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ABSTRACT
Frailty is a well-established risk factor for adverse health outcomes. However, little is known
about the dynamic nature of frailty and the extent it can improve. The purposes of this study
were to systematically search for studies examining frailty transitions over time among
community-dwelling older people, and to synthesise pooled frailty transitions rates. Four
electronic databases (Medline, Embase, PsycINFO and CINAHL) were searched in July
2018. Inclusion criteria were: prospective design, community-dwelling older people with
mean age>60, using 5-item frailty phenotype criteria to define three states: robust, prefrail
and frail and the numbers of participants with 9 frailty transition patterns based on frailty
status at baseline and follow-up. Exclusion criteria were: selected populations, using fewer
than 5 frailty phenotype criteria. Two investigators independently screened 504 studies for
eligibility and identified 16 studies for this review. Data were extracted by the two
investigators independently. Pooled rates of frailty transition patterns were calculated by
random-effects meta-analysis. Among 42,775 community-dwelling older people from 16
studies with a mean follow-up of 3.9 years (range: 1-10 years), 13.7% (95%CI=11.7-15.8%)
improved, 29.1% (95%CI=25.9-32.5%) worsened and 56.5% (95%CI=54.2-58.8%)
maintained the same frailty status. Among those who were robust at baseline, pooled rates of
remaining robust or transitioning to prefrail and frail were 54.0% (95%CI=48.8-59.1%),
40.6% (95%CI=36.7-44.7%) and 4.5% (95%CI=3.2-6.1%), respectively. Among those who
were prefrail at baseline, corresponding rates to robust, prefrail and frail were 23.1%
(95%CI=18.8-27.6%), 58.2% (95%CI=55.6-60.7%) and 18.2% (95%CI=14.9-21.7%),
respectively. Among those who were frail at baseline, pooled rates of transitioning to robust,
prefrail and remaining frail were 3.3% (95%CI=1.6-5.5%), 40.3% (95%CI=34.6-46.1%) and
54.5% (95%CI=47.6-61.3%), respectively. Stratified and meta-regression analyses showed
age, gender and follow-up period were associated with frailty transition patterns. Older
people make dynamic changes in their frailty status. Given that while one quarter of prefrail
older people improved to robust only 3% of frail older people did, early interventions should
be considered.
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INTRODUCTION
Frailty is now a well-established risk factor for adverse health outcomes in later life,(Clegg et
al., 2013; Morley et al., 2013) such as falling,(Kojima, 2015a; Kojima et al., 2015)
fracture,(Kojima, 2016a, 2017b) emergency department visits,(Kojima, 2018a)
hospitalisation,(Kojima, 2016b) nursing home placement,(Kojima, 2015b, 2018b)
disability,(Kojima, 2017a, 2018d) dementia,(Kojima, 2016b; Kojima et al., 2017b) poor
quality of life(Kojima et al., 2016a; Kojima et al., 2016b) and death.(Kojima, 2018c; Kojima
et al., 2018b; Kojima et al., 2018c) While there is as yet no internationally agreed definition,
the concept of frailty has been broadly accepted as a multisystem dysregulation of
homeostatic mechanisms marked by reduced physiological reserve and increased
vulnerability, as a result of age-related deficit accumulation.(Clegg et al., 2013; Morley,
2017) Among various definitions and criteria proposed to operationalise frailty, the most
widely used is the “frailty phenotype”.(Buta et al., 2016) Fried and colleagues using the
Cardiovascular Health Study cohort described it as a clinical syndrome, with the following
five physical components: unintentional weight loss, weakness, slow gait speed, exhaustion
and low physical activity.(Fried et al., 2001) Those who met three or more components were
defined as frail, those 1 or 2 components as prefrail and those without any were defined as
robust.(Fried et al., 2001) This frailty phenotype has been validated and replicated in other
population-based studies.(Buta et al., 2016)
Given the tremendous impacts on older people, their families and society, frailty has attracted
increasing scientific attention, especially in the last two decades.(Clegg et al., 2013) In the
context of ongoing global population ageing the growing number of frail older people is an
emerging major public health challenge for current healthcare systems.(Cesari et al., 2016)
While there is mounting evidence regarding frailty and our knowledge about frailty has
dramatically improved,(Clegg et al., 2013) relatively little is known about transitions of
frailty status in older people. Although advanced age is a strong risk factor,(Collard et al.,
2012; Kojima et al., 2017a) frailty is not an inevitable part of ageing and not an irreversible
one-way process to disability or death, but a dynamic process involving improvement as well
as natural progression.(Clegg et al., 2013) Gill et al. measured frailty status defined by the
frailty phenotype (robust, prefrail, frail) four times, that is, every 18 months over a total of 54
months for 754 nondisabled US community-dwelling older people.(Gill et al., 2006) They
