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ABSTRACT

Objectives Frailty is typically assessed in older
populations. Identifying frailty in adults aged under 60
years may also have value, if it supports the delivery of
timely care. We sought to identify how frailty is measured
in younger populations, including evidence of the impact
on patient outcomes and care.

Design A rapid review of primary studies was conducted.
Data sources Four databases, three sources of grey
literature and reference lists of systematic reviews were
searched in March 2020.

Eligibility criteria Eligible studies measured frailty in
populations aged under 60 years using experimental or
observational designs, published after 2000 in English.
Data extraction and synthesis Records were screened
against review criteria. Study data were extracted with
20% of records checked for accuracy by a second
researcher. Data were synthesised using a narrative
approach.

Results We identified 268 studies that measured frailty
in samples that included people aged under 60 years.

0Of these, 85 studies reported evidence about measure
validity. No measures were identified that were designed
and validated to identify frailty exclusively in younger
groups. However, in populations that included people
aged over and under 60 years, cumulative deficit frailty
indices, phenotype measures, the FRAIL Scale, the Liver
Frailty Index and the Short Physical Performance Battery
all demonstrated predictive validity for mortality and/or
hospital admission. Evidence of criterion validity was rare.
The extent to which measures possess validity across the
younger adult age (18-59 years) spectrum was unclear.
There was no evidence about the impact of measuring
frailty in younger populations on patient outcomes and
care.

Conclusions Limited evidence suggests that frailty
measures have predictive validity in younger populations.
Further research is needed to clarify the validity of
measures across the adult age spectrum, and explore the
utility of measuring frailty in younger groups.

BACKGROUND

Frailty is characterised by increased vulner-
ability to stressors, and has been described
as a problematic expression of population
ageing.' * The presence of frailty is associated
with a number of adverse outcomes, including
lower quality of life and an increased risk of
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Strengths and limitations of this study

» Comprehensive and systematic searches captured
the core evidence about measuring frailty in younger
populations.

» We were only able to judge predictive validity based
on frailty outcomes for older populations and not
younger populations.

» The focus on younger groups offers a novel addition
to our understanding of frailty measurement.

» Our exclusion of studies with samples aged, on av-
erage, over 60 years means we have omitted some
studies that include younger participants.

functional decline, admission to hospital or
long-term care and mortality.”® Recent esti-
mates place the global incidence of frailty at
43.4 cases per 1000 person-years, although
there is substantial variation by country-level
income and disease-specific populations.”

Debates about how to measure and oper-
ationalise frailty have led to two dominant
models: the phenotype model and the cumu-
lative deficit model. The phenotype model,
which was conceptualised through clinical
observation and epidemiological study, oper-
ationalises frailty as the presence of three
or more of the following criteria: exhaus-
tion, weight loss, weakness/loss of muscular
strength, reduced gait speed and reduced
energy/physical activity.” In contrast, the
cumulative deficit model, which was devel-
oped through consideration of biological
theories of ageing,” considers frailty an accu-
mulation of deficits including clinical signs
and symptoms, diseases and disability. In
this model, ‘the more things somebody has
wrong with them, the more likely they are to
be frail’'’ (p.722).

There are numerous tools to measure
frailty, which are not necessarily interchange-
able.'" A recent review of measures in older
populations identified 51 separate instru-
ments.'” Although many measures of frailty
are informed by the cumulative deficit or
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phenotype models, there is still much variation in the
content of these instruments.'’ In one analysis of 35
frailty measures, there were varying levels of agreement
for identifying who was frail between tools.'” There are
further challenges in assessing the risk of frailty in clinical
settings, where different approaches exist across primary,
secondary and specialist care.” For example, the Clin-
ical Frailty Scale, gait speed, the seven-item Program of
Research on the Integration of Services for the Mainte-
nance of Autonomy and timed-up-and-go tests are all vali-
dated tools to assess the risk of frailty in older populations
in clinical care."*'® These numerous instruments present
challenges to researchers and clinicians when choosing
how to conceptualise, measure and assess frailty.'”

The prevalence of frailty increases with age and so it is
typically assessed in older populations. In 2019, the Inter-
national Conference of Frailty and Sarcopenia Research
Task Force recommended routine frailty screening in
populations aged over 65 years.'” This reflects current
clinical guidance in the UK, for example, where screening
for frailty in populations aged over 65 years is routine in
primary care, and also forms part of the Comprehensive
Geriatric Assessment in secondary care settings.'” Such
routine screening is part of efforts to support people as
they age.

