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ABSTRACT

Objectives Subjective social status is a known antecedent
for many health outcomes, but little research has
examined the association between subjective status and
frailty among older people. Using longitudinal data, the
goal of this study was, first, to identify latent trajectories of
frailty over time, and second, to investigate the relationship
between subjective social status and frailty trajectory.
Methods Data were drawn from the 2002—2019 surveys
of the English Longitudinal Study of Ageing, involving 9484
individuals aged 50+ years at baseline. Group-based
trajectory models were used to identify frailty trajectories
over the 18-year period, and multinomial regression
models were used to investigate the relationship between
subjective social status and frailty trajectory membership.
Controls were included for confounding factors, including a
range of socioeconomic indicators and health behaviours.
Results Four trajectories of the frailty index were retained:
low frailty (53% of participants), progressive mild frailty
(25%), progressive moderate frailty (15%) and high frailty
(6%). Higher subjective social status is associated with
higher probabilities of being in the low-frailty group and
lower probabilities of being in one of the progressive or
high-frailty groups.

Conclusions Subjective social status is significantly
associated with being in a milder frailty trajectory after
controlling for age, health behaviours and a wide range of
objective socioeconomic status markers.

INTRODUCTION

Ageing populations have placed an increasing
burden on health and social care services,
including increased healthcare services
usage and its related expenditures.! Particu-
larly, those who are frail are more likely to
be in need of social care, to be hospitalised
and have higher mortality.>™* Frailty is char-
acterised by a decline in physiological and
cognitive reserves and functions as a conse-
quence of multiple, accumulated deficits in
ageing.” ° © While frailty generally increases
with age, frailty progression is heteroge-
neous.” " Verghese et al,’ for example, iden-
tified four distinct frailty trajectories, ranging
from relatively stable to severely frail, using
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Subjective social status has been found to be asso-
ciated with health, including self-rated health, cog-
nitive function and mental health.

= Objective measures of socioeconomic status were
associated with frailty.

WHAT THIS STUDY ADDS

= Four trajectories of frailty index among older people
were identified: low frailty, progressive mild frailty,
progressive moderate frailty and high frailty.

= Low subjective social status was associated with an
increased risk of frailty independent of objective so-
cioeconomic status and other factors.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Interventions to promote health and prevent frailty
among older people should consider their perception
of their social status.

panel data from a sample of Ashkenazi Jewish
older adults. Understanding why certain older
people become increasingly frail at a quicker
rate than others do will enhance the ability to
identify and treat those at the greatest risk of
decline.

Socioeconomic inequalities in frailty have
been shown in both crosssectional'' '* and
longitudinal studies."*" Higher education
attainment was most consistently associated
with a lower risk of being frail, as were higher
income and better wealth." ' Watts et al'®
calculated the minimum income for healthy
living of individuals aged 65 and older
(MIHL;) in England and found that those
living below MIHL,, had two to three times
higher odds of being frail than those living
above MIHL,. In addition to those individual
and household-level variables, studies in
England'’ and the Netherlands'? showed that
older people living in deprived neighbour-
hoods were more frail than those living in less
deprived neighbourhoods.
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Next to objective markers of socioeconomic status,
subjective social status (SSS) has been suggested as a
means by which social position ‘gets under the skin’,"”
that is, affects physical health. SSS is defined as the
individuals’ perception of their socioeconomic circum-
stances in relation to others. Many studies find an associ-
ation between SSS and health that holds over and above
objective socioeconomic status determinants to self-rated
health,w_20 cognitive function®! and mental health.? %
The literature linking SSS and health outcomes posits
that the causal mechanism is psychosocial, whereby the
feeling of low status brings chronic stress and associated
physiological reactions.** The sociopsychological litera-
ture further outlines the ways in which SSS is likely to
be important for older people as they may face ageist
attitudes and be judged as inferior to middle-aged adults
in terms of power and social status, wealth, respect and
influence.” These status perceptions may also affect the
quality of social interactions,? leading to social isolation
and stress. Together, these mechanisms highlighted in the
literature suggest important consequences of subjective
status for health and well-being among older people.”’
Despite this, recent evidence shows that SSS is not associ-
ated with allostatic load among older people.*® Thus, our
aim in this paper is to test the association between SSS
and frailty to add to this body of evidence.