demonstrated that more than half (57.6%) made at least one frailty transition and that
participants were more likely to transition to worse frailty status (up to 43.3%) but also some
improved their frailty status (up to 23.0%).(Gill et al., 2006)
It is imperative to enhance our understanding of the course of frailty in order to predict trends
in frailty transitions. Insight into how the frailty status of older people evolves over time will
also help in the design of appropriate frailty interventions and in the identification of optimal
target populations to prevent or delay progression. However there is a paucity of evidence in
the literature on overall frailty transitions. For example, the percentage of robust people that
become prefrail or frail, or how many prefrail people improve to robust, are still to be
elucidated. These findings will contribute to the broader literature on frailty and have a
significant impact on the future directions of this research field, especially from clinical and
public health standpoints. The objectives of this review are to systematically search for
longitudinal cohort studies examining frailty transitions over time, and to synthesise pooled
rates of transitions between frailty states by using meta-analysis.
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1 METHOD
1.1 Data source and search strategy
A systematic search of the literature was conducted by one investigator (GK) for studies
published from 2000 up to July 2018 using MEDLINE, Embase, PsycINFO and CINAHL
Plus, based on a protocol (PROSPERO registration number CRD42018103181) developed in
accordance with PRIMSA(Moher et al., 2009) and MOOSE(Stroup et al., 2000) statements.
The publication period was chosen because the frailty phenotype, which we focus on in the
current review, was first published in 2001.(Fried et al., 2001) We used a Medical Subjective
Heading (MeSH) and text terms to search for studies published in 2000 or later, with
explosion function if available and without language restriction. The search terms were:
[Frailty (MeSH) OR Frail elderly (MeSH) OR Frailty syndrome (MeSH) OR frailty] AND
“transition*”. We conducted a supplementary search in the same four databases, using
“progression*” OR “outcome*” OR “prognosis” OR “course*” in titles along with the frailtyrelated search terms that were initially used.
We also hand-searched reference lists of included studies and related papers and performed
forward citation tracking of the included studies. We further attempted to identify prospective
studies examining incident frailty, as these studies theoretically have frailty status data at two
time points, by conducting a pubmed search using “incident frailty” and “incidence of frailty”
and by scrutinising two previous review papers regarding predictors of frailty.(Feng et al.,
2017; Mello Ade et al., 2014) We also contacted corresponding authors for additional data on
baseline and follow-up frailty status.
1.2 Study Selection
Inclusion criteria were: (1) prospective design, (2) community-dwelling older people with a
mean age of 60 or more, (3) use of the full 5-item frailty phenotype criteria (or modified
versions of it) to define three frailty states: robust, prefrail and frail, as meeting Fried’s 0, 1-2,
and 3-5 criteria and (4) the numbers of participants with 9 transition types based on frailty
status at baseline and follow-up: e.g. from robust to robust, from robust to prefrail, from
robust to frail, etc.
Studies were excluded if they (1) used selected populations, such as those with a specific
disease or medical condition, (2) used the frailty phenotype criteria but with 4 items,
substituting subjective measures, such as self-reported questionnaire score on physical
function, for gait speed and grip strength(Kojima, 2017c) or 5-point score instead of three
categories (robust, prefrail and frail) (3) were conference abstracts, randomised controlled
trials, reviews, editorials, comments or dissertations. Titles, abstracts and full-texts of studies
identified by the review were screened for eligibility by two investigators (GK and YT)
independently using the inclusion and exclusion criteria. The corresponding authors were
contacted for clarification or additional data where necessary. If frailty status was measured at
more than two time points, transition between the first and second time points was used. If
two or more studies used the same cohort, the study with the largest number of the
participants was used. Any disagreements were resolved by discussion.
1.3 Data Extraction
Data retrieved from the included studies were; first author, study/cohort name if any,
publication year, location, sample size, proportion of female participants, mean age, age
range, follow-up period and the number of participants for each frailty transition type. The
data were extracted by one investigator (GK) and independently confirmed by another (YT).
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1.4 Methodological Quality Assessment
