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ABSTRACT

Background Frailty is an age-related health condition
affecting an estimated 18% of older adults in Europe
and past evidence has shown a relationship between
socioeconomic factors and frailty. We examined
population frailty trends and the association between
frailty and 5-year mortality by education tertiles and
income quartiles at ages 75, 85 and 95 in Swedish
registry data.

Methods All Swedish residents born in 1895-1945
and in the Total Population Register from 1990 to 2020
were included. Frailty was assessed with the Hospital
Frailty Risk Score (HFRS), which sums 109 weighted
International Classification of Diseases (ICD codes),
collected from the National Patient Register.

Results Regardless of education and income, frailty
increased over time, though the association between
frailty and 5-year mortality remained stable. Particularly
in earlier birth cohorts, although the highest education
and income levels had the highest mean HFRS scores,
the lowest education and income levels accounted for
greater proportions among the frail. These trends varied
slightly by sex and age. Men and women had similar
levels of frailty, but frailty was more strongly associated
with mortality among men.

Conclusion Over time, education and income

levels were more equally represented among the

frail population in more recent years. More equitable
distribution over time may suggest improvement in
health disparities, though more work is needed. The
overall increase in frailty and unchanged association with
mortality indicates that additional research is needed
to better understand how to best support the growing
ageing population. This would then support the long-
term viability of the healthcare system.

INTRODUCTION

Frailty is an age-related condition affecting an esti-
mated 18% of older adults in Europe, though prev-
alence estimates vary widely (2%-75%) by country,
setting and frailty measure used.' It is a clinical
syndrome characterised by functional decline that
increases an individual’s vulnerability to loss of
independence, disability and death.?* Frailty has a
complicated, heterogeneous aetiology and is some-
times difficult to differentiate from multimorbidity.
With the population ageing, more individuals
are at risk of becoming frail. Indeed, we recently
found that frailty has been increasing over time
in the Swedish population, though the association
between frailty and mortality has not changed.*

, Yining Tao, Stina Ek, Karin Modig

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Frailty is becoming more common as the
population ages, and studies have shown
an association between some markers of
socioeconomic status (SES) and frailty. However,
how these trends and associations may have
changed over time, as societies have shifted
culturally, economically and relationally, is not
known.

WHAT THIS STUDY ADDS

= How frailty trends have changed over 30 years
in relation to SES, as measured by education
and income level. Overall, we observe a
more equitable distribution of frailty in the
population, though sex differences persist and
the association with mortality has remained
stable.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Considering the increase in frailty across all
SES strata and unchanged association between
frailty and mortality, research and policy work
are needed to understand how to support
older adults and the long-term viability of the

healthcare system.

Although our previous work found an increase
in frailty over time, an understanding of what
the frail population looks like in terms of socio-
economic factors is critical for providing us with
information about how healthcare systems need
to evolve to meet the needs of an ageing society.’
Moreover, in our previous study, we observed that
despite increasing levels of frailty, the relationship
between frailty and mortality did not substantially
change over time, nor did it differ by sex. Whether
this is also true for difference socioeconomic status
(SES) groups is not known. Socioeconomic trends
have also changed over time, as societies have
shifted culturally, intellectually, economically and
relationally, and this impacts health.® SES impacts
frailty prevalence, though different markers of SES
(eg, education, income) impact frailty risk differ-
ently.” SES markers may follow different patterns
of impacting risk throughout the life course (eg,
convergence, continuity or maintenance or diver-
gence). The convergence theory posits that SES-
associated effects peak in early or middle age and
that disparities are reduced over time with no
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significant differences between SES groups after age 85, because
of the high mortality among low SES groups, universal age-related
frailty and benefits of welfare policies.®* Continuity posits that
SES-associated effects are established in early or middle age, and
the differences between strata are maintained from that point
forward.” 1 Finally, divergence posits that people in lower SES
groups face various challenges throughout their lives (eg, food
insecurity, housing insecurity, etc) that cause health inequality to
accumulate over the life course.” ' However, how time trends
may have impacted the relationship between SES and frailty
remains relatively understudied. With socioeconomic changes in
society, it may be that there is a trend towards equalisation over
time.

