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Abstract

Background: Fried’s frailty phenotype is defined by five criteria: exhaustion, unexplained weight loss, weakness, slowness and
low physical activity. Prefrailty (PF) meets one or two criteria. PF is of interest as a target for preventative interventions, but
it is not known if it is a homogenous syndrome.

Objective: to compare the longitudinal trajectories of two PF groups: one defined by exhaustion and/or unexplained weight
loss (PF1) and one defined by one or two of the following: weakness, slowness, low physical activity (PF2).

Design and setting: population-based longitudinal study of ageing.

Subjects: One-thousand four-hundred seventy-six PF participants aged >50 years from wave 1 of the study (2010), followed
2-yearly over four longitudinal waves (2012, 2014, 2016, 2018).

Methods: generalised estimating equations (GEEs) were used to assess the effect of PF type across waves to predict cumulative
mortality and disability in basic activities of daily living (ADL) and independent ADL (IADL), adjusting for baseline
characteristics (age, sex, education, living alone, self-rated health, comorbidity, body mass index).

Results: in wave 1, there were 503 PF1 and 973 PF2 participants. By wave 5, 38 (7.6%) PF1 and 145 (14.9%) PF2 participants
had died. In PF1 participants, mean numbers of ADL and IADL disabilities both increased from 0.1 to 0.2 from wave 1 to
wave 5, whilst in PF2 increases were from 0.2 to 0.5. Adjusted GEE models suggested significantly divergent trajectories of
IADL disability by wave 2, ADL disability by wave 3 and mortality by wave 3.

Conclusion: PF may not be a homogenous biological syndrome.

Keywords: disability, frailty, longitudinal studies, mortality, older people, phenotype

Key points

* Fried’s frailty phenotype is defined by five criteria; PF meets one or two.

* We defined PF1 as exhaustion and/or unexplained weight loss.

* We defined PF2 as one or two of the following: weakness, slowness, low physical activity.
* Over 8-year follow-up, PF1 and PF2 had divergent trajectories of mortality and disability.
* PF may not be a homogenous biological syndrome.
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Introduction

In 2001, Fried ez al. [1] developed and operationalised in
the US Cardiovascular Health Study (CHS), a phenotype of
frailty in older adults characterised by the following criteria:
unintentional weight loss, self-reported exhaustion, weak-
ness (by grip strength), slow walking speed and low physical
activity. According to this physical phenotype theory, frailty
is related to, but distinct from, comorbidity and disability
[2]. The frailty phenotype has been shown to be predictive
of mortality, disability and adverse health outcomes in many
epidemiological studies [3—5] and has been proposed as
a tool to identify vulnerable adults in routine healthcare
settings [6, 7].

In 2006, Bandeen-Roche et a/. [8] delineated the frailty
phenotype measure in the US Women’s Health and Ageing
Studies and, using latent class analysis, evaluated whether
criteria composing the measure aggregated into a syndrome,
concluding that the CHS frailty definition showed internal
construct validity vis 4 vis a medical syndrome. This was also
suggested by Romero-Ortuno ez al. [9], who developed a
frailty phenotype measure based on latent class analysis using
data from the Survey of Health, Ageing and Retirement in
Europe (SHARE).

Also using SHARE data and through a confirmatory
factor analysis approach, King-Kallimanis et al. [10] reported
in 2014 that although the five items of the frailty phenotype
conformed to an underlying single latent factor that seemed
consistent across European countries, there was a signiﬁcant
residual correlation between the exhaustion and appetite loss
components. The authors suggested that an alternative two-
dimensional model also seemed to be supported by the data,
where exhaustion and weight loss could be indicative of one
dimension and slowness, weakness and low physical activity
of a different dimension.

According to the frailty phenotype operationalisation,
prefrailty (PF) is defined as the presence of one or two
criteria, whilst frailty is identified when three or more cri-
teria are present [1]. PF is attracting increasing interest
as the preferred target for preventative interventions that
may help delay or reverse the disabling process [11-13].
However, if the frailty phenotypes were not a unidimensional
construct, this would have implications for the definition
of PF as the latter can be made up of different combina-
tions of the five criteria. For example, taking into account
the two-dimensional suggestion by King-Kallimanis et al.
[10], PF can be defined by exhaustion and/or unexplained
weight loss and also by the presence of one or two amongst
slowness, weakness and low physical activity. The original
frailty phenotype operationalisation would not differenti-
ate these two possible PF types; yet, they may have dif-
ferent characteristics and prognoses and require different
preventative strategies. No studies had previously opera-
tionalised these two PF types and compare their long-term
trajectories.

