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A B S T R A C T

Frailty is a highly prevalent geriatric condition, affecting between 12–24% of older adults globally. It remains a 
major cause of morbidity and mortality in older adults. Incorporating frailty measurement into clinical decision 
making can guide optimal patient care. This updated review presents an outline of current frailty definitions and 
measurement approaches in both research and clinical practice, including: Fried’s frailty phenotype; Rockwood 
and Mitnitski’s Frailty Index (FI) of cumulative deficits; Clinical Frailty Scale (CFS); Fatigue, Resistance, 
Ambulation, Illness and Loss of weight (FRAIL) scale; Edmonton Frail Scale (EFS); electronic Frailty Index (eFI); 
Hospital Frailty Risk Score (HFRS); Study of Osteoporotic Fractures (SOF) Index; Tilburg Frailty Indicator (TFI); 
Groningen Frailty Indictor (GFI); Multidimensional Prognostic Index (MPI); the Kihon Checklist (KCL); Geriatric 
8 (G8) for oncology; the Essential Frailty Toolset (EFT) for cardiology; plus gait speed and grip strength. The 
main strengths and limitations of existing frailty measurements are summarised, including how well these 
measurements operationalise frailty in terms of their accuracy in identifying frailty, their basis on biological 
causative theory, and their ability to reliably predict patient outcomes and response to potential therapies.

1. Introduction

The world’s population is living longer, and correspondingly, there is 
growing interest in how to maintain health and function across the 
lifespan. The leading global burden associated with an ageing popula
tion is the geriatric condition of frailty [1,2]. Frailty is major risk factor 
for morbidity and mortality [3–12], and affects a high proportion 
(12–24 %) of community-dwelling adults aged 65 years and over [13]. 
Over half of adults aged 65 years and over who present to hospital 
emergency departments are living with frailty [14]. Young and 
middle-aged adults can also develop frailty, particularly those living 
with chronic disease [15,16]. Frailty is highly prevalent among specific 
patient populations, including those with cancers [e.g. lung cancer) 
[17], chronic heart failure [18], atrial fibrillation [19], chronic 
obstructive pulmonary disease [20], inflammatory bowel disease [21] 
chronic kidney disease [22], rheumatoid arthritis [23], chronic pain 
[24], dementia [25] and diabetes [26]. There has been increasing 

interest in the concept of frailty in both clinical practice and healthcare 
policy because older adults encounter adverse health outcomes not 
solely explainable by age, co-morbidity, or physical functioning [2,27,
28].

1.1. What is frailty and why is it clinically important?

Frailty is defined as an age-related clinical state characterised by 
decreased physiological reserve, an increased vulnerability to stressors, 
and an increased risk of adverse outcomes such as falls, functional 
decline, hospitalisation, admission to residential care, infections and 
premature mortality [3,7,12,21,29–42]. An older person living with 
frailty often has unmet health and social care needs [43–45], a lowered 
quality of life [3,46], and increased risk of having or developing a 
chronic health condition [47–49]. Frailty also modifies the risks and 
benefits of usual treatments for chronic diseases [48,50–52]. Unfortu
nately, frailty can be misunderstood as part of the normal ageing process 
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and, in turn, individuals with frailty are often treated solely on the basis 
of their chronic conditions [53]. Yet, frailty is a well-defined medical 
condition that can be prevented or managed with suitable interventions.

In clinical and surgical settings, recognition of frailty in patients can 
be used to structure and inform individualised care [31,50,54]. For 
example, knowledge of a patient’s degree of frailty can guide medical 
decisions by alerting clinicians to the potential for poor follow-up out
comes [54–56]. In parallel, by recognising a patient’s frailty, clinicians 
can provide patients and their families with appropriate counselling 
regarding the risks of medical intervention in the treatment plan and 
tailor the delivery of care or interventions to minimise these risks [57]. 
Results from frailty measurement can also be used to prompt proactive 
frailty-specific interventions such as medication review, nutritional 
supplementation, exercise referral, and social connection [58]. 
Furthermore, in the inpatient setting, the identification of frailty can 
also be used to inform discharge planning, including which health and 
social services or support will be required post-hospitalisation [54].