To date, the evidence on the link between subjective
measures of socioeconomic status and frailty is limited.
Addressing this gap, this study aims to empirically identify
trajectories of frailty and explore whether SSS is related
to frailty trajectories independently of the effects of
demographic, objective socioeconomic, neighbourhood
deprivation and health behaviours. Our study contrib-
utes to the literature in three ways. First, we document
the heterogeneity of frailty trajectories in large nation-
ally representative samples with longer follow-up (9
waves over 18 years). Second, we included a wide range
of objective socioeconomic status as controls, namely
education, occupation, income and wealth. Despite the
importance of wealth as a health determinant, especially
at the high end of the status scale, few studies linking
SSS and health have accounted for wealth. We further
include parents’ socioeconomic status during the respon-
dents’ childhood to account for ‘the long arm of child-
hood circumstances’ on health.”” Finally, we include
neighbourhood deprivation to address the effect of place
of living on the frailty status of the respondents.'" '

DATA AND METHODS

Data

This was an observational study using a nationally repre-
sentative dataset, the English Longitudinal Study of
Ageing (ELSA),”" ** which provides information on the
sociodemographic, economic and health circumstances
of community-dwelling individuals aged 50 years and
older in England. The initial ELSA sample was taken to
include people aged >50 years who had participated in

the Health Survey for England in either 1998, 1999 or
2001. The data are collected every 2 years, starting from
2002. So far, there are nine waves of ELSA. The present
analysis includes core respondents from ELSA wave 1
aged 50 years and older who participated in at least two
waves. The final sample for the identification of latent
classes comprises 9484 participants. After excluding
incomplete cases for the regression models, there are
8385 participants.

Patient and public involvement

Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of this
research.

Frailty index

The frailty index has been validated as a predictor of
mortality and institutionalisation.” Frailty was meas-
ured using the Rockwood cumulative deficit model®” in
line with Davies et al,* taking into account 60 functional
and psychological deficits (see online supplemental
table A1)."” * Binary variables were coded as ‘0’ and ‘1’,
and quintiles or quartiles were used for continuous or
ordinal variables (with corresponding values assigned
such as 0.00, 0.25, 0.50, 0.75, 1.00). We coded ‘1’ for
variables that were irreversible across waves (eg, Parkin-
son’s disease). We summed each participant’s deficits and
divided them by the total possible to produce an index
ranging between 0 and 1, in which higher scores indi-
cated greater frailty (see online supplemental figure Al
for the distribution of the variables). We include partic-
ipants in our study if they have non-missing values for at
least 30 of the 60 frailty index components.”’

Subjective social status

SSS measures participants’ perceptions of their relative
social position. We use SSS measured at wave 1, when
ELSA data collectors asked participants to place them-
selves on 1 of 10 rungs of a ladder following the question:
‘Think of this ladder as representing where people stand
in our society. At the top of the ladder are the people who
are the best off—those who have the most money, most
education and bestjobs. At the bottom are the people who
are the worst off—who have the least money, least educa-
tion and the worst jobs or no jobs. The higher up you are
on this ladder, the closer you are to people at the very
top and the lower you are, the closer you are to people
at the very bottom. Please mark a cross on the rung on
the ladder where you would place yourself.” Responses
were recorded on a scale ranging from 5 (‘worst oft”) to
100 (‘best off’) in increments of five. We divide by 10, as
social status is more usually measured on a 10-point scale,
to give a continuous measure with a value range from
0.5 to 10, with higher values denoting higher SSS. This
measure resembles the one introduced by Adler et al,” is
frequently used in current research® *® and the construct
validity of the item has been shown by showing that meas-
ures of SSS were more closely connected with each other
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than with various measures of psychosocial vulnerability
or household income.*