The aim of this study was to compare the long-term longi-
tudinal trajectories of two mutually exclusive PF groups: one
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defined by exhaustion and/or unexplained weight loss (PF
type 1 [PF1]) and one defined by one or two of the following:
weakness, slowness, low physical activity (PF type 2 [PF2]).
Using data from a longitudinal study of ageing, we compared
their baseline characteristics and their 8-year mortality and
disability trajectories.

Methods

Design and setting

We analysed data from a population-based longitudinal
study that collects information on the health, economic
and social circumstances from people aged 50 and over in
Ireland (The Irish Longitudinal Study on Ageing: TILDA).
Wave 1 of the study (baseline) took place between October
2009 and February 2011, and subsequent data was collected
approximately 2-yearly over four longitudinal waves (wave
2: February 2012 to March 2013; wave 3: March 2014 to
October 2015; wave 4: January to December 2016; wave
5: January to December 2018). An overview of the study is
available on https://tilda.ted.ie/about/where-are-we-now/.

The cohort profile has been described in detail elsewhere
[14, 15].

Subjects

In wave 1 of the study, we operationalised two mutually
exclusive PF groups: one defined by exhaustion and/or unex-
plained weight loss, in the absence of weakness, slowness and
low physical activity (PF type 1: PF1) and one defined by
one or two amongst weakness, slowness and low physical
activity, in the absence of exhaustion and unexplained weight
loss (PF type 2: PF2). The operationalisation of the frailty
phenotype in our study was the same as in the CHS, except
for the physical activity criterion, for which we used the short
form of the International Physical Activity Questionnaire
[16]; the CHS used the Minnesota Leisure Time Activity
questionnaire [1].

Measures

Baseline characteristics between the two PF groups were
compared across the following measures: age (years); sex (1:
male, 2: female); self-rated health score (1: poor, 2: fair,
3: good, 4: very good, 5: excellent); attainment of third
or higher level education (yes/no); living alone (yes/no);
mean number of chronic diseases (counted from the fol-
lowing list: heart attack or heart failure or angina, cataracts,
hypertension, high cholesterol, stroke, diabetes, lung disease,
asthma, arthritis, osteoporosis, cancer, Parkinson’s disease,
peptic ulcer and hip fracture [17]); body mass index (BMI,
Kg/m’); and mean number of self-reported difficulties in
basic activities of daily living (ADL) and independent ADL
(IADL), counted from the following list [18]:

* ADLs (six items): dressing, including putting on shoes and
socks; walk across a room; bathing or showering; eating,
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such as cutting up food; getting in or out of bed; and using
the toilet, including getting up or down.

* TADL: (six items): preparing a hot meal; doing household
chores (laundry, cleaning); shopping for groceries; making
telephone calls; taking medications; and managing money
such as paying bills and keeping track of expenses.

As regards longitudinal outcomes, mortality in all study
participants was ascertained at each wave follow-up. TILDA
has approval from Ireland’s Central Statistics Office to link
survey respondents to their death certificate information
held centrally by the General Register Office, where every
death in the Republic must be registered. Data on ADL and
IADL difficulties were obtained at each wave.

Methods

All statistical analyses were computed with IBM® SPSS®
Statistics version 25 (IBM Corp., Armonk, NY, USA). Sta-
tistical significance was set at < 0.05 throughout.

Descriptive statistics was given as mean with standard
deviation (SD) or proportion (%). Cumulative mortality
was expressed in each wave as proportion (%) in respect
of wave 1. Bivariate comparisons between PF groups were
conducted with the independent samples Mann—Whitney U
test (continuous variables) and the two-sided Chi-square test
(dichotomous variables). For the graphical representation
of the PF trajectories, means were plotted with error bars
representing 1 standard error (SE).

Generalised estimating equations (GEEs) were used to
assess the effect of PF type across waves (modelled as interac-
tion PF type x study wave) to predict cumulative mortality,
ADL and IADL disability, whilst adjusting for baseline char-
acteristics (age, sex, education, number of chronic diseases,
living alone, self-rated health and BMI). The unique partici-
pant number (common across waves) was specified as subject
effect, and the study wave was specified as within-subject
effect. For mortality, the binary logistic model was used. For
ADL and IADL, a Poisson distribution with log function
was used. As well as the interactions PF type x study wave
and confounders, models included the main effects of PF
type and study wave, and intercept. Statistics were based
on complete case analysis, and no statistical weights were
applied. For sensitivity analyses, GEE models were repeated
with multiple imputation of missing data.