To understand frailty trends by SES, this descriptive study
examined frailty by education and income in the entire popu-
lation of Sweden from 1990 to 2020 at ages 75 (birth cohorts
1915-1945), 85 (birth cohorts 1905-1935) and 95 (birth
cohorts 1895-1925). Three ages were chosen to give an over-
view of frailty trends over time at different stages of older adult-
hood. We additionally examined the association between frailty
and S-year mortality. Finally, due to the sex-frailty paradox,'* we
a priori chose to additionally conduct sex-stratified analyses, to
determine how sex may modify frailty trends by SES.

METHODS
Data and participants
We used Swedish register data, including the Total Popula-
tion Register (TPR), the National Patient Register (NPR), the
Longitudinal Integrated Database for Health Insurance and
Labour Market Studies (LISA) and the Cause of Death Register.
The Swedish personal identity number provides linkage across
databases at the individual level and provides follow-up of all
residents with essentially zero attrition. We included Swedish
residents born between 1895 and 1945 and in the TPR from
1990 through 2020. Sociodemographic and medical data were
collected for each individual for the year leading up to their date
of birth at ages 75, 85 and 95. This provided a cross-sectional
assessment of frailty at ages 75, 85 and 95 from 1990 to 2020.
This research was register based and did not involve direct
contact with the study participants, thus informed consent was
not required."

Frailty score and mortality

We assessed frailty trends across birth cohorts and examined the
association between frailty and mortality. Frailty was assessed
with the Hospital Frailty Risk Score (HFRS), which is based on
the cumulative deficit model of frailty and sums the primary
and secondary diagnostic codes from an individual’s medical
records. The cumulative deficit model of frailty defines frail
individuals through the accumulation of health conditions and/
or functional limitations, such as in the gold-standard Rockwood
Frailty Index,'* though this inherently has overlap with measures
of multimorbidity. The HFRS score is based on the weighted
(0.1-7.1) sum of 109 ICD-10 codes."” We obtained ICD codes
from the NPR including inpatient, outpatient and specialist
(from 2011) care.'®'” ICD codes were translated into Swedish
diagnostic codes (online supplemental table 1). The HFRS is a
continuous score, but it can be categorised, using cut-points at
5 and 15 to define frail and highly frail individuals.”® Individ-
uals who did not have codes in the NPR for the year leading
up to their date of birth at ages 75, 85 and 95 were assigned an
HFRS score of 0 (online supplemental table 2). These individuals
were not hospitalised or did not seek specialised outpatient care,

though they may still have sought primary care. We conducted
analysis including the entire population and analysis excluding
those who were not hospitalised and had not received special-
ised outpatient care. All-cause mortality and date of death were
derived from the Cause of Death Register.

Sociodemographic factors

Sex was collected from the TPR, while education and income
were collected from LISA.'® Education was grouped into tertiles
defined as <9 years, 10-12 years and>12 years based on the
number of years of formal schooling. In birth cohorts from
1895 to 1910, all education data were missing, so these birth
cohorts were excluded from the education analyses but included
in income analyses. Income was divided into quartiles (25th,
50th, 75th, 100th) based on the individual disposable income
((sum of disposable income for all family members, inclusive of
pensionXthe individual’s consumption weight)/family’s total
consumption weight) each year, thus, the quartiles were dynamic
and accounted for both household size and inflation."”

Statistical analysis

We first examined frailty trends overall, by sex and across educa-
tion tertiles and income quartiles at ages 75, 85 and 95 ages
by plotting a linear graph and stacked area chart. The linear
graphs plotted the mean HFRS score both among all people
in the population registers and excluding individuals who had
an HFRS score of 0, indicating that they did not seek inpatient
or outpatient healthcare for that specific year. The percentage
stacked area charts represented the relative distribution trends
of frailty (proportion of frail population) by education and
income. We used HFRS cut-points of 5 and 15, representing the
frail and highly frail populations, respectively. Cox proportional
hazard models were used to examine the association between
frailty and 5-year mortality. We estimated hazard ratios for
men and women, education tertiles and income quartiles across
birth cohorts at all three ages. The timescale was defined as the
time between the year frailty was assessed (at age 75, 85 or 95
years) and the following of § years. Given this timescale and to
exclude COVID-19-related mortality effects, participants who
reached 75, 85 and 95 years after 2014 were excluded from this
analysis. All statistical analyses were completed with Stata V.16
(StataCorp LLC, College Station, Texas, USA).

