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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-s ectional
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 (FI)
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 FIs and domain-specific
FIs (based on chronic conditions, physical function,
psychological/cognitive deficits) were examined across
population strata.
Results The overall mean FI 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 FI 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 explained by different social stratifiers adjusted for
each other and relevant covariates.
►► The cross-sectional nature of the data does not allow 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 deficits associated with increasing levels of vulnerability and declining reserve.1 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.2–4 Frailty level is
also a strong predictor of health and social
care utilisation such as emergency department visits and hospitalisations and hospital
readmissions5 as well as receiving informal
care.6 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 8 and there
has been an increasing interest to consider
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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 comprehensive research platforms examining health and ageing.24
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 comprehensive) 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 assessments and provided blood and urine samples. Comprehensive 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 impairment were excluded.
Variables
Frailty Index
The FI used in this study was constructed using the methodology described by Searle et al.21 Details on its construction have been provided elsewhere.25 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 participant 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.25 Deficits were operationalised where possible
using the same variables in both the tracking and comprehensive 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.26 As well, the relationship between FIs and adverse health outcomes have been
Griffith LE, et al. BMJ Open 2021;11:e047945. doi:10.1136/bmjopen-2020-047945
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the importance of upstream social, in particular, socioeconomic status (SES) factors to help understand the
heterogeneity in frailty across the population spectrum.9
Researchers have found a relationship between SES
and health indicators with generally worse health associated with lower SES measured by different social determinants, such as income, wealth and education.10 11 Link
and Phelan proposed that social factors such as SES are
a ‘fundamental cause’ of disease.12 The magnitude of the
gap between lower and higher SES groups, however, has
been found to differ by sex and vary with age.13–15 There
are two main theories regarding this changing relationship 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.17–19 The conflicting evidence may
be due in part to differences in the social stratifiers used
to explain heterogeneity across studies. For example,
Stolz et al18 found that health inequalities due to education, 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.10 14 20 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 deficits included and the number of deficits per body system
generally differ by study.21 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.22 Our recent context of the
disproportional impact of COVID-19 on older adults and
increasing evidence that social inequalities are profoundly
impacting COVID-19 morbidity and mortality has heightened this importance.23 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,

Open access

Social stratifiers
The United Nations 2030 Agenda for Sustainable Development describes the importance of addressing social
determinants of health.27 In this study we used social stratifiers identified by the Pan-Canadian Health Inequalities
Reporting Initiative, reflecting key health inequalities
in Canada.28 These included age, sex, income, education, 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.29 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
post-
secondary education, some post-
secondary education 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 population typically 10 000–120 000 (agglomeration) and areas
with a population <10 000 (rural).30 Material and social
deprivation quintiles31 were based on Canadian Census
enumeration area data linked to CLSA by the Canadian
Urban Environmental Health Research Consortium.32
Both are small-area based composite indices which reflect
the deprivation of relationships among individuals in the
family, the workplace and the community (social deprivation) and the deprivation of wealth, goods and conveniences (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.33 34 The following covariates were used for adjustment: marital status (married/
common-law or other); smoking status (current/former
Griffith LE, et al. BMJ Open 2021;11:e047945. doi:10.1136/bmjopen-2020-047945

daily smoker or other); nutritional risk (score <38 on AB
SCREEN II Nutritional Risk35; 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.36
Statistical methods
Descriptive statistics were calculated as means and SD
for continuous measures and percentages for categorical variables. In our analyses ‘heterogeneities’ refers to
differences in aggregate measures of FI among population groups.22 The average frailty level and 95% CI were
estimated for population subgroups based on social
stratifiers using least squares means from linear regression. 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.37
This statistic represents the relative contribution of each
variable to the model R2. Analyses were further stratified
by sex and age to examine if associations with social stratifiers 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).38 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 imputation was conducted using predictive mean matching to
provide estimates little prone to bias.39 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 analysis and separate analyses for tracking and comprehensive 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 physical 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.40 All analyses were
3
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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.21 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 physical 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.25 A summary of the operationalisation and descriptive statistics for each deficit overall and by cohort is in
online supplemental eTable 1.

