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ABSTRACT

Objective To evaluate the pattern of frailty across
several of social stratifiers associated with health
inequalities.

Design, setting and participants Cross-sectional
baseline data on 51 338 community-living women and
men aged 45-85 years from the population-based
Canadian Longitudinal Study on Aging (collected from
September 2011 to May 2015) were used in this study.
Primary outcomes and measures A Frailty Index (Fl)
was constructed using self-reported chronic conditions,
psychological function and cognitive status and physical
functioning variables. Social stratifiers were chosen
based on the Pan-Canadian Health Inequalities Reporting
Initiative, reflecting key health inequalities in Canada.
Unadjusted and adjusted Fls and domain-specific

Fls (based on chronic conditions, physical function,
psychological/cognitive deficits) were examined across
population strata.

Results The overall mean Fl was 0.13+0.08. It increased
with age and was higher in women than men. Higher
mean FIs were found among study participants with low
income (0.20+0.10), who did not complete secondary
education (0.17+0.09) or had low perceived social
standing (0.18+0.10). Values did not differ by Canadian
province of residence or urban/rural status. After
simultaneously adjusting for population characteristics and
other covariates, income explained the most heterogeneity
in frailty, especially in younger age groups; similar
patterns were found for men and women. The average
frailty for people aged 45-54 in the lowest income group
was greater than that for those aged 75-85 years. The
heterogeneity in the Fl among income groups was greatest
for the psychological/cognitive domain.

Conclusions Our results suggest that especially in the
younger age groups, psychological/cognitive deficits are
most highly associated with both overall frailty levels and
the gradient in frailty associated with income. If this is
predictive of later increases in the other two domains (and
overall frailty), it raises the question whether targeting
mental health factors earlier in life might be an effective
approach to mitigating frailty.

Strengths and limitations of this study

» The large population-based sample with sampling
weights making the results generalisable to middle-
aged and older community-living adults in Canada.

» The use of multiple population stratifiers associated
with social inequalities.

» The use of the LMG statistic to assess the relative
amount of heterogeneity in the Frailty Index ex-
plained by different social stratifiers adjusted for
each other and relevant covariates.

» The cross-sectional nature of the data does not al-
low for causal inferences.

» Sampling bias may be present, as participants
were generally healthy volunteers residing in the
community.

BACKGROUND

Frailty is recognised as a multidimensional
concept with dynamic inter-related physical,
psychological, social and environmental defi-
cits associated with increasing levels of vulner-
ability and declining reserve.' Frailty levels
generally increase with age, are higher in
women and are associated with an increased
risk for both current and future disability,
falls and fractures, mortality and other
adverse health outcomes.”™ Frailty level is
also a strong predictor of health and social
care utilisation such as emergency depart-
ment visits and hospitalisations and hospital
readmissions’ as well as receiving informal
care.’ By 2050, the world’s population aged
60 years and older is expected to total 2
billion, up from 900 million in 2015, and
125 million people aged 80 years or older.
With this demographic transition, frailty is an
emerging public health priority7 ® and there
has been an increasing interest to consider
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the importance of upstream social, in particular, socio-
economic status (SES) factors to help understand the
heterogeneity in frailty across the population spectrum.’

Researchers have found a relationship between SES
and health indicators with generally worse health associ-
ated with lower SES measured by different social deter-
minants, such as income, wealth and education.'’ ! Link
and Phelan proposed that social factors such as SES are
a ‘fundamental cause’ of disease.'” The magnitude of the
gap between lower and higher SES groups, however, has
been found to differ by sex and vary with age.'”” There
are two main theories regarding this changing relation-
ship between SES and health indicators with ageing.
The first is that the impact of SES is cumulative with
increasing divergence between SES groups with ageing
(cumulative disadvantage) while the second holds that
early divergence is followed by convergence later in life
(age-as-a-leveller) 16

There is conflicting evidence on whether differences
in frailty status across SES groups decrease, stay the same
or increase with age."”" The conflicting evidence may
be due in part to differences in the social stratifiers used
to explain heterogeneity across studies. For example,
Stolz et al'® found that health inequalities due to educa-
tion, occupation and wealth (ie, the household net worth
including real estate and financial assets) tended to
persist throughout old age whereas the effect of income
(ie, wages, pensions and social transfers) declined. In
addition, the magnitude of the gap between physical
health and psychological health indicators has been
shown to differ with age.'” ' * This is relevant as frailty
is multidimensional and is often measured by the Frailty
Index (FI) which incorporates deficits from a range of
body systems, including chronic conditions, physical,
psychological and cognitive factors, but the specific defi-
cits included and the number of deficits per body system
generally differ by study.®’ To help understand what
factors may be associated with the conflicting evidence,
a comprehensive assessment of multiple social stratifiers
and decomposition of frailty into subdomains including
chronic conditions, physical, psychological and cognitive
factors is needed.

Understanding why some people are frail while others
are not, or the heterogeneity in frailty, has significant
public health importance.” Our recent context of the
disproportional impact of COVID-19 on older adults and
increasing evidence thatsocial inequalities are profoundly
impacting COVID-19 morbidity and mortality has height-
ened this importance.% To understand this, however,
requires a very large data set to disentangle which factors
best explain the heterogeneity in frailty and whether
the patterns across social stratifiers differ by sex and
age group. In this study we examined the heterogeneity
of a FI across several of social stratifiers associated with
health inequalities in a population of over 50 000 middle-
aged and older using the Canadian Longitudinal Study
on Aging (CLSA). The items making up our FI could
be categorised into three domains (physical function,

chronic conditions and psychological/cognitive deficits).
We further examined if the patterns differed by frailty
domain.

