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Abstract

Objectives.—Frailty Phenotype (FP) has low sensitivity towards the identification of older
people who will lose one or more activities of daily living (ADL). Nevertheless, the definition of
disability in terms of ADLs may not resemble the pattern of functional impairment occurring
during aging. The aim of this study was to examine the discriminative capacity of the Frailty
Phenotype (FP) towards the identification of patterns of disabilities in an extended list of tasks,
identified among community-dwelling older people.

Design.—Longitudinal cohort study.

Setting and Participants.—We included 997 subjects of 65 years and older selected from the
INCHIANTI Study population.

Measures.—Using latent class analysis, we assessed the pattern of 3-year changes in twenty-four
functional tasks. Then, we calculated the discriminative capacity of the FP for each pattern of
disability. Analyses were stratified by gender.

Results.—In both men and women, we recognized three classes: stable function (SFC); disability
in complex tasks (CDC); global functional disability (GDC). Among women, ability of FP to
identify subjects in GDC showed sensitivity=0.42, specificity=0.98, positive and negative
predictive values 0.75 and 0.91; the corresponding values for prediction of CDC were 0.13, 0.98,
0.68 and 0.75. Similar results were obtained among men.

Conclusions/Implications.—Over three years, older people of the INCHIANTI population
remained largely functional stable, some persons developed deficiency in complex tasks, and a
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minority developed global functional disability. Trying to predict these three patterns may be
useful for the care of older people in order to promote individualized interventions to reduce the
burden of disabilities and their consequences. To this purpose, FP showed a fairly good capacity to
identify people at risk of functional decline, but further studies are needed to identify instruments
with better prognostic capacity.

Brief summary:

Frailty Phenotype has a fairly good capacity to recognize patterns of disability among community-
dwelling older people, but further studies are needed to identify instruments with better prognostic

ability.
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Introduction

Epidemiological studies have shown that the majority of older persons are disabled in the
last years of life. 1 Older adults with disabilities have worse quality of life, are at higher risk
of institutionalization, hospitalization, and mortality and require greater healthcare
expenditure compared to their fit counterparts. 2-4 With the progressive increase in average
life expectancy, preserving functional independence of older adults and/or compressing
lifetime disability into a shorter period before death have become primary goals for geriatric
medicine. To this purpose, early identification of older people at risk of functional disability
is essential in order to recognize potential treatable conditions and carry out timely
countermeasures.

In the last twenty years, the concept of frailty has gained importance as a state of increased
vulnerability to stressors and susceptibility to adverse outcomes, such as disability,
institutionalization and death. > Among the proposed operational definitions of frailty, the
Frailty Phenotype (FP) is one of the most known and frequently used and it is based on the
evaluation of five criteria (exhaustion, involuntary weight loss, poor handgrip strength, slow
gait speed, inactivity). ® The FP and other frailty definitions are strongly and independently
associated with incident disability in epidemiological studies -9, but some papers have
recently shown that the ability of current frailty instruments to discriminate people who will
actually become disabled is poor. 1912 This means that, among old people identified as frail
according to the FP, only a small proportion will develop disability, therefore this instrument
is of limited usefulness for screening purposes.

It should be noted that in the abovementioned studies, disability has been assessed through
loss of one (or more) basic activities of daily living (defined as Katz ADL Index 13) or
instrumental activities of daily living (Lawton IADL Scalel4). We hypothesized that the
concept of frailty may be able to catch a transition from an independent status to a pattern of
functional limitations rather than predicting the development of disability in a default set of
ADLs. During aging, the disablement process may differ among individuals, leading to a
variable loss of functional abilities, ultimately affecting the capacity of living independently.
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The resulting pattern of functional limitations may not necessarily be caught by the inability
in performing one specific task among ADLs or IADLSs.

In this study, we aimed at verifying whether a number of classes, characterized by co-
occurrence of incident impairments in an extended list of functional tasks (including not
only basic ADLs, but also IADLs and mobility), can be identified in a population of
community dwelling older people. Then, we measured discriminative capacity of FP towards
the recognition of these disability classes.

Study population

We used data from people of 65 years and older participating in the “Invecchiare in Chianti”
(INCHIANTI) study, 15 a population-based study designed to investigate the factors
contributing to the decline of mobility in older persons. The participants in the study were
randomly selected from the populations of two town areas in the Chianti region: Greve in
Chianti and Bagno a Ripoli (Tuscany, Italy). The study protocol was approved by the Italian
National Institute of Research and Care on Aging ethical committee. The eligible
participants were interviewed at their homes by trained study researchers using a structured
questionnaire aimed at investigating their health status, physical and cognitive performance,
and other factors possibly related to loss of independence in late life. The interview was
followed by a physical examination at the study clinic. The first wave of the study started in
1998 and participants were followed-up with evaluations every three years.