Open access

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 population by age group. The mean FI was 0.131 for all participants 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
a rural area.
Frailty levels across subgroups
Figure 1a displays the average unadjusted FI across population 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 (R2=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 characteristics 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 R2 (24.3%); the
other social stratifiers explained between 8.2% (retirement status) to 0.5% (rurality) of the total model R2. 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).

for 45–54 years to 18.2% (LMG 13.3%) for 75–85 years.
Women tended to have higher FIs than men overall, but a
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 adjustment 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 approximately 0.2, representing an endorsement of 20% of the deficits on average. Similar results were found in the complete
case analyses and cohort-specific analyses (data not shown).

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 variability in FI explained by all variables in the model (R2)
and the relative importance of income (LMG) decreased
with age. The model R2 ranged from 29.5% (LMG 32.6%)

DISCUSSION
Identifying how frailty levels vary across social stratifiers associated 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 Initiative28 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. Furthermore, especially in the younger age groups, the heterogeneity 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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conducted using SAS V.9.4.41 We used the Strengthening
the Reporting of Observational Studies in Epidemiology
cross-sectional checklist when writing our report.42

38 077

Post-secondary degree/diploma

26 279
25 059
42 957
8381

No

Nutritional risk No
Yes

35 262

Yes

9268
16 076

No

Large CMA

4561
30 514

Agglomeration

Other CMA

6995

Rural

5588
22 386

Partly retired

Not retired

23 364

3874

Some post-secondary education

Completely retired

5743

Secondary school graduation, no post-secondary education

Yes

Smoke

Married

Urban/rural
status

Retirement

3644

Less than secondary school graduation

9131
7334

$C100 000 or more, but less than $C150 000

$C150 000 or more

83.67
16.33

48.81

51.19

68.69

31.31

18.05

59.44

8.88

13.63

43.61

10.88

45.51

74.17

7.55

11.19

7.10

14.29

17.79

35.56

26.09

6.28

49.05
50.95

%

807

1253

427

3529

3565

4138

1659

536

6486
6941

11 132
2295

5671

7756

10 177

3250

2501

7815

1207

1904

12 373

446

608

10 940

N

0.106
0.197

0.126
0.100

Mean

55–64

82.91
17.09

42.24

57.76

75.80

24.20

18.63

58.20

8.99

14.18

92.15

3.32

4.53

81.48

6.01

9.33

3.18

26.28

26.55

30.82

12.36

3.99

48.31
51.69

%

1306

1880

751

2642

3249

6105

3508

916

7955
8465

13 724
2696

8317

8103

11 797

4623

2936

9874

1401

2209

8210

2519

5691

12 483

N

0.092
0.137

0.076
0.076

SD

83.58
16.42

50.65

49.35

71.85

28.15

17.88

60.13

8.53

13.45

50

15.34

34.66

76.02

7.95

11.45

4.57

16.09

19.79

37.18

21.36

5.58

48.45
51.55

%

0.111
0.184

0.136
0.127

Mean

65–74

6270

5726

8091

3905

2111

7242

1035

1608

1347

1954

8695

8648

918

1417

1013

781

1455

4741

4156

863

5968
6028

10 258
1738

N

0.093
0.124

0.074
0.081

SD

85.51
14.49

52.27

47.73

67.45

32.55

17.60

60.37

8.63

13.40

11.23

16.29

72.48

72.09

7.65

11.81

8.44

6.51

12.13

39.52

34.64

7.19

49.75
50.25

%

0.133
0.194

0.157
0.156

7843
1652

4801

4694

5197

4298

1720

5583

918

1274

456

669

8370

6006

843

1193

1453

382

862

3272

4070

909

4774
4721

N

Mean

75–85

Continued

82.60
17.40

50.56

49.44

54.73

45.27

18.11

58.80

9.67

13.42

4.80

7.05

88.15

63.25

8.88

12.56

15.30

4.02

9.08

34.46

42.86

9.57

50.28
49.72

%

0.108
0.118

0.077
0.085

SD
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Education

18 256

3224

25 183
26 155

N

0.086
0.138

0.071
0.066

SD

$C50 000 or more, but less than $C100 000

0.094
0.205

0.114
0.074

Mean