Eligible studies were assessed for methodological quality by two investigators (GK and YT)
using the 9-item Newcastle-Ottawa scale for cohort studies.(Wells et al.) This scale is
designed to evaluate a cohort study over the domains of selection, compatibility and outcome.
To tailor the compatibility for our research question, the most important factors to control
were defined as age and gender and additional factors to control included smoking, alcohol,
socioeconomic status and education. In the outcome, percentage of loss to follow-up unlikely
to introduce bias was defined as 10% or less. If a study met 5 items or more of 9, or more
than half of relevant items if there are any items not applicable, it was considered to have
adequate methodological quality.
1.5 Statistical Analysis
We separately calculated pooled rates of 3 different transition patterns that (1) improved (frail
to prefrail, frail to robust, prefrail to robust), worsened (robust to prefrail, robust to frail,
prefrail to frail) and did not change (robust to robust, prefrail to prefrail, frail to frail) frailty
status over time. The transition rates of each of the included studies were combined using a
random-effects meta-analysis. A random-effects model was chosen a priori due to expected
high heterogeneity from differences in study population, mean age, gender proportion and
follow-up period. Heterogeneity was quantified by using I2 statistic. Freeman-Tukey double
arcsine transformation was used, to avoid bias toward a higher frailty transition rate by
excluding studies with a zero frailty transition rate.(Nyaga et al., 2014) Publication bias was
examined graphically by funnel plots and statistically by Begg’s rank correlation test and
Egger’s linear regression test.
Because frailty is a strong predictor of mortality,(Kojima, 2018c; Kojima et al., 2018b) as a
supplementary analysis we repeated another set of meta-analyses for the same three frailty
transition patterns as above including studies that provided data on transitions to death (i.e.
robust to death, prefrail to death and frail to death) as well. The frailty transitions of
improvement (prefrail to robust, frail to robust, frail to prefrail) and remaining unchanged
(robust to robust, prefrail to prefrail, frail to frail) are the same, but the worsening pattern also
includes any frailty transitions to death.
According to previous studies, factors associated with frailty transition patterns include
baseline frailty status, age, gender and follow-up period.(Espinoza et al., 2012; Trevisan et
al., 2017) Therefore, we conducted additional supplementary analyses to explore how these
factors are associated with frailty transitions. The gender-stratified rates of three frailty
transition patterns (worsening, improving and staying the same) were re-calculated and
compared between female-only and male-only samples. Then, pooled rates of nine frailty
transition types by baseline frailty status (1. robust to robust, 2. robust to prefrail, 3. robust to
frail, 4. prefrail to robust, 5. prefrail to prefrail, 6. prefrail to frail, 7. frail to robust, 8. frail to
prefrail and 9. frail to frail) were calculated. These meta-analyses were repeated in femaleonly and male-only samples, and the transition rates were compared by gender. Randomeffects meta-regression analyses were conducted by using mean age, proportion of female
participants and follow-up period as modulators to examine how much variability of the
pooled frailty transition rates could be explained by these factors. A meta-analysis of the three
frailty transition patterns was repeated stratified by study location (Europe, US and the
others).
StataSE 14 (StataCorp LP, College Station, Texas, USA) was used for all analyses except for
a meta-regression analysis, for which Comprehensive Meta-Analysis (version 3.3, Biostat,
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New Jersey, US) was used. A 2-tailed significance level was set at p value of less than 0.05.
2 RESULTS
2.1 Selection Processes
The initial search revealed 842 studies, and 8 additional studies were found from other
sources. The supplementary search did not find any additional studies to be included. After
removing duplicates, 504 studies were screened for titles and abstracts, leaving 24 studies for
full-text assessment. Eight studies were excluded because of missing data necessary for metaanalysis, which were not provided by the corresponding authors upon request (n=5), used the
same cohorts (n=2) or used a 4-item frailty phenotype (n=1). Finally 16 studies, incorporating
42,775 participants from 16 cohorts with a mean follow-up of 3.9 years (range 1-10 years),
were included in this review. Characteristics of the included studies were summarised in
Table 1. All studies were considered to have adequate methodological quality (the
Newcastle-Ottawa scale score ranged 6-9, mean 7.7) except for two(Gill et al., 2006; Xue,
2011) that provided data of frailty transition descriptively so that it was not possible to assess
properly using the Newcastle-Ottawa scale.
2.2