The utility of identifying frailty in adults aged under
60 years also warrants scrutiny. Some vulnerable groups
with chronic conditions may be at risk of becoming frail
earlier in life, while the onset of illness and disability
occurs at younger ages for people living in areas of
greater deprivation.'"® There is, therefore, potential for
younger groups to be classed as frail, and identification
may aid the delivery of timely care. Furthermore, studies
are increasingly measuring frailty prevalence across the
life span.”’™ Yet, current debates and evidence about
how to measure frailty remain focused on older popu-
lations. A number of systematic reviews have examined
the validity of various frailty measures, most recently in
2019." *** These reviews focus on the measurement of
frailty in older populations, and there remains a lack of
clarity about the validity of frailty measures in younger
groups.

To address this gap, we aimed to synthesise evidence on
how frailty is measured in younger populations (aged <60
years). Specifically, we sought evidence to address the
following questions:

1. Are there any validated tools to identify frailty specifi-
cally in younger populations?

2. How are existing tools to identify frailty in older pop-
ulations used to measure and identify frailty in young-
er age groups, and are such tools validated in these
younger populations?

3. How is frailty identified in younger people with long-
term or life-limiting conditions?

4. In what other ways (other than a validated tool) is frail-
ty in younger populations currently operationalised
and identified from existing data in observational and
experimental studies?

5. Is there any evidence of impact (on patient outcomes,
staff, clinical management or health service utilisation)
of identifying frailty in younger populations, including
identification of opportunities for intervention?

METHODS

We conducted a rapid review of primary studies. Rapid
reviews offer a streamlined version of standard systematic
review methods in a shorter time frame, with the resul-
tant output a summary, rather than in-depth synthesis,
of evidence.” There is no agreed methodology for the
conduct of rapid reviews, but for the purposes of this
work, rapid methods included: systematic searches,
double screening of titles and abstracts for 5% of studies
to pilot the eligibility criteria; single researcher screening
of full texts; second checking of data extraction for 20%
of studies and omitting an assessment of study quality, an
approach that has been used in other reviews of frailty

25
measures.

Search strategy

A search strategy was developed, piloted and tested,
based on three concepts: frailty, measurement and age
(see online supplemental material 1 for the strategy
applied to MEDLINE). The search strategy excluded
studies that were indexed with terms for older people,
unless the record also contained indexing terms
pertaining to a younger population (‘middle aged’ or
‘young adult’).

Searches were carried out in: MEDLINE (OVID)
(1946-March week 1 2020); PsycINFO (OVID) (1967-
March week 2 2020); CINAHL (EBSCO) (1982-March
2020); Science Citation Index (Web of Knowledge)
(1970-March 2020); Social Science Citation (Web of
Knowledge) (1970-March 2020). Three sources of grey
literature were also searched: OpenGrey,27 Social Care
Online,”® and the National Institute of Health and Care
Excellence.” References of relevant systematic reviews
were also checked. Searches were carried out in March
2020.

Review criteria

Eligible for inclusion were primary research studies that
measured frailty in populations aged under 60 years, and
published after 2000 in English, using experimental or
observational study designs (table 1). The age threshold
of below 60 years was selected, as opposed to 65 years,
as initial scoping indicated that studies on frailty in
older populations typically used samples aged 60 years
and over. Studies that included those aged 60 years and
over were included only if the majority of sample was
aged under 60 years. Where it was not possible to deter-
mine this majority, studies were included if the mean or
median sample age was between 18 and 59.9 years. As the
concept of frailty began to develop from around 2001,
we excluded studies before 2000 to prioritise the most
relevant and contemporary evidence.
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Table 1 Review inclusion/exclusion criteria
Include Exclude
Population Adults aged 18-59.9 years. Studies of people aged >60

Studies that include those aged >60 years if the majority of sample is
aged under 60 years. Where it is not possible to determine if the majority
of the sample is aged under 60 years, studies where the mean/median

years only, or where the
majority of the study sample is
aged >60 years.

sample age was under 60 years were included.

Any condition/diagnosis.