METHODS

Study design/setting

The CLSA is one of the largest and most comprehen-
sive research platforms examining health and ageing.**
All study participants provided a core set of information
on demographics and measures of lifestyle/behaviour,
social, physical, psychological and health status. Of the
51 338 participants, 21 241 were randomly selected from
the 10 Canadian provinces and provided questionnaire
information through telephone interviews (referred to
as CLSA tracking), The other 30 097 (CLSA compre-
hensive) had in-home interviews to collect information
similar to that provided by the CLSA tracking participants
and then visited one of 11 Data Collection Sites (DCSs)
where they also underwent detailed physical assess-
ments and provided blood and urine samples. Compre-
hensive participants were randomly selected from areas
extending 25-50 km from each of the DCSs. The present
analysis uses cross-sectional baseline data from all 51 338
CLSA participants. These data were collected between
September 2011 and May 2014 for tracking and between
May 2012 and May 2015 for comprehensive participants.

Participants

CLSA participants are community-living women and
men aged 45-85 years at the time of recruitment. People
who were living on federal First Nations reserves, full-
time members of the Canadian Armed Forces, resided in
institutions (eg, long-term care institutions), unable to
respond in English or French or with cognitive impair-
ment were excluded.

Variables

Frailty Index

The FI used in this study was constructed using the meth-
odology described by Searle et al.*' Details on its construc-
tion have been provided elsewhere.? In brief, each health
deficit was recoded as ‘0’ if absent and ‘1’ if present. For
non-binary variables, a gradient from 0 to 1 was created
using equal steps (eg, if a deficit had three levels, it would
be coded ‘0’, ‘0.5 and ‘1’). The FI value for a partici-
pant was the sum of deficits present divided by the total
number of deficits measured. Candidate deficits for
the FI were selected based on the literature and expert
input.” Deficits were operationalised where possible
using the same variables in both the tracking and compre-
hensive cohorts. An exception was physical functioning
measures that were self-reported in the tracking cohort
and performance-based in the comprehensive cohort. In
previous research we have found that the magnitude of
association with disability was similar across self-reported
and performance-based measures.? As well, the relation-
ship between FIs and adverse health outcomes have been
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shown to be consistent regardless of the actual variables
included if at least 30-40 health deficits are selected using
Searle’s criteria.”! In total, 85 deficits comprised the FI
for tracking and 76 for comprehensive participants (71
in common). The items making up the CLSA FI were
grouped into three domains: chronic conditions (n=32),
psychological function and cognition (n=20) and phys-
ical functioning (n=33 for the tracking and n=24 for the
comprehensive participants). The creation of the three
domains was informed by factor analysis and expert
input.*” A summary of the operationalisation and descrip-
tive statistics for each deficit overall and by cohort is in
online supplemental eTable 1.

Social stratifiers

The United Nations 2030 Agenda for Sustainable Devel-
opment describes the importance of addressing social
determinants of health.*” In this study we used social strat-
ifiers identified by the Pan-Canadian Health Inequalities
Reporting Initiative, reflecting key health inequalities
in Canada.?® These included age, sex, income, educa-
tion, retirement status, rural/urban status and material
and social deprivation. Evidence suggests that health
deficit accumulation is associated with higher mortality
and health service even in middle age.*’ In our study age
was categorised as 45-54, 55—64, 65-74 and 75-85 years.
Household income per annum was based on Canadian
dollars and categorised as <$C20 000, $C20 000-$C50 000,
$C50 000-$C100 000, $C100 000-$C150 000 and =$C150
000. Education was categorised into not graduating from
a secondary school, secondary school graduation with no
postsecondary education, some post-secondary educa-
tion and post-secondary degree or diploma. Retirement
was categorised as completely retired, partly retired and
not retired. Rurality was classified by population density
into census metropolitan areas (CMA) with a population
of 2 million or more (large CMA), CMAs with population
<2 million (other CMA) other smaller towns with popula-
tion typically 10 000-120 000 (agglomeration) and areas
with a population <10 000 (rural).*® Material and social
deprivation quintiles® were based on Canadian Census
enumeration area data linked to CLSA by the Canadian
Urban Environmental Health Research Consortium.”
Both are small-area based composite indices which reflect
the deprivation of relationships among individuals in the
family, the workplace and the community (social depri-
vation) and the deprivation of wealth, goods and conve-
niences (material deprivation). We did not include the
following social stratifiers due to small cell sizes (cultural/
racial background, immigration, visible minority and
indigenous identity) and occupation type was not yet
available.

Covariates

Covariates considered for adjustment were chosen
based on the frailty literature.” ** The following covari-
ates were used for adjustment: marital status (married/
common-law or other); smoking status (current/former

daily smoker or other); nutritional risk (score <38 on AB
SCREEN I Nutritional Risk™; low self-perceived social
participation (yes or no); living alone (yes or no); and low
physical activity (<75 min per week of vigorous-intensity
or 150 min per week of combined moderate-intensity and
vigorous-intensity physical activity.*®

Statistical methods

Descriptive statistics were calculated as means and SD
for continuous measures and percentages for categor-
ical variables. In our analyses ‘heterogeneities’ refers to
differences in aggregate measures of FI among popula-
tion groups.” The average frailty level and 95% CI were
estimated for population subgroups based on social
stratifiers using least squares means from linear regres-
sion. Frailty estimates were also adjusted for potential
confounders and all other social stratifiers. The relative
amount of heterogeneity in the FI explained by different
social stratifiers was assessed using the LMG statistic.””
This statistic represents the relative contribution of each
variable to the model R®. Analyses were further stratified
by sex and age to examine if associations with social strat-
ifiers were consistent or differed by these factors. While
we found frailty was higher among women, the patterns
across age-groups were similar for women and men and
thus they were combined.

