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ABSTRACT

Background

Reported estimates of frailty prevalence vary considerably.
At least partially attributable to differences in the conceptual-
ization of frailty used, a better understanding of the inter-re-
lationships among frailty domains could clarify contributors
to the noted heterogeneity.

Methods

A global frailty index (FI) created from baseline data on
30,097 Canadian Longitudinal Study on Aging compre-
hensive cohort participants was used to define physical,
psychological, cognitive, and social domain-specific FIs.
These were divided into quintiles with the highest 20% (Q5)
representing the frailest participants. Logistic regression
was used to estimate the associations between age group and
biological sex with domain-specific FIs in unadjusted and
adjusted (income, smoking status, nutritional risk, physical
activity, social participation, interaction between sex and age
group) models. The association between Q5 membership
among the frailty domains was estimated using polychoric
correlation coefficients.

Results

The prevalence of physical and cognitive frailty increased with
age, but psychological frailty decreased, especially in males.
Social frailty showed gradual increases with age in females
that were only evident in the oldest age group (75—85) among

men. The age-groups*sex interaction p value was p<.001
for social. Polychoric correlations were highest between the
psychological/physical and psychological/social domains, and
decreased with increasing age for all combinations.

Conclusion

We found that domain-specific frailty prevalences differed
by age group and sex with low associations among frailty
domains, particularly at older ages. Understanding the evo-
lution of these findings could be instrumental in developing
tailored interventions to prevent frailty or modify its trajectory.

Key words: frailty domains, physical frailty, psychological
frailty, social frailty, cognitive frailty, Canadian Longitudinal
Study on Aging (CLSA)

INTRODUCTION

Frailty is marked by increased vulnerability to adverse out-
comes in response to stressors. A commonly used approach to
its detection, the accumulation of health deficits as measured
by a frailty index (FI),() is associated with higher mortality
and health service use.?) Frailty has been identified as a
clinical and public health priority.®) Although not universally
found,® research on frailty suggests severity can be reduced,
particularly among the middle-aged and young—old.® Imple-
menting early interventions would require accurately identi-
fying emerging frailty, coupled with a better understanding
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of contributors over time and across age and biological sex.
Reported prevalence estimates for frailty in community-liv-
ing older adults range from 3.9% to 51.4%. This variability
has been attributed, in part, to differences in how frailty is
conceptualized and measured across studies. Cost-effective
preventive frailty care requires a better understanding of the
heterogeneity of frailty and determining whether targeted
personalized interventions directed at presumed causes
are effective.®

Gobbens and colleagues described frailty as “a dynamic
state affecting an individual who experiences losses in one or
more domains of human functioning (physical, psychological,
cognitive, and social) caused by the influence of a range of
variables and which increases the risk of adverse outcomes.”(®
In addition to physical frailty, researchers have examined
the independent role of other frailty domains(”) based on the
premise that causation is better understood by examining
domains independently, as well as collectively.®

Few researchers, though, have looked at multiple frailty
domains simultaneously. van Qostrom et al.®® reported that
only 3.4% of their study cohort was frail in more than one of
four domains (physical, social, psychological, cognitive). Two
studies examining three domains simultaneously (physical,
psychological, social) found that 24.2% and 39.9% were frail
in more than one, respectively.®-!9 While frailty prevalence
and presentation are known to differ by both age and sex,(!)
most studies have only examined the main effects of these
factors, and not how they may interact across domains.

The aims of this study were to: 1) derive physical, social,
psychological and cognitive domain-specific FIs based on
ideally 30—40 (10 minimum) health deficits per domain;
2) describe their distribution and how domain-specific
FIs relate to each other in a community-based sample of
middle-aged and older adults; and 3) examine if these patterns
differed by age group and sex.