1.2. Characteristics of frailty

No international agreed standard for frailty measurement yet exists. 
However, there are commonly agreed concepts that define the condi
tion. First, frailty manifests across the life-course [3,59,60]. In most 
cases, the antecedents of frailty begin before the age of 65 years [1], and 
even early life factors such as low birthweight and childhood growth are 
predictive of frailty in older age [61,62]. Second, frailty is not a natural 
part of the ageing process [1,28,60,61,63–66]. Rather, frailty is an 
extreme consequence of ageing [3,67]. Third, frailty is clinically distinct 
from the geriatric conditions of sarcopenia, malnutrition and cachexia, 
although it often co-occurs with one or more of these conditions 
[68–70]. Fourth, frailty is a dynamic condition along a continuum [3,71,
72]. It is entirely possible for an individual to recover health and fitness 
after an illness or event that pushes them into frailty, or on the other 
hand, that person may regress to a more frail state. Fifth, frailty is a 
multidimensional condition, in which physical elements, socioeconomic 
circumstances, and psychological factors all contribute to its develop
ment [67]. Sixth, frailty is often thought of as the clinical state before 
disability [73], although frailty and disability certainly overlap in many 
individuals. Finally, frailty is based on biological theory, although the 
causal pathway has not been elucidated [1].

1.3. What causes frailty?

The pathophysiology underlying frailty is not fully understood. 
Generally, frailty is believed to be caused by the simultaneous decline of 
multiple physiological systems [1,29,64–66,74,75]. One working theory 
is that physiological systems (such as the cardiovascular, immune, 
endocrine, and musculoskeletal systems) have a built-in reserve in 
which an individual still functions normally [76]. Once this reserve is 
depleted across several physiological systems, the body can no longer 
adequately compensate for even minor disruptions to homeostasis, 
resulting in frailty [75]. This reserve depletion may also coincide with 
the nonlinear dynamics of biological ageing, with substantial dysregu
lation of metabolic systems at certain chronological ages [77].

Frailty risk can vary markedly between individuals. The develop
ment of frailty is influenced by numerous risk factors including: genetic 
background [61], age-related physiological changes such as impaired 
endocrine function [78,79], clinical factors such as chronic disease and 
its associated features including polypharmacy and systematic inflam
mation [79–81], malnutrition [70], psychological factors including the 
severity of depression [82], modifiable lifestyle factors (physical inac
tivity, sedentary behaviour and inadequate diet) [3,83], and environ
mental circumstances, such as socioeconomic position, living alone and 
social isolation [84–90].

1.4. Frailty measurement

Historically, a breakthrough in the operationalisation of frailty came 
in the mid-1990s, when frailty manifestations such as weight loss, slow 
gait speed, and low grip strength were grouped together to form com
bination scores [74]. These combination scores were found to be supe
rior in the prediction of adverse outcome than when the individual 
components were considered in isolation. Subsequently, in 2001, two 
landmark conceptual models of frailty were proposed; first, Fried’s 
Frailty Phenotype which considers five physical components of frailty 
[91], followed shortly after by Rockwood and Mitnitski’s multidimen
sional, cumulative deficits model of frailty – the Frailty Index (FI) [64,
92].

Nowadays, there are countless screening and diagnostic tools to 
identify frailty but no internationally accepted standard for frailty 
measurement. As a result, there is considerable debate regarding the 
choice of which measurement tool to use in terms of accuracy in iden
tifying which individuals have frailty (construct validity), identifying 
which patients with frailty will be most responsive to treatment, and 
which will best predict adverse clinical outcomes (predictive validity) 
[74].

Ultimately, the choice of which frailty measurement should be used 
depends upon the setting (e.g. primary care, hospital, long term care), 
including the setting’s patient case-mix and available resources. Another 
consideration influencing the choice of frailty measurement is how the 
results will be used - whether to guide patient management or to 
retrospectively analyse patient outcomes. Selecting the most appro
priate frailty measurement is imperative to deliver optimal outcomes.

