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Abstract

Background The association between frailty and adverse outcomes has been clearly defined. Frailty is associated with
age, but different frailty evolution patterns might determine the incidence of adverse outcomes at older ages. So far,
few observational studies have examined how distinct frailty trajectories could be associated with differences in the risk
of adverse events and assessing whether frailty trajectories could define risk of death, hospitalization, worsening, and
incident disability better than one-off assessment. Our hypothesis is that prospective increases in frailty levels are asso-
ciated with higher risk of adverse events compared with subjects that prospectively decreased frailty levels.
Methods Participants’ data were taken from the Toledo Study of Healthy Ageing. Frailty was evaluated using the
Frailty Trait Scale 5 (FTS5), being 0 the lower (the most robust) and 50 the highest (the frailest) score. FTS5 scores
at baseline and follow-up (median 5.04 years) were used to construct frailty trajectories according to group-based tra-
jectory modelling (GBTM). Multivariate Cox proportional hazard and logistic regression models were used to explore
associations between frailty status and trajectory membership and the adverse outcomes. Deaths were ascertained
through the Spanish National Death Index. Disability was evaluated through the Katz Index. Hospitalization was de-
fined as first admission to Toledo Hospital.
Results Nine hundred and seventy-five older adults (mean age 73.14 ± 4.69; 43.38% men) were included. GBTM
identified five FTS5 trajectories: worsening from non-frailty (WNF), improving to non-frailty (INF), developing frailty
(DF), remaining frail (RF), and increasing frailty (IF). Subjects belonging to trajectories of increasing frailty scores or
showing consistently higher frailty levels presented with an increased risk of mortality {DF [hazard ratio (HR), 95%
confidence interval (CI)] = 2.01 [1.21–3.32]; RF = 1.92 [1.18–3.12]; IF = 2.67 [1.48–4.81]}, incident [DF (HR,
95% CI) = 2.06 (1.11–3.82); RF = 2.29 (1.30–4.03); IF = 3.55 (1.37–9.24)], and worsening disability [DF (HR,
95% CI) = 2.11 (1.19–3.76); RF = 2.14 (1.26–3.64); IF = 2.21 (1.06–4.62)], compared with subjects prospectively
showing decreases in frailty levels or maintaining low FTS5 scores. A secondary result was a significant
dose–response relationship between baseline FTS5 score and adverse events.
Conclusions Belonging to trajectories of prospectively increasing/consistently high frailty scores over time are associ-
ated with an increased risk of adverse outcomes compared with maintaining low or reducing frailty scores. Our results
support the dynamic nature of frailty and the potential benefit of interventions aimed at reducing its levels on relevant
and burdensome adverse outcomes.
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Background

Frailty is defined as an age-associated, biological syndrome
characterized by decreased physiological reserves, which puts
an individual at risk when facing minor stressors. Because of
its powerful association with adverse events (i.e. disability,
mortality, and hospitalization)1 and its high prevalence in
older adults,2 frailty has been placed in the geriatric medicine
spotlight.1

Frailty is dynamic in nature and potentially reversible.3,4

However, to date, only a limited number of observational
studies have examined how changes in frailty status (i.e. tra-
jectories of frailty) can predict usual adverse events. The cat-
egorical structure of the classical tools for assessing the frailty
status5 may partially account for the short number of studies
assessing such relationship. In fact, most of the previous re-
searches have not considered frailty as a continuum4,6 or
are limited by their analytical approach, ignoring the variabil-
ity or reversibility in frailty score trajectories.7,8 Nevertheless,
our group has recently developed the so-named Frailty Trait
Scale 5 (FTS5),8 a Short Form of the 12 items one7 that allows
the continuous evaluation of frailty levels, potentially over-
coming several of previous frailty assessment pitfalls. This in-
strument refines risk profiling of the individual and
outperforms the predictive ability of adverse events (i.e. mor-
tality, hospitalization, and disability)8 even better than classi-
cal frailty tools, as the two most commonly used tools,9 the
Frailty Phenotype5 and Frailty Index.10

The aim of this study is to explore the existence of differ-
ent frailty trajectories and to investigate their associations
with adverse outcomes (disability, hospitalization, and mor-
tality) in a representative sample of older adults. Our hypoth-
esis is that prospective decreasing frailty levels along ageing
are associated with a lower risk of adverse events, compared
with developing or maintaining higher frailty levels. A sec-
ondary objective is to compare cross-sectionally and longitu-
dinally assessed frailty levels in terms of predictive ability.