METHODS

Study Design/Setting

The Canadian Longitudinal Study on Aging (CLSA) is a
comprehensive research platform examining health and
aging.(1? All study participants provide a core set of demo-
graphic, lifestyle/behaviour, social, physical, psychological,
and health data. Of those enrolled at baseline (data collected
2012-2015), 21,241 were randomly selected from Canadian
provinces and underwent computer-assisted telephone
interviews. They formed the CLSA tracking cohort. The
remaining 30,097 were in the CLSA comprehensive cohort
and underwent more detailed in-person assessments at their
homes and in one of 11 Data Collection Sites (DCS) found
across Canada (comprehensive cohort participants had to
reside within 25-50 km of a DCS). More information about
CLSA design and methods can be found elsewhere.(1?)
This cross-sectional study used only baseline data col-
lected on comprehensive participants primarily due to this

cohort having more cognitive items that could be allocated
to this domain.

Participants

At baseline, CLSA participants were community-dwelling
women and men aged 45 to 85 years. Exclusion criteria were:
inability to provide informed consent; residents of the three
Canadian territories; living on federal First Nations reserves;
full-time membership in the Canadian Armed Forces; institu-
tional residency; or lack of fluency in English or French.(1?)
Informed consent was provided prior to participation.

Research Ethics Board approval was received from
all Data Collection Sites. This study was approved by the
Hamilton Integrated Research Ethics Board (Ethics certifi-
cate #: 7269-C)

Variables

Frailty Index (FI)
We calculated the ratio of health deficits (e.g., symptoms,
signs, impairments, disabilities, diseases) present to the total
number considered for a global and domain-specific FIs.
Higher FI ratios indicate greater frailty. Health deficits were
selected based on the literature, input from domain experts
on the authorship team (DH physical, MO psychological and
cognition, ML social), and modified (changes made described
below) criteria proposed by Searle et al.1>) We aimed for
3040 deficits per domain, with a minimum of 10 to avoid
unstable domain-specific FIs.(1?) Because participants were
as young as 45 years and our interest in examining the emer-
gence of frailty, we did not restrict health deficit selection to
items that increased with age. This has been done previously
when examining frailty over the adult lifespan.(?) Spearman’s
correlation coefficients were calculated to examine the asso-
ciation of each item selected with age. It was anticipated the
inclusion of non-age-related items would disproportionally
affect the psychological domain, as emotional well-being
tends to improve from mid- to later-life.('*) Typically only
health deficits with population prevalences >1% are used
in FIs, but we included eight (six ADL items, self-reported
Alzheimer’s disease, Parkinsonism) with lower ones due to
the high likelihood that their prevalences would increase as
the cohort ages. Multiple Sclerosis was included due to its
known association with impaired cognition!>) and frailty.(1®)
For binary variables, 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 (e.g., if a deficit had
3 levels, it would be coded “0”, 0.5 and “1”). If information
on more than 5% of the deficits were missing in global or
domain-specific FIs, the affected FI was not calculated.!!?
A total of 129 health deficits were selected for the
global FI. When sub-divided into domains, there were 43
physical (e.g., self-reported chronic conditions, activities of
daily living; 83.7% of these deficits increased with age), 30
psychological (e.g., self-rated mental health, satisfaction with
life; 3.3% increased with age), 17 cognitive (e.g., cognitive
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test scores, self-reported chronic conditions known to be
associated with cognitive impairment; 82.4% increased with
age), and 39 social (e.g. social support availability, social
participation; 71.8% increased with age) health deficits. A
listing of deficits by domain with their scoring is presented
in the supplemental material Tables S1a—S1d. Average deficit
values across age groups and correlation coefficients with
age are shown in the supplemental material Tables S2a—S2d.
We divided each FI domain into quintiles. The frailty
index is essentially a discrete variable, with an unknown
right-skewed distribution. It does not follow a normal or any
known continuous distribution. By categorizing the index into
a five-level ordinal variable, we maintain most of the variabil-
ity in the index and distributional focus, eliminate possible
recording errors adjusting for an incorrectly perceived high
resolution, and make it manageable for statistical analysis.
Participants scoring in the top 20% of a FI were considered the
frailest. We then created a binary variable to compare members
of the top 20% (QS5) with the rest of the sample (Q1-Q4).