Frailty should also be regularly measured. For instance, international 
guidelines recommend that frailty should be routinely measured in all 
at-risk older adults, which typically includes adults aged 65 years and 
over, using a validated instrument [73,93]. Annual screening is rec
ommended in community-dwelling older adults [73,94], with more 
frequent measurement recommended in hospital and long-term care 
settings.

1.5. Research question

This is an update of a review published in 2016 [74]. Over the past 
decade, there have been major advancements in frailty research, 
including new insights, measurements and perspectives. For example, 
the concept of frailty was predominantly confined to geriatric medicine 
a decade ago, whereas nowadays it is recognised across multiple medical 
practices. In addition, the volume of publications on frailty has 
increased substantially, from 10,000 publications ten years ago to over 
50,000 papers now (PubMed). This updated review will incorporate the 
latest evidence on frailty measurements, including their clinical 
applications.

The aim of this review was to determine which operationalisations of 
frailty were most effective at measuring frailty, following several 
guidelines of frailty classification: that is, which measurements could 
accurately identify frailty; which could reliably predict patient outcomes 
and responses to potential therapies; and which were based on biolog
ical theory. This review incorporates several newly developed frailty 
measurements and updates the information about currently available 
measurements.

2. Methods

To identify studies reporting frailty measurements, EMBASE and 
PubMed databases were searched. The original search strategy from 
2016 was updated to include new search terms. For instance, the term 
‘frailty’ replaced ‘frail elderly’ in PubMed Search Headings in 2018. The 
search terms were thus broadly set as: ‘frailty’, ‘frail elderly’ and 
‘Geriatric Assessment/methods’. The initial search was performed in 
April 2025 and was restricted to studies published between January 
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2019 and May 2025. Studies prior to 2019 were not included because it 
was considered that if a frailty measurement had not been discussed in 
the literature in the past five years, then it was unlikely to have been 
recently used. The search was limited to English language articles. Titles 
and abstracts were screened against the inclusion criteria. Only full 
research papers and review articles were considered. Forward citation 
searching was also performed, in which the citations of relevant articles 
were searched. The following Population Implementation Comparator 
Outcome (PICO) was used: 

• Population: aged ≥65 years.

• Implementation/indicator: frailty objectively measured in either 
observational, cross-sectional studies or randomised control trials.

• Comparator: n/a.
• Outcome: frailty classification or frailty prognosis.

2.1. Critiquing of frailty measurements

Frailty measurements were critiqued using the following standards 
based on Clegg’s adaptation of Bell’s Classification of Disease Criteria 
[74]: 

Table 1 
Characteristics of major frailty screening, case finding and assessment instruments.

Instrument Criteria assessed Frailty classification Time 
(min)

Frailty Measurement Critique‡ Purpose

From 
CGA†

Equipment 
Needed

Training 
Needed

Construct 
Validity

Predictive 
Validity

Fried’s Frailty 
Phenotype

5 items: slowness, weakness, 
shrinking (weight loss), low 
physical activity, exhaustion

Frailty ≥ 3 items; 
Pre-frail 1–2 items, 
Robust = 0 items

<10 ⨯ ✓ ✓ ✓ ✓ Clinical 
measure

Frailty Index of 
cumulative deficits 
(FI)

≥ 30 health deficits: ADLs, 
IADLs, mood, comorbidities, 
symptoms, cognition

Continuous score§

(0–1)
20–30 ✓ ⨯ ✓ ✓ ✓ Clinical 

measure

Frailty Index based 
on CGA (FI-CGA)

≥ 30 health deficits from 
CGA (10 domains): ADL, 
IADL, co-morbidities, mood, 
cognition

Continuous score§

(0–1)
<15 ✓ ⨯ ✓ ✓ ✓ Clinical 

measure

Clinical Frailty Scale 
(CFS)

Pictorial chart with 
corresponding written 
descriptions

9 graded pictures 
from 1 (very fit) to 9 
(terminally ill)