Methods

This is a prospective analysis of the Toledo Study of Healthy
Ageing (TSHA), a population-based longitudinal study whose
main aim is to explore the prevalence, determinants, and im-
pact of frailty in a Spanish cohort of older adults
(>65 years).11

In the present analysis, we included subjects with frailty
and covariates data at TSHA Waves 1 (2006–2009) and 2
(2011–2013) and outcomes data at Wave 3 (2015–2017) or
time-censoring, depending on the outcome of interest. Wave
2 occurred 5.04 (range 2.32–6.84) median years after the first
wave. Wave 3 visit was performed 2.99 (range 2–5.4) median
years after the Wave 2.

TSHA protocol was approved by the Clinical Research
Ethics Committee of Toledo Hospital Complex, which was
conformed according to the ethical standards defined in the
1964 Declaration of Helsinki. As detailed elsewhere
previously,11 participants signed an informed consent form
prior to inclusion.

Frailty Trait Scale 5

Frailty was assessed through the FTS58 that evaluates five
core aspects of frailty:

• Physical activity was determined using the Physical Activity
Scale for the Elderly scale.

• Gait speed was defined using the 3 m walking test at their
usual pace, according to the standard protocol. The best
time of two performances was chosen. At least, 1 min of
resting was given between attempts.

• Hand grip strength was measured using JAMAR Hydraulic
Hand Dynamometer (Sammons Preston Rolyan, Boling-
brook, IL). The best peak strength of three performances
was selected and gathered using international standard
procedures. Between performances, at least 1 min of rest-
ing was permitted.

• Body mass index was measured according to the standard
procedure (weight/height2).

• Progressive Romberg test was established according to the
standing balance feet together, semi-tandem, and tandem
position.

Each domain score ranges between 0 and 10, being 0 the best
score and 10 the worst. FTS5 items are summed up to obtain
a final score between 0 and 50, being 0 the lowest and 50 the
highest frailty score. FTS5 scoring process is displayed in
Supporting Information, Appendix S1.

Adverse outcomes

Mortality
Vital status and death dates were ascertained through the
Spanish National Death Index (Ministry of Health, Consumer
Affairs and Social Welfare). Participants were followed-up to
March 2019 or death. Median follow-up for mortality was
6.76 (range 0.26–7.50) years.

Hospitalization

Hospitalization was defined as the first admission according
to the records of the Toledo Hospital Complex. Participants’
hospitalizations were followed-up to December 2016 with a
median follow-up of 4.18 (range 0.02–5.25) years.
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Incident or worsening disability

Basic activities of daily living were evaluated by the Katz
Index.12 Transitions of a score of 6 to 5 or less in the Katz In-
dex at follow-up were considered as incident disability. Wors-
ening disability was defined as a loss of 1 point or more
during the same time-period. Median follow-up for incident
and worsening disability was 2.99 (range 2–5.4) years.

Covariates

Covariates were selected according to previous research and
biological plausibility for confounding effects. Age, gender,
and educational level (no school, primary school incomplete,
and primary school complete or superior) were registered
during visits. Comorbidities were measured using the
Charlson Index score.13 The number of prescription and
non-prescription drugs within the Anatomical Therapeutic
Chemical Classification System taken by the participant was
calculated. Polypharmacy was defined as the use of five or
more drugs per day. Cognitive status was evaluated using
the Mini-Mental State Examination.14 Covariates data were
assessed at Wave 2 visit.

Trajectory modelling
We used GBTM to identify distinct patterns of evolution in
frailty levels according to the baseline FTS5 score and
changes in the FTS5 score between Waves 1 and 2 visits. This
mixture analysis uses semi-parametric empirical models and
tries to identify relatively homogeneous clusters of partici-
pants following similar longitudinal patterns of evolution
and estimate their shape and direction parameters within a
continuous distribution. GBTM assumes that the sample is
composed of distinct subpopulations that are not identifiable
based on measured characteristics ex ante.15,16

We compared models defining two with 10 trajectory
groups to find the optimal number of trajectories, based on
values from the Bayesian Information Criterion (BIC). BIC is
an index used in Bayesian statistics to choose between differ-
ent models. Two times the change in the BIC between models
greater than 10 was used as indicative of better fit in order to
compare more complex—with a greater number of trajecto-
ries—or more parsimonious—with a lower number of trajec-
tories—models.17 Every subject was assigned to a trajectory
depending on their FTS5 score and changes in FTS5 score.
The reliability of the final model classification was evaluated
using mean posterior probability of membership, which
represents their probability of belonging to the group they
was assigned to by previous grouping based on their individ-
ual features. Trajectories mean posterior probability of mem-
bership indicates its internal consistency. A higher value
indicates a better classification quality.15 At last, we checked
the number of subjects within each trajectory to confirm

adequate sample size for analysing the ensuing risk of ad-
verse outcomes.