13 393

Less than $C20 000

Income

0.095
0.131

0.076
0.082

SD

45–54

$C20 000 or more, but less than $C50 000

Male
Female

Sex

0.109
0.196

 Physical subdomain
 Psychological/cognitive subdomain

Category

0.131
0.110

Frailty Index
 Chronic condition subdomain

Variable

Mean

Variable

All ages

Table 1 Frailty level and demographic, socioeconomic and lifestyle characteristics for all participants of the Canadian Longitudinal Study on Aging (n=51 338) and by 10-
year age groups
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19.99

10 262

No
Yes

CMA, census metropolitan area.; .

Low physical
activity

15 480
35 858

20

10 266
10 289

5 (high)

30.15
69.85

20.04

20.01
19.96

10 274
10 247

Social
1 (low)
Deprivation
2
Index Factor
3
Score Quintile
4

20.02

19.96

10 246
10 279

20.02
19.98

10 279
10 259

5 (high)

22.88

77.12
20.01

11 747

Yes
10 275

39 591

No

44.05

55.95

%

Material
1 (low)
Deprivation
2
Index Factor
3
Score Quintile
4

Live alone

28 722
22 616

No

Yes

Low social
participation

N

Category

Continued
6176
7251

5103
8324

2341

2619

2774

2784

2909

2729

2768

2781

2708

2441

1542

11 885

N

38.01
61.99

17.44

19.51

20.66

20.73

21.67

20.32

20.62

20.71

20.17

18.18

11.48

88.52

54

46

%
8630
7790

5290
11 130

3087

3338

3263

3281

3451

3274

3234

3341

3362

3209

3249

13 171

N

32.22
67.78

18.80

20.33

19.87

19.98

21.02

19.94

19.70

20.35

20.48

19.54

19.79

80.21

47.44

52.56

%

N
7562

3283
8713

2519

2335

2366

2426

2350

2426

2335

2336

2385

2514

3238

8758

4434

27.37
72.63

21

19.46

19.72

20.22

19.59

20.22

19.46

19.47

19.88

20.96

26.99

73.01

36.96

63.04

%

1804
7691

2342

1974

1844

1783

1552

1850

1909

1801

1824

2111

3718

5777

3141

6354

N

19
81

24.67

20.79

19.42

18.78

16.35

19.48

20.11

18.97

19.21

22.23

39.16

60.84

33.08

66.92

%
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Variable

Table 1
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frailty,43–46 frailty trajectories17 18 and the rate of deficit
accumulation.19 47 48 Hajizadeh et al49 found persistent
education-
related and income-
related inequalities in
frailty were present in all regions of Canada. St John et
al46 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 Lee48 found that men and women accumulated 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.48
While most studies did not examine the independent
effect of each social stratifier after adjusting for others,
Stolz et al18 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 comparison and converged over time. The age-as-leveller hypothesis 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.50 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 retirement income system becomes available for most Canadians.51 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 characteristics. Nguyen et al52 found both the mean and variance
of frailty increased with age. It is also possible that proportion 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 psychological/cognitive we found that after adjustment for the
other domains, the heterogeneity among income categories was most evident in the psychological/cognitive
and physical frailty deficits. Other studies have found
different relationships between SES indicators and physical and psychological outcomes. Schöllgen et al11 examined the relationship between SES indicators and physical
(number of chronic conditions), functional (SF-36)

Griffith LE, et al. BMJ Open 2021;11:e047945. doi:10.1136/bmjopen-2020-047945
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Figure 1 (A) shows the unadjusted weighted least squares mean Frailty Index (FI), 95% CI and the associated model R2 for
each social stratifier assessed. (B) shows the fully adjusted weighted least squares mean frailty and 95% CI by social stratifier.
The variance in FI explained by all variables was R2=24.3%; the LMG represents the per cent of the model R2 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 II Nutritional Risk)34; 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 FI. CMA, census metropolitan area; LS,
least square.