<5 ⨯ ⨯ ✓ ✓ ✓ Clinical 
measure; case 
finding

FRAIL Scale 5 Items: Fatigue, Resistance, 
Ambulation, Illness, Loss of 
Weight

Frailty ≥3 items; 
Pre-frail 1–2 items; 
Robust = 0 items

<10 ✓ ⨯ ⨯ ✓ ✓ Case finding

Edmonton Frail Scale 
(EFS)

Cognition, health, nutrition, 
hospitalisation, social 
support, mood, function, 
continence

Frailty: severe 
12–17; moderate 
10–11; mild 8–9; 
vulnerable 6–7; not 
frail ≤ 5

5–10 ⨯ ⨯ ✓ ✓ ✓ Clinical 
measure; case 
finding

Electronic Frailty 
Index (eFI)

≥ 30 health deficits from 
EMRs: comorbidities, ADLs, 
IADLs, symptoms, mood, 
cognition

Frailty: severe 
>0.36; moderate 
0.24–0.36; mild 
>0.12–0.24; fit 
≤0.12

Auto From 
EMR

⨯ ⨯ ✓ ✓ Population 
screening; 
case finding

Hospital Frailty Risk 
Score (HFRS)

109 health deficits from ICD- 
10 codes

Frailty risk: High 
>15; Intermediate 
5–15; Low <5

Auto From 
EMR

⨯ ⨯ ✓ ✓ Case finding

Study of 
Osteoporotic 
Fractures (SOF) 
Index

3 Items: weight loss, reduced 
energy, unable to sit-to-stand 
5x

Frailty ≥2 items; 
Pre-frail = 1 item; 
Robust = 0 items

<5 ⨯ ⨯ ⨯ ✓ ✓ Clinical 
measure; 
population 
screening

Tilburg Frailty 
Indicator (TFI)

15 self-reported items, 3 
domains: physical, 
psychological, social

Frailty ≥5 <15 ⨯ ⨯ ⨯ ✓ ✓ Population 
screening

Groningen Frailty 
Indicator (GFI)

15 self-reported items, 4 
domains: physical, cognitive, 
social, psychological

Frailty ≥4 <15 ⨯ ⨯ ⨯ ✓ ✓ Population 
screening

Multidimensional 
Frailty Indicator 
(MPI)

8 items: co-morbidity, 
nutrition, ADL, IADL, 
cognition, pressure sore risk, 
polypharmacy, residence

Frailty > 0.66; Pre- 
frailty = 0.34–0.66; 
Robust <0.34

<15 ✓ ⨯ ✓ ✓ ✓ Clinical 
measure

Kihon Checklist 
(KCL)

25 self-reported items from 
CGA

Continuous score 0- 
25§

<10 ✓ ⨯ ✓ ✓ ✓ Population 
screening

Geriatric 8 (G8), 
oncology

8 items: food intake, weight 
loss, mobility, 
neuropsychological, BMI, 
polypharmacy, health, age

Scored 0–17. Frailty 
≤14

<10 ✓ ✓ ✓ ✓ ✓ Clinical 
measure

Essential Frailty 
Toolset (EFT), 
cardiology

4 items: weakness, cognition, 
anaemia, hypoalbuminemia

Scored 0 (no frailty) 
to 5 (high frailty)

<5 ⨯ ⨯ ✓ ✓ ✓ Clinical 
measure

Source: Adapted from Dent et al. [74]. yData used to derive the frailty measurement is available from routinely collected CGA data. ‡Frailty measurements were 
critiqued using Clegg’s adaptation of Bell’s Classification of Disease Criteria [74]. §Higher score = more frail. Construct validity = accuracy in measuring the construct 
(concept) of frailty. Predictive validity = ability to predict adverse clinical events. Abbreviations: International Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision (ICD-10) diagnostic code; CGA = Comprehensive Geriatric Assessment; EMR = Electronic Medical Record.
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1. Time taken to perform the measurement.
2. Data used to derive the frailty measurement is available from 

routinely collected data from a Comprehensive Geriatric Assessment 
(CGA).

