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Contribution of Frailty Markers in Explaining Differences
Among Individuals in Five Samples of Older Persons
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Background. There has been little research on the relative importance of frailty markers. The objective was to
investigate the association among seven frailty domains (nutrition, physical activity, mobility, strength, energy, cognition,
and mood) and their relative contribution in explaining differences among individuals in five samples of older persons.

Methods. Data from five studies of aging were analyzed using multiple correspondence analysis. Aggregation
of frailty markers was evaluated using graphical output. Decomposition of variability was used to assess the relative
contribution of each marker in each sample. Results were combined across the samples to assess the average contribution.

Results. Frailty markers were found to consistently aggregate in each sample, suggesting a possible underlying
construct. Physical strength had the highest contribution on average in explaining differences among individuals.
Mobility and energy also had large contributions. Nutrition and cognition had the smallest contributions.

Conclusions. Our results provide further evidence supporting the notion that frailty domains may belong to a common
construct. Physical strength may be the most important discriminating characteristic.
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RAILTY is acknowledged to be a state of decreased

reserve and decline in multiple physiologic systems,
resulting in an increased risk of adverse outcomes (1-7).
Nevertheless, there remains debate on its characteristics (1).
Understanding the relationship among proposed character-
istics is necessary to elucidate whether these characteristics
could form a construct of frailty and how such characteristics
interrelate.

The International Database Inquiry on Frailty (FrData) is
an initiative aimed at improving our understanding of seven
frailty domains: nutrition, physical activity, mobility,
strength, energy, cognition, and mood. Selection of domains
was based on a literature review implemented by the Canadian
Initiative on Frailty and Aging (8) and based on clinical and

biological plausibility. Using the methodology developed in
a previous publication (9), the aim of this study is to explore
associations among domains using data from five samples
of older persons from the United States, Netherlands, Mexico,
and Canada.

The specific goals of this study are to investigate the
aggregation of seven frailty markers as well as the relative
importance of each marker in explaining differences among
participants. Identifying frailty markers that are consistently
more important in explaining differences among older per-
sons, despite how these markers are measured across stud-
ies, could lead to considering the relative weight of frailty
markers in future research studies and to developing a shorter
clinical assessment tool.
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METHODS

Data Selection

Baseline data were extracted from four studies on aging:
Established Populations for Epidemiologic Studies of the
Elderly (EPESE; 10), Longitudinal Aging Study Amsterdam
(LASA; 11), Mexican Health and Aging Study (MHAS; 12),
and NuAge (nutrition as a determinant of successful aging; 13).
Data from the two EPESE sites were analyzed separately for
a total of five samples. For consistency, analyses presented
here were restricted to subsamples aged 65 years or older.
Furthermore, participants with disability in activities of
daily living (ADL) at baseline were excluded from the
analysis because our interest in frailty is its usefulness in
detecting vulnerable elders before the onset of disability;
and to ensure that any relationships found were not artifacts
of underlying disability. ADL disability was defined as
being unable or needing help to eat, dress, transfer, bathe,
or toilet (14). Data were provided by each study’s princi-
pal investigators. Ethics approval was obtained from the
Research Ethics Committee, Jewish General Hospital,
Montreal, Canada. Studies are presented in order of their
initiation date.

EPESE started in 1981 and consisted of prospective epi-
demiologic studies of 14,000 persons aged 65 years or older
in four locations: East Boston, lowa, New Haven, and North
Carolina (10). Based on measures available, the East Boston
and Iowa sites were selected for this study. The Boston site
comprised 3,809 working class Italian Americans. Of the
3,809, 3,210 (84.3%) participants without ADL disability
were retained for analysis. The Iowa site consisted of 3,673
participants from a population of rural dwellers. Of the
3,673, the 3,447 (93.9%) participants without ADL disability
were selected for analysis.

LASA started in 1992 and included 3,107 persons
aged 55-85 years from three areas in the Netherlands
with no inclusion or exclusion criteria other than age
(11). The data from the second wave in 1995 were used
because the interview included an assessment of grip
strength. Of the 1,509 participants at the second wave,
1,436 (95.2%) without ADL disability were retained for
analysis.

MHAS was initiated in 2001 and included a sample
of Mexicans aged 50 years or older and their spouses
regardless of age (12). Of the 4,869 participants aged 65
years or older, 4338 (89.1%) without ADL disability were
retained.