Open access

(physical functioning subscale) and subjective health
(self-perceived health). They found that after controlling
for confounders, income was significantly related to functional 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 Durden20 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 depression converged at older ages. Franse et al45 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. Interestingly, of the literature we reviewed examining health
inequalities and frailty level, the per cent of psychological health/cognitive deficits was less than 10% in five
studies,18 43 44 47 53 between 10%–25% in one study53 and

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 II 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. R2
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 (R2) that can be attributed to household
income.
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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 II 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.
R2 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 (R2) that can be attributed to household income.

Open access

Clinical and public health importance
Reducing frailty and its negative health consequences
is a priority for public health.7 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.
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
Griffith LE, et al. BMJ Open 2021;11:e047945. doi:10.1136/bmjopen-2020-047945

domains evolve over time and how well this evolution
predicts adverse outcomes.
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>25% in three.17 19 48 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 richness 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,52 54 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
based
been shown to be similar to other population-
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.24 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 potential 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,18 19 49
though not all.47 Previous studies have also shown that
there are cohort differences in frailty levels possibly attributable to differential survival of frail individuals.19
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eTable 1. Summary of the operationalization and descriptive statistics for each deficit for
all participants of the CLSA (n=51,338) and by cohort

Self-rated general health

Tracking
(N=21,241)
0.35 (0.25)

Comprehensive
(N=30,097)
0.32 (0.23)

All Participants
(N=51,338)
0.34 (0.24)

Self-rated mental health

0.27 (0.22)

0.27 (0.22)

0.27 (0.22)

Self-rated eyesight

0.33 (0.24)

0.31 (0.23)

0.32 (0.23)

Self-rated hearing

0.34 (0.25)

0.34 (0.25)

0.34 (0.25)

SWLS scale: Satisfied with life

0.17 (0.25)

0.19 (0.24)

0.18 (0.24)

SWLS scale: Life close to ideal

0.24 (0.28)

0.26 (0.28)

0.25 (0.28)

SWLS scale: Life conditions excellent

0.24 (0.29)

0.25 (0.28)

0.24 (0.28)

SWLS scale: Have important things in life
SWLS scale: Would change almost nothing
about life
CES-D 10 scale: Frequency feel fearful or
tearful
CES-D 10 scale: Frequency feel happy
CES-D 10 scale: Frequency feel could not
get going
CES-D 10 scale: Frequency trouble
concentrating
CES-D 10 scale: Frequency feel depressed
CES-D 10 scale: Frequency feel everything
is an effort
CES-D 10 scale: Frequency sleep is restless

0.16 (0.23)

0.16 (0.22)

0.16 (0.22)

0.32 (0.34)

0.36 (0.34)

0.34 (0.34)

0.12 (0.23)

0.12 (0.23)

0.12 (0.23)

0.16 (0.25)

0.16 (0.24)

0.16 (0.24)

0.16 (0.27)

0.16 (0.25)

0.16 (0.26)

0.21 (0.3)

0.21 (0.28)

0.21 (0.29)

0.11 (0.23)

0.1 (0.21)

0.1 (0.22)

0.18 (0.29)

0.16 (0.26)

0.17 (0.27)

0.37 (0.36)

0.38 (0.35)

0.38 (0.36)

CES-D 10 scale: Frequency easily bothered
CES-D 10 scale: Frequency feel hopeful
about the future
CES-D 10 scale: Frequency feel lonely

0.19 (0.28)

0.16 (0.26)

0.17 (0.27)

0.21 (0.31)