Inter-correlations were explored among domain-
specific FIs (chronic conditions, physical function,
psychological/cognitive). Because income was found
to explain the most heterogeneity in the FI among the
social stratifiers, the domain-specific regression analyses
were restricted to income only. Regression analyses were
adjusted for all potential confounders included in the
overall frailty model and a final ‘fully adjusted’ model
also included the other frailty domains. The CLSA has a
complex sampling design, thus weights were calculated
to create prevalence estimates that can be generalised
to the Canadian population (inflation weights) and for
estimating associations (analytical weights).” Although
the amount of missing data was relatively low, <6.5% for
all variables, we anticipated that participants who were
frailer might have more missing data. Multiple imputa-
tion was conducted using predictive mean matching to
provide estimates little prone to bias.* The results reflect
the average frailty values calculated in 10 imputed data
sets and combined. Residual analyses were conducted
to assess model fit and appropriateness of underlying
assumptions.

Sensitivity analyses included a complete case anal-
ysis and separate analyses for tracking and comprehen-
sive cohorts. Because the FI tends to be right-skewed we
conducted sensitivity analyses using the natural log of FI
(In(FI)). Finally, more psychological/cognitive and phys-
ical functioning deficits had multiple categories (ie, were
not binary) and used gradient coding. We conducted
sensitivity analyses in which we forced a binary coding for
all deficits to assess if higher FI values for these domains
could be due to end-aversion bias.* All analyses were
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conducted using SAS V.9.4."' We used the Strengthening
the Reporting of Observational Studies in Epidemiology
cross-sectional checklist when writing our report.**

Patient and public involvement

There were no participants involved in the development
of this study. The results of the CLSA are disseminated to
the public through websites and webinars.

RESULTS

Participants

Table 1 displays the characteristics of the CLSA popula-
tion by age group. The mean FI was 0.131 for all partici-
pants and increased with age, from 0.114 for those 45-54
to 0.157 in those 75-85. The psychological/cognition
domain had the highest mean values for all subgroups
and showed less of an age gradient. Approximately 51%
of CLSA participants were women, about 31% had an
income less than $C50 000 and most had a post-secondary
degree or diploma. About 56% of participants were either
completely or partially retired and relatively few lived in
arural area.

Frailty levels across subgroups

Figure la displays the average unadjusted FI across popu-
lation characteristics. For each social stratifier except for
rural/urban status there was a gradient of higher frailty
associated with lower SES. The most heterogeneity in FI
was explained by income (R*=13.3%) where the average
FI for people making $C150 000 or more was less than
half (0.088) of those making less than $C20 000 (0.201).
Figure 1b shows the average FI across population charac-
teristics adjusting for potential confounders and all other
social stratifiers described above. In the fully adjusted
model 24.3% of the variance in FI was explained by all
social stratifiers and potential confounders. While SES
gradients were attenuated by this adjustment across all
subgroups, the heterogeneity across income groups was
still apparent after adjusting for all potential confounders
explaining 25.6% of the total model R* (24.3%); the
other social stratifiers explained between 8.2% (retire-
ment status) to 0.5% (rurality) of the total model R% In
total after adjusting for marital status, social participation,
living alone, smoking, physical activity and nutritional
risk, the social stratifiers still explained 43.3% of the R2
Similar results were found when using In(FI) (data not
shown). Because fit statistics were similar across models,
we chose to present only FI results as they are more easily
interpreted than In(FI).

Frailty levels by income level stratified by age and sex

Figure 2 displays the income gradient from the fully
adjusted model stratified by age group. While the income
gradient was evident for all age groups, the amount of vari-
ability in FI explained by all variables in the model (R?
and the relative importance of income (LMG) decreased
with age. The model R® ranged from 29.5% (LMG 32.6%)

for 45-54 years to 18.2% (LMG 13.3%) for 75-85 years.
Women tended to have higher FIs than men overall, buta
similar pattern between frailty level, age and income was
found across sexes (online supplemental eFigures 1-2).

Domains of frailty

All domains of frailty were weakly to moderately correlated
(psychological/cognition and chronic conditions (r=0.29),
psychological/cognition and chronic conditions (r=0.39)
and physical function and chronic conditions (r=0.46).
Figures 3a-c display the income gradient for each domain of
frailty—chronic conditions (3a); physical functioning (3b);
and, psychological/cognition (3c) by age group. After adjust-
ment for all other factors, including the other frailty domains,
there was little income gradient for the chronic conditions
domain, but there was a clear gradient of increasing deficits
with age. The physical functioning domain had a similar
pattern as the overall FI, with a consistent income gradient
and the heterogeneity across income groups decreasing with
age. The psychological/cognition domain had the strongest
income gradient for all age groups, with less heterogeneity
with increasing age. The average adjusted psychological/
cognition domain score for 45-54 year olds with a household
income <$C20 000 was about 0.3. In sensitivity analyses where
all deficits were coded as binary similar patterns were seen,
but the absolute values of frailty were lower for the physical
functioning and psychological/cognition domain. The
average psychological/cognition domain score for 45-54
year olds with a household income <$C20 000 was approxi-
mately 0.2, representing an endorsement of 20% of the defi-
cits on average. Similar results were found in the complete
case analyses and cohortspecific analyses (data not shown).