Covariates

Sex (female, male) and age group (45-54, 55-64, 65-74,
75-85 years) were included in all analyses as both are related
to the likelihood of frailty(!”) and domain scores.('®) Potential
confounders included as covariates were: household income
(<$20,000, $20,000-49,999, $50,000-99,999, $100,000—
$149,000,>$150,000 CDN); smoking status (current/former
daily smoker or other); nutritional risk (score <38 on AB
SCREEN™ II Nutritional Risk(?); low moderate-vigorous
physical activity (<75 min per week of vigorous-intensity or
<150 min per week of combined moderate- and vigorous-in-
tensity physical activity®?); and low self-perceived social par-
ticipation (“yes” or “no”’). None of the potential confounders
were a health deficit item in the global or domain-specific FIs.

Statistical Methods

Descriptive statistics were calculated for continuous (means,
standard deviations [SD]) and categorical (percentages) meas-
ures. Statistical significance was defined as a p value < .05.
After the removal of cases missing 5% of data and retained
cases missing information for specific items, overall missing
data on health deficit items ranged from 0.8% to 11.8%.
Multiple imputation of 10 data sets was conducted with pre-
dictive mean matching using frailty deficits and covariates to
provide estimates less prone to bias.?!) As these results did
not differ from the complete case analysis, for simplicity only
the complete case analysis is presented.

We described frequency and percentage of participants
in Q5 for each domain and combination of the domains by
sex and age-group. We then conducted logistic regression to
examine the associations between sex and age group with
Q5 membership for each domain. Models were adjusted for
all potential confounders listed in the covariates section. We
further examined if there was an interaction between sex
and age group in final adjusted models. Deviance residual
analyses were conducted to assess model fit. The association

in Q5 membership between the frailty domains was examined
using the polychoric correlation coefficient,*? which meas-
ures the association between ordinal variables assuming the
existence of bivariate continuous variables underneath. As
a sensitivity analysis, we examined the concordance in Q5
membership between the frailty domains using Goodman and
Kruskal’s Gamma®>® We interpreted a correlation between
0-0.19 as very weak, 0.2-0.39 as weak, 0.4—0.59 as moderate,
0.6-0.79 as strong, and >0.8 as very strong.*¥ All analyses
were conducted using SAS version 9.4 (SAS (SAS Institute
Inc., Cary, NC).

The Strengthening the Reporting of Observational
Studies in Epidemiology cross-sectional checklist was used
to guide our work.(>>

RESULTS

Table 1 displays participant characteristics by age group. The
mean global FI was 0.120 and increased with age. Physical
and cognitive domain scores increased with age, while the
psychological one decreased and the social domain remained
relatively stable until an increase in the 75-85 age category.
Slightly over half (50.9%) of participants were female, 58%
were 45-64 years.

Overall, 47.6% of participants were in the frailest quintile
for at least one frailty domain (27.7% one only, 13.6% two,
5.1% three, and 1.2% all four) (Figure 1). Figure 2 presents
the percent of participants in Q5 for each domain by age and
sex. Q5 membership increased with age for physical and cog-
nitive frailty, but showed a small decrease in psychological.
Social frailty showed gradual increases with age in females
that were only evident in the oldest age group among men.
Females had higher levels of Q5 membership in the physical,
psychological, and social frailty domains, but not the cognitive
one. Similar patterns for psychological and cognitive frailty by
sex and age were found on all combinations of frailty domains
(Figure S1 in the supplemental material).