Exposure/outcome Any measure of frailty that is validated, including those currently used
in 65+ populationsand those developed specifically for younger age

groups.

Any approach to identifying frailty from existing data.
Frailty may be either the exposure (eg, if using it to predict other
outcomes) or the outcome (eg, if estimating prevalence).

Study design Observational or experimental designs.

Published in English after 2000.

Study selection

Title and abstract screening was piloted by three
researchers (AH, TPK, GFS) independently on 5% of
records. Decisions were compared and discussed to
resolve inconsistencies before proceeding. The titles
and abstracts of the remaining 95% of records were then
screened by single researchers (AH, TPK, GFS). The
full texts of selected records were retrieved and assessed
for inclusion against the review criteria. For studies that
reported details of a validated frailty measure, the refer-
enced publication was also retrieved and assessed against
the review criteria.

Data extraction and synthesis
A data extraction form was developed and piloted.
Summary study information was extracted: author and
date; country; measure used; sample age (mean, median
and range where reported) and long-term condition of
sample (if applicable). Included studies were further
scrutinised to identify those that reported evidence that
indicated whether the measure was validated. To ascer-
tain validity, we adapted criteria used in a previous review
of frailty measures in older populations.”’ That is, the
validity of a frailty measure was ascertained through
evidence that:
1. The measure predicted mortality and/or hospitalisa-
tions (predictive validity).
2. The measure was associated with another validated
measure of frailty (criterion validity).

Predictive validity indicates whether the measure can
predict outcomes of relevance. Mortality and hospital
admissions were chosen as outcomes for the test of
predictive validity as these are commonly associated with
frailty.™™ Criterion validity indicates whether the new
measure is assessing what it intends to, by comparing it
with a validated measure of the same concept.” ** This
is achieved by assessing the association between the
two measures (eg, correlation or regression), or the
extent to which two measures produce the same results
(agreement).

For studies that reported evidence about predictive
and/or criterion validity, data were extracted about: the
measure (eg, items, cut-off scores used); whether the
evidence indicated validity, including prediction esti-
mates; and any evidence about the impact of measuring
frailty in younger populations on patient outcomes, staff,
clinical management or health service utilisation (eg, if a
measure was trialled or evaluated). Data were extracted
by single researchers (AH, TPK, GFS), with 20% checked
by a second for accuracy.

A narrative synthesis was used to summarise what
measures of frailty were used and which measures demon-
strated evidence of validity (in which populations). To
facilitate this, each study that reported evidence about
validity was allocated to a colour-coded framework (online
supplemental table 1). Studies coded green demonstrated
evidence of validity (a statistically significant prediction of
mortalityand/or hospital admissions, orauthors described
associations or agreement between measures as good or
strong). Studies coded amber reported inconsistent or
unclear evidence of validity, or authors described associ-
ations or agreement between measures as fair or modest.
Studies coded red demonstrated no evidence of validity
(the prediction of mortality and/or hospital admissions
was not statistically significant, authors described associa-
tions or agreement between measures as weak or poor, or
data were not reported in the publication to verify a claim
of an association). Finally, we summarised evidence about
any reported impact of measuring frailty in younger
populations on patient outcomes and care.

Patient and public involvement

This work was a rapid response to a request by the UK
Department of Health and Social Care with a limited time
frame available for completion. Involving patients effec-
tively in such rapid responsive work can be challenging,
and in this case we did not feel that we could effectively
engage with patients in the time available. However, the
work was undertaken in response to a policy imperative.
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Records identified through searches (n=9223)

Records identified through grey literature
(n=0)

Records identified from checking
systematic reviews (n=3)

Records after deduplication and exclusion of
records indexed to older populations only, and
screened (title and abstract) (n=4474)

v

Records excluded (n=3658)

v

Full-texts assessed (n=816)

v

Studies included (n=268)

Measures frailty but
does not report a

Measures frailty
and reports a

validation validation
component component (n=85)
(n = 183)

Full-text articles excluded, with reasons (n=548):

Age (n=481)

Conference abstract (n =4)

Claims to measure frailty but uses tools
designed for other purpose (n=3)
Publication date (n = 14)

Dissertation (n = 1)

Did not measure frailty (n = 12)

Duplicate (n =2)

Language (n=1)

Frailty only measured in proportion of sample
aged over 60 years (n=1)

Study design (commentaries or systematic
reviews of older populations) (n = 20)
Systematic reviews with references checked
for relevance (n = 8)

Figure 1

RESULTS

After screening, 268 publications met the review criteria
(figure 1; full bibliographical details of the included
studies are also listed in the online supplemental material
1).