0.18 (0.28)

0.19 (0.29)

0.12 (0.26)

0.13 (0.24)

0.13 (0.25)

Mental Alternation Test

0.16 (0.3)

0.16 (0.29)

0.16 (0.29)

RAVLT First recall

0.17 (0.27)

0.17 (0.29)

0.17 (0.28)

RAVLT Delayed recall

0.17 (0.27)

0.17 (0.29)

0.17 (0.29)

Animal Fluency Test
OARS scale: Able to take care of
appearance
OARS scale: Able to get out of bed

0.18 (0.29)

0.17 (0.29)

0.18 (0.29)

0 (0.05)

0 (0.04)

0 (0.05)

0.01 (0.09)

0 (0.07)

0.01 (0.08)

OARS scale: Able to take bath

0.01 (0.12)

0.01 (0.1)

0.01 (0.11)

OARS scale: Able to dress

0.01 (0.1)

0 (0.07)

0.01 (0.09)

OARS scale: Able to feed

0 (0.04)

0 (0.03)

0 (0.03)

0.02 (0.13)

0.02 (0.14)

0.02 (0.14)

0.04 (0.2)

0.05 (0.21)

0.04 (0.21)

Deficit, Mean (Std Dev)

OARS scale: Able to walk
OARS scale: Trouble to get to bathroom in
time
OARS scale: Able to go shopping

0.02 (0.15)

0.01 (0.12)

0.02 (0.13)

OARS scale: Able to take medicine

0 (0.06)

0 (0.06)

0 (0.06)

OARS scale: Able to prepare meals

0.01 (0.1)

0.01 (0.09)

0.01 (0.09)

OARS scale: Able to handle money

0 (0.07)

0 (0.06)

0 (0.07)
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OARS scale: Able to use telephone

Tracking
(N=21,241)
0 (0.07)

Comprehensive
(N=30,097)
0 (0.04)

All Participants
(N=51,338)
0 (0.05)

OARS scale: Able to travel

0.01 (0.11)

0.01 (0.09)

0.01 (0.1)

OARS scale: Able to do housework
Limited social participation due to health
status
BMI classification

0.06 (0.24)

0.05 (0.21)

0.05 (0.22)

0.07 (0.25)

0.08 (0.27)

0.08 (0.26)

0.33 (0.31)

Deficit, Mean (Std Dev)

0.37 (0.32)

0.35 (0.32)

Chair rise time

0.24 (0.42)

0.24 (0.42)

Grip strength

0.26 (0.44)

0.26 (0.44)

4 metre walk time

0.21 (0.41)

0.21 (0.41)

Timed-Up-and-Go time

0.21 (0.41)

0.21 (0.41)

Standing balance time
Difficulty taking force or impact in arms,
hands or shoulders
Difficulty walking up and down stairs

0.24 (0.43)

0.24 (0.43)

0.13 (0.34)

0.13 (0.34)

0.12 (0.32)

0.12 (0.32)

Difficulty handling small objects

0.07 (0.26)

0.07 (0.26)

Difficulty using a knife

0.02 (0.15)

0.02 (0.15)

Difficulty lifting 10 pounds

0.08 (0.27)

0.08 (0.27)

Difficulty making bed

0.05 (0.22)

0.05 (0.22)

Difficulty pulling/pushing large objects

0.11 (0.31)

0.11 (0.31)

Difficulty extending arms above shoulders

0.12 (0.32)

0.12 (0.32)

Difficulty sitting for a long period

0.11 (0.31)

0.11 (0.31)

Difficulty standing for a long period

0.15 (0.36)

0.15 (0.36)

Difficulty standing up after sitting

0.22 (0.41)

0.22 (0.41)

Difficulty stooping, crouching or kneeling

0.31 (0.46)

0.31 (0.46)

Difficulty walking 2 to 3 blocks

0.11 (0.31)

0.11 (0.31)

Difficulty washing back

0.09 (0.29)

Asthma

0.11 (0.31)