Table 2 summarizes the association between Q5 mem-
bership for each domain by age group and sex. The main
effects for age group and sex were statistically significant
in unadjusted and adjusted models. The odds of being in
Q5 increased with age for physical, cognitive, and social
frailty, though this did not remain after covariate adjustment
for social. With psychological frailty, the odds of being in
Q5 decreased with age. Noted associations were stronger in
adjusted models. In unadjusted models, the odds of being in
Q5 were higher for females compared to males for physical,
psychological, and social frailty domains, but higher in males
for the cognition. Adjusted models were consistent except
for social frailty, where the odds for males were higher
than females and the age-group*sex interaction p value was
p<.001. The odds of Q5 membership were lower in all other
age-groups relative to the youngest one for men. Conversely
for women, the ORs for 55-64 and 65—74 age categories did
not differ significantly from the 45-54 age group, but were
1.47 times higher (95% CI 1.26—1.71) among those 75-85.
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TABLE 1.
Demographic, socioeconomic, and lifestyle characteristics for all participants of the CLSA (n=30097) and by 10-year age groups
Variable All Ages 45-54 55-64 65-74 75-85
Mean SD  Mean SD  Mean SD  Mean SD  Mean SD
Overall Frailty Index 0.120 0.064 0.103 0.060 0.115 0.065 0.124 0.062 0.146 0.063
Physical Domain 0.111 0.070 0.078 0.052 0.102 0.064 0.126 0.069 0.155 0.075
Psychological Domain 0.157 0.120 0.168 0.126 0.162 0.126 0.146 0.114 0.147 0.102
Cognitive Domain 0.116  0.091 0.082 0.072 0.101 0.080 0.130 0.091 0.177 0.102
Social Domain 0.102 0.098 0.089 0.089 0.100 0.099 0.103 0.097 0.124 0.104
Category N % N % N % N % N %
Sex Male 15320 5090 3925 51.68 5089 51.63 3688 50.10 2618 49.55
Female 14777 49.10 3670 4832 4767 4837 3674 4990 2666 50.45
Total Household Income < $20,000 1566 556 270 370 485 5.19 442 6.49 369 7.83
(Canadian Dollars) $20,000-$49,999 6360 22.59 756 1035 1689 18.09 2106 30.94 1809 38.39
$50,000-$99,999 9907 35.19 2081 2850 3292 3526 2746 4035 1788 37.95
$100,000-$149,999 5524 19.62 1980 27.12 2039 21.84 986 1449 519 11.01
>$150,000 4799 17.04 2214 30.32 1832 19.62 526 7.73 227 4.82
Married Yes 20651 68.63 5746 75.68 7030 7136 4953 67.28 2922 5531
No 9438 31.37 1846 2432 2822 28.64 2409 32.72 2361 44.69
Smoke Never 15822 52.88 4569 60.38 5029 51.29 3582 4897 2642 5047
Ever 14099 47.12 2998 39.62 4776 48.71 3732 51.03 2593 49.53
Nutritional Risk No 18356 64.46 4635 64.42 6125 65.02 4573 6526 3023 62.29
Yes 10119 35.54 2560 35.58 3295 3498 2434 3474 1830 37.71
Low Social Participation ~ Yes 2418  8.06 451 5.95 804 8.17 608 8.28 555  10.56
No 27599 9194 7134 9405 9033 91.83 6733 91.72 4699 89.44
Low Physical Activity No 9216 32.02 2908 40.19 3226 3398 2047 28.87 1035 20.87
Yes 19564 67.98 4328 59.81 6267 66.02 5044 71.13 3925 79.13

CLSA = Canadian Longitudinal Study on Aging.

Polychoric correlations between Q5 membership for all
domain combinations decreased with age for both sexes (Fig-
ure 3). Overall, associations were highest between the psych-
ological/social and physical/psychological domains. They
were moderate (0.47 to 0.59) in the youngest age-group, while
weak (0.34 to 0.40) in the oldest one. Associations were weak
for all other domain combinations and age groups. Although
the magnitudes were generally higher (ranging from 0.14 to
0.75), similar patterns of concordance were found using the
Gamma statistic (Figure S2 in the supplemental material).

DISCUSSION

We examined age patterns and associations for four frailty
domains by sex in a large population-based cohort of commun-
ity-dwelling, middle-aged and older adults. While physical
and cognitive frailty showed similar age-related increases in
females and males, the age pattern for the psychological and
social domains differed by sex. Psychological frailty declined
with age, especially in males, while social frailty rose in
females with age, but only showed an increase in the oldest
age group (75-85) among males. The associations between
frailty domains were generally weak and decreased with

age. Exceptions were the relationships between the physical/
psychological and psychological/social domains that were
moderate for both sexes though weakening at higher ages.