NuAge began in 2004 and studied 1,793 community-
dwelling persons in Quebec, Canada, aged 68-82 years,
French or English speaking, willing to commit for a 5-year
period, able to walk without help, free of disabilities in
ADL, without cognitive impairment, and able to walk 100 m
or climb 10 stairs without rest (13). This resulted in almost
all participants having no ADL disability at baseline; 1,786
(99.6%) were included in our analysis.

SOURIAL ET AL.

Measures of Frailty Domains

Frailty domain measures were selected from each study
and dichotomized into presence or absence of a frailty
marker (Table 1). No measure of energy was available
in LASA. Details on the methodology for selection and
dichotomization of measures are presented elsewhere (9).

Analysis

Multiple Correspondence Analysis (MCA) was used to
graphically explore the relationships among all frailty markers
simultaneously. A description of this method was presented
elsewhere (28,29). Briefly, points on the graph represent the
presence or absence of a frailty marker for each of the seven
domains. The origin represents the “norm,” that is, the average
profile under the assumption of independence between the
markers. In general, the further away from the origin and
closer to the axis a frailty marker is, the less prevalent this
marker is in the sample; therefore, the greater its deviation
from the norm. The degree of deviation from independence
in the data is measured by total inertia, defined as the
weighted average of squared chi-square distances between
observed and expected distributions in a multiway contin-
gency table. By decomposing the total inertia across the
frailty markers, we can see which markers are the most im-
portant in explaining differences among individuals. Di-
mension | represents the most important deviation from
independence, that is, the largest proportion of inertia, Di-
mension 2, the second most important, etc. The interpreta-
tion of dimensions is based on how the points representing
the presence and absence of each frailty marker separate on
the positive and negative side of each dimension. Moreover,
markers closest to the axis of Dimension 1 and furthest
from the origin would be most important in interpreting
Dimension 1.

For our study, MCA was used to assess whether the
presence of frailty markers in all domains aggregated on the
graph, and the percent contribution of each frailty marker in
explaining differences among participants.

The graphical output from MCA was used to assess the
aggregation of frailty markers. Separation between pres-
ence and absence of frailty markers on the positive and
negative side of Dimension 1 would indicate that frailty
markers share an overall association, suggesting an under-
lying construct. To assess the dimensionality of the under-
lying construct, we retained the number of dimensions
accounting for 70% or more of the total inertia (28).

Numerical output on the decomposition of the total iner-
tia was used to determine the contribution of each frailty
marker, expressed as a percentage of the total inertia, in
explaining differences among participants. To differentiate
between large and small contributions, we used the average
contribution as a threshold (29). The threshold for samples
with all seven frailty measures, each with two response
categories—one for presence and one for absence of a
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Table 2. Sample Characteristics

EPESE East Boston EPESE lowa LASA MHAS NuAge
(n=3,210) (n=3,447) (n=1,436) (n=4,338) (n=1,786)
Age, mean (SD) 72.9 (6.2) 74.4 (6.5) 75.6 (6.6) 72.4(6.3) 74.4 (4.2)
Female, n (%) 1,945 (60.6) 2,117 (61.4) 737 (51.3) 2,240 (51.6) 935 (52.4)
Number of chronic diseases, mean (SD) 1.6 (1.3) 2.0(1.2) 1.2 (1.1) 1.0 (1.0) 2.1(1.5)
Missing (%) 1.3 144 0 4.0 26.5
Percentage with marker (%)
Nutrition 30.3 37.1 16.3 344 18.1
Missing 0.4 0.3 0.6 22.6 0.6
Physical activity 17.0 18.7 40.5 67.6 239
Missing 0.3 14.5 43 7.7 1.5
Mobility 53 2.5 27.7 43.9 21.7
Missing 1.9 10.0 2.7 20.1 0.7
Strength 30.7 15.6 25.3 32.1 13.6
Missing 2.7 11.9 1.1 10.1 0.6
Energy 17.7 27.0 Not available 26.7 9.5
Missing 2.7 11.6 Not available 73 0.5
Cognition 39.2 20.8 12.7 323 27.6
Missing 4.3 10.6 1.3 4.2 0.1
Mood 24.5 21.6 14.4 433 132
Missing 6.8 132 3.1 8.9 0.6

Note: EPESE = Established Populations for Epidemiologic Studies of the Elderly; LASA = Longitudinal Aging Study Amsterdam; MHAS = Mexican Health and

Aging Study; NuAge = Nutrition as a determinant of successful aging.

frailty marker, is 100/14 = 7.1%. For LASA, where mea-
sures for six of the seven domains were available, the
threshold becomes 100/12 = 8.3%. The percent contribution
of frailty markers cannot be inferred from the graphical out-
put of the MCA as it is calculated combining all dimensions
and therefore independent of the number of dimensions
chosen for display.