DISCUSSION
Identifying how frailty levels vary across social stratifiers asso-
ciated with health inequalities, and examining whether the
associations found, differ across age groups can help guide
public health interventions as there has been much focus on
proximal causes and less of ‘fundamental causes’ associated
with socioeconomic inequalities.12 Other than urban/rural
status we found that mean FI values were associated with all
the social stratifiers suggested by the Pan-Canadian Health
Inequities Reporting Initiative® that we could assess. This
persisted after adjustment for potential confounders and
other social stratifiers. The frailty gap across income groups
was greatest in the younger age groups compared with those
65 years and older. In fact, we found the average frailty level
for 45-54 year olds in the lowest income group is greater than
that for 75-85 year olds in our study population. Further-
more, especially in the younger age groups, the heteroge-
neity among income groups was associated primarily with
the psychological/cognitive deficits used to calculate the FI.
While frailty levels were higher among women compared
with men, the patterns across age groups and income were
similar.

Our results agree with many studies examining the
association between social determinants of health and
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(A) shows the unadjusted weighted least squares mean Frailty Index (Fl), 95% Cl and the associated model R? for

each social stratifier assessed. (B) shows the fully adjusted weighted least squares mean frailty and 95% CI by social stratifier.
The variance in Fl explained by all variables was R?=24.3%; the LMG represents the per cent of the model R? explained by
each social stratifiers assessed. The fully adjusted model included all social stratifiers shown in the Figure, as well as potential
confounding variables: marital status (married/common-law or other); smoking status (current/former daily smoker or other);
nutritional risk (score <38 on AB SCREEN Il Nutritional Risk)**; low self-perceived social participation (yes or no); living alone
(yes or no); and low physical activity (<75 min per week of vigorous-intensity or 150 min per week of combined moderate-
intensity and vigorous-intensity physical activity. Points show the least-squared mean Fl. CMA, census metropolitan area; LS,

least square.

frailty, ™ frailty trajectories'’ ' and the rate of deficit

accumulation.'? *7 % Hajizadeh et al” found persistent
education-related and income-related inequalities in
frailty were present in all regions of Canada. St John et
al’® reported there was a gradient in frailty across several
measures of social position (education, income security,
home ownership and satisfaction with income). We found
that household income had the strongest relationship
with frailty heterogeneity both in an unadjusted analysis
and in an analysis adjusted for all other social stratifiers
and the patterns were consistent across sex. Using US
data Yang and Lee® found that men and women accu-
mulated deficits at the same rate. Frailty levels for women
were consistently higher than men and also paralleled
sex-specific trajectories of frailty levels with ageing.*®
While most studies did not examine the independent
effect of each social stratifier after adjusting for others,
Stolz et al'® using European data found that differences
in frailty status associated with education, occupational
class and wealth continued throughout old age, while
differences related to income became smaller in compar-
ison and converged over time. The age-as-leveller hypoth-
esis predicts such a convergence because of universal
biological decrements at older ages, retirement ending

inequalities in the work context and possibly the impact
of social policies.”” In our study we found the differences
in FI among the income groups reduced at age 65, which
coincides with the age at which Canada’s public retire-
ment income system becomes available for most Cana-
dians.”’ While we also found less heterogeneity with
respect to income in the older age groups, as noted, we
did not examine heterogeneity with respect to wealth or
occupational class. As well, this could reflect the increasing
variability with ageing found among many health charac-
teristics. Nguyen ¢t af* found both the mean and variance
of frailty increased with age. Itis also possible that propor-
tion of variance explained by any individual factor, such
as income, may decrease with age.

When we further divided frailty deficits into the
domains of chronic condition, physical frailty and psycho-
logical/cognitive we found that after adjustment for the
other domains, the heterogeneity among income cate-
gories was most evident in the psychological/cognitive
and physical frailty deficits. Other studies have found
different relationships between SES indicators and phys-
ical and psychological outcomes. Schollgen et al'' exam-
ined the relationship between SES indicators and physical
(number of chronic conditions), functional (SF-36)
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Figure 2 shows the adjusted weighted least squares mean
Frailty Index and 95% CI for each level of income, by 10-year
age categories and adjusted for all other social stratifiers
(education, geography, retirement status, material and

social deprivation indices), as well as potential confounding
variables: marital status (married/common-law or other);
smoking status (current/former daily smoker or other);
nutritional risk (score <38 on AB SCREEN Il Nutritional Risk);
low self-perceived social participation (yes or no); living
alone (yes or no); and low physical activity (<75 min per
week of vigorous-intensity or 150 min per week of combined
moderate-intensity and vigorous-intensity physical activity.
R? represents the proportion of variance in Frailty Index
explained by all variables each model (one for each age
group); LMG represents the proportion of the model variance
explained (R?) that can be attributed to household income.