Meta-analysis of frailty transition rates

2.2.1 Three frailty transition patterns
In our pooled analysis of data from 16 studies, 13.7% (95% confidence interval (CI)=11.715.8%) improved, 29.1% (95%CI=25.9-32.5%) worsened and 56.5% (95%CI=54.2-58.8%)
maintained the same frailty status over a mean of 3.9 years. (Table 2). A high degree of
heterogeneity was observed in the three transition patterns (I2 values=97.0%, 98.0% and
94.9%, respectively) Forest plots are shown in Figure 2 A-C. Of the 16 studies, 11 and 9
studies provided data of female-only and male-only participants, respectively (studies
including female only,(Ensrud et al., 2010; Kim et al., 2017; Xue, 2011) male only,(Pollack et
al., 2017) or mixed-gender studies with gender-stratified data available(Borrat-Besson et al.,
2013; Castrejon-Perez et al., 2017; Garcia-Esquinas et al., 2016; Kojima et al., 2018a; Lee et
al., 2014; Saum et al., 2017; Trevisan et al., 2017; Yu et al., 2015)). Among female
participants, 14.7% (95%CI=12.3-17.4%) improved, 28.5% (95%CI=24.4-32.7%) worsened
and 55.9% (95%CI=54.0-57.8%) maintained the same frailty status. Among male
participants, 12.6% (95%CI=9.9-15.6%) improved, 28.3% (95%CI=24.9-31.2%) worsened
and 59.1% (95%CI=57.2-61.1%) maintained the same frailty status. The high degree of
heterogeneity remained after stratifying by gender. (I2=83.8%-97.6%) Although there are no
significant differences in frailty transition rates of improvement and worsening by gender,
men were significantly more likely to maintain the same frailty status than women (59.1%
versus 55.9%, p for difference=0.02). (Figure 3 and Table 2) In stratified analyses by
location, the high heterogeneity remained; 12.4% (95%CI=9.0-16.2%, I2=98.1%), 10.9%
(95%CI=9.6-12.3%, I2=72.4%) and 18.7% (95%CI=14.3-23.5%, I2=95.0%) improved; 30.5%
(95%CI=24.6-36.7%, I2=98.7%), 31.5% (95%CI=25.0-38.5%, I2=98.0%) and 24.8%
(95%CI=19.7-30.4%, I2=95.4%) worsened; 56.7% (95%CI=53.9-59.6%, I2=93.2%), 56.7%
(95%CI=49.9-63.4%, I2=97.7%) and 56.4% (95%CI=53.1-59.6%, I2=82.3%) stayed the
same. There was no evidence of publication bias based on funnel plots, Begg’s and Egger’s
tests.
2.2.2 Nine frailty transition patterns
The nine frailty transition patterns of 16 studies were pooled by baseline frailty status.
5