MCA was performed using PROC CORRESP (SAS soft-
ware 9.2, Cary, NC; see Supplementary Material). The R
software v.2.10.1 (30) was used to obtain coordinates for
the graphs and for the numerical results on the percent con-
tribution of the frailty markers. Multiple imputation was
used for missing data (31) and was performed using Impu-
tation and Variance Estimation Software (32).

In addition to the results for each of the five samples, we
wanted to summarize the results on the relative contribution
of the frailty markers to provide an overall impression of the
findings. However, to our knowledge, no published litera-
ture exists on how to summarize results obtained from
MCA across several studies. We undertook three separate
approaches based on the ordering of the contributions for
each of the markers. In a first intuitive approach, the seven
markers were ranked from highest to lowest contribution.
The number of times each marker was ranked first, second,
third, and to last was counted across the studies. For exam-
ple, mobility was ranked first once, second once, third once,
and fourth twice; mood was ranked first once, second once,
fourth twice, and fifth once. Therefore, mobility was ranked
higher than mood. This approach, however, only considered
the ordering of the contributions and not the relative differ-
ence in magnitude. A second approach was to order the
frailty markers based on the average contribution for each
marker defined as the sum of contributions divided by the

number of samples. For markers, where measures were
available in all five samples, the sum was divided by 5. For
energy, where measures were available in only four of the
five samples, the sum was divided by 4. A third approach
ordered the frailty markers based on the weighted average
of the contributions across the studies, where weights cor-
responded to individual study sample sizes.

Sensitivity analyses were performed including participants
with ADL disability to examine the impact of excluding those
with ADL disability.

RESULTS

Across the five samples, mean age ranged from 72.4 to
75.6, between 51.3% and 60.6% were women, and the
mean number of chronic diseases was between 1.0 and
2.0 (Table 2). The prevalence of each frailty marker varied
considerably across samples but was generally highest in
MHAS.

Figure 1 depicts the relationship between presence and
absence of frailty markers across the seven frailty domains.
The proportion of inertia explained by Dimension 1 ranged
from 69.2% in NuAge to 92.7% in LASA. Given this high
proportion, only Dimension 1 was retained for interpreta-
tion. Consistently across all samples, a clear separation was
found between the presence of frailty markers on the positive
side of Dimension 1 and the absence of frailty markers on
the negative side. This separation along Dimension 1 indicates
an overall aggregation among the frailty markers, consistent
with the hypothesis of an underlying construct.

Table 3 shows, in each sample and overall, the contribu-
tion and ranking of frailty markers in explaining the total
inertia. The ordering of markers varied across the individual
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Figure 1. Graphical results of the multiple correspondence analysis. Points in red (with suffix 1) correspond to the presence of a frailty marker; points in blue (with
suffix 0) represent the absence of a frailty marker. Percentages for each dimension correspond to the proportion of explained inertia. Dimension 1 explains the largest proportion
of inertia, Dimension 2, the second largest. CG = Cognition; EN = Energy; MB = Mobility; MD = Mood; NU = Nutrition; PA = Physical Activity; and ST = Strength.
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Table 3. Contribution (%) to the Total Inertia and Ranking of Each Frailty Marker

Study Strength Mobility Mood Energy Physical Activity Nutrition Cognition
EPESE East Boston
% Inertia 20.0 12.5 154 4.6 15.0 4.5 3.6
Ranking 1 4 2 5 3 6
EPESE Iowa
% Inertia 259 18.2 12.0 35 15.1 3.7 2.5
Ranking 1 2 4 6 3 5 7
LASA
% Inertia 18.6 18.7 8.9 Not available 12.3 5.2 9.0
Ranking 2 1 5 Not available 3 6 4
MHAS
% Inertia 17.0 12.1 8.1 13.8 1.0 32 1.7
Ranking 1 3 4 2 7 5
NuAge
% Inertia 7.8 12.2 239 23.3 124 2.5 1.7
Ranking 5 4 1 2 3 6 7
Weighted average (%) 18.6 14.0 12.1 10.6 8.9 3.7 29
Ranking 1 2 3 4 5 6 7