Covariates

As we aim to examine the association between SSS and
frailty, we control for a number of confounding variables.
First, we control for demographic factors such as starting
age, sex, ethnicity and marital status. We distinguished
birth cohorts with a range of 5 years, that is, <1927
(starting age in 2002: >75), 1928-1932, 1933-1937,
1938-1942, 1943-1947 and 1948-1952. For ethnicity, we
distinguish between white and non-white participants,
the latter making up 3% of the sample. Marital status
is divided into ‘married/cohabitation’ as a reference
category as well as ‘divorced/separated’, ‘widowed’” and
‘single/never married’. Further, we control for objective
indicators of socioeconomic status, namely participant
education (seven categories), participant social class
(eight National Statistics Socio-Economic Classifica-
tion (NS-SEC) classes), household wealth (in quintiles,
based on net total wealth of a benefit unit and comprises
the sum of savings, investments, physical wealth, and
housing wealth after financial debt and mortgage debt
have been subtracted), household income (in quintiles,
based on employment income, self-employment income,
state benefit income, state pension income, private
pension income, asset income and other incomes, equiv-
alised for differences in household size) and the English
Index of Multiple Deprivation (IMD, in quintiles at the
lower-layer super output area level, a geographical area
of 1000-3000 people **). Richards et al® suggested
that the social background of participants’ parents can
confound the subjective social status—health relationship;
hence, we control for parental occupation at respond-
ents aged 14 years (16 categories) and parental educa-
tion (6 categories). Finally, we add participant drinking
(five categories) and smoking status (current smoker,
former smoker, non-smoker) as possible pathway vari-
ables to the equation. All contemporaneous covariates
were measured in wave 1, with the exception of parental
education, which was only measured in wave 3. All covar-
iates are treated as time invariant, as the latent trajectory
membership should also be viewed as time invariant, for
example, Matthews et al.”’

Statistical analysis

Analyses were performed in two steps. In the first step,
we used group-based trajectory models*—a latent class
model—to determine the type and prevalence of trajec-
tories of frailty over the 18-year period. This exploratory
approach was taken as we had no prior expectations of
specific trajectory classification. Through these models,
participants could be classified into distinct ‘classes’
based on their patterns of frailty over the nine waves. The
number of distinct trajectories identified and chosen
for final analyses was dependent on various criteria: a
decreased Akaike’s Information Criterion (AIC) and
Bayesian Information Criterion (BIC) with each class
added to the model, an entropy value of atleast 0.8 and at
least 5% of the respondents contained within each class.
While AIC and BIC are commonly used in conjunction
for model selection and are recommended to be used
together,%_47 they serve distinct purposes. One of the key
differences between AIC and BIC is that BIC imposes
a harsher penalty for the number of parameters in the
model, and both are therefore informative in slightly
different ways.”” The AIC can thus be prone to preferring
more complex models, and looking at both AIC and BIC
together makes sure that model complexity is taken into
account as well as model performance in terms of the log
likelihood. Entropy is a measure of latent class separation
based on a weighted average of individuals’ likelihood of
belonging to each of the trajectories. The goodness-of-fit
criteria and class sizes are shown in table 1. The number
of trajectories was also based on the assumption that
they demonstrated distinct patterns of change over time.
Respondents were assigned to a trajectory on the basis of
their highest probability of trajectory membership.

The second phase of the analysis used multinomial
logit models to investigate the association between SSS
and frailty trajectory membership. We performed the
analyses in three models. The first model (M1) included
our key predictor variable, SSS, along with demographics
(age, sex, ethnicity) and marital status. The second
model (M2) includes objective socioeconomic status
(education, social class, wealth, income), neighbourhood
deprivation, and parents’ education and occupation.
The final model (M3) included all of those covariates
plus health behaviours (smoking and drinking). The

Table 1 Fit statistics and class prevalence for models with k latent trajectories

No of % trajectory % trajectory % trajectory % trajectory
trajectories (k) AIC BIC Entropy % trajectory1 2 3 4 5

1 —-76246 -76231 1 9484 (100)

2 -108546 -108517 0.9136 7055 (74.4) 2429 (25.6)

3 -118085 -118042 0.8683 5711 (60.2) 2576 (27.1) 1197 (12.6)

4 -121690 -121633 0.8295 5059 (53.3) 2408 (25.4) 1419 (14.9) 598 (6.3)

5) -123170 -123098 0.7883 4568 (48.1) 2217 (23.4) 1447 (15.2) 929 (9.8) 323 (3.4)