RESULTS

Overall, regardless of education or income, we observed an
increase in mean HFRS among both the total population and
the population that sought specialist care or hospital care across
birth cohorts at ages 75, 85 and 95 and that, unsurprisingly,
women accounted for a greater proportion of the frail popula-
tion at older ages. Among the total population (including indi-
viduals with an HFRS score of 0), the average frailty score from
1990 to 2020 ranged from 0.25 to 0.77 at age 75, from 0.66 to
1.65 at 85 and from 0.83 to 2.49 at 95. Excluding individuals
not present in the NPR, with an HFRS score of 0, the HFRS
ranged from 2.66 to 3.56, from 3.16 to 4.97 and 3.03 to 5.93
at ages 75, 85 and 95, respectively (online supplemental figure
1). In graphing the distribution of the frail population, we found
that there were fewer people who were very frail in earlier birth
cohorts compared with later birth cohorts. The proportion of
frail people ranged from 0% to 10% at age 75, from 0% to 15%
at age 85 and from 0% to 14% at age 95 (online supplemental
figure 2). The lack of very frail people in earlier birth cohorts
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Mean Hospital Frailty Risk Score (HFRS) (left: include 0; right: exclude 0) with fitted line by education level among total population, men

and women at ages 75, 85 and 95 in birth cohorts 1895-1945, corresponding to calendar years 1990-2020.

may be indicative of changes in diagnosis settings or improved
disease survival.

By education tertiles

When stratifying by education level, the lowest tertile had the
highest mean HFRS at age 75 (0.85). However, at older ages, we
observed a different pattern, whereby the middle tertile had the
highest mean HFRS at age 85 (1.73) and the highest tertile had
the highest mean score at age 95 (2.89) (figure 1). This suggested
an age-dependent education trend for HFRS, and the same
pattern was observed in the NPR population and in both women
and men in sex-stratified analyses. The lowest tertile accounted
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Figure 2 Proportion of low, middle and high educational attainment
represented among the frail and highly frail for the total population,
men, and women at ages 75, 85, and 95 in birth cohorts 1895-1945,
corresponding to calendar years 1990-2020. HFRS, Hospital Frailty Risk
Score.

for the greatest proportion of the frail population at all three ages
(average 53%, 57% and 58%, respectively) (figure 2). However,
when examining trends across birth cohorts, we observed that
in more recent birth cohorts, the lowest tertile was increasingly
less represented among the frail population, with more equitable
distribution among the education tertiles. For example, at age
75, the proportion decreased from 80% to 29%, at age 85 from
77% to 39% and at age 95 from 69% to 46%. This decreasing
trend across birth cohorts may be impacted by the decreasing
proportion of lower educated people in the total population
(online supplemental table 3).

By income quartiles

Higher mean HFRS was observed among the lowest income
quartile at age 75 (mean=0.89 and mean=3.8 among the total
and NPR populations, respectively) (figure 3). However, at
ages 85 (mean=1.56and mean=4.68 among the total and NPR
populations) and 95 (mean=2.88and mean=6.43 among the
total and NPR populations), the highest income quartile had
the highest mean HFRS. Figure 4 illustrates the distribution by
income quartiles, in which the proportion of the frail popula-
tion was evenly distributed between income levels at all three
ages (figure 4). In analyses stratified by sex, men in the highest
income quartile accounted for the greatest proportion of the
frail population at ages 85 and 95; though this trend showed a
slight decline over time.

Five-year mortality

In Cox proportional hazard models, frailty-mortality associ-
ations were relatively stable across birth cohorts, regardless of
sex, education or income. Differences by education and income
were somewhat greater in earlier birth cohorts (though still with
overlapping Cls), but trends converged over time. HR estimates
remained stable in both sexes at all three ages, though the abso-
lute mortality trend among men was higher than among women
(online supplemental figure 3). Among the low and middle
education tertiles, the association between frailty and mortality
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men and women at ages 75, 85 and 95 in birth cohorts 1895-1945, corresponding to calendar years 1990-2020.

was similar and followed a similar pattern across birth cohorts
at ages 75, 85 and 95 (figure 5). Among the highest education
tertile, the trends fluctuated moderately. In all education tertiles,
the association between frailty and mortality remained fairly
consistent over time. In analyses additionally stratified by sex,
men showed a stronger association between frailty and mortality
in the highest education tertile, and this was particularly true
in earlier birth cohorts. There were no substantial differences
in HR trends over time comparing different income quartiles
(online supplemental figure 4).
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Figure 4 Proportion of 25th, 50th, 75th and highest income quartiles
represented among the frail and highly frail for the total population,
men and women at ages 75, 85 and 95 in birth cohorts 1895-1945,
corresponding to calendar years 1990-2020. HFRS, Hospital Frailty Risk
Score.