Among those who were robust at baseline, pooled rates of remaining robust or transitioning
to prefrail and frail over a mean of 3.9 years were 54.0% (95%CI=48.8-59.1%, I2=98.0%),
40.6% (95%CI=36.7-44.7%, I2=96.6%) and 4.5% (95%CI=3.2-6.1%, I2=95.1%),
respectively. Among those who were prefrail at baseline, corresponding rates to robust,
prefrail and frail at follow-up were 23.1% (95%CI=18.8-27.6%, I2=97.8%), 58.2%
(95%CI=55.6-60.7%, I2=90.2%) and 18.2% (95%CI=14.9-21.7%, I2=96.8%), respectively.
Among those who were frail at baseline, pooled rates of transitioning to robust, prefrail and
remaining frail at follow-up were 3.3% (95%CI=1.6-5.5%, I2=81.1%), 40.3% (95%CI=34.646.1%, I2=86.5%) and 54.5% (95%CI=47.6-61.3%, I2=90.5%), respectively. There was a
high degree of heterogeneity in all analyses.
Pooled rates of the nine frailty transition patterns were calculated by gender as well for
eleven female-only and nine male-only data sets, and summarised in Figure 3 along with the
overall sample. The high degree of heterogeneity remained in all gender-stratified analyses
(I2=60.5%-99.5%). Among robust participants, men were significantly more likely to remain
robust (men 60.5% versus women 52.5%, p=0.04) and women were significantly more likely
to transition to prefrail (women 42.4% versus men 35.5%, p=0.04). (Table 2)
2.2.3 Three and nine frailty transition patterns including death at follow-up
Nine studies provided data of frailty transitions including death at follow-up.(Alencar et al.,
2015; Borrat-Besson et al., 2013; Espinoza et al., 2012; Gill et al., 2006; Lee et al., 2014;
Ottenbacher et al., 2009; Pollack et al., 2017; Trevisan et al., 2017; Xue, 2011) Pooled rates
of improving, worsening (including death) and maintaining the same frailty transitions over a
mean of 4.0 years were 10.9% (95%CI=8.0-14.2%), 37.8% (95%CI=25.6-48.5%) and 50.3%
(95%CI=41.9-58.7%), respectively. Among participants who were robust, prefrail and frail at
baseline, 6.8%, 13.4% and 32.5% died by the follow-up, respectively. Among those who were
frail at baseline, 2.0% (95%CI=0.2-4.8%) changed to robust, 25.3% (95%CI=16.6-35.2%)
changed to prefrail, 33.6% (95%CI=22.0-46.2%) remained frail and 32.5% (95%CI=17.349.8%) died. (Table 2)
2.3 Meta-regression analysis
Mean age, proportion of female participants and follow-up period of the included studies
were separately entered as modulators into a random-effects meta-regression analysis to
examine how they are associated with pooled frailty transition rates of three patterns
(improving, worsening and staying the same). While age and gender were not significant in
any models, a longer follow-up period was significantly associated with lower rates of
improving frailty status (coefficient = -0.09, p=0.02) and staying the same (coefficient=-0.04,
p=0.02) and higher rates of worsening frailty status (coefficient=0.15, p<0.01). The extended
follow-up period accounted for 19%, 6% and 34% of the total between-study variance of the
improving, staying the same and worsening patterns, respectively. Among the nine frailty
transition patterns, it was suggested that the younger study cohorts were, the more likely
prefrail participants were to transition to robust (p=0.02) and that and longer follow-up was
associated with the lower transition rate of remaining robust (p<0.01) and higher rates of
transitions from robust to prefrail (p=0.03) and from robust to frail (p<0.01).
3 DISCUSSION
This study has shown pooled rates of frailty transition patterns among community-dwelling
older people from data of 16 cohorts and examined how baseline frailty status, age, gender
and follow-up period were associated with the patterns. More than half of the participants
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remained in the same frailty status, irrespective of gender and baseline frailty status. More
participants worsened (29.1%) rather than improved (13.7%) frailty status. It was rare to
transition from robust to frail or from frail to robust, both with a probability of about 3-4%.
The high heterogeneity was observed in the three frailty patterns, and persisted in the nine
frailty patterns and the subgroup analyses stratified by gender and study location (country),
which may be due to between-study differences in the operationalization of the Fried
phenotype components or on the inclusion/exclusion criteria for the study populations. Metaregression analyses suggested age and follow-up period were associated with frailty
transition.
Previous studies have shown that people are more likely to be frail as they get older(Clegg et
al., 2013) and to become frailer,(Espinoza et al., 2012; Lee et al., 2014; Trevisan et al., 2017)
and younger people are more likely to improve frailty status.(Lee et al., 2014; Trevisan et al.,
2017) Our meta-regression analysis examined how the mean age of the included cohorts is