Ethical approval

Ethical approval for each wave was obtained from the Faculty
of Health Sciences Research Ethics Committee at Trinity
College Dublin, Ireland. All participants provided written
informed consent prior to inclusion in the study.

Results

Of 8,172 participants aged 50 or more years in wave 1
of the study, Fried’s physical frailty phenotype informa-
tion was available in 5,697 (69.7%). Amongst the lateer,

3,873 (68.0%) were non-frail, 1,660 (29.1%) prefrail (PF)
and 164 (2.9%) frail. Amongst the 1,660 PF participants,
503 (30.3%) had PF1 and 973 (58.6%) PF2. On-hundred
eighty-four (11.1%) PF participants had mixed PF1 and PF2
features and were excluded (31 with exhaustion and weak-
ness, 27 with exhaustion and slowness, 52 with exhaustion
and low physical activity, 23 with weight loss and weakness,
23 with weight loss and slowness, and 28 with weight loss
and low physical activity). Of the 503 PF1 participants,
262 (52.1%) had exhaustion only, 199 (39.6%) weight loss
only and 42 (8.3%) exhaustion and unexplained weight loss.
Of the 973 PF2 participants, 272 (27.9%) had weakness
only, 166 (17.1%) had slowness only, 366 (37.6%) had low
physical activity only, 60 (6.2%) had weakness and slowness,
45 (4.6%) had weakness and low physical activity and 64
(6.6%) had slowness and low physical activity.

The comparison of the baseline characteristics of the
two PF types are shown in Table 1. PF1 was significantly
younger; more likely to be female; have higher education;
be less comorbid as regards hypertension, diabetes, arthritis;
more likely to have osteoporosis; have lower BMI and report
lower number of ADL difficulties in wave 1.

As regards longitudinal outcomes, mortality data was
complete, and attrition numbers for disability are shown in
Table 1. By wave 5, 38 (7.6%) PF1 and 145 (14.9%) PF2
participants in wave 1 had died. In PF1 participants, mean
numbers of ADL and IADL difficulties both increased from
0.1 to 0.2 from wave 1 to wave 5, whilst in PF2 increases
were from 0.2 to 0.5 (Table 1). Figure 1 illustrates these
trajectories.

The results of the adjusted GEE models showing the
effects of the interactions PF X study wave are presented in
Table 2. Results suggested significantly divergent trajectories
of TADL disability by wave 2, ADL disability by wave 3
and mortality by wave 3. Sensitivity analyses with multiple
imputation of missing data did not significantly change these
results. The full results of the GEE models are shown in the
Supplementary Data appendix.

Discussion

Using data from a longitudinal study of ageing spanning an
8-year period, we found evidence that two PF operationali-
sations may have different longitudinal trajectories of mor-
tality and disability. Our findings challenge the theory [1]
and previous cross-sectional evidence [8, 9] that the frailty
phenotype is a homogenous, one-dimensional syndrome and
support a previous empirical suggestion [10] that there may
be more than one dimension underlying the syndrome. Our
findings need to be placed in the context that mortality
and disability having been the main outcomes against which
the frailty phenotype has been validated [3-5, 19]. Our
GEE models took into account the recognised associations
between age, sex [20], comorbidity [2] and the frailty pheno-
type; accordingly, we adjusted by those and other variables,
but this did not seem to attenuate the differences in PF
trajectories.
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Table 1. Comparison between PF type 1 and type 2: baseline (wave 1 characteristics) and longitudinal outcomes

Participants’ characteristics and outcomes

Baseline (wave 1) characteristic
Age (years): mean (SD)
Female sex (%)
Self-rated health score: mean (SD) (1: poor; 5: excellent)
Third/higher education (%)
Living alone (%)
Number of chronic diseases: mean (SD)
History of cancer (%)
History of hypertension (%)
History of angina (%)
History of heart attack (%)
History of diabetes (%)
History of stroke (%)
History of lung disease (%)
History of osteoporosis (%)
History of arthritis (%)
BMI: mean (SD)
Number of ADL difficulties: mean (SD)
Number of IADL difficulties: mean (SD)