DISCUSSION

Here, we have shown how frailty increased over time at all
studied ages, for men and women, and that frailty has become
distributed more equitably across SES. The relative association
between frailty and mortality has remained stable over time
and is relatively similar across SES groups. However, men, as
compared with women, have higher relative mortality risk given
the same levels of frailty. This is consistent with recent find-
ings of multimorbidity and mortality from large cohort studies
showing that although men and women had similar multimor-
bidity burden, it was more strongly associated with mortality
among men.?’ Similarly, women report greater physical function
impairment, but it is more strongly associated with mortality in
men.”! This may partially be explained by findings showing that
women have healthier lifestyles and are more likely to report
health issues with more detail and accuracy, perhaps leading to
more effective treatment of these conditions.”” ** Studies have
also shown that psychosocial factors are strong determinants
of health among women, while physical health conditions are
stronger determinants of health among men.**

We found that the lowest education tertile accounted for the
greatest proportion of frailty at all three ages, consistent with
previous studies.” > This is in line with the continuity hypoth-
esis, that an early gap between educational groups could be
maintained from earlier to later life.” ' This is supported by a
recent meta-analysis examining the association between educa-
tion and frailty.” However, over time, we observed that the
lowest tertile accounted for a smaller proportion of the frail
population at all three ages. In 1990, those in the lowest tertile
accounted for approximately 80% of the frail population at all
three ages but by 2020, the lowest education tertile accounted
for approximately 40% of the frail population. There were no
differences between education tertiles when examining the asso-
ciation between frailty and 5-year mortality. This is consistent
with a recent study that found that education was not associ-
ated with the transitions from healthy state to frailty (as well
as multimorbidity) to mortality.”® Possibly, a more equitable
distribution of resources, including healthcare, education and

112

Wennberg A, et al. J Epidemiol Community Health 2024;78:109-114. doi:10.1136/jech-2023-221060

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold
Jjooyosaboysnwseiq
V11-Z39 swiredaq e G20z ‘62 |14dy uo jwod fwg yossl/:duy woiy papeojumod "€Z0Z 1890120 € U0 090TZ2-€202-Y28[/9ETT 0T se paysiignd 1s.1j jyijesH Alunwwod jolwspid3 ¢


https://dx.doi.org/10.1136/jech-2023-221060
http://jech.bmj.com/

Original research

3

25

2

Hazard Ratio
15

Hazard Ratio
2

i
71\

-

h w H‘*H%%Hméw

3 4 5

Hazard Ratio
1 2

“} l : \l‘H}i‘H’LHXLH'H

< v H
8 & & © &
Birth Year
75 years old

25

Hazard Ratio
15
Hazard Ratio
2

15

x’"‘jLi":H%:}W\;\}%/£~§%

1

Birth Year
Men:75 years old

& o & &
Birth Year
Women:75 years old

25

2

Hazard Ratio

%
=
ol
-
»—o‘\—)(—«
H—?—«
b5
o —
e
s Y-
e
e
e
B
et
—
ot (o
G o
v
51608
e
B0
[

3 3 )

& K &
Birth Year

85 years old

15

Hazard Ratio
1
=5
—
g
SRS
Hazard Ratio
1 2

Birth Year
Men:85 years old

Birth Year
Women:85 years old

$» $ & $ $
& & & & &
Birth Year

95 years old

Birth Year
Men:95 years old

o & & & ©
Birth Year
Women:95 years old

Figure 5 Association between frailty and 5-year mortality by education tertiles for the total population, men and women at ages 75, 85 and 95 in

birth cohorts 1895-1945, corresponding to calendar years 1990-2020.

improved modifiable lifestyle factors, has led to improved health
for people with lower SES. This has been supported by Swedish
health policies in more recent decades to create better health
equality.”” Notably, the mean frailty score by education level was
different at different ages. At age 75, the lowest tertile had the
highest mean HFRS; at ages 85 and 95, the higher tertiles had
the highest mean HFRS. This may indicate a survival selection
between the educational groups. People with higher educational
attainment are more likely to live to older ages, which may mean
that those with lower educational attainment who live longer are
healthier than the lower educated group as a whole at a younger
age.” However, missing education data in earlier birth cohorts
may have affected this pattern, particularly at ages 85 and 93,
and the results should be interpreted with caution.