Frailty Domains—Comparison with Literature

The increases in physical and cognitive frailty scores with
age were in line with comparable prior studies.(3-10-26:27)
Cognitive frailty was the only domain higher in males than
females in unadjusted analyses. van Oostrom ef al. reported
a similar result® as did Petersen et al.,?® but Arnadottir et
al.?® using self-reported cognitive function® (rather than
objective testing which we used®?) reported no difference.
More research on sex-related cognitive decline is needed.
Psychological frailty decreased with age in our study.
van Qostrom et al.® found a similar association, as did Bai
et al.®Y) who reported higher average mental health deficit
scores in younger (<65 years) versus older ( >65 years)
frail adults in the Swedish Screening Across Lifespan Twin
Study (SALT) and the UK Biobank. Ye et al.,(!9) on the other
hand, reported no association between age and psychological
frailty but only examined adults 70 years and older, and Teo
et al.® found that “mental frailty”, which included cognitive
impairment, increased with age.? In our study, psychological
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frailty (which captured both psychopathology and aspects of
mental wellness, but not cognition) was highest in the younger
age groups (45-54 and 55-65 years). There is evidence that
psychopathology declines with advancing age.

Social frailty was associated with increasing age in one
prior study® but not in two others.®!9 In our work, social
frailty domain scores increased with age in females while
remaining relatively stable until a late (75-85 years of age)
increase among males. Social frailty was found higher in
males in a prior study,® higher among females in another,®)
and not statistically different between the sexes in a third.(!?)
The prevalence of social frailty is affected by settings, country,
and method of assessment.3¥ We found that the association
with increasing age differed by sex. Older women are report-
edly more likely to participate in community activities®
and have greater social connectivity than men.?® Further
exploration of social frailty and its evolution is indicated.

70

60

Age-related Frailty Domains Patterns

Our finding that psychological and, to a lesser extent, social
domain scores did not reliably increase with age in both sexes
is counter to most frailty literature(!-3”) where an increase in
item prevalence with age is used as a criterion for selecting
health deficits.(1®) For the reasons noted, we did not restrict
frailty items to those that increased with age. It is possible
that these domains are not core components of later life
frailty but function as risk factors, modifiers and/or outcomes
of this state. If a component of frailty, the decline seen in
psychological frailty scores with age needs explanation.
Possibly symptoms like fatigue are more often designated
as anhedonic features of a depression in middle-aged adults
while in older persons they may be seen as inherent to
the aging process and “expected”. A current unknown is
whether psychological and social domain frailty at mid-life
increases the risk for physical, cognitive, and global frailty

50
40
Overall
30
20
0 1 2 3 4
70
60
50
- W Aged 45 to 54
Female M Aged 55 to 64
30 m Aged 65 to 74
20 | Aged 75+
0 1 2 3 4
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60
50
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FIGURE 1. The percent of CLSA participants (2010-2015) who were in the highest quintile for 0, 1, 2, 3, or 4

domains of frailty by age group, overall and by sex
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at older ages. Longitudinal data analyses will be required
to address this.

Correlation Among Frailty Domains

The polychoric correlations among frailty domains ranged from
0.10 (very weak) to 0.59 (moderate) and tended to decrease with
age in both sexes. Possibly frailty at older ages becomes more
uniform in its presentation as primarily a physical-cognitive
clinical syndrome. The decrease in the associations between
frailty domains with age may also reflect a cohort-effect (i.e.,
differences in populations born at particular points in time that
are independent of the process of aging). For example, mid-
dle-aged adults may be more willing to voice psychological
concerns and/or accept a mental health diagnosis.®®) Other
explanations are possible and require study.

The correlations we did find among frailty domains were
strongest between the psychological/social and psychological/
physical domains. As this is a cross-sectional study, we cannot

20

15

10
.
0

Overall
Physical Psychological
50
40
Female 30
20
10 I
0 .
Physical Psychological
45
40
35
30
Male 25
20
15
10
, W
0

Physical Psychological

draw casual conclusions about these specific relationships.
Among other possibilities, the stronger associations may be
related to a common negative influence of a third factor such
as sedentary behaviour (we included moderate—vigorous
physical activity as a covariate but not sedentary behaviour)
on all three domains.®% Sedentary behaviour is associated
with an increased risk of depression,“? social isolation, !
and decreased odds of healthy aging? in middle-aged and
older populations.

Strengths and Weaknesses

Strengths of this study include using a national popula-
tion-based cohort of middle-aged and older adults. The large
sample size allowed us to investigate how the prevalence of
an association between frailty domains is influenced by other
factors. We explored the robustness of our results to missing
data by using multiple imputation approaches and did not find
significant differences in frailty prevalences (data not shown).