Longitudinal outcomes
Number dead by wave 2 (cumulative %)
Number dead by wave 3 (cumulative %)
Number dead by wave 4 (cumulative %)
Number dead by wave 5 (cumulative %)
Number of ADL difficulties: mean (SD) wave 2 (n participants)
Number of ADL difficulties: mean (SD) wave 3 (n participants)
Number of ADL difficulties: mean (SD) wave 4 (n participants)
Number of ADL difficulties: mean (SD) wave 5 (n participants)
Number of IADL difficulties: mean (SD) wave 2 (n participants)
Number of IADL difficulties: mean (SD) wave 3 (n participants)
Number of IADL difficulties: mean (SD) wave 4 (n participants)
Number of IADL difficulties: mean (SD) wave 5 (n participants)

Prefrail (total) Prefrail type 1 Prefrail type 2 P
n=1476 n=503 n=973 (type 1 versus 2)

65.7 (10.4) 61.0 (7.9) 68.2 (10.7) <0.001°
54.1 63.4 49.2 <0.001*

3.4 (1.0) 33 (1.1) 3.4 (1.0) 0.152°
27.8 34.8 24.2 <0.001*

253 229 26.5 0.126*
2.1(1.5) 1.9 (1.5) 2.1 (1.6) 0.036

6.8 7.0 6.7 0.840*

42.7 39.2 44.5 0.049*

7.7 7.8 7.7 0.975*

7.0 6.0 7.5 0.272*

10.8 8.5 11.9 0.048*

2.2 2.2 2.2 0.971*

5.2 5.6 5.0 0.664*

10.4 12.9 9.1 0.025*

349 30.0 37.4 0.005*

29.2 (5.4) 28.4(5.1) 29.7 (5.5) <0.001°
0.18 (0.60) 0.14 (0.50) 0.20 (0.60) 0.038°
0.14 (0.60) 0.12 (0.44) 0.15 (0.62) 0.876

38 (2.6) 9(1.8) 29 (3.0) 0.171*

94 (6.4) 23 (4.6) 71(7.3) 0.042*
141 (9.6) 29 (5.8) 112 (11.5) <0.001*
183 (12.4) 38 (7.6) 145 (14.9) <0.001*
0.16 (0.70) (1329) 0.12 (0.44) (456) 0.19 (0.76) (873) 0.589*
0.20 (0.80) (1188) 0.10 (0.53) (422) 0.26 (0.91) (766) <0.001°
0.24 (0.86) (1055) 0.15 (0.67) (391) 0.29 (0.95) (664) 0.003*
0.38 (1.05) (805) 0.23 (0.85) (295) 0.46 (1.15) (510) <0.001°
0.23 (0.80) (1329) 0.11 (0.43) (456) 0.29 (0.94) (873) 0.001°
0.27 (0.99) (1188) 0.13 (0.61) (422) 0.35 (1.14) (766) 0.005*
0.28 (1.01) (1055) 0.12 (0.60) (391) 0.38 (1.18) (664) <0.001*
0.36 (1.16) (930) 0.21 (0.82) (356) 0.45 (1.31) (574) 0.014°

*Independent samples Mann—Whitney U test. *Two-sided Chi-square test.

Without a long follow-up period, some differences in
trajectories may not have been noticeable, especially taking
into account the relative small sample sizes of the PF groups
under study. Indeed, whilst divergent IADL trajectories were
already evident after only 2 years, ADL and mortality dif-
ferences became evident at 4 years. The increasing time
required to detect trajectory differences is consistent with the
natural history of the disabling process, with difficulties in
higher level functions appearing first and evolving in time
into difficulties in personal care and ultimately death [21].
Our findings illustrate the benefit of long-term follow-up in
longitudinal studies of ageing.

Fried’s group previously suggested the existence of the
two PF components that we studied here. Indeed, in the
Women’s Health and Ageing Study II, they found that
despite significant heterogeneity, occurrence of weakness,
slowness and low physical activity tended to precede exhaus-
tion and weight loss in women who were non-frail at base-
line. However, our findings disagree with their suggestion
that weight loss and exhaustion may help to identify women
most at risk for rapid adverse progression to disability and
death [22].
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The InCHIANTI investigators commented that the
frailty phenotype seemed to have a suboptimal capacity
to identify older people at risk of functional decline,
concluding that more studies were needed to identify
inscruments with better prognostic capacity in terms of
the prediction of disability trajectories [23]. In addition,
another study could not identify a specific skeletal muscle
phenotype of PF [24]. As suggested by our findings,
had those studies considered the underlying phenotype
components separately, their results might have been
different.