0.13 (0.34)

0.12 (0.33)

Stroke or cerebrovascular accident

0.02 (0.13)

0.02 (0.13)

0.02 (0.13)

Memory problem

0.02 (0.14)

0.02 (0.13)

0.02 (0.14)

Bowel disorder

0.09 (0.28)

0.1 (0.3)

0.09 (0.29)

Glaucoma

0.05 (0.21)

0.05 (0.22)

0.05 (0.22)

Allergies

0.37 (0.48)

0.39 (0.49)

0.38 (0.49)

Osteoporosis

0.09 (0.29)

0.09 (0.29)

0.09 (0.29)

High blood pressure or hypertension
Diabetes, borderline diabetes or high blood
sugar
Heart attack or myocardial infarction

0.38 (0.49)

0.37 (0.48)

0.38 (0.48)

0.17 (0.37)

0.18 (0.38)

0.17 (0.38)

0.06 (0.24)

0.05 (0.22)

0.05 (0.23)

Mini-stroke or transient ischemic attack

0.04 (0.19)

0.03 (0.18)

0.03 (0.18)

0 (0.06)

0 (0.06)

0 (0.06)

0.25 (0.43)

0.29 (0.46)

0.27 (0.45)

0.25 (0.43)

0.28 (0.45)

0.27 (0.44)

Parkinsonism or Parkinson's Disease
Cataracts
Back problems excluding fibromyalgia and
arthritis
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Deficit, Mean (Std Dev)

Tracking
(N=21,241)

Comprehensive
(N=30,097)

All Participants
(N=51,338)

Heart disease including congestive heart
failure
Migraine headaches

0.1 (0.3)

0.12 (0.32)

0.11 (0.32)

0.14 (0.34)

0.13 (0.33)

0.13 (0.34)

Intestinal or stomach ulcers

0.08 (0.27)

0.08 (0.26)

0.08 (0.27)

Over-active thyroid gland
Emphysema, chronic bronchitis, or chronic
obstructive pulmonary disease
Angina or chest pain due to heart disease
Peripheral vascular disease or poor
circulation
Dementia or Alzheimer’s disease

0.02 (0.15)

0.02 (0.15)

0.02 (0.15)

0.07 (0.25)

0.06 (0.23)

0.06 (0.24)

0.05 (0.23)

0.04 (0.21)

0.05 (0.22)

0.07 (0.26)

0.06 (0.23)

0.06 (0.24)

0 (0.04)

0 (0.05)

0 (0.05)

Epilepsy

0.01 (0.09)

0.01 (0.1)

0.01 (0.1)

Urinary incontinence

0.09 (0.28)

0.08 (0.28)

0.09 (0.28)

Macular degeneration

0.04 (0.2)

0.04 (0.2)

0.04 (0.2)

Under-active thyroid gland

0.12 (0.32)

0.13 (0.34)

0.13 (0.33)

Kidney disease or kidney failure

0.03 (0.16)

0.03 (0.17)

0.03 (0.17)

Bowel incontinence

0.02 (0.15)

0.02 (0.14)

0.02 (0.14)

Cancer (any)

0.15 (0.36)

0.15 (0.36)

0.15 (0.36)

Mood disorder

0.15 (0.35)

0.17 (0.38)

0.16 (0.37)

Anxiety disorder

0.07 (0.26)

0.09 (0.28)

0.08 (0.27)

Arthritis (any type)

0.39 (0.49)

0.29 (0.45)

0.33 (0.47)
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CLSA=Canadian Longitudinal Study on Aging; CESD-10=Center for Epidemiologic Studies Depression Scale-10; OARS=Older
Americans’ Resources and Services; RAVLT=Rey Auditory Verbal Learning Test; SWLS=Satisfaction with Life Scale
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eFigure 1: Least-squared mean frailty index by annual household income, stratified by
sex
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eFigure 2: Least-squared mean frailty index by annual household income, stratified by
age and sex
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