associated with the pooled rates of the three and nine frailty transition patterns and suggested
that younger prefrail participants were more likely to transition back to robust. In metaregression models for other improving transition patterns, mean age was not statistically
significant, which may be partly attributed to the fact that mean age was in a short range of
63.9-78.0 years old.
A gender difference in frailty is well known(Hubbard, 2015) and women tend to be more frail
than men.(Collard et al., 2012; Kojima et al., 2017a) However, there is a paucity of evidence
regarding the gender impact on frailty transitions and the findings of previous studies were
inconsistent.(Borrat-Besson et al., 2013; Espinoza et al., 2012; Trevisan et al., 2017) One
study showed women were more likely to both improve and worsen frailty status,(Trevisan et
al., 2017) whereas gender was not significantly associated with frailty improvement in
another study.(Espinoza et al., 2012) A study with a large number of participants from 12
European countries showed contradicting findings in which men were more likely to worsen
frailty status when they were prefrail or frail at baseline and women were more likely to do so
when robust at baseline.(Borrat-Besson et al., 2013) Pooled data of this review showed that
compared with men, women were more likely to change frailty status either improving or
worsening, rather than staying the same, which are in line with Trevisan and colleagues’
findings.(Trevisan et al., 2017)
The follow-up period may have an impact on frailty transition patterns as people in general
become more frail as they age.(Clegg et al., 2013; Collard et al., 2012) The shortest follow-up
periods among the included studies were 1 year(Lanziotti Azevedo da Silva et al., 2015) and
1.5 years,(Gill et al., 2006; Xue, 2011) which seems sufficient time for older people to make
changes in their frailty status. There is only one study among the included studies examining
associations between frailty transitions and follow-up year.(Espinoza et al., 2012) This study
assessed frailty transitions of 368 participants from the San Antonio Longitudinal Study of
Aging cohort between baseline examination (1992-1996) and follow-up examination (20002001) over an average of 7.0 years, with the range 4.4-9.7 years. A one year increase in
follow-up interval was associated with 30-40% higher risk of worsening frailty transition
rather than remaining unchanged or improving in multivariable models.(Espinoza et al.,
2012) In this review, data pooled from 16 studies showed that a longer follow-up period was
associated with lower rates of improving and remaining the same and a higher rate of
worsening in frailty transitions. This association is found to be more prominent among robust
participants than in prefrail or frail participants in meta-regression analyses.
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The supplementary meta-analysis including death at follow-up highlights some differences in
frailty transition patterns compared with the main analysis, although a precise comparison is
not possible because different sets of studies were used. Mortality rates of those who were
robust, prefrail and frail at baseline were 6.8%, 13.4% and 32.5%, respectively. Among
prefrail participants improvement was more common than progression towards frail (23.1%
versus 18.2%) in the main meta-analysis not including death at follow-up. However, if death
at follow-up was included as a worsening frailty transition from any frailty status at baseline,
less prefrail participants improved to robust (17.8%) and more worsened to frail (15.5%) or
death (13.4%). Frail participants at baseline improved to robust (3.3%) or prefrail (40.3%) in
the main meta-analysis while less frail participants improved to robust (2.0%) and prefrail
(25.3%) in the supplementary meta-analysis including death at follow-up. As seen in the
supplementary meta-analysis, frailty transition patterns are affected depending on whether or
not including mortality, especially in prefrail and frail participants who are at higher risk of
mortality than the robust.
First, this review included only studies that defined frailty by using the frailty phenotype
criteria and did not consider studies with other frailty criteria. Even though the phenotype has
been well validated and is the most commonly used frailty definition,(Buta et al., 2016) one
of arguments is that although frailty is a multidimensional concept the phenotype criteria
focus only on physical components and do not include other important factors, such as
cognitive impairment.(Avila-Funes et al., 2009; Clegg et al., 2013) The Frailty Index of
cumulative deficit model is one of multidimensional frailty definitions(Mitnitski et al., 2001)