AIC, Akaike’s Information Criterion; BIC, Bayesian Information Criterion.
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Figure 1 Four frailty trajectories over age, stratified by birth cohorts, quadratic prediction. Error bands denote 95% Cls,
N=9484.

sample in each model was reduced to respondents with
a full set of observed covariates. Results are presented
using average marginal effects (AMEs), which reflect the
average change in the probability of being in each of the
frailty trajectories when a covariate increases by one unit
(ie, one additional rung up the SSS ladder). By virtue
of the AMEs, we report results without a reference cate-
gory in the outcome variable. We show the full regression
tables in the online supplemental file 1. We performed
group-based trajectory modelling with Latent Gold V.5.1.
The multinomial logistic regressions were done using
Stata V.17.

RESULTS

Identifying frailty trajectories

Using AIC and BIC, as well as ensuring at least 5% of the
sample was included in each identified class, and distinct
trajectories were identified, a four-class model proved
to be the best fit of data. The four-class model offered
improvements to model fit compared with models with
fewer classes and provided satisfactory entropy and group
sizes. The average posterior probabilities of assignment
for trajectories 1, 2, 3 and 4 are 0.94, 0.92, 0.89 and 0.96,
respectively. This is considerably higher than the 0.70
threshold Nagin** suggests to ensure a high certainty
when assigning participants to trajectories.

Figure 1 displays vector graphs of the model frailty
trajectories in 5-year age cohorts, with 95% CIs repre-
sented by the grey areas. Each line represents a frailty
trajectory for a specific cohort, which begins at the
age midpoint of that cohort in 2002 and then tracks
the change in frailty over the next 17 years until 2019.
In general, the frailty trajectories of older people in
England took the shape of curvilinear trajectories. As can

be seen, the four trajectories differ both in their baseline
starting point as well as in the steepness of their slopes.
Trajectory D, which we label ‘low frailty’, comprises 53%
of the sample and has the lowest frailty score at baseline
and little change over time. Trajectory C, which we label
‘progressive mild frailty’, comprises 25% of the sample
and has the second lowest frailty score at baseline, but
evident progression across all cohorts over the 18-year
observation window. Trajectory B, ‘progressive moderate
frailty’, comprises 15% of the sample, and has a higher
starting point than trajectories C and D as well as a clear
progression over time. Trajectory A, finally, is the ‘high-
frailty’ group comprising 6% of the sample. The smaller
subsample size for trajectory A means that the Cls are
wider for the cohort graphs; however, some progression
is also evident in this group, particularly among the older
cohorts.

Bivariate associations between frailty trajectories and
socioeconomic status

Figure 2A shows how the four trajectories vary by SSS
at baseline. The SD of SSS is 1.7; thus, the average SSS
of the group with the most severe frailty trajectory A is
about 1 SD lower than that of the group with the mildest
trajectory D. Figure 2B-F show associations, all in line
with expectations arising from the literature, between the
various dimensions of socioeconomic status and frailty.
Figure 2B shows that the low-frailty group has the lowest
proportion of respondents with no educational qualifi-
cations, and figure 2C shows that the low-frailty group
has the highest proportion in the highest occupational
class. Figure 2D-F show the leastfrail group to be the
wealthiest, have the highest incomes and live in the least
deprived neighbourhoods. Full descriptive statistics and
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Figure 2 Social stratification of frailty trajectory membership, as shown by subjective social status (A), education (B),
occupational class (C), wealth (D), income (E) and IMD (F). Error bars denote 95% Cls, N=8385. Full descriptive statistics and
significance testing are shown in online supplemental table A2. IMD, Index of Multiple Deprivation.

significance testing are shown in online supplemental

table A2.

Association of SSS with frailty trajectories

Figure 3 shows the association between SSS and the four
frailty trajectories, expressed as AMEs. Model M1 only
controls for age, sex, ethnicity and marital status at base-
line. When comparing participants with the same age,
sex, ethnicity and marital status, those with a l-point

higher SSS are 1.7 percentage points (95% CI: 1.4 to 2.0)
less likely to be in the most severe high-frailty trajectory
A and almost 6 (5.8, 5.3 to 6.4) percentage points more
likely to be in the low-frailty trajectory D.