Most studies used samples aged under and over 60 years.
A minority of studies (n=6) used samples aged entirely
below 60 years.” ™ Just over 70% of studies used study
samples with an average age between 51 and 59 years,
while 24.1% used samples with an average age of between
41 and 50 years. Few studies measured frailty in samples
with an average age below 40 years (figure 2). Thus, when
referring to younger populations in these findings, this typi-
cally refers to the older end of the 18-59 year spectrum.

Are there any validated tools to identify frailty specifically in
younger populations?

No measures were identified that were designed and vali-
dated to identify frailty exclusively in younger (18-59.9
years) populations.

How are existing tools to identify frailty in older populations
used to measure and identify frailty in younger age groups,
and are such tools validated in these younger populations?
Across studies, 41 measures of frailty were identified
(online supplemental table 2). The most common were
phenotype measures or cumulative deficit frailty indices.
Some studies measured frailty using single, or a combi-
nation of, indicators, such as sarcopenia with vascular
disease, or muscle mass. A small number of studies

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart.

claimed to measure frailty but used tools not designed for
this purpose (the Katz Index, the Activities of Daily Living
Scale, the Karnofsky Performance Scale and the Braden
Scale). The studies reporting these tools were therefore
not included in this review.

A subset of 85 studies, of the 268 that met the review
criteria, reported evidence about the predictive and/or
criterion validity of their chosen frailty measure (online
supplemental table 8).%7%3 #5124

Across these studies, 13 measures were used (32 in
total when accounting for different versions of cumu-
lative deficit frailty indices). These measures included
cumulative deficit frailty indices, phenotype measures,
the FRAIL Scale, the Short Physical Performance Battery,
the Clinical Frailty Scale, the Liver Frailty Index, the John
Hopkins Frailty Indicator, and the Study of Osteoporotic
Fracture Frailty Scale and Cardiovascular Health Study
Frailty Scale.”'™ *79* 9124 Although termed a ‘Liver
Frailty Index’, this measure did not comprise items that
were specific to liver disease. Three measures were indi-
vidual markers of frailty (muscle mass, walk test and hand
grip), each used in isolation and not as part of a multiple
item measure.”® * % % One measure was a surgical risk
index, which incorporated a frailty assessment.”

Online supplemental table 3 summarises the evidence
for each study. Evidence of criterion validity, where
a measure was compared with a ‘gold standard’ vali-
dated frailty measure, was sparse. Most studies reported
evidence about the association between the measure of
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Figure 2 Proportion (%) of studies with different average sample ages.

frailty and mortality and/or hospital admissions, which
we used to infer predictive validity.

There was evidence of predictive validity for cumula-
tive deficit frailty indices and phenotype measures in
general populations, diagnostic-specific populations
(HIV, systemic lupus erythematosus, metabolic syndrome,
survivors of myocardial infarction, childhood survivors of
cancer, chronic kidney or end-stage renal disease) and
surgical populations (haematopoietic cell transplant or
other non-specified surgery).? 2 8 46 51 52 55 58 62 65-67 72
76 77 80 81 83 88-93 99 101 105 110 112 114116 118 121 125125 o o
populations, evidence of predictive validity was incon-
sistent for a cumulative deficit frailty index (intellectual
disability)”* ' and phenotype measures (heart failure
and those undergoing lung or kidney transplant).” ™ 7
96-98 106 108 117 119 120

There was also evidence of predictive validity for the
FRAIL Scale (general population and population with
diabetes),? 24 6493 109 116122 4 o 1 jyer Frailty Index (liver
disease)™ # ¥ 57 and the Short Physical Performance
Battery (populations undergoing lung or kidney trans-
plants and those with end-stage liver disease).” %0 111 119120

For the remaining measures, there was either no
evidence of predictive validity, or evidence was too incon-
sistent or uncertain to draw a conclusion.