and the second most frequently used approach.(Buta et al., 2016) There are a few studies
examining frailty transitions using the Frailty Index, all of which showed the frailty status of
older people transitioned across different states and some actually improved over time.(Fallah
et al., 2011; Liu et al., 2018; Mitnitski et al., 2007) Second, there was a high degree of
heterogeneity observed across the studies. Therefore we used a random-effects meta-analysis
and also conducted meta-regression analyses and found it was partially explained by
differences in mean age and follow-up period of the cohorts. Third, as is often the case with
frailty studies, all of the included studies applied different modifications to the original frailty
phenotype criteria, which may have influenced the frailty classification.(Theou et al., 2015)
To the best of our knowledge, this review is the first study to complete a systematic review
and meta-analysis on frailty transitions among community-dwelling older people, and has
calculated pooled rates of various frailty transition patterns defined by the frailty phenotype,
with and without death at follow-up. This review also conducted stratified meta-analyses and
random-effects meta-regression analyses to explore how mean age, gender and follow-up
period are associated with frailty transition rates. In addition to an extensive and reproducible
search strategy using four electronic databases, we were able to add more studies by
obtaining additional data necessary for meta-analysis from authors of potentially eligible
studies, which yielded a total of 16 studies to be included. Our robust methodology also
includes screening by two independent investigators, assessments of heterogeneity across the
included studies, methodological quality and publication bias.
This review’s findings on pooled rates of detailed natural frailty transitions in communitydwelling older people, overall as well as stratified by baseline frailty status and gender,
contribute to further our understanding of the nature of frailty, and will be useful for
researchers, clinicians and policy makers. In a clinical setting, especially in the care of elderly
patients, it will help healthcare providers understand more about the dynamic nature of frailty
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and factors associated with directions of frailty courses. Researchers could use this
information on frailty transitions in the targeting of new strategies for frailty prevention or
intervention, and in understanding the expected outcomes of frailty in “usual care”. It is now
clearly confirmed that the frailty status of older people can change in either direction and
reversion of frailty can occur. Therefore, it is plausible that appropriate interventions in a
timely manner could promote the transition of prefrail or frail older people back to robust and
potentially prevent related consequences. It also highlights the potential importance of
targeting those earlier in the frailty pathway (the prefrail) of whom a large number have the
potential to improve.
3.1 Conclusion
In summary, this review has found that older people experience dynamic changes in their
frailty status in both improving and worsening directions. Half or more of older people
remained in the same frailty status and approximately 10% improved and approximately 40%
worsened their frailty status over a mean of 3.9 years. Given the fact that while
approximately one quarter of prefrail older people improved to robust only 3% of frail older
people did, early interventions should be considered for frailty.
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Figure 1. Flow chart of systematic literature review.
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Figure 2. Forest plots of frailty transition rates of (A) improvement, (B) worsening and (C)
staying the same.
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C
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Figure 3. Nine frailty transition patterns according to baseline frailty status in overall (16
studies), women-only (11 studies) and men-only (9 studies) samples.
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Table 1. Summary of the studies on frailty transitions among community-dwelling older
people.
First author/Year
Study (Location)
Kojima 2018
ELSA (UK)
Castrejon-Perez 2017
Coyoacan Cohort Study
(Mexico)
Kim 2017
Otasha-Kenshin study
(Japan)
Pollack 2017
MrOS study (USA)
Saum 2017
ESTHER Cohort Study
(Germany)
Trevisan 2017
Pro. V.A. (Italy)
Garcia-Esquinas 2016
Seniors-ENRICA (Spain)
Lanziotti 2015
FIBRA (Brazil)
Yu 2015
Mr. and Ms. Os Study
(China)
Lee 2014
(China)
Borrat-Besson 2013
SHARE (12 European
countries**)
Espinoza 2012
SALSA (USA)
Xue 2011
WHAS II (USA)
Ensrud 2010
SOF (USA)
Ottenbacher 2009
HEPESE (USA)
Gill 2006
Precipitating Events
Project (USA)

