was demonstrated
for all groups.

HLE is a comprehensive public health indicator as it adds infor-
mation about the quality of years lived in a population. As our
analysis has shown, high LE does not necessarily equal a healthy
life. Estimating and comparing the development of HLE across the

ageing European population is of public health importance as it
serves as an indicator of the process of promoting healthy and active
ageing in the European region.

Further research into the development in HLE across gender and
European regions is needed in order to decisively evaluate on
whether Europeans are living longer and healthier lives and to
gain further knowledge on what is driving the gender- and regional
differences observed in HLE in Europe.

Supplementary data

Supplementary data are available at EURPUB online.
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