(physical functioning subscale) and subjective health
(self-perceived health). They found that after controlling
for confounders, income was significantly related to func-
tional and subjective health but not to physical health
based on the number of chronic conditions. They further
found that the interaction between income and age was
not significant for physical and functional health, but was
significant for subjective health, due to the decreased
influence of low income on subjective health at older
ages. Kim and Durden® examined SES indicators and
physical impairment and depression and found that
income-based gradients in physical impairment grew over
time for all adult age groups while the one with depres-
sion converged at older ages. Franse et al’> examined the
association between frailty domains and SES (education)
and found that among all frailty components other than
instrumental activities of daily living stronger associations
were observed in persons 55—69 years (their youngest age
group) compared with older age groups. The strongest
association was found with psychosocial health. Inter-
estingly, of the literature we reviewed examining health
inequalities and frailty level, the per cent of psycholog-
ical health/cognitive deficits was less than 10% in five
studies,'® 3 4175 hetween 10%-25% in one studys?’ and
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Figure 3 (A-C) shows the adjusted weighted least squares

mean domain-specific Frailty Index and 95% CI by level of
household income and stratified by age group. (A) represents
the chronic conditions domain, (B) physical domain and (C)
psychological/cognitive domain. Each model is adjusted

for the other domains of frailty, all other social determinants
(education, geography, retirement, material and social
deprivation indices), as well as potential confounding
variables: marital status (married/common-law or other);
smoking status (current/former daily smoker or other);
nutritional risk (score <38 on AB SCREEN Il Nutritional Risk);
low self-perceived social participation (yes or no); living

alone (yes or no); and low physical activity (<75 min per
week of vigorous-intensity or 150 min per week of combined
moderate-intensity and vigorous-intensity physical activity. R?
represents the proportion of variance in the domain-specific
Frailty Index explained by all variables each model (one for
each age group); LMG represents the proportion of the model
variance explained (R? that can be attributed to household
income.
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>25% in three.'” ' ** Particularly when studies include
younger participants it may be important to include more
psychological items in the assessment of frailty.

This study used data from a large population-based
study including middle-aged and older adults. The rich-
ness of the data and the magnitude of the sample size
allowed us to examine many social stratifiers and adjust
for numerous potential confounders. The sample size
also allowed us to conduct stratified analyses to examine
these relationships by policy-relevant subgroups (age and
sex) that can be used to inform further research, policy
and the development of potential interventions. We also
conducted numerous sensitivity analyses to assess the
robustness of our results to methodological decisions
made throughout our study. Compared with other FIs
creating from CLSA,”* ! our mean FI values tended to
be slightly higher. This is most likely due to our inclusion
of relatively more psychological/cognition deficits which
were of a priori interest. This study, however, as with
others also has limitations. Sampling bias may be present,
as participants were generally healthy volunteers residing
in the community. For many variables CLSA results have
been shown to be similar to other population-based
Canadian data sources, but CLSA participants tended
to be more highly educated, have higher household
income, have higher percentages of participants who are
Canadian born.”* It should be noted that were not able
to examine cultural/racial background, immigration,
visible minority and indigenous identity in this study. We
know that frailty prevalence and trajectories vary between
ethnic groups, migrants and minority native groups.55
While our results may not be completely representative,
the level of heterogeneity in frailty level among income
groups that we found would likely be an underestimate.
The data presented are also cross-sectional. We are not
able to rule out reverse causation or disentangle poten-
tial cohort effects. It is possible that an increase in one’s
level of frailty could affect their ability to work and thus
lead to reduced income. Other longitudinal studies have
also found income gradients with respect to frailty,'® ' *’
though not all.*” Previous studies have also shown that
there are cohort differences in frailty levels possibly attrib-
utable to differential survival of frail individuals."

Clinical and public health importance

Reducing frailty and its negative health consequences
is a priority for public health.” Our results suggest that
especially in the younger age groups, psychological/
cognitive deficits are most highly associated with both
overall frailty levels and the gradient in frailty associated
with income. If this is predictive of later increases in the
other two domains (and overall frailty), it raises the ques-
tion whether targeting mental health factors earlier in
life might be an effective approach to mitigating frailty.
Longitudinal data are needed to explore both the time
course and inter-relationships across the three domains.
In particular, research is needed to examine how the FI

domains evolve over time and how well this evolution
predicts adverse outcomes.

Author affiliations

"Department of Health Research Methods, Evidence, and Impact, McMaster
University, Hamilton, Ontario, Canada

2Department of Medicine, University of Calgary, Calgary, Alberta, Canada
®Department of Medicine, McMaster University, Hamilton, Ontario, Canada
“School of Rehabilitation Science, McMaster University, Hamilton, Ontario, Canada
SDepartment of Statistics and Actuarial Science, University of Waterloo, Waterloo,
Ontario, Canada

%Department of Mathematics and Computer Science, Technische Universiteit
Eindhoven, Eindhoven, Noord-Brabant, The Netherlands

Twitter Lauren E Griffith @LaurenGriff1

Acknowledgements The Material and Social Deprivation Indices (MSDI),

indexed to DMTI Spatial postal codes, were provided by CANUE (Canadian Urban
Environmental Health Research Consortium) and provided by: Institut National

de Santé Publique du Québec (INSPQ). Indiceses were compiled for 1991, 1996,
2001 and 2011 Census data by the Bureau d'information et d'études en santé

des populations (BIESP) (https://www.inspq.qc.ca/en/expertise/information-
management-andanalysis/deprivation-index). The AB SCREEN Il assessment tool

is owned by Dr Heather Keller. Use of the AB SCREEN Il assessment tool was made
under license from the University of Guelph.

Contributors LEG and PR designed the project with the input from all authors. All
authors (LEG, PR, DK, DH, CP, AP, JR, AG, MT and EvdH) worked together to obtain
funding for and deciding the scope and structure of the study. DK conducted all
analyses with statistical input from MT and EvdH. LEG wrote the first draft of the
manuscript. All authors (LEG, PR, DK, DH, CP, AP, JR, AG, MT and EvdH) contributed
to the interpretation, writing and critical revision of the manuscript and approved
the final manuscript.