The education findings are slightly contrasted to the income
findings, where the quartiles have been more equally represented
among the frail population over time. Notably, there has been a
decrease in the proportion of the highest income quartile over
time, which accounted for a greater proportion of the frail popu-
lation earlier. This is more in line with the convergence hypoth-
esis than the continuity hypothesis and has been supported by
evidence from a study investigating income and frailty in ten
European countries’ and in a recent meta-analysis that also
found that the majority of studies investigating SES and frailty
show that income is a leveller across the life course.” This may be
even more relevant in a country such as Sweden, where welfare
and governmental supports are strong. Comparing education
and income, studies have shown that education is more strongly
associated with frailty than income (and occupation and wealth,
too).’

Additionally, we observed different patterns between
men and women. Men at higher income levels accounted
for the largest percentage of the frail population at ages 85
and 95, whereas the income quartiles in the frail popula-
tion were more equally distributed among women, consis-
tent with previous work.” This may be in part a reflection

of generational differences, where women in earlier cohorts
were more reliant on their husband’s income, thus creating
sex differences in the results.'® However, this may also reflect
differences in life expectancy and health in older men and
women. Men and people with lower SES have shorter life
expectancies,'” so it may be that men in lower income groups
are less likely to survive to older ages and the men in lower
income groups who do survive to older ages are healthier.
Regardless, we did not observe a difference in the association
between frailty and S-year mortality by income level, even
considering sex as an effect modifier. This is consistent with
findings showing no stronger association between frailty or
multimorbidity and mortality among lower SES groups.?®
The primary strength of this study is the inclusion of all
Swedish residents over a 30-year period, which provided
us with a large scope to investigate frailty trends. However,
the limitations of the study must also be considered when
interpreting the results. The HFRS relies on diagnostic codes,
and we were not able to account for diagnoses in primary
care, this would result in overall lower frailty scores but not
necessarily be different between the educational or income
groups. Improvements in diagnostics may account for part of
the observed overall increase in frailty over time,”® though
this is unlikely to affect the observed trends regarding SES.
Additionally, the HFRS was developed on the cumulative
deficit model of frailty, which inherently overlaps with
multimorbidity, and other measures of frailty (eg, frailty
phenotype models)*’ might show slightly different trends
over time. Overall, this likely led to an underestimation in
frailty, but it is unclear if this underestimation differs by
population subgroup. Though we sought to account for this
by investigating the HFRS only among those who sought
care in inpatient and outpatient settings (ie, non-zero) and
these estimates are likely a more valid reflection of frailty.
Finally, this study was conducted in a country with universal
healthcare, so our findings, particularly those relating to the
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equalisation of socioeconomic groups over time, may not be
directly generalisable to other types of healthcare systems.

While we have shown that frailty in this population is
becoming more common while the relationship between
frailty and mortality has remained relatively stable,* this
current study shows that there was a trend toward equali-
sation between SES groups from 1990 to 2020. This trend
towards more equitable distribution, particularly between
men and women and educational levels, may be indicative
of the improvement of health disparity. Differences in frailty
between groups may indicate the existence of compositional
influences, although this needs to be further investigated.
Regardless, because frailty is on the rise across all SES strata,
additional research into care and how to best support the
ageing population is needed. This type of research could
provide critical information for health workers and policy-
makers looking to reduce frailty for the benefit of frail
patients as well as the long-term viability of the healthcare
system.

Contributors AW, YT and KM conceived of the study design. AW and YT completed
all statistical analyses. AW drafted the original version of the manuscript. SE critically
reviewed the study design. All authors interpreted results and contributed to the
submitted manuscript and revision. AW accepts full responsibility for the work and/
or the conduct of the study, had access to the data, and controlled the decision to
publish.

Funding This work was supported by the Swedish Research Council for Health,
Working Life and Welfare (FORTE) (Dnr 2016-07115).

Competing interests AW receives payment from Janssen Pharmaceutica NV for a
separate collaboration.

Patient consent for publication Not applicable.

Ethics approval This study was approved by the ethics committee at Karolinska
Institutet (Dnr 2011/136-31/5) and was performed in accordance with the

ethical standards as laid down in the 1964 Declaration of Helsinki and its later
amendments.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Data may be obtained from a third party and are not publicly available. Due to the
General Data Protection Regulation in Sweden, the pseudoanonymised personal
data underlying this study cannot be shared publicly. Access to the data and the
codes for data analyses can be permitted to external researchers after ethical vetting
and establishment of a collaboration agreement. Contact the corresponding author
(AW) for questions about data sharing.