Statistical analysis

Descriptive statistics were shown as mean (standard devia-
tion) and frequency (%) for continuous and categorical vari-
ables, respectively. Descriptive features of subjects in the
different frailty trajectories were compared through the anal-
ysis of variance test for continuous variables and χ2 tests for
categorical variables.

Cox proportional hazard regression models were used to
explore associations between frailty trajectories and
time-censored adverse outcomes (mortality and hospitaliza-
tion), and logistic regressions were used for incident and
worsening disability.

We further explored associations between final FTS5
scores in Wave 2 and adverse events. We studied adverse
events risks according to the FTS5 score as the change of
one point (continuous) and categorized into five categories:
≤10, 11–15, 16–20, 21–25, and >25.

We used the following set of models: Model 1 was the raw
model. Model 2 was adjusted by age and gender. In Model 3,
we added the MMSE. In Model 4, we added the Charlson In-
dex, polypharmacy, and Katz Index. Finally, we estimated
Model 5 including the educational level.

All analyses were performed using the Statistical Package R
Version 3.6.1 for Windows (Vienna, Austria). Statistical signif-
icance was set at P value < 0.05.

Results

Participant baseline characteristics are shown in Table 1, and
975 subjects (mean age 73.14 ± 4.69; 43.38% men) were
included.

Frailty Trait Scale 5 trajectories and adverse
outcomes

The GBTM yielded a five-frailty trajectory model as the best
fit to the data: worsening from non-frailty (WNF) (226,
23.17%), improving to non-frailty (INF) (353, 36.20%), devel-
oping frailty (DF) (127, 13.03%), remaining frail (203,
20.82%), and increasing frailty (IF) (66, 6.76%) (Figure 1).
Mean posterior probabilities of membership, an index of
quality classification, ranged from 0.74 (±0.14) to 0.77
(±0.18) indicating a moderate fit for this model.

In the fully adjusted models, when comparing with WNF,
subjects pertaining to trajectories showing both an increase
and maintenance in frailty scores showed an increased risk
for developing adverse outcomes compared with those

232 A. Álvarez-Bustos et al.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 230–239
DOI: 10.1002/jcsm.12888



showing a decreasing evolution, except for hospitalization. In
this latter outcome, only those maintaining or increasing
their frailty score, but not those who developed it during

the time of the trajectory, DF, showed an increased risk
(Table 2). By opposite, improving the frailty score according
to FTS5—INF—was associated with a low risk for developing

Table 1 Demographic characteristics of the sample according to the FTS5 trajectory

Variable All WFN INF DF RF IF P value

N (%) 975 226 (23.17) 353 (36.20) 127 (13.03) 203 (20.82) 66 (6.76)
Age, mean (SD) 73.14 (4.69) 71.20 (3.52) 72.48 (4.50) 73.72 (4.75) 75.12 (4.92) 76.05 (4.64) <0.001
Gender, men (%) 423 (43.38) 139 (61.50) 169 (47.88) 55 (43.31) 50 (24.63) 10 (15.15) <0.001
FTS5 basal, mean (SD) 18.08 (6.79) 9.44 (2.48) 19.01 (4.34) 16.02 (2.06) 24.67 (4.23) 26.39 (5.12) <0.001
Change in FTS5 per year,
mean (SD)

�0.01 (1.56) 0.80 (1.34) �1.23 (0.81) 1.61 (1.80) �0.25 (0.82) 1.37 (0.86) <0.001

Dependent according Katz
Index score ≤ 5, n (%)

124 (12.72) 11 (4.87) 38 (10.76) 12 (9.45) 41 (20.20) 22 (33.33) <0.001

MMSE, mean (SD) 24.44 (4.39) 26.02 (3.34) 24.68 (4.40) 24.51 (3.81) 22.85 (4.72) 22.22 (5.27) <0.001
Charlson Index, mean (SD) 0.94 (1.43) 0.78 (1.28) 0.83 (1.37) 1.27 (1.60) 1.00 (1.45) 1.29 (1.64) 0.003