Sample
size*

Improved

Worsened

Stayed the
same

Died*

Female
(%)

Age
(range)

Follow-up
period

2731

386

764

1581

Not reported

55.5%

69.6
(>=60)

4 years

383

104

89

190

Not reported

54.0%

77.9
(>=70)

3 years

527

81

153

293

Not reported

100%

78.0
(>=75)

4 years

4518

423

1223

2872

1223

0%

73.4
(>=65)

4.6 years

2180

358

557

1265

Not reported

52.2%

69.6
(57-82)

3 years

2180

240

714

1226

745

63.3%

1872

112

822

979

Not reported

51.6%

200

46

39

115

Not reported

68.0%

3153

394

976

1783

Not reported

50.3%

72.5
(>=65)

4 years

3018

555

637

1826

323

49.7%

73.6
(>=65)

2 years

15127

2388

3676

9063

649

54.1 %

63.9
(>=50)

4 years

368

44

125

199

124

55.1%

386

57

73

256

7

100%

4685

455

1663

2567

Not reported

100%

777

80

395

302

893

62.5%

670

86

166

418

49

64.6%

74.4
(>=65)
68.7
(>=60)
73.7
(>=65)

69.6
(>=65)
74.5
(70-79)
76.0
(>=69)
72.5
(>=65)
78.4
(>=70)

* Sample size not including those who died during follow-up
** Austria, Belgium, Czech, Denmark, France, Germany, Italy, Netherlands, Poland, Spain,
Sweden, Switzerland,
ELSA: English Longitudinal Study of Ageing
FIBRA: Rede de Estudos da Fragilidade de Idosos Brasileiros
HEPESE: Hispanic Established Populations for Epidemiologic Studies of the Elderly
MrOS: Osteoporotic Fractures in Men Study
Pro. V.A.: Progetto Veneto Anziani study
SALSA: San Antonio Longitudinal Study of Aging
SHARE: Survey of Health, Ageing and Retirement in Europe
SOF: Study of Osteoporotic Fractures
WHAS: Women’s Health and Aging Studies
WHI-OS: Women's Health Initiative Observational Study
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4.4 years
3.5 years
1 year

7 years
1.5 years
4.5 years
10 years
1.5 years

Table 2. Transition rates of frailty status (improvement, progression and staying the same) in
overall (16 studies), women-only (11 studies), men-only (9 studies) and death-including (9
studies) samples.
Frailty transition
Improving
Worsening
Staying the same
Robust at baseline
to Robust
to Prefrail
to Frail
to Death
Prefrail at baseline
to Robust
to Prefrail
to Frail
to Death
Frail at baseline
to Robust
to Prefrail
to Frail
to Death

Overall
Female
Male
(16 studies)
(11 studies)
(9 studies)
13.7% (11.7-15.8%) 14.7% (12.3-17.4%) 12.6% (9.9-15.6%)
29.1% (25.9-32.5%) 28.5% (24.4-32.7%) 28.0% (24.9-31.2%)
56.5% (54.2-58.8%) 55.9% (54.0-57.8%) 59.1% (57.2-61.1%)

p for gender
difference
0.28
0.87
0.02

Including death
(9 studies)
10.9% (8.0-14.2%)
37.8% (27.6-48.5%)
50.3% (41.9-58.7%)

54.0% (48.8-59.1%) 52.5% (45.8-59.2%) 60.5% (56.8-64.2%)
40.6% (36.7-44.7%) 42.4% (37.0-47.9%) 35.5% (32.0-39.2%)
4.5% (3.2-6.1%)
4.2% (2.6-6.2%)
3.3% (2.5-4.3%)
-

0.04
0.04
0.34
-

53.6% (43.9-63.2%)
31.9% (29.8-34.1%)
3.3% (1.9-5.1%)
6.8% (2.1-14.0%)

23.1% (18.8-27.6%) 23.9% (18.7-29.5%) 27.0% (20.7-33.8%)
58.2% (55.6-60.7%) 58.3% (55.1-61.4%) 57.5% (53.2-61.7%)
18.2% (14.9-21.7%) 17.1% (12.6-22.2%) 15.1% (12.1-18.4%)
-

0.46
0.77
0.50
-

17.8% (11.6-25.1%)
48.3% (40.8-55.8%)
15.5% (12.2-19.2%)
13.4% (5.1-24.7%)

3.3% (1.6-5.5%)
3.7% (2.0-5.6%)
3.5% (0.3-8.7%)
40.3% (34.6-46.1%) 41.8% (34.8-49.0%) 41.6% (36.5-46.8%)
54.5% (47.6-61.3%) 53.1% (45.0-61.1%) 52.2% (41.6-62.7%)
-

0.72
0.99
0.88
-

2.0% (0.2-4.8%)
25.3% (16.6-35.2%)
33.6% (22.0-46.2%)
32.5% (17.3-49.8%)
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