Measures of frailty and disability

At baseline, frailty was defined using adapted Fried et al.’s criteria. ® Unintentional weight
loss was defined as a reduction in weight >4.5 kilograms in the previous 12 months.
Exhaustion was defined as a feeling of needing an effort to do everything and was
considered present if the participant reported it for more than 3 or 4 days in the last week.
Reduced physical activity was defined as having performed less than 2-4 hours of light
exercise per week. Walking speed was evaluated over a 15 feet course with the patient taking
two walks at usual pace. The mean of the two walks was considered, and those with a
walking speed below the lowest quintile as adjusted for sex and height were considered slow
walkers. Finally, grip strength was measured for the dominant limb using a hand-held
dynamometer. The average of two measurements was used, and those with a grip strength
below the sex and BMI (quartiles) specific 20th percentile was considered to have low grip
strength. Subjects were then identified as “robust” when none of the criteria was present,
“pre-frail” in the case of one or two indicators, “frail” when three or more criteria were
present.

At 3-year follow up, data about the capacities in an extended list of 24 functional tasks were
collected through interviews. The tasks were derived from the items used to assess disability
in a subanalysis of the Cardiovascular Health Study® combined with those used in the
European Longitudinal Study on Aging 17. Then, we completed the list adding the missing
Katz’s ADL (urine and fecal continence) 13 and the three remaining Lawton’s IADL (doing
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the laundry, using public transportation, taking medications correctly).14 Disability in each
task was considered present when a person was unable of doing the task or if he/she required
another person’s help.

Sample selection

From the original study population we selected participants with age = 65 years (N: 1155).
Thereafter, we excluded participants with any missing data for the functional tasks (N: 158),
leaving 997 participants available for analysis. The excluded subjects were slightly older
(mean age 77.8 years vs. 75.1 years) and with a higher prevalence of women (66% vs. 55%)
but with the same proportion of frail subjects (10% vs. 11%) in comparison with the selected
participants.

Analytic approach

Results

Using latent class analysis (LCA), we assessed whether incident or worsening disability in
the individual 24 tasks aggregates into classes. LCA is a technique used to classify
individuals into mutually exclusive types, or latent classes, based on their pattern of response
on a set of categorical variables. We used this method to test our study hypothesis that the
INCHIANTI population comprises a number of subpopulations (classes) characterized by
co-occurrence of impairments in the examined 24 functional tasks. Considering that
trajectories and burden of disabilities differ between men and women,18 we stratified the
analyses by gender. We evaluated the number of latent classes needed by comparing
goodness-of-fit of models with different number of classes, using Bayesian Information
Criterion (BIC). Once obtained the classes, we measured discriminative capacity of the FP
for each pattern of worsening disability, over a 3-year follow-up, by calculating contingency
tables to obtain sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV). We also compared this discriminative capacity with that of FP for
prediction of loss of at least one Katz’s ADL.

All the analyses were performed using R 3.3 for Linux (R Foundation for Statistical
Computing, Vienna, Austria).

The cohort included 997 subjects, 550 women (mean age 75.7 years) and 447 men (mean
age 74.3 years). Baseline characteristics are summarized in Table 1. According to FP, 69
women and 40 men were frail at baseline. Women had a greater prevalence of impairment in
the 24 functional tasks when compared to men, especially regarding some abilities such as
walking 400 mt, doing heavy houseworks, cutting toenails, carrying a shopping bag and
using public transportation. We included in the LCA 857 people who were alive and
completed functional evaluation at 3-year follow-up (mean age: 73.8 years, 56% women).
Both in men and women subgroups, the evaluation of BIC showed an improvement of
goodness of fit with increasing number of classes up to three and only marginal
improvement thereafter. Accordingly, we chose a three classes model. LCA was stratified
according to sex and the three latent classes are represented in Figure 1. The first one (SFC,
stable function class) was characterized by substantially preserved ability in all the examined
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tasks; in this class only 28% of women and 14% of men reported difficulty in cutting
toenails. The second class (CDC, disability in complex activities) showed, in both genders, a
prevalence of 50% and higher of some incident or worsening disabilities (difficulty in
climbing stairs, walking 400mt, doing heavy housework, cutting toenails, carrying shopping
bags) and, in men, a prevalence of 51% of inability in bathing. The third class (GDC, global
functional disability) grouped persons with difficulties in the majority of the 24 tasks in both
sexes. SFC grouped 80% of men and 62% of women, CDC included 16% of men and 26%
of women, and the corresponding values for GDC were 4% and 12%. CDC and GDC
comprised participants who were older and with a higher prevalence of FP, compared to
people included in SFC. Table 2 summarizes the prevalence of disabilities according to each
class.