Educational level
No school, n (%) 647 (66.70) 113 (50.22) 251 (71.71) 91 (71.65) 139 (68.81) 53 (80.30) <0.001
Primary school
incomplete, n (%)

162 (16.70) 54 (24.00) 36 (10.29) 24 (18.90) 37 (18.32) 11 (16.67) <0.001

Primary school complete
or superior, n (%)

161 (16.60) 58 (25.78) 63 (18.00) 12 (9.45) 26 (12.87) 2 (3.03) <0.001

Number of drugs per day,
mean (SD)

4.06 (2.72) 3.40 (2.59) 3.46 (2.55) 4.72 (2.61) 4.84 (2.62) 5.88 (2.97) <0.001

Polypharmacy, n (%) 391 (40.10) 78 (34.51) 104 (29.46) 61 (48.03) 104 (51.23) 44 (66.67) <0.001
Death, n (%) 211 (21.64) 31 (13.72) 61 (17.28) 38 (29.92) 56 (27.59) 25 (37.88) <0.001
Hospitalization, n (%) 393 (40.31) 83 (36.73) 124 (35.13) 48 (37.80) 100 (49.26) 38 (57.58) 0.007
Incident disability, n (%) 183 (29.66) 31 (18.90) 64 (26.23) 25 (33.33) 50 (44.64) 13 (59.09) <0.001
Worsening disability, n (%) 204 (26.56) 31 (16.76) 69 (23.71) 29 (29.90) 56 (37.33) 19 (42.22) <0.001

DF, developing frailty; FTS5: Frailty Trait Scale 5; IF, increasing frailty; INF, improving to non-frailty; MMSE, Mini-Mental State Examination;
RF, remaining frail; WNF, worsening from non-frailty.
In bold: P < 0.05. Mean (SD): continuous variables. N, %: categorical variable.

Figure 1 Trajectories according Waves 1 and 2 FTS5 score and changes in FTS5 score. DF, developing frailty; FTS5, Frailty Trait Scale 5; IF, increasing
frailty; INF, improving to non-frailty; RF, remaining frail; WNF, worsening from non-frailty.
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any of the adverse outcomes, similar to the reference risk,
WNF, which denoted the risk of people that remained robust
along the follow-up. We did not find any particular additional
risk in any of the categories of high risk, not allowing to as-
cribe a particular higher risk to any of the three trajectories
with a poor prognosis.

Intermediate trajectories comparison and adverse
outcomes

To study if similar baseline scores but with different evolution
were associated with different risk, we repeated the analysis
taking as reference each different trajectory.

When comparing with INF, subjects who were grouped in
the DF had an increased risk of mortality of 1.81 [95% confi-
dence interval (CI): 1.20–2.75] in the fully adjusted model,
although not for the other adverse events. MF and IF trajec-
tories had also a significant higher risk for death and hospital-
ization when INF was used as the reference category.

When DF was the reference, we found an increased risk for
hospitalization for those subjects if belonging to MF (hazard
ratio = 1.51; 95% CI = 1.10–2.08) or IF (HR = 1.81; 95%
CI = 1.21–2.72).

Cross-sectionally assessed frailty and adverse
outcomes

When we cross-sectionally assessed the association between
frailty through FTS5 scores and the adverse outcomes, FTS5
showed a continuously increasing risk for developing any of
the adverse outcomes (participant baseline characteristics ac-
cording FTS5 score are shown in Table S1). This finding was
consistent irrespective of the study wave at which the FTS5
score was selected as the exposure. When we split the score
in FTS5 in five categories, we found a significant increased
risk of death, incident, and worsening disability beyond a
FTS5 ≥ 20, compared with FTS5 ≤ 10. In the case of hospital-
ization, the incremental risk was significant for values higher
than 10, compared with 10 or lower, even after adjusting for
potential confounders (Table 3).

Discussion

This work expands previous evidence linking frailty over time
to adverse outcomes incidence in a population of
community-dwelling older adults. Frailty is a continuum phys-
iological construct that should be evaluated as a continuous
identity, getting a proportional dose–effect relationship when
risks adverse outcomes are associated with increasingly high
FTS5 categories. Our results point to a dose–response associ-
ation between frailty and an increased risk of death,

hospitalization and disability progression, with significant in-
creases even for values well below the proposed FTS5 score
thresholds for frailty.8 However, although frailty burden
tended to increase with age,2 there could be variability in
the rate of progression. According to our results, trajectories
clearly show that reversing or improving frailty scores might
be beneficial, obtaining the same risk than subjects with the
lowest frailty scores over time. Our work does so by
employing a novel methodological approach that overcomes
important limitations of previous research. We identified five
distinct trajectories of frailty, which supports the dynamic
nature of this construct. Increasing frailty trajectories or
those who maintained higher frailty scores over time had
higher risk of death, hospitalization, and incident or worsen-
ing disability, than those who remained non-frail.