Model M2 additionally controls for everything we know
about participants’ objective socioeconomic status: educa-
tion, social class, household income, household wealth,
IMD, parental education and parental occupation. While
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multinomial logit models, N=8385. Error bars denote 95% Cls. Model M1: adjusted for age, sex, ethnicity and marital status;
Model M2: additionally adjusted for education, class, wealth, income, Index of Multiple Deprivation, parental education and
parental occupation; Model M3: additionally adjusted for drinking and smoking. Full models are shown in online supplemental

table A3.

this reduces the association somewhat—the likelihood
of belonging to the most severe high-frailty trajectory
D is then 1.1 (0.8 to 1.4) percentage points lower for
each rung on the ladder and 3.3 (2.7 to 3.9) percentage
points higher for the mildest low-frailty trajectory A—
the role of SSS remains substantial and different from
zero at conventional levels of statistical precision. This
is a marginal effect that is still similar to being 2.5 years
younger. The AME of SSS on frailty trajectory member-
ships remained similar when we included drinking and
smoking behaviour in the last model (M3). Full models
are shown in online supplemental table A3.

As the four trajectories identified in the first step of
the analyses can be seen as an ordered severity ranking
of frailty trajectories, we also conducted analyses using
ordered logit models (online supplemental table A4).
While the proportional odds assumption was violated for
some models, all models lead to the same conclusions as
the ones reported (figure 3).

In analyses reported in the online supplemental figure
A2, we explored the possibility of gender differences in
the association between SSS and frailty trajectory member-
ship. While models M1-M3 accounted for gender differ-
ences in frailty trajectory membership, they assumed that
the status—membership association is the same for men
and women. In analyses that do not make this assumption,
we found no differences between men and women in the
status coefficients (figure 3). To address measurement
problems with the parental background variables, we esti-
mated a further set of four models (online supplemental

figure A3), which all lead to the same conclusions as the
models reported in figure 3.

DISCUSSION
Using a large, representative panel dataset of community-
dwelling older people in England, we identified four
trajectories of frailty progression, ranging from low to
high frailty. This is in line with the four distinct subgroups
of frailty trajectories identified in a smaller, more specific
ethnic cohort,” while Stow et al found three subgroups
using data from medical records.® The difference may
be due to different data sources, time points and char-
acteristics of the participants. We further found that
participants in each trajectory group are more similar
to each other than those in other groups. It is worth
noting that elsewhere (eg, Davies et al),”® improvements
in frailty have been empirically demonstrated, but our
trajectories do not reflect this possibility, perhaps due to
the longer time frame for observing change. Our study
assessed frailty based on self-reported conditions of non-
institutionalised older people, allowing us to generalise
our findings to the national level. Despite the differences
in the number of frailty trajectories identified between
studies, across all studies, it is two factors that characterise
the frailty trajectories: the starting point and the steep-
ness of the slopes.

Our key finding was that higher SSS is associated with a
lower probability of being in a high-frailty trajectory and a
higher probability of being in a low-frailty trajectory, and
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that these inequalities persist even when comparing partic-
ipants with similar demographic and objective socioeco-
nomic features, as well as the same health behaviours. In
terms of the effect of objective socioeconomic status, we
found that having low educational attainment was associ-
ated with a higher probability of being in the high-frailty
trajectory, confirming the existing literature.'" '* ' We
further found that those in the lower income and wealth
quintile and living in deprived neighbourhoods had a
higher probability of being in the high-frailty trajectory,
also in agreement with prior studies.'' '* The presence
of these objective status controls attenuates the effect of
subjective status somewhat, suggesting they may partially
confound the relationship. As regards health behaviour,
however, the strength of the association between SSS and
frailty remains the same when we compare participants
with the same patterns of drinking alcohol and smoking.
This suggests that the effect is not mediated by these
factors, a point of contrast to studies showing an associa-
tion between subjective status and health behaviours.* >