The interplay among FP, disability classes and death is shown in Table 3. Of the robust
women, 78.3% were included in SFC, 15.3% in CDC, 3.2% in GDC and 3.2% died. Only
25% of frail women at baseline were included in GDC and 34.2% died before the 3-year
follow-up. Similar results were obtained among men (Table 3).

Then, we analyzed the discriminative capacity of the FP with respect to identification of
longitudinal changes in disability. In women, FP showed sensitivity=0.13, specificity=0.98,
PPV=0.68, NPV=0.75 to identify CDC. Similarly, concerning the capacity to predict GDC,
FP had sensitivity=0.42, specificity=0.98, PPVV=0.75, NPV=0.91. The corresponding values
for the prediction of loss of at least one Katz’s ADL were sensitivity=0.44, specificity=0.94,
PPV=0.44, NPV=0.94. We found similar results among men (Table 4).

Discussion

According to the results of our study, community dwelling older persons participating in the
INCHIANTI Study showed three patterns of functional decline after a three-year follow-up:
most subjects remained functionally stable (SFC), some persons developed deficiency in
more complex tasks (CDC), and a minority developed global functional disability (GDC).
The ability of FP to predict development of CDC and GDC showed high specificity and
NPV, as expected, but also a fairly good PPV, especially when compared to the prediction of
loss of at least one Katz’s ADL.

Despite many differences concerning population sampling, definition of disability and
methodological aspects, our data resemble those reported by Yu and colleagues 19 who
identified three distinct ADL and IADL disability trajectories among 3186 older adults in
Taiwan based on a 11-year follow-up survey: maintained function, progressive disability and
consistent disability. Differently from these authors, our aim was not analyzing the
trajectories of individual disabilities or synergy scores over a timeframe but verifying if the
FP was able to predict the pattern of functional loss defined by LCA. The fact that we
described three patterns of disabilities similar to those identified by Yu and colleagues
reinforces our findings and makes them generalizable. Prediction of these three patterns may
help promoting individualized interventions to reduce the burden of disabilities and their
consequences. For example, in subjects belonging to SFC, fostering the involvement in
physical and social activities may help maintaining a good performance status as long as
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possible; for older people in the GDC, the use of assistive devices can be an important
strategy to preserve residual independence and prevent further deterioration; for older adults
belonging to CDC, early interventions and management of chronic diseases may prevent the
entrance in a spiral of rapid functional decline.

At 3-year follow-up, prevalence of CDC and GDC was higher among women than men. This
finding is in line with that previously reported in several population-based studies, which
found that women had a higher incidence of ADL disability compared to men. 20-23 |n the
Framingham Heart Study, women reported greater functional limitation and physical
disability than men on each of three different self-report measures of physical functioning.
24 Nevertheless, recent data reported that, when adjusting for socioeconomic, health, and
social relations indicators, incidence of functional disability was similar between genders.
25,26 Moreover, gender differences in disability trajectories may be explained in part by
higher initial levels of disability among older women,2” as observed also in our cohort
(Table 1).

Our study shed light on the capacity of FP to predict the pattern of worsening disability.
When looking at the percentage distribution of robust, pre-frail and frail people across the
three latent classes (Table 2), the FP identifies well people belonging to the SFC (78.3% of
fit women and 90% of fit men are included in SFC), but frail persons have the same
probability to be included in the three classes. When analyzing the predictive ability of the
FP for the identification of CDC and GDC, we obtained a high NPV (range of values from .
75 to .98) and a modestly good PPV (range of values from .60 to .75). Our findings
strengthen the previously reported data about the high specificity and NPV of FP towards
loss of ADLs. 10.11.28.29 Nevertheless, the PPV we found for the prediction of CDC and
GDC is rather better than the corresponding value for the loss of one Katz’s ADL (PPV=.44
among women, .33 among men). Therefore, when considering as an outcome the pattern of
disability in an extended list of tasks, the FP showed a quite good capacity to discriminate
among people who remained functionally stable and those who developed dependency.
More studies are needed to confirm these data and to further improve the discriminative
capacity of frailty assessment instruments.