3. Specialised equipment is required to measure frailty (for instance, a 
grip strength dynamometer).

4. Requirement for assessor training.
5. Validity and reliability. Reviews were initially consulted to deter

mine the reliability and validity of frailty measurements. If no dis
cussion of validity/reliability was included in these reviews, then 
relevant individual articles were searched.

6. The measurement is based on an underlying biological theory.
7. The measurement takes into account the continuum of frailty.
8. The measurement is able to predict surgical/medical outcomes and/ 

or mortality.

A key distinction must also be made in our review between 
screening, case finding and assessment. Screening tools for frailty need 
to be low-cost, easy to use, and scalable across community-dwelling 
populations where frailty prevalence is low [74,95]. The aim of frailty 
screening is to identify frailty in its earliest stages, and in turn to 
implement targeted interventions to delay or reverse the progression of 
frailty [95]. Case finding for frailty involves proactively identifying 
frailty in high-risk populations, including in primary care, for the pur
poses of identifying which older adults will likely benefit from full 
clinical assessment [29]. Clinical frailty assessment involves detailed 
evaluation in healthcare settings to inform care planning and manage
ment [73]. Sometimes, frailty measurements serve multiple purposes, 
and it is not that clear whether they are, for example, a case finding or a 
screening tool.

3. Results

3882 studies were identified, containing over 50 different frailty 
measurements. Table 1 outlines major frailty screening, case finding and 
assessment tools outlined in this review. Several different approaches to 
frailty identification where identified, including: 

1. The phenotypic approach of frailty of Fried and colleagues [28], 
which focuses on the physical symptoms of frailty. The phenotypic 
approach recognises frailty as syndrome and is increasingly known 
as ‘physical frailty’ in the literature. Other phenotypic measurements 
have since been developed, including the FRAIL scale [96]

2. The cumulative deficit Frailty Index (FI) approach of Rockwood and 
Mitnitski [97] which incorporates the multidimensional nature of 
frailty [64,97] and which has since been adapted to specific data 
sources (e.g. electronic medical records or laboratory data)

3. Mixed physical and psychosocial models, including the Edmonton 
Frail Scale (EFS) [74,98], and Tilburg Frailty Indicator (TFI) [99,
100]

4. The pictorial-based Clinical Frailty Scale (CFS) [101,102]
5. Artificial Intelligence (AI) and machine learning algorithms

This review also recognised that the majority of frailty measurements 
were originally designed to operationalise frailty for research purposes, 
rather than for immediate clinical application [103]. Over time, several 
measurements have translated well into clinical practice. For example, 
the CFS is regularly used in acute care internationally for frailty case 
finding, patient triage, care planning, and perioperative risk assessment 
[104].

3.1. Fried’s frailty phenotype – the cardiovascular health study (CHS) 
index

The phenotype approach for frailty was first proposed by Fried and 
colleagues [66]. Fried’s frailty phenotype considers five physical 

characteristics of frailty: slowness (slow gait speed), low physical ac
tivity, exhaustion (two self-reported questions), shrinking (uninten
tional weight loss of more than 5 % of body weight in the last year), and 
weakness (low hand grip strength) [66]. By Fried’s frailty phenotype, if 
an individual has three or more of these five characteristics, they are 
classified as frail; if one or two components are present, pre-frailty is 
diagnosed; if no components are present, then an individual is classified 
as robust [66]. Relatedly, it is the most commonly used frailty outcome 
measure in randomised controlled trials (RCTs) [105]. It was originally 
developed from the Cardiovascular Health Study (CHS) and is some
times referred to as the CHS Index [106].