Our findings suggest that the frailty phenotype compo-
nent with a better ability to predict future disability may
be related to sarcopenia (e.g. low handgrip strength, low
gait speed [25]). Indeed, it has been suggested that the level
of physical activity, weakness and slow gait speed are the
items that most influence the determination of frailty [26].
Another study aimed to estimate the weight of each frailty
phenotype component in terms of age-related deficit accu-
mulation, concluding that of the five components of the
phenotype, slow gait speed seemed to be the key indicator
of frailty [27].
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Figure 1. Mortality and disability trajectories of PF type 1 (/V =503) and type 2 (V = 973).

In terms of the implications of our findings for the design
of preventative strategies, it has been argued that trying to
predict different disability trajectories may be useful for the
care of older people in order to promote individualised inter-
ventions to reduce the burden of disabilities and their con-
sequences [23]. The characteristics of PF1 and PF2 groups

seem consistent with previous findings from the Mexican
Study of Nutritional and Psychosocial Markers of Frailty
suggesting that weight loss and exhaustion could be more
(but not only) related to the mental component of health-
related quality of life, whilst gait speed and grip strength may
be more (but not only) related to the physical component
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Table 2. Results of the GEEs models showing the effects of the interaction term between PF type and study wave. Each
model is adjusted for baseline characteristics (age, sex, third/higher level education, number of chronic conditions BMI, self-
rated health, living alone). In the models: PF1 = 1; PF2 = 2. The full results of the GEE models including the effects of all
variables are shown in Models 1, 2 and 3 of the Supplementary Data appendix. Sensitivity analyses with multiple imputation
of missing data are shown in Models 1a, 2a and 3a of the Supplementary Data appendix

Model Regression coefficient

Model 1. Cumulative mortality (N = 7,097 observations)

PF type x study wave 5 1.716
PF type X study wave 4 2.264
PF type X study wave 3 1.314
PF type X study wave 2 1.346

PF type x study wave 1 (reference)
Model 2. ADL disability (V = 5,847 observations)

PF type X study wave 5 0.655
PF type X study wave 4 0.508
PF type X study wave 3 0.733
PF type X study wave 2 0.115

PF type x study wave 1 (reference)
Model 3. IADL disability (V = 5,972 observations)

PF type X study wave 5 0.852
PF type X study wave 4 1.103
PF type X study wave 3 0.833
PF type X study wave 2 0.794

PF type x study wave 1 (reference)

SE 95% Wald confidence interval P
Lower Upper
0.555 0.629 2.804 <0.001
0.598 1.091 3.437 <0.001
0.512 0.311 2.317 0.010
0.531 0.045 2.412 0.110
0.176 0.311 1.000 <0.001
0.184 0.149 0.868 0.006
0.198 0.345 1.120 <0.001
0.187 —0.251 0.481 0.538
0.182 0.496 1.207 <0.001
1.978 0.715 1.491 <0.001
0.191 0.459 1.208 <0.001
0.198 0.407 1.182 <0.001

Bold values denote statistical significance. “.” means reference category.
g gory.

[28]. Although natural heterogeneity in populations may
never allow for clear-cut approaches, the identification of
PF1 (after ruling out, where appropriate, serious underlying
diseases such as cancer or consumptive disease) may benefit
from mental and/or psychosocial approaches to optimisa-
tion. On the other hand, the identification of PF2 may be
facilitated by the objective assessment of sarcopenia, which
has different preventative and therapeutic targets including
physical activity and nutrition [29]. Of utmost importance
for daily clinical practice is the understanding that even the
identification of more homogeneous PF subtypes does not
provide a substitute for a comprehensive geriatric assessment,
to diagnose the cause/s of any frailty at an individual level.

Our study has limitations. First, the frailty phenotype
operationalised in our study was slightly different from the
original in the CHS [1], and criteria modifications may
impact on its classification and predictive ability [30]. As
regards ADL and IADL difficulties, another potential lim-
itation is their self-reported nature, as opposed to being
based on objective disability assessments. In addition, for the
mortality outcome, specific causes of death were not studied,
and addressing this in future studies could shed further light
into the biological differences between PF1 and PF2. Despite
the sensitivity analyses, the findings of our study do not aim
to be population representative and should be interpreted
in the light of a sub-cohort within a longitudinal study of
ageing on which complete case analyses were performed.

In conclusion, not all PF may be biologically the same,
and further research is required to understand differential
mechanisms and opportunities for intervention.
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Supplementary data

Supplementary data mentioned in the text are available to
subscribers in Age and Ageing online.
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