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs
Alexandra Wennberg http://orcid.org/0000-0003-4906-1165
Karin Modig http://orcid.org/0000-0002-5151-4867

REFERENCES

1

19

20

22

23

24

25

26

27
28

29

0'Caoimh R, Galluzzo L, Rodriguez-Laso A, et al. Prevalence of frailty at population
level in European ADVANTAGE joint action member states: a systematic review and
meta-analysis. Ann Ist Super Sanita 2018;54:226-38.

Clegg A, Young J, lliffe S, et al. Frailty in elderly people. Lancet 2013;381:752-62.
Morley JE, Vellas B, van Kan GA, et al. Frailty consensus: a call to action. / Am Med Dir
Assoc 2013;14:392—-7.

Wennberg AM, Ebeling M, Ek S, et al. Trends in frailty between 1990 and 2020 in
Sweden among 75-, 85-, and 95-year-old women and men: a nationwide study from
Sweden. J Gerontol A Biol Sci Med Sci 2023;78:342-8.

Hoogendijk EO, Afilalo J, Ensrud KE, et al. Frailty: implications for clinical practice and
public health. Lancet 2019;394:1365-75.

Lazuka V. Early-life assets in oldest-old age: evidence from primary care reform in
early twentieth century Sweden. Demography 2019;56:679-706.

Wang J, Hulme C. Frailty and socioeconomic status: a systematic review. J Public
Health Res 2021;10:2036.

House JS, Lantz PM, Herd P. Continuity and change in the social stratification of aging
and health over the life course: evidence from a nationally representative longitudinal
study from 1986 to 2001/2002 (Americans’ changing lives study). J/ Gerontol B
Psychol Sci Soc Sci 2005;60 Spec No 2:15-26.

Stolz E, Mayerl H, Waxenegger A, et al. Impact of socioeconomic position on frailty
trajectories in 10 European countries: evidence from the survey of health, ageing and
retirement in Europe (2004-2013). J Epidemiol Community Health 2017;71:73-80.
0'Rand AM, Henretta JC. Age and inequality: diverse pathways through later life.1 ed.
Routledge, 2000.

Dannefer D. Cumulative advantage/disadvantage and the life course: cross-fertilizing
age and social science theory. J Gerontol B Psychol Sci Soc Sci 2003;58:5327-37.
Gordon EH, Hubbard RE. Do sex differences in chronic disease underpin the sex-frailty
paradox? Mech Ageing Dev 2019;179:44-50.

Ludvigsson JF, Haberg SE, Knudsen GP, et al. Ethical aspects of registry-based research
in the Nordic countries. Clin Epidemiol 2015;7:491-508.

Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches to measuring
frailty in elderly people. J Gerontol A Biol Sci Med Sci 2007;62:738—43.

Gilbert T, Neuburger J, Kraindler J, et al. Development and validation of a hospital
frailty risk score focusing on older people in acute care settings using electronic
hospital records: an observational study. Lancet 2018;391:1775-82.

Ludvigsson JF, Almquist C, Bonamy A-KE, et al. Registers of the Swedish total
population and their use in medical research. Eur J Epidemiol 2016;31:125-36.
Wennberg AM, Yin W, Fang F, et al. Comparison of two different frailty scales in the
longitudinal Swedish adoption/twin study of aging (SATSA). Scand J Public Health
2023;51:587-94.

Ludvigsson JF, Svedberg P, Olén O, et al. The longitudinal integrated database for
health insurance and labour market studies (LISA) and its use in medical research. Eur
J Epidemiol 2019;34:423-317.

Statistics Sweden. Integrated database for labour market research. QOrebro, Sweden:
SCB, 2006.

Arshadipour A, Thorand B, Linkohr B, et a/. Multimorbidity patterns and mortality in
older adults: results from the KORA-age study. front Nutr 2023;10:1146442.

Lin M-H, Chen L-J, Huang S-T, et al. Age and sex differences in associations between
self-reported health, physical function, mental function and mortality. Arch Gerontol
Geriatr 2022;98:104537.