In fact, we have identified a trajectory in which those sub-
jects with moderate frailty could reduce their frailty levels,
what indicates that middle frailty burden could be reduced
in community-dwelling older adults as it has been shown in
other studies.18 On the other hand, unexpectedly, we have
not identified any trajectory in which those subjects with high
frailty load reduced their frailty levels. This could confirm that
high frailty load might be hard, but not impossible, to revert
and probably point towards the need of tailored interven-
tions to avoid frailty progression that may reduce the risk
of developing adverse events. To do so, the early and
accurate detection of frailty remains a need.19,20 The clinical
relevance of this finding supports assessing frailty levels to
determine older adults health status and contributes to pre-
vious research indicating that the reduction of frailty load
might be effective in lowering the burden of late-life adverse
outcomes.

FTS5 includes objective functional measures (such as walk-
ing speed, grip strength, or balance test) and capture longitu-
dinal frailty changes. These scales have been widely used in
geriatric medicine to assess older adults’ functional status.
Sensitivity and positive predictive value of FTS5 rising score
could permit recognize and stratify patients, supported by
clinical judgement, with a reliable predictor of death or at risk
of another adverse outcome (disability, first disability, or hos-
pitalization) according to their frailty trajectory. Even includ-
ing relevant cofounders, frailty trajectories have showed
different adverse events risks according to frailty dynamics.

The Fried frailty phenotype5 is largely the most frailty used
tool.9 It is based on the presence or absence of five domains
to determine frailty (weight loss, gait speed, handgrip
strength, physical activity, and fatigue) and identifies a very
high (frail) and moderate (pre-frail) risk groups against ad-
verse events.5 Nevertheless, this tool is a categorical instru-
ment, limiting, hence, the construction of different
trajectories. Another commonly used tool is the Frailty Index
(FI).10 FI defines the amount of individual frailty based on the
accumulation of deficits getting a proportion of physical,
mental, and cognitive deficits present in an individual.10,21
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FI has been shown to predict death equally well or better
than the Fried phenotype21 and some studies have studied
frailty trajectories according to the FI.22,23 However, FI is sub-
ject to measurement error due to self-reported health data,
having a number of changeable items, which difficult its com-
parison, and would not allow for capturing improvements in
frailty because the data on which it is based are mostly on
long-term or irreversible deficits.24 These two tools are
supposed to measure the same construct, but using different
domains and approaches. Because of that, some authors
have raised the possibility that they can complement each
other.25 Notwithstanding, FTS5 may capture this construct
with a better accuracy.8 However, although FTS5 is a recent
and promising scale, it should be validated in other cohorts.

Regarding the GBTM algorithm classification quality, the
mean posterior probability of membership to each group is
greater than 0.70, which is taken as a consistent indication
that the modelled trajectories group individuals with similar
patterns of change according to the outcome variable and
discriminate between individuals with dissimilar patterns of
change in a specific variable over time.26

Our findings regarding FTS5 trajectories and adverse
events cannot be directly compared with previous studies
due to the novelty of the scale and the identification of sub-
groups using GBTM. Although GBTM has been used by previ-
ous studies in order to explore the longitudinal evolution of
subtypes27 and factors related to frailty,28 as physical
activity,29 we have only identified one study which used this
method to explore frailty evolution with adverse outcomes.30

This latter study examined patterns of cognition and frailty in
690 community-dwelling older adults and found that longitu-
dinal declines in cognition had twice higher rates of hospital-
ization. According to disability, those with declines in
cognition had higher rates of mobility disability, instrumental
activities of daily living, but the dose–response association
was especially accentuated for activities of daily living
disability.30

Disablement process is not linear and could fluctuate in
cycles of deterioration and recovery short time periods, and
these fluctuations could be higher in late life.22 Nevertheless,
although disabled rates increase with ageing,30 their evolu-
tion could depend on intraindividual variability in mobility
limitation.31 This finding supports frailty as a multidimen-
sional measurement of health status and a sign of a loss of
homeostasis with overall system vulnerability to estimate
adverse event risk and an opportunity to anticipate
disability.1,5,8 Our results show that those trajectories of
physical and functional decline are more likely to lead to dis-
ability or to a progress in their disability levels. Only those
subjects who had moderate frailty scores and improved them
(improving to non-frailty) have no statistically significant
differences with respect to the reference trajectory. However,
to date, no study has studied FTS5 fluctuations in shorter
time intervals as a prognostic value to disability or mortality.