In terms of whether the validity of a measure varied by
age, only two studies stratified their analysis of prediction
by age group. One study showed that a cumulative deficit
frailty index based exclusively on laboratory test-based
indicators of illness-predicted mortality only in groups
aged 40-65 years and not those aged 20-39 years. In the
same study, a cumulative deficit frailty index based entirely
on self-reported items predicted mortality in both age

groups, but prediction was statistically less certain for those
aged 20-39 years.”! In the second study, higher levels of
frailty predicted mortality at all ages, but for the younger
group (<39 years), differences in survival were only statis-
tically significant between the least and most frail. We
further explored the role of age by comparing evidence
across studies according to the mean or median sample
age (where this was reported). We used this approach for
the two most commonly used measures: the frailty indices
and the phenotype measures (figure 3A,B). With very few
studies involving participants with an average age below
40 years, there was insufficient evidence to assess how the
validity of these measures varied according to the average
age of the sample in which the measure was tested.

How is frailty identified in younger people with long-term or
life-limiting conditions?

Most studies used frailty measures in a clinical subgroup
and not a generic population (online supplemental table
3). Younger populations of people with life-limiting or
long-term conditions, in which frailty measures demon-
strated evidence of predictive validity, included: HIV
(Frailty Index); chronic or end-stage kidney disease
(Frailty Index, phenotype model, the Short Physical
Performance Battery); diabetes (FRAIL Scale) and end-
stage liver disease (Liver Frailty Index, the Short Physical
Performance Battery).

In what other ways (other than a validated tool) is frailty in
younger populations currently operationalised and identified
from existing data in observational and experimental studies?
Typically, studies operationalised and measured frailty
using existing tools, the majority of which were cumulative
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The reader is referred to Table S3 for details of the studies using cumulative deficit frailty indices and their
corresponding evidence classification.
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The reader is referred to Table 53 for details of the studies using phenotype measures and their corresponding
evidence classification.

Figure 3 (A) Evidence of validity for cumulative deficit frailty indices by study sample mean/median age (years). (B) Evidence of
validity for phenotype measures by study sample mean/median age (years).
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deficit frailty indices or phenotype measures. In four
studies, frailty was identified from single indicators (a
walk test and grip strength, one study each, and muscle
mass, two studies), which were not part of a multiple item
measure.

Is there any evidence of impact of measuring frailty in
younger populations?

No studies were identified that evaluated the impact of
measuring frailty in younger populations on patient
outcomes, staff, clinical care or service utilisation.

DISCUSSION

This review identified no measures that were designed
and validated to measure frailty only in younger popula-
tions. However, in study populations that included people
aged under 60 years, there was some evidence that cumu-
lative deficit frailty indices, phenotype measures, the
FRAIL Scale, the Short Physical Performance Battery
and the Liver Frailty Index have predictive validity. These
measures demonstrated validity in both general and single
diagnosis populations, and those undergoing some types
of surgical procedures. Evidence of predictive validity
for other measures was either absent or less certain, and
evidence of criterion validity was sparse.

Overall, the evidence suggests that some measures allow
for the identification of frailty in younger populations.
However, a more cautious interpretation should consider
the role of sample age. Most studies used populations that
included both people aged over and under 60 years of
age. We also know that the prevalence of frailty is higher
in older, rather than younger, groups.'*® 127 Therefore, it
is possible that any observed predictive validity was due to
higher prevalence of frailtyamong older participants. Only
two studies stratified their analysis of prediction by age
group: both showed that the ability of the frailty measures
to predict mortality was inconsistent between younger
and older age groups.”’ * We are also aware of another
study that showed a phenotype measure does not predict
mortality for women aged 87-45 years.'®® However, this
study was not included in our review as it was not possible
to determine if the majority of the sample was aged under
60 years. Furthermore, most study populations were aged,
on average, over 40 years. Therefore, when concluding
that measures observed validity in younger populations,
we are unclear to what extent this reflects validity for the
entire 18-59 year adult age spectrum.

We identified no studies that evaluated the impact of
assessing frailty in younger populations. In many of the
studies, there was speculation about the proposed benefits
of assessing frailty, such as investigation of patient health
status®® %1% patient prognosis”™® 712 risk stratification
and preoperative decision-making®'-? 0% 08 84-86 92 98 101 105,
identifying early or preventive intervention®® %% and
patient counselling.” **** %92 Despite these speculations,
evidence is needed to clearly establish whether assessing
frailty in younger groups does indeed make a difference

to patient care in the ways suggested. The absence of any
evidence about the impact of measuring frailty is not
specific to younger populations. Others have noted the
need for evidence about the utility of frailty instruments
in practice and whether such tools usefully inform clinical
decision-making in care for older populations.”