Assari S. Gender differences in the predictive role of self-rated health on short-term
risk of mortality among older adults. SAGE Open Med 2016;4:2050312116666975.
Ryou I, Cho Y, Yoon H-J, et al. Gender differences in the effect of self-rated health
(SRH) on all-cause mortality and specific causes of mortality among individuals aged
50 years and older. PLoS One 2019;14:20225732.

Denton M, Prus S, Walters V. Gender differences in health: a Canadian study of

the Psychosocial, structural and behavioural determinants of health. Soc Sci Med
2004;58:2585-600.

Yang Y, Lee LC. Dynamics and heterogeneity in the process of human frailty and
aging: evidence from the U.S. older adult population. J Gerontol B Psychol Sci Soc Sci
2010;65B:246-55.

Dugravot A, Fayosse A, Dumurgier J, et al. Social inequalities in multimorbidity, frailty,
disability, and transitions to mortality: a 24-year follow-up of the Whitehall Il cohort
study. Lancet Public Health 2020;5:e42-50.

Statens Offentliga Utredningar (SOU). Det handlar om jamlik hélsa. 2016: 55.

Fabbri E, Zoli M, Gonzalez-Freire M, et al. Aging and multimorbidity: new tasks,
priorities, and frontiers for integrated gerontological and clinical research. J Am Med
Dir Assoc 2015;16:640-7.

Fried LP, Tangen CM, Walston J, et a/. Frailty in older adults: evidence for a phenotype.
J Gerontol A Biol Sci Med Sci 2001;56:M146-56.

114

Wennberg A, et al. J Epidemiol Community Health 2024;78:109-114. doi:10.1136/jech-2023-221060

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

Jjooyosaboysnwseiq
V11-Z39 swiredaq e G20z ‘62 |14dy uo jwod fwg yossl/:duy woiy papeojumod "€Z0Z 1890120 € U0 090TZ2-€202-Y28[/9ETT 0T se paysiignd 1s.1j jyijesH Alunwwod jolwspid3 ¢


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-4906-1165
http://orcid.org/0000-0002-5151-4867
http://dx.doi.org/10.4415/ANN_18_03_10
http://dx.doi.org/10.1016/S0140-6736(12)62167-9
http://dx.doi.org/10.1016/j.jamda.2013.03.022
http://dx.doi.org/10.1016/j.jamda.2013.03.022
http://dx.doi.org/10.1093/gerona/glac210
http://dx.doi.org/10.1016/S0140-6736(19)31786-6
http://dx.doi.org/10.1007/s13524-018-0758-4
http://dx.doi.org/10.4081/jphr.2021.2036
http://dx.doi.org/10.4081/jphr.2021.2036
http://dx.doi.org/10.1093/geronb/60.special_issue_2.s15
http://dx.doi.org/10.1093/geronb/60.special_issue_2.s15
http://dx.doi.org/10.1136/jech-2016-207712
http://dx.doi.org/10.1093/geronb/58.6.s327
http://dx.doi.org/10.1016/j.mad.2019.02.004
http://dx.doi.org/10.2147/CLEP.S90589
http://dx.doi.org/10.1093/gerona/62.7.738
http://dx.doi.org/10.1016/S0140-6736(18)30668-8
http://dx.doi.org/10.1007/s10654-016-0117-y
http://dx.doi.org/10.1177/14034948211059958
http://dx.doi.org/10.1007/s10654-019-00511-8
http://dx.doi.org/10.1007/s10654-019-00511-8
http://dx.doi.org/10.3389/fnut.2023.1146442
http://dx.doi.org/10.1016/j.archger.2021.104537
http://dx.doi.org/10.1016/j.archger.2021.104537
http://dx.doi.org/10.1177/2050312116666975
http://dx.doi.org/10.1371/journal.pone.0225732
http://dx.doi.org/10.1016/j.socscimed.2003.09.008
http://dx.doi.org/10.1093/geronb/gbp102
http://dx.doi.org/10.1016/S2468-2667(19)30226-9
http://dx.doi.org/10.1016/j.jamda.2015.03.013
http://dx.doi.org/10.1016/j.jamda.2015.03.013
http://dx.doi.org/10.1093/gerona/56.3.m146
http://jech.bmj.com/

	Population frailty trends by education and income levels over a period of 30 years: findings from Swedish registry data
	Abstract
	Introduction﻿﻿
	Methods
	Data and participants
	Frailty score and mortality
	Sociodemographic factors
	Statistical analysis

	Results
	By education tertiles
	By income quartiles
	Five-year mortality

	Discussion
	References