Social Cognitive

W Aged 45 to 54
m Aged 55 to 64
W Aged 65 to 74
W Aged 75+

Social Cognitive

Social Cognitive

FIGURE 2. The percent of CLSA participants (2010-2015) in the highest quintile of each domain of frailty, stratified by

age and sex
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TABLE 2.
Summary of logistic regression results estimating the association between age group and sex and being
in the highest quintile of frailty for each domain (p values <.05 were considered statistically significant)

Physical Frailty Psychological Frailty Cognitive Frailty Social Frailty
Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted
Age Group
45 to 54 1 1 1 1 1 1 1 1
55 to 64 2.47 2.39 0.93 0.75 1.68 1.45 1.24 0.96
(2.22,2.75) (2.12,2.70) (0.87,1.003) (0.69,0.82) (1.51,1.86) (1.30,1.63) (1.14,1.35) (0.87, 1.05)
65 to 74 4.92 4.53 0.71 0.47 3.23 2.45 1.36 0.77
(4.43,5.46) (4.01,5.11) (0.65,0.77) (0.42,0.51) (2.92,3.57) (2.18,2.74) (1.24,1.48) (0.69, 0.85)
75+ 9.78 8.47 0.74 0.42 7.30 4.97 2.13 1.10
(8.80,10.88) (7.46,9.60) (0.67,0.81) (0.37,0.47) (6.59,8.08) (4.42,5.60) (1.95,2.34) (0.99,1.23)
p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001
Sex
Male 1 1 1 1 1 1 1 1
Female 1.72 1.68 1.59 1.36 0.73 0.55 1.11 0.83
(1.62,1.82)  (1.56,1.80) (1.50,1.69) (1.27,1.45) (0.69,0.78)  (0.51,0.60) (1.05,1.18)  (0.78, 0.89)
p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001 p<.001
Interaction Model
Sex = Female
45 to 54 1 1
55 to 64 0.79 1.07
(0.71, 0.89) (0.94, 1.23)
65 to 74 0.52 0.88
(0.46, 0.60) (0.76, 1.01)
75+ 0.44 1.47
(0.38,0.51) (1.26, 1.71)
Sex = Male
45 to 54 1 1
55to 64 0.71 0.85
(0.63, 0.80) (0.75,0.97)
65to 74 0.40 0.68
(0.35, 0.46) (0.59, 0.78)
75+ 0.39 0.82
(0.33, 0.46) (0.71, 0.96)
p value p=-85 p=-051 p=.24 p<.001

Weaknesses include our cross-sectional study design
that prevented us from making any conclusions about casual
relationships and lack of participant diversity (i.e., in the
CLSA they are largely white, well-educated, and econom-
ically advantaged'?). We had only 17 health deficits in the
cognitive domain, which are fewer than the target of 30—40.
With small numbers of deficits (10 or less), estimates become
unstable.'®) Having only 17 may have impacted the reliability
of our results for this domain. We did not limit the selection
of items to those that increased with age for the reasons pre-
viously noted. We are uncertain whether psychological (and
possibly social) health deficits should be included within the
frailty concept, or if it is more appropriate to view them as
risk factors, modifiers or outcomes. Longitudinal data would

help address this and other unresolved questions raised by our
work. Finally, our results may also be sensitive to the deficits
and cut points utilized in the FIs.

CONCLUSION

We found differences in the prevalence and associations
among frailty domains by age group and sex. While being in
QS5 for the physical and cognitive domains of frailty increased
with age, the opposite was true for the psychological domain,
with a less clear relationship for the social domain. Frailty
domains only had low-to-moderate associations with each
other. This underscores the importance of viewing frailty as
a multidimensional construct. We need to know much more
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FIGURE 3. The polychoric correlations measuring the association between each com-
bination of binary frailty domains (highest quintile of frailty vs. not) for females (3a) and

males (3b) in the CLSA from 2010-2015

about frailty domains, their relationships, and how they change
over time. A better understanding, we feel, would be key to
developing and tailoring health interventions that prevent
frailty or modify its trajectory.
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