Funding This research was made possible using the data/biospecimens
collected by the Canadian Longitudinal Study on Aging (CLSA). Funding for the
CLSA is provided by the Government of Canada through the Canadian Institutes
of Health Research under grant reference: LSA 94473 and the Canada Foundation
for Innovation. This research has been conducted using the CLSA dataset
Baseline Tracking V.3.1 and Baseline Comprehensive V.2.0, under application
number 150306. The CLSA is led by Drs. Parminder Raina, Christina Wolfson

and Susan Kirkland. This study was supported by a Canadian Institutes of Health
Research Catalyst Grant (FRN 151287). Lauren Griffith is supported by the
McLaughlin Foundation Professorship in Population and Public Health. Parminder
Raina holds a Tier 1 Canada Research Chair in Geroscience and the Raymond
and Margaret Labarge Chair in Research and Knowledge Application for Optimal
Aging.

Competing interests None declared.
Patient consent for publication Obtained.

Ethics approval This study was approved by the Hamilton Integrated Research
Ethics Board (Ethics certificate #: 3152). Participants of the Canadian Longitudinal
Study on Aging provided written informed consent to participate.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Data are
available from the Canadian Longitudinal Study on Aging (www.clsa-elcv.ca) for
researchers who meet the criteria for access to de-identified CLSA data.

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 Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is

Griffith LE, et al. BMJ Open 2021;11:047945. doi:10.1136/bmjopen-2020-047945


https://twitter.com/LaurenGriff1
https://www.inspq.qc.ca/en/expertise/information-management-andanalysis/deprivation-index
https://www.inspq.qc.ca/en/expertise/information-management-andanalysis/deprivation-index

properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Lauren E Griffith http://orcid.org/0000-0002-2794-9692

REFERENCES

1

2

Xue Q-L. The frailty syndrome: definition and natural history. Clin
Geriatr Med 2011;27:1-15.

Kojima G. Frailty as a predictor of disabilities among community-
dwelling older people: a systematic review and meta-analysis. Disabil
Rehabil 2017;39:1897-908.

Kojima G. Frailty as a predictor of fractures among community-

25

26

27

28

Kanters DM, Giriffith LE, Hogan DB, et al. Assessing the
measurement properties of a frailty index across the age spectrum

in the Canadian longitudinal study on aging. J Epidemiol Community
Health 2017;71:794-9.

Mayhew AJ, Griffith LE, Gilsing A, et al. The association between
self-reported and performance-based physical function with activities
of daily living disability in the Canadian longitudinal study on aging.
The journals of gerontology Series A, Biological sciences and medical
sciences 2019.

Marmot M, Allen J, Bell R, et al. Consortium for the European review
of social determinants of health and the health divide. who European
review of social determinants of health and the health divide. Lancet
2012;380:1011-29.

Public Health Agency of Canada. Pan-Canadian health inequalities
reporting initiative. Key health inequalities in Canada: a national
portrait. HP2-10/2014E. Ottawa, Canada: Public Health Agency of
Canada, 2018.

. i . - ] 29 Rockwood K, Song X, Mitnitski A. Changes in relative fitness and
gé\qeilsl_lggﬂ%erzzeople. a systematic review and meta-analysis. Bone frailty across the adult lifespan: evidence from the Canadian national
IS - . population health survey. CMAJ 2011;183:E487-94.

4 ﬁ%gﬁtﬁ’alllnyestsén\:\;?iléesvﬁvsfrl]léyr:qnngaizsl g;ei\lgteo;g;ing 30 Statistics Canada. Census metropolitan area (CMA) and census
2018'47'.193—200 : agglomeration (Ca). 92-195-X, 2017. Ottawa, Canada, statistics

5 Kojima G. Increased healthcare costs associated with frailty among ggr gg& /A\gl/iz:t;:_?gsz:/ré;v_\:vr\év:gr?.s;a;ﬁan.gc.ca/n1/pub/92-195-x/
community-dwelling older people: a systematic review and meta- 9 9- R
analysis. Arch Gerontol Geriatr 2019;84:103898-103 31 Pampalon R, Hamel D, Gamache P, et al. A deprivation index for

6 Butler A, Gallagher D, Gillespie P, et al. Frailty: a costly phenomenon 3 g?ggE ﬁll:ng':t?olg gl\allnasdeaédCEr%?IZ/D'?hgagaigg?;igdrgggg1-
in caring for elders with cognitive impairment. Int J Geriatr Psychiatry Envi ’ | Heal h‘ R ‘h ’ ’ £
2016:31:161-8. n_v|r_onmenta_ ealt lesearc Consortium - a protocol for

7 Cesari M, Prince M, Thiyagarajan JA, et al. Frailty: an emerging building a national environmental exposure data platform for
public he‘alth priorit’y J Am Med Dir /‘\ssoc.2016-1.7-188—92 integrated analyses of urban form and health. BMC Public Health

= - L 2018;18:114.

8 Hoogendijk EO, Afilalo J, Ensrud KE, et al. Frailty: implications for ’ R .
clinical practice and public health. Lancet 2019;394:1365-75. 88 Chamberlam AM, St Sauver JIT’ Jacol?son I.DJ’ et ?I' SO.C'al.

9 Braveman P, Gottlieb L. The social determinants of health: it's time and behaVIouraI factors associated with frailty trajectories in a
to consider the causes of the causes. Public Health Rep 2014;129 population-based cohort of older adults. BMJ Open 2016;6:¢011410.
Suppl 2:19-31 ’ 34 Verlaan S, Ligthart-Melis GC, Wijers SLJ, et al. High prevalence

10 Wickrama KKAS, Mancini JA, Kwag K, et al. Heterogeneity of physical frailty among community—dwelling malnourished plder
in multidimensional health trajectories of late old years and ggfl;i';‘ ;;’jt‘;?at'c review and meta-analysis. J Am Med Dir Assoc
socioeconomic stratification: a latent trajectory class analysis. J )OO - o
Gerontol B Psychol Sci Soc Sci 2013;68:290-7. 35 Kellgr HH, Goy R, Kane_S—L: Validity ar_nd reI|ab|I|ty of screen I_I.