The mechanisms by which SSS may influence frailty
include sociopsychological and psychoneurobiological
processes.”* The sociopsychological component high-
lights that social comparison in SSS may lead to relative
deprivation, in which people perceive a lack of educa-
tion, wealth or social prestige relative to other members
of society they look up to.”" Evidence suggests that nega-
tive emotions, including dissatisfaction, resentment
or injustice as a result of relative deprivation, are asso-
ciated with poor health.”® The psychoneurobiological
component posits that the negative emotions caused by
low SSS are processed in the limbic system of the brain,
which then alters immune system functioning, including
increasing inflammatory process.”® The psychoneurobi-
ological processes, therefore, that are the likely linking
mechanism between SSS and frailty are that chronic
increase of inflammation leads to non-communicable
diseases that collectively represent the leading causes of
functional disability and frailty, such as ischaemic heart
disease, stroke, diabetes mellitus, cancer, and autoim-
mune and neurodegenerative disorders; in short, the
chronic inflammation arising from psychosocial stress of
low status raises the risk of becoming frail.”*

Strengths and limitations of this study

A key strength of our study is that it analyses data from
a large number of men and women drawn from a repre-
sentative longitudinal study of older people in England
and includes a wide range of objective socioeconomic
status measures. In addition to individual objective socio-
economic status, such as education, income and wealth,
we include neighbourhood deprivation to capture the
place effect on health and parental occupation and
education to capture the ‘long arm’ of childhood condi-
tions on frailty. Another strength is the longer follow-up
period, which allowed us to examine the trajectories of
frailty scores among respondents with different SSS and
objective socioeconomic status categories. The use of

latent frailty trajectories emphasises the long-term conse-
quences that occur after measuring SSS. Distinguishing
the four trajectories (instead of the conventional robust,
pre-frail and frail categories) allowed us to assess the
changes in frailty as participants grew older. The conven-
tional categories capture only a single point in time. Our
two middle ‘progressive’ frailty trajectories could perhaps
be understood as the equivalent of moving from less frail
into more frail conditions.

While we show that a significant association remained
even after we included income, wealth, social class, socio-
economic conditions during childhood and neighbour-
hood deprivation, we acknowledge the possibility of
other unexplored pathways between subjective status and
frailty, including trust and personal relationships. For
example, a study using panel data of older adults aged
60+ years in China found that social trust mediated the
relationship between SSS and self-rated health." More-
over, in a study in Korea, the quality of interpersonal rela-
tionships mediated the link between SSS and happiness
among males, but not females.?® Thus, future studies
identifying the mechanisms of the relationships between
SSS and health, especially among the older population,
will provide crucial input for interventions aimed at
improving health among those with low SSS. Another
limitation is its observational design, which means that
the relationship between SSS with frailty index may be
affected by unmeasured predictors of frailty, such as
dietary intake. Therefore, the findings should be inter-
preted with caution.

A second limitation relates to our finding that health
behaviours did not affect the link between SSS and frailty,
which could reflect the limited categorisation of health
behaviours in this study. For example, the information
on drinking behaviour was limited to the frequency of
drinking alcohol, and the data on the amount of alcohol
were not available. Third, we are unable to explore differ-
ences by ethnicity due to the small number of ethnic
minority group members in our sample. This small
sample of non-white participants is mainly due to the
funding constraints precluding ELSA from oversampling
ethnic minority participants.”’

A further possible limitation is that the effect of SSS on
frailty trajectories may have been underestimated due to
attrition. As with any longitudinal survey, ELSA is subject
to attrition, with respondents most likely to drop out of
the study having poorer health and higher frailty. Finally,
the observational design of this study means the associ-
ation between SSS and frailty trajectory memberships
may be affected by confounding factors uncaptured by
the data. The causal relationships between SSS and frailty
trajectory memberships thus should not be inferred from
this study.

Conclusion

In conclusion, this study provides evidence for socioeco-
nomicinequalitiesin the development of frailty, where low
SSS could lead to an increased risk of frailty independent
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of objective measures of socioeconomic status and other
predisposing factors. The substantively important associ-
ation between SSS and frailty in this study emphasises the
need to better understand the SSS among older people.
Health in later stages of the life course is distinctive given
that it results from the accumulation of health and condi-
tions in prior stages of life,”” and the evidence on the size
and patterns of health inequalities among this age group
is still ambiguous.”® These results emphasise the impor-
tance of older people’s perception of their social status in
designing interventions to promote health and prevent
frailty in this age group.
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