Our cohort is representative of the real world of old outpatients, since it derives from an over
65 community-dwelling Italian population. Moreover, we used an innovative approach to
detect disability, including not only Katz’s ADL index, that has high floor and ceiling effects
and therefore may show difficulty in identifying milder or earlier onset of disability.30

Despite these strengths, this study has some limitations. First, although the entire cohort is
relatively large, the stratification of analyses according to gender and the low prevalence of
frailty contributed to shrink the population at risk of developing the outcome, introducing a
potential bias in our results. Second, since we studied only the FP, our results cannot be
extended to other frailty indicators, despite the evidence from literature that predictive
ability for ADL disability is similar for other current assessment instruments. 3! Third, we
used self-reported measures of disability. Previous studies have noted discrepancies in
ratings between self-reported and performance based functional measures. 32 However, the
use of self-reported data is a common practice when investigating disabilities in older adults,
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since they are strongly associated with performance-based functional scores and more
accurately reflect personal abilities for interacting with the real world. 33 Moreover,
concerning discrepancy among men and women, two studies comparing self-reported
function with observed performance found no gender differences in the reporting of
disability. 3435 Fourth, in our analysis we cannot exclude that functional decline is the result
of major events (e.g. falls) rather than progressive aging. However, we can assume that as in
other population-based studies, in our cohort FP was associated with functional deterioration
irrespective of intercurrent events. Finally, since we analyzed data from a community in
central Italy, our findings regarding disability patterns may not be translated to other
communities. It should be noted, though, that the prevalence of baseline frailty was similar
to the one reported in other large European and US population studies3¢:37.

Conclusions/Relevance

When considering as an outcome the pattern of disability in an extended list of tasks, instead
of loss of one or more Katz’s ADL, the ability of the FP to identify people at risk of
functional decline modestly improves. This study highlights the fact that the prognostic
capacity of frailty assessment instruments depends also on the definition of the outcome.
More research is encouraged in order to identify the best instrument for the prediction of
future disability and to implement relative countermeasures.
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Women Men

Toilet

Walking 400mt 4
Dressing 1

Outdoor mobility 1
Cutting toenails 4
Public transportation 1
Telephone 4

Indoor mobility 4
Daily shopping 1
Raising arms A
Using stairs 1
Cooking 1

Taking medications 1

Activities

Eating 1

Using fingers 4
Washing face 1
Continence 1
Home finances 4
Heavy housework 4
Light housework 1
Doing laundry 1
Carrying bags 1
Bathing 1

Getting infout of bed 1

’ Classes

=== Stable function
| === Disability in complex activities
=== Global functional disability

100% 50% 0 50% 100%
Prevalence of disability within LC

Figure 1.
Proportion of disability in each functional task, in women and men, according to the classes

obtained by latent class analysis.
The lines represent the proportion of people developing individual disabilities within each
latent class. LC: latent class
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Table 1.

Baseline characteristics of the entire cohort according to sex.

1duosnuey Joyiny

1duosnuep Joyiny

Women Men
N 550 447
Age, mean (SD) 75.7(7.8) 74.3(7)
Frail (FP), % 12.6 9
Indoor mobility, % 5.6 4.7
Outdoor mobility, % 115 6.7
Using stairs, % 10.7 6.9
Walking 400mt, % 14.6 8.5
Daily shopping, % 16.9 10.6
Washing face and arms, % 51 3.6
Bathing, % 16.2 12.3
Dressing, % 8.7 7.6
Eating, % 3.3 3.1
Cooking a simple meal, % 10.7 9.5
Using the toilet, % 6.2 5.1
Getting in and out of bed, % 6.2 6
Doing light housework, % 10.9 11.3
Doing heavy housework, % 245 15.2
Cutting toenails, % 28.2 15.9
Raising arms up over head, % 35 3.4
Using fingers to grasp or handle, % 9.6 4.9
Carrying a shopping bag, % 22.4 10.7
Urine and fecal continence, % 7.3 4
Using the telephone, % 9.1 6.7
Doing the laundry, % 13.7 11.8
Using public transportation, % 255 12.9
Taking medications correctly, % 9.3 7.6
Managing home finances, % 16.9 12
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Table 2.

Prevalence of baseline frailty (according to Frailty Phenotype) and 3-year-follow-up inability in doing
activities of daily living according to the three classes obtained by the latent class analysis.