11 Schéligen I, Huxhold O, Tesch-Rémer C. Socioeconomic status and (sen!ors in the com_munlty: risk evaluation for eating and nutrition,
health in the second half of life: findings from the German ageing version Il). Eur J Clin Nutr 2005;,59:1149-57. )
survey. Eur J Ageing 2010;7:17-28. 36 World Health Organization. Global recommendations on physical

12 Link BG, Phelan J. Social conditions as fundamental causes of activity for health. World Health Organization, 2020.
disease. J Health Soc Behav 1995;Spec No:80-94 37 Krugkal W. Relative importance by averaging over orderings. Amer

13 Leopold L, Engelhardt H. Erratum to: education and physical health Statist 1987;41:6-10. ) ) )
trajectories in old age. Evidence from the survey of health, ageing 38 CLSA Methodology Working Group. CLSA technical document:
and retirement in Europe (share). Int J Public Health 2013;58:329-31. sampling and computation of response rates and sample weights for

14 Schéligen I, Huxhold O, Schmiedek F. Emotions and physical health the tracking (telephone interview) participants and comprehensive
in the second half of life: interindividual differences in age-related participants. v1.1, 2017. Hamilton, Ontario o
trajectories and dynamic associations according to socioeconomic 39 Resseguier N, Verdoux H, Giorgi R, et al. Dealing with missing data
status. Psychol Aging 2012;27:338-52. in the center for epidemiologic studies depression self-report scale:

15 Benzeval M, Green MJ, Leyland AH. Do social inequalities in health a study based on the French E3N cohort. BMC Med Res Methodol
widen or converge with age? longitudinal evidence from three 2013;13:28-
cohorts in the West of Scotland. BMC Public Health 2011;11. 40 David LS, Geoffrey RN, John C. Health measurement scales. A

16 Lynch SM. Cohort and life-course patterns in the relationship practical guide to their development and use. Oxford, UK: Oxford
between education and health: a hierarchical approach. Demography University Press, 2014. )
2003;40:309-31. 41 . SAS/STAT software. SAS Institute Inc Cary, NC:. _201 7. .

17 Hoogendijk EO, Rijnhart JUIM, Kowal P, et al. Socioeconomic 42 von EIm E, Altman DG, Egger M, et al. Strengthening the reporting
inequalities in frailty among older adults in six low- and middle- of observational studies in epidemiology (STROBE) statement:
income countries: results from the who study on global ageing and guidelines for reporting observational studies. BMJ 2007;335:806-8.
adult health (SAGE). Maturitas 2018;115:56-63. 43 Romero-Ortuno R. Frailty index in Europeans: association with

18 Stolz E, Mayerl H, Waxenegger A, et al. Impact of socioeconomic determinants of health. Geriatr Gerontol Int 2014;14:420-9.
position on frailty trajectories in 10 European countries: evidence 44 Harttgen K, Kowal P, Strulik H, et al. Patterns of frailty in older
from the survey of health, ageing and retirement in Europe (2004- adults: comparing results from higher and lower income countries
2013). J Epidemiol Community Health 2017;71:73-80. using the survey of health, ageing and retirement in Europe (share)

19 Marshall A, Nazroo J, Tampubolon G, et al. Cohort differences in the and the study on global ageing and adult health (SAGE). PLoS One
levels and trajectories of frailty among older people in England. J 2013;8:e75847.

Epidemiol Community Health 2015;69:316-21. 45 Franse CB, van Grieken A, Qin L, et al. Socioeconomic inequalities

20 Kim J, Durden E. Socioeconomic status and age trajectories of in frailty and frailty components among community-dwelling older
health. Soc Sci Med 2007;65:2489-502. citizens. PLoS One 2017;12:e0187946.

21 Searle SD, Mitnitski A, Gahbauer EA, et al. A standard procedure for 46 St John PD, Montgomery PR, Tyas SL. Social position and frailty.
creating a frailty index. BMC Geriatr 2008;8:24. Can J Aging 2013;32:250-9. .

22 Hertzman C, Frank J, Evans RG. Heterogeneities in health status 47 Stephan A-J, Strobl R, Holle R, et al. Wealth and occupation
and the determinants of population health. in: Evans Rg, Barer ml, determine health deficit accumulation onset in Europe - Results from
Marmor TR, editors. why are some people health and others are the SHARE study. Exp Gerontol 2018;113:74-9.
not?: the determinants of the health of populations. New York: Aldine 48 Yang Y, Lee LC. Dynamics and heterogeneity in the process
de Gruyter, 1994: 67-92. of human frailty and aging: evidence from the U.S. older adult

23 Abrams EM, Szefler SJ. COVID-19 and the impact of social population. J Gerontol B Psychol Sci Soc Sci 2010;65B:246-55.
determinants of health. Lancet Respir Med 2020;8:659-61. 49 Hajizadeh M, Mitnitski A, Rockwood K. Socioeconomic gradient in

24 Raina P, Wolfson C, Kirkland S, et al. Cohort profile: the Canadian health in Canada: is the gap widening or narrowing? Health Policy
longitudinal study on aging (CLSA). Int J Epidemiol 2019;48:1752-3. 2016;120:1040-50.