Assessment of frailty by Fried’s frailty phenotype has been well 
tested for both validity and reliability across several settings, including 
in hospital, post-hospital rehabilitation, and long-term care. It has also 
been validated broadly across multiple diseases and countries. A limi
tation of Fried’s frailty phenotype is that it may be less practical than 
other frailty measurements in busy clinical settings [54]. Accordingly, 
component measurements of Fried’s frailty phenotype can, and often 
are, substituted with suitable alternative variables. Research by Theou 
and colleagues [107] reported that there are over 260 different versions 
of Fried’s Frailty Phenotype in existence due to variable substitution. For 
instance, measured grip strength has been substituted with self-reported 
ability in ‘lifting groceries’ in retrospective epidemiological studies. 
However, these substitutions can influence both prevalence estimates 
and associations with mortality. Fried’s frailty phenotype is commonly 
used in research studies.

3.2. Frailty index (FI) of cumulative deficits

The frailty index (FI) of cumulative deficits (FI-CD) was first pro
posed by Rockwood and Mitnitski in 2001 [64,92] and essentially rep
resents an accumulation of health deficits [60,108]. The main premise of 
the FI is that the ‘more things someone has wrong with them’, the more 
frail they are likely to be [64]. To compute the FI, a list of 30 or more 
variables (health deficits) is usually required from a dataset [109,110]. 
The exact list of included health deficits is not fixed; rather, there are 
general guidelines which are followed to select which variables to 
include. For example, health deficits included in the FI should be asso
ciated with health rather than age, and should not saturate with prev
alence at older ages [64,109]. There should ideally be a balance of 
multidisciplinary variables, reflecting a range of physiological systems 
[109] - a general guideline is that there should be no more than around 
one-third of variables from each domain. Domains include: physical 
measures (such as handgrip strength, gait speed, and BMI), 
co-morbidities, disabilities (activities of daily living (ADL) and instru
mental ADL (IADL)), psychological variables (including depression and 
anxiety), symptoms of frailty such as weight loss and exhaustion, and 
poor self-reported health [29,64].

Once the FI variable list is selected, each variable is scored between 
0 (does not have the health deficit) or 1 (has the health deficit). The 
variable scores are then summed and divided by the total number of 
variables included in the FI [60,64,109]. The resultant number (ratio) is 
the FI. For instance, if an individual has three health deficits in a list of 
30, then their frailty index is 0.10 (3 divided by 30). The final score for a 
FI varies between 0 (no health deficits) to a theoretical maximum score 
of 1 (all health deficits present) [60,64,109]. The maximum FI score 
observed in community dwelling populations is around 0.67 [64] above 
which survival is not usually possible, although in hospital populations 
higher values have been observed [111].

The FI is well tested for reliability and validity across various settings 
and diseases [57,105,112–114], and has a strong ability to predict 
adverse outcomes [115]. Derivations of the FI include the Liver FI [116], 
the Claims-Based FI (CFI) [117] and the Laboratory Frailty Index 
(FI-Lab) – the latter consisting of routinely collected biomarkers, pre
dominantly from blood [118,119]. The FI is regarded as an indicator of 
biological age as opposed to chronological age [60,97,109], and 
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outperforms chronological age in survival models [61,108]. The FI was 
originally designed to be a continuous variable [64,97,101], although 
arbitrary cut-off thresholds are regularly used to classify frailty. Com
mon cut-off thresholds for epidemiological studies of FI include: 
robust/fit (scores ≤0.10), pre-frail (scores >0.10 to <0.25), and frail 
(scores ≥ 0.25) [114]. Importantly, frailty as defined by the FI does not 
consider frailty to be a syndrome.

The FI has several strengths. By design, it can be derived from nearly 
any health dataset, where it can accurately predict an individual’s sus
ceptibility to adverse outcomes [60,108]. It also accounts for the dy
namic nature of frailty, wherein any small changes in an individual’s FI 
score reflect improvements or worsening of their frailty. Thus, the FI is 
ideal for use as an outcome measure for RCTs where detecting small 
changes in the level of frailty are important. Indeed, the most common 
application of the FI in trial settings has been reported to be in RCTs 
assessing treatment effect modification [105]. In addition, the FI has 
been proposed to distinguish between a person’s underlying accumu
lative physiological damage across the lifespan and the usual, clinical 
symptoms associated with frailty [61]. Despite the many advantages of 
the FI, there are limitations. It can be cumbersome to apply in busy 
clinical practices where the data is collected manually. For instance, 
variables are often missing in routine clinical care. It requires mathe
matical computation, so the results are not instantly available unless a 
computer or calculator is available.