Frailty evolution has been previously associated with
death. Buchman et al. analysed trajectories in a continuous
frailty scale using gait speed, grip strength, body composition,
and fatigue and found that baseline frailty and annual change
in frailty were independently associated with mortality in a
similar way of using a categorical frailty measure after adjust-
ment for confounders. This approach reached also statisti-
cally results when the authors studied instrumental and
basic activities of daily living incident disability, obtaining sim-
ilar results to ours.32 Rapid or moderate increases compared
with those with stable frailty,33 or those with higher
fluctuations22 in Frailty Index scores, were associated with
higher mortality. Moreover, a 12 year follow-up study from
the Canadian National Population Health Survey showed that
the less frail individuals at baseline showed a healthier profile
at follow-up, whereas frailer participants were more likely to
die and utilized more healthcare services during the same
period,34 consistent with clinical experience and frailty
constructs.35

Improvements in medicine jointly to other socio-economic
facts have led to an extended lifespan but in many cases, ac-
companied by chronic health problems and disabilities associ-
ated with ageing.35 According to some studies, current
population cohorts are not only ageing, but they may also
be frailer, especially in low-income individuals.36 The
surveillance of frailty status is paramount to predict older
adults’ future health35 and public health burden and must
be a priority for public health policies.37 Our findings might
support studies that indicate that the increase in life expec-
tancy is associated with greater levels of frailty, leading to dis-
ability what may lead to greater costs for medical care, social
services, and long-term care.38

Strengths and limitations

This study has many strengths, including the large population
included, the excellent ascertainment of adverse events, and
the inclusion of relevant confounders that might distort the
associations.

We used GBTM, a novel powerful statistical tool to group
subjects into patterns of evolution over age or time of a var-
iable of interest according to the baseline score, magnitude,
and direction of the change without using ad hoc, ex ante
classification rules.15,16 Nevertheless, it is inherently limited
at capturing individual variability and may lead to over-
grouping.16 Because only two measurements were available
to assess trajectories, the results should be interpreted with
caution because the existing evidence suggests that studies
with two time points cannot measure within-person change39

but instead changes in terms of rank-order in the levels of a
variable. Confirmation of our results in studies with more
time points is therefore warranted.
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Our study used two frailty assessments that were
5.04 years apart on average. Therefore, when clustering indi-
viduals, we could have failed at differentiating between rapid
changes in frailty attending to an increasing individual vulner-
ability before death and more progressive changes related to
ageing process. More frequent assessment might assist in
reducing this bias.

Furthermore, discrepancies between how frailty is concep-
tualized, and the lack of a gold standard definition or tool
limits our results extrapolation.

Future directions

Although works of frailty trajectories are a growing research
area, more prospective works are necessary to confirm these
results, analysing drivers and predicting trends in frailty
states and ways to prevent and modify increases in frailty
prevalence.

Older adults’ health improvements and policies to pro-
mote them will potentially reduce costs incurred by an aged
population. In not doing so, medical care, social services,
and long-term care may lead to greater costs.38 The better
knowledge we have on how frailty changes over time, the
better we could prevent it with rehabilitation, physical exer-
cise, or nutritional programmes. Individualized programmes
for older adults according to their frailty status are para-
mount in the clinical setting, especially in terms of functional
outcomes.40 In this regard and in the absence of a pharmaco-
logical approach for frailty, physical exercise has arisen as the
unique contrasted alternative, with growing evidence in frail
community dwellers, what have led some experts to question
whether not prescribing it might be unethical.41 Neverthe-
less, more research focusing on the intensity, timing of exer-
cise and identification of the population who might benefit
the most from those interventions are still necessary.

Conclusions

Our results support frailty as a continuum physiological
construct with a proportional dose–effect relationship
against adverse outcomes. Our study contributes to expand
the notion of frailty dynamic nature and points towards the
association of its load reduction and reduced risk of adverse
events such as mortality, hospitalization, and disability. We

suggest that interventions tailored to the individual frailty
status might positively impact the economic and public
health burden of frailty.
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