10 Griffith LE, et al. BMJ Open 2021;11:¢047945. doi:10.1136/bmjopen-2020-047945


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-2794-9692
http://dx.doi.org/10.1016/j.cger.2010.08.009
http://dx.doi.org/10.1016/j.cger.2010.08.009
http://dx.doi.org/10.1080/09638288.2016.1212282
http://dx.doi.org/10.1080/09638288.2016.1212282
http://dx.doi.org/10.1016/j.bone.2016.06.009
http://dx.doi.org/10.1093/ageing/afx162
http://dx.doi.org/10.1016/j.archger.2019.06.003
http://dx.doi.org/10.1002/gps.4306
http://dx.doi.org/10.1016/j.jamda.2015.12.016
http://dx.doi.org/10.1016/S0140-6736(19)31786-6
http://dx.doi.org/10.1177/00333549141291S206
http://dx.doi.org/10.1093/geronb/gbs111
http://dx.doi.org/10.1093/geronb/gbs111
http://dx.doi.org/10.1007/s10433-010-0140-x
http://dx.doi.org/10.2307/2626958
http://dx.doi.org/10.1007/s00038-013-0453-6
http://dx.doi.org/10.1037/a0026115
http://dx.doi.org/10.1186/1471-2458-11-947
http://dx.doi.org/10.1353/dem.2003.0016
http://dx.doi.org/10.1016/j.maturitas.2018.06.011
http://dx.doi.org/10.1136/jech-2016-207712
http://dx.doi.org/10.1136/jech-2014-204655
http://dx.doi.org/10.1136/jech-2014-204655
http://dx.doi.org/10.1016/j.socscimed.2007.07.022
http://dx.doi.org/10.1186/1471-2318-8-24
http://dx.doi.org/10.1016/S2213-2600(20)30234-4
http://dx.doi.org/10.1093/ije/dyz173
http://dx.doi.org/10.1136/jech-2016-208853
http://dx.doi.org/10.1136/jech-2016-208853
http://dx.doi.org/10.1093/gerona/glz122
http://dx.doi.org/10.1093/gerona/glz122
http://dx.doi.org/10.1016/S0140-6736(12)61228-8
http://dx.doi.org/10.1503/cmaj.101271
https://www150.statcan.gc.ca/n1/pub/92-195-x/2016001/geo/cma-rmr/cma-rmr-eng.htm
https://www150.statcan.gc.ca/n1/pub/92-195-x/2016001/geo/cma-rmr/cma-rmr-eng.htm
http://dx.doi.org/10.24095/hpcdp.29.4.05
http://dx.doi.org/10.1186/s12889-017-5001-5
http://dx.doi.org/10.1136/bmjopen-2016-011410
http://dx.doi.org/10.1016/j.jamda.2016.12.074
http://dx.doi.org/10.1038/sj.ejcn.1602225
http://dx.doi.org/10.1080/00031305.1987.10475432
http://dx.doi.org/10.1080/00031305.1987.10475432
http://dx.doi.org/10.1186/1471-2288-13-28
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://dx.doi.org/10.1111/ggi.12122
http://dx.doi.org/10.1371/journal.pone.0075847
http://dx.doi.org/10.1371/journal.pone.0187946
http://dx.doi.org/10.1017/S0714980813000329
http://dx.doi.org/10.1016/j.exger.2018.09.021
http://dx.doi.org/10.1093/geronb/gbp102
http://dx.doi.org/10.1016/j.healthpol.2016.07.019

Open access

I

50 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 2:515-26.

51 Government of Canada. Old age secruity - eligibility. canada.
Available: ca/en/services/benefits/publicpensions/cpp/old-age-
security/eligibility html [Accessed 06 Oct 2020].

52 Nguyen QD, Moodie EM, Forget M-F, et al. Health heterogeneity in
older adults: exploration in the Canadian longitudinal study on aging.
J Am Geriatr Soc 2021;69:678-87.

53

54

55

Chamberlain AM, Finney Rutten LJ, Manemann SM, et al. Frailty
trajectories in an elderly population-based cohort. J Am Geriatr Soc
2016;64:285-92.

Pérez-Zepeda MU, Godin J, Armstrong JJ, et al. Frailty among
middle-aged and older Canadians: population norms for the frailty
index using the Canadian longitudinal study on aging. Age Ageing
2021;50:447-56.

Majid Z, Welch C, Davies J, et al. Global frailty: the role of ethnicity,
migration and socioeconomic factors. Maturitas 2020;139:33-41.

Griffith LE, et al. BMJ Open 2021;11:047945. doi:10.1136/bmjopen-2020-047945

11


http://dx.doi.org/10.1093/geronb/60.Special_Issue_2.S15
ca/en/services/benefits/publicpensions/cpp/old-age-security/eligibility%20html
ca/en/services/benefits/publicpensions/cpp/old-age-security/eligibility%20html
http://dx.doi.org/10.1111/jgs.16919
http://dx.doi.org/10.1111/jgs.13944
http://dx.doi.org/10.1093/ageing/afaa144
http://dx.doi.org/10.1016/j.maturitas.2020.05.010

	Frailty differences across population characteristics associated with health inequality: a cross-­sectional analysis of baseline data from the Canadian Longitudinal Study on Aging (CLSA)
	Abstract
	Background﻿﻿
	Methods
	Study design/setting
	Participants
	Variables
	Frailty Index
	Social stratifiers
	Covariates

	Statistical methods
	Patient and public involvement

	Results
	Participants
	Frailty levels across subgroups
	Frailty levels by income level stratified by age and sex
	Domains of frailty

	Discussion
	Clinical and public health importance

	References