3.3. Frailty index derived from comprehensive geriatric assessment (FI- 
CGA)

Comprehensive Geriatric Assessment (CGA) is a gold standard clin
ical assessment for older adults, and involves medical, nutritional, 
functional and psychological assessments by a multidimensional team, 
paired with care planning and intervention [120]. Principles from the 
CGA form the basis of many frailty measurements. The frailty index 
derived from CGA (FI-CGA) is simply a FI-CD using data from a CGA. The 
FI-CGA was initially developed as a ten-domain index, with 14 CGA 
components included [121,122]. It was later expanded out by Rock
wood and colleagues to include 52 CGA components [123]. The FI-CGA 
has a high degree of accuracy in predicting mortality [124].

3.4. Clinical frailty scale (CFS)

The Clinical Frailty Scale (CFS) is a rapid identification tool for 
frailty in the clinical setting [101,102], and was developed by Rockwood 
and colleagues using data from the Canadian Study on Health and 
Ageing [101,102]. It consists of judgement-based pictorial scale from 1 
to 9, with corresponding text describing how to classify each of the nine 
pictures [101]. The lowest score of CFS is 1 (very fit) and the highest is 9 
(terminally ill) [74,101]. The CFS can be extracted from records data or 
electronic medical records (EMRs) provided that a sufficient degree of 
functional data has been recorded and therefore can also be derived 
from CGAs. Recently, the CFS has been updated by Rockwood and col
leagues to reflect the terminology used in current clinical practice.

The CFS has been extensively validated in both the hospital [11,102,
125] and community setting, including primary care [74,101,102]. In 
acute care, using the CFS to identify frailty was found to be less 
disruptive to older adults than other frailty measurements [54]. The CFS 
is the only frailty instrument recommended by the International Con
sortium for Health Outcomes Measurement (ICHOM) standard set of 
patient-centred outcomes measures for older people [126], and is thus 
recommended for use as an outcome measure for clinical trials in older 
adults. However, despite the many advantages of CFS, it does have 
limitations, including its high need for a proxy in the acute care setting 
(>50 %) [127], and its variable inter-rater reliability [128]. Notwith
standing this, CFS has recently been found to show moderate inter-rater 
reliability in acute care [127].

3.5. FRAIL scale

The five-component FRAIL scale was first developed by Morley and 
colleagues [129]. It is designed to be easy-to-apply in any clinical 
setting. Components include: Fatigue (felt tired most or all of the time in 
the past 4 weeks); Resistance (inability to climb up one flight of stairs); 
Ambulation (inability to walk one block); Illness (more than 5 
co-morbidities); and Loss of Weight (>5 % over 1 year – either inten
tional or unintentional) [129]. Substitute measurements are often used 
in the application of the FRAIL scale. The FRAIL scale has been validated 
cross-culturally, and has shown feasibility for integration into primary 
health care systems internationally [130], with good criterion validity, 
low missing data rates, and adequate test-retest reliability [131]. A 
recent meta-analysis reported that the FRAIL scale showed better diag
nostic accuracy than several other frailty screening tools [132]. A FRAIL 
Scale applicable to nursing homes/long term-care (FRAIL-NH) has also 
been developed [133]. One limitation noted with the FRAIL scale is that 
it has low responsiveness when measuring changes in frailty status over 
time [131].