A final observation about these findings concerns termi-
nology. We identified a small number of studies where
frailty was measured using tools designed for quantifying
dependency and in one case, risk of pressure ulcers.'*™*!
While dependency and frailty are related,'™'** they are
not conceptually equivalent, and the use of these tools
was not clearly justified. The use of these measures signals
either some conceptual ambiguity about the nature of
frailty, or what Bouillon et a/, in their 2013 review of frailty
measures in older populations, call ‘a lack of terminolog-
ical rigour’ (p.4).” The implications for this review were
that we were unable to reliably interpret any evidence
about the validity of these tools as measures of frailty, and
were thus excluded.

Strengths and limitations

The primary aim of this review was to identify how frailty
was measured in younger populations, and the validity of
such measures. A comprehensive search strategy using
electronic databases, grey literature, systematic reviews
and publications about measure validation referenced
within included studies has captured the core literature
to achieve this aim.

Our conclusions about validity are based on a synthesis
of evidence that predominantly concerns the ability of
measures to predict mortality and hospital admissions. We
chose these outcomes to assess predictive validity as they
are known consequences of frailty in older groups.*™
We extended this assumption to younger populations but
we acknowledge the limitations of this: evidence about
outcomes of frailty specifically in younger populations is far
less established. We also judged predictive validity based
on the statistical significance of prediction. This facili-
tated an efficient summary assessment of evidence for
this rapid review. Future work could add further insight
into the validity of measures by considering the size and
strength of prediction, particularly if more studies that
stratify analyses by age group become available.

We did not undertake a quality assessment due to the
rapid nature of this review. While an assessment of study
quality can identify the most robust studies, we do not
believe such as assessment would change the conclusions
of this review. A key finding is that we are uncertain to
what extent the predictive validity of frailty measures in
younger populations is driven by the presence of older
sample participants, among whom frailty is more prev-
alent. Given this limitation of the evidence, identifying
the most robust studies would not enhance our certainty
about the validity of measures in younger groups.

Finally, our focus on frailty measurement in younger
populations was operationalised by excluding studies
where the majority were aged, or the average sample age
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was, 60 years and over. We used the age threshold of 60,
and not 65, years as initial scoping indicated that studies
on frailty in older populations typically used samples aged
60 years and over. This criterion has inevitably excluded
studies where frailty was measured in samples that were,
on average, older than 60 years but nonetheless included
younger groups. However, this criterion was necessary to
focus on evidence about younger groups and to avoid
duplicating existing reviews of frailty measurement in
older populations. By using this approach, we have
produced a novel review and addressed a notable gap in
our understanding of frailty measurement.

Implications for practice and future research

Identifying frailty in younger groups may have value if it
aids the delivery of care for those who experience age-
related illness and disability earlier in life. However, we
identified no evidence about the impact of measuring
frailty in younger groups, and the utility of doing so
remains uncertain. Even if frailty assessment in health-
care is extended to those aged under 65 years, clearer
evidence is needed about the validity of frailty measures
across the younger adult age spectrum.

It is also worth noting that the measures identified in
this review were no different to those used with older
populations. This may reflect an assumption that frailty is
homogeneous across older and younger groups, or it may
simply be driven by the availability of frailty measures.
Without evidence about the impact of measuring frailty
in younger populations, it is impossible to judge whether
this is appropriate. This also presents a question about
construct validity: is frailty—a concept normally asso-
ciated with ageing—the same, and thus measurable
using existing tools, in younger populations? These are
important issues to address and clarify should the assess-
ment of frailty in younger populations be pursued in
healthcare policy and clinical practice.

Conclusions and implications

Approaches to measuring frailty in younger groups
mirrored those used in older populations. Some of these
measures of frailty demonstrated predictive validity in
samples that included those aged under 60 years. However,
further evidence is needed to draw clear conclusions
about the validity of these measures across the adult
age spectrum. Despite the potential utility of identifying
frailty in younger populations, evidence about the impact
on patient outcomes, staff, clinical management and
health service utilisation is needed.
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