Note: EPESE = Established Populations for Epidemiologic Studies of the Elderly; LASA = Longitudinal Aging Study Amsterdam; MHAS = Mexican Health and

Aging Study; NuAge = Nutrition as a determinant of successful aging.

samples. However, strength, mobility, and mood consis-
tently had a large contribution, above the threshold of 8.3%
for LASA and 7.1% for the other samples, whereas nutri-
tion and cognition were consistently below the threshold
(29). On average, strength was found to have the largest
contribution followed by mobility, mood, energy, and phys-
ical activity. Nutrition and cognition had the smallest con-
tribution. The overall ordering of frailty markers presented
based on the weighted average across the samples was equal
to the ordering obtained using the unweighted average and
the intuitive counting approach (results not shown).

Sensitivity analyses including those with ADL disability
showed very similar graphical results and percent contribu-
tions of the frailty markers (results not shown).

DiscussioN

Our results showed that the proposed frailty markers con-
sistently aggregated in the five samples, revealing a possible
underlying construct. Furthermore, strength had the highest
contribution overall in explaining differences among par-
ticipants across the samples. Mobility and energy followed
as the next most discriminating markers. Nutrition and
cognition appeared to be least discriminating. Results were
similar even when participants with ADL disability were
included.

In the absence of validated techniques in the literature,
we utilized an ad hoc approach to averaging our results
across the samples in order to obtain a summary of our find-
ings. Results based on three different averaging approaches
provided identical ordering of frailty markers, lending a de-
gree of validation.

To our knowledge, apart from our work (9), only two
other studies have explored how various characteristics
of frailty aggregate (33,34). Consistent with Sourial and

colleagues (9) and Bandeen-Roche and colleagues (33), our
results show an aggregation of the proposed frailty markers.
Bandeen-Roche concluded that there was aggregation of
markers by identifying underlying classes of individuals
using the Cardiovascular Health Study frailty criteria applied
to latent class analysis. Our study showed an aggregation of
markers by directly examining how frailty domains cluster
together graphically using MCA. Although latent class analy-
sis may provide a means of model validation, MCA provides
insight on the relationships among the domains. Furthermore,
similar to Sarkisian and colleagues (34), our results provide
evidence to support that frailty markers should not be con-
sidered of equal weight and may have varying degrees of
importance in characterizing older persons.

Strengths include the use of five diverse study popula-
tions, a common methodological approach and an innova-
tive multivariate technique, MCA. Frailty domain measures
were both self-report and performance-based. Self-report
measures for strength such as the ability to pull or push ob-
jects and self-report measures of mobility such as the ability
to climb stairs have also been used elsewhere as measures
of function (35). A certain level of consistency across
studies that used self-report measures and those that used
performance-based tests lends credence to the use of self-
report measures as valid measures of physical function.
Finally, the variability observed in the ranking of markers
across samples may have been in part due to differences in
the measures used as well as differences in populations. For
example, in NuAge, strength was ranked lower than in
other studies (5th of 7th). Given NuAge selected highly
functional older persons, it may be that in this population,
strength does not discriminate as well as other frailty markers
such as mood. The MHAS sample had the lowest preva-
lence of chronic disease but the highest prevalence of most
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frailty markers, probably due to underreporting of chronic
diseases previously observed in this population (36). The
absence of a measure of energy in LASA may have influ-
enced the relative contribution of the other frailty markers.
In the absence of a gold standard for the measurement of
frailty domains, we selected, within each study, the most
appropriate measures available. The measures used may
have affected the findings to some degree. For example,
the relatively low contribution of nutrition in explaining
differences between individuals may have been potentially
due to body mass index being a poor measure of frailty.
The dichotomization of frailty measures while necessary
to facilitate interpretation across samples may have
resulted in some loss of information. Finally, while a
rigorous imputation method was used for missing data,
the results may have differed had complete data been
available.

In conclusion, our study provides further evidence that
the proposed frailty domains may be part of a common
underlying construct. Frailty markers may have varying
degrees of importance in explaining differences among
older persons. Strength, followed by mobility and energy,
may be the most important discriminating characteristics,
whereas nutrition and cognition may be least discriminating.
Further studies are necessary to confirm these findings.
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