SFC CDC GDC

Women Men Women Men Women Men
N 297 303 123 59 59 16
Age at baseline, mean, SD 72.1(55) 719(54) 75.7(6.7) 76.6(7.2) 82.7(65) 80.2(7)
Frailty (FP) at baseline, N (%) 6(2) 3(1) 17(14) 12(20) 25(42) 7(46)
At least one ADL lost at baseline, N (%) 17 (5.7) 6(2) 2(2.3) 8(13.5) 12(20.3) 4(25)
Indoor mobility, N (%) 0 0 11(9) 13(22) 51(88)  11(69)
Outdoor mobility, N (%) 0 0 44(36) 16(27) 46(78)  13(81)
Using stairs, N (%) 23(8) 21(7) 59(48) 30(51) 41(69)  14(88)
Walking 400mt, N (%) 9(3) 12(4) 66(54) 35(59) 42(711)  15(94)
Daily shopping, N (%) 6(2) 0 54(44) 29(49) 43(73)  14(88)
Washing face and arms, N (%) 3(1) 3(1) 7(6) 2(3) 43(73) 15(94)
Bathing, N (%) 3(1) 6(2) 45(37) 30(51) 49(83)  14(88)
Dressing, N (%) 3(1) 3(1) 30(25) 24(41) 53(90)  16(100)
Eating, N (%) 0 3(1) 1(1) 2(3) 34(58)  13(81)
Cooking, N (%) 0 0 12(10) 12(20) 47(80)  16(100)
Using the toilet, N (%) 0 0 2(2) 8(15) 51(86)  15(94)
Getting in and out of bed, N (%) 0 0 25(20) 22(37) 52(88) 15(94)
Doing light housework, N (%) 0 0 33(27) 23(39) 50(85) 13(81)
Doing heavy housework, N (%) 32(11) 15(5) 79(64) 36(61) 35(59) 9(56)
Cutting toenails, N (%) 83(28) 42(14) 64(52) 35(59) 35(59) 12(75)
Raising arms over head, N (%) 6(2) 3(1) 17(14) 8(15) 34(58) 9(56)
Using fingers to handle, N (%) 17(6) 6(2) 39(32) 18(31) 40(68) 16(100)
Carrying shopping bags, N (%) 41(14) 12(4) 65(53) 29(49) 33(56) 13(81)
Urine and fecal continence, N (%) 30(10) 27(9) 33(27) 16(27) 35(59) 9(56)
Using the telephone, N (%) 3(1) 3(1) 15(12) 16(27) 38(64) 12(75)
Doing the laundry, N (%) 0 0 19(16) 19(32) 39(66) 11(69)
Using public transportation, N (%) 12(4) 3(1) 42(34) 11(19) 28(47) 11(69)
Taking medications, N (%) 6(2) 3(1) 18(15) 18(31) 38(64) 15(94)
Managing home finances, N (%) 18(6) 6(2) 45(37) 21(36) 34(58) 10(62)

SFC: stable function; CDC: disability in complex activities; GDC: global functional disability; FP: Frailty Phenotype (frailty is defined as the
presence of at least three of five criteria); ADL: activities of daily living
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Table 3.

Percentage distribution of the three latent classes and death according to Frailty Phenotype and sex.

ROBUST PRE-FRAIL FRAIL

Women% Men% Women% Men% Women% Men %

SFC 78.3 90 50 56.3 15.8 20.3
CbhC 15.3 5.2 28.3 22.6 25 20.3
GDC 3.2 0.9 10.6 35 25 121
Death 3.2 3.9 111 17.6 34.2 47.3

SFC: stable function class; CDC: disability in complex activities; GDC: global functional disability
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Table 4.

Page 14

Predictive capacity of frailty for the identification of classes of disability in complex activities (CDC) and
global functional disability (GDC) and for loss of at least one Katz’s activities of daily living (ADL) at three-

year follow-up.

Sensitivity ~ Specificity PPV NPV
Women
CDC 0.13 0.98 0.68 0.75
GDC 0.42 0.98 0.75 0091
Loss of one Katz’s ADL 0.44 0.94 0.44 0.94
Men
CcDC 0.20 0.99 0.73 0.87
GDC 0.46 0.99 0.60 0.98
Loss of one Katz’s ADL 0.28 0.95 033 0.95

Frailty was defined as the presence of at least three criteria of the Frailty Phenotype CDC: disability in complex activities; GDC: global functional
disability; PPV: positive predictive value; NPV: negative predictive value.
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