3.6. Edmonton Frail Scale (EFS)

The Edmonton Frail Scale (EFS) is a hospital-based frailty instrument 
well tested for validity and reliability [74,98]. It was originally devel
oped for older patients referred for CGA assessment [98]. The EFS as
sesses nine domains which can be extracted from a CGA [98]: cognition, 
general health status, functional independence, social support, medi
cation use, nutrition, mood, continence, functional performance - the 
latter assessed using the Timed-Get-Up-and-Go (TUG) [134]. The 
maximum score of EFS is 17, with a higher score indicating a higher 
degree of frailty [98]. The five categories of frailty severity by the EFS 
are: not frail (scores 0–5), apparently vulnerable (scores 6–7), mildly 
frail (scores 8–9), moderately frail (scores 10–11), and severely frail 
(scores 12–17) [98]. The EFS is commonly used and has been well 
validated cross-culturally [56,135–140].

There are multiple advantages of the EFS. It is shorter to complete 
that a full CGA and can therefore be used as a case finding or brief, rapid 
assessment tool [74,98]. It is often applied to specific clinical pop
ulations in which other frailty measurements are restricted in their use – 
including in older podiatry [140], orthopaedic [138] and cardiovascular 
patients [137,141–143]. The EFS is predictive of multiple adverse health 
outcomes [56,137,142]. An adapted version, the Reported Edmonton 
Frail Scale (REFS) has been developed for use in the acute care setting. In 
hospitals with low resources, the EFS and REFS can provide a means to 
identify frailty without overloading finances [58].

3.7. Electronic frailty index (eFI)

An electronic frailty index (eFI) has been developed and validated 
using routine EMR data in the primary care setting [144–146]. It clas
sifies an older person as either not frail, mildly frail, moderately frail or 
severely frail. The eFI score is strongly predictive of adverse clinical 
outcomes including mortality, admission to long-term care, and hospi
talisation [144,145,147]. In primary care practices across England, the 
eFI is the recommended screening tool for frailty, where it is used to 
guide patient care [144,148]. In this context, eFI is used to stratify the 
entire practice population (aged 65 years and older), thereby allowing a 
passive assessment of frailty [149]. However, it is not recommended to 
identify frailty at an individual level [149,150]. Rather, those stratified 
as higher risk of frailty are recommended to be individually assessed 
(which may include use of short, individual-level tools such as CFS or 
FRAIL scale) and offered appropriate intervention based on their degree 
of frailty - which may be based on CGA in more severe degrees of frailty, 
or promotion of strength and balance or nutrition in those other milder 
frailty [151]. Other countries are testing the feasibility of eFI imple
mentation in their primary care systems [146,152,153]. The eFI is also 
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used in hospital settings [154,155]. An eFI version 2 (eFI2) has been 
developed and externally validated [156]. The eFI may be less useful for 
longitudinal research or for tracking frailty trajectories, as it largely 
consists of items, such as chronic conditions, that are irreversible, 
although one of the revised features of the eFI2 is the inclusion of 
time-criteria for some deficits to mitigate this limitation.

3.8. Hospital frailty risk score (HFRS)

The Hospital Frailty Risk Score (HFRS) uses administrative data 
(hospital EMRs) to identify older persons with frailty [157]. It was 
originally validated in the acute care setting [157]. To compute the 
HFRS, specific weightings are assigned to each of 109 pre-determined 
International Classification of Diseases (ICD-10) codes listed in a pa
tient’s current EMR record on hospital admission, or in the two most 
recent hospital admissions over the two previous years [158]. An 
aggregate score is then determined, with the following cut-off scores 
used to classify risk of frailty: low risk (<5); intermediate (5–15); or high 
(>15) [157]. The HFRS has been successfully validated in the hospital 
setting across several countries [159–161]. However, since its devel
opment, the usability of the HFRS in clinical practice has been queried 
[162,163].

3.9. Study of osteoporotic fractures (SOF) index

The Study of Osteoporotic Fractures (SOF) frailty index was devel
oped to rapidly identify frailty from its namesake study [164]. Like 
Fried’s frailty phenotype, the SOF index also considers frailty as 
phenotypic with an underlying causative theory [165]. The SOF index 
consists of three components: weight loss, reduced energy level, and low 
mobility [164]. Frailty is classified by the SOF index when two more 
characteristics are present: low mobility (assessed via a five-times chair 
stand test), exhaustion (an answer of ‘no’ to the question ‘do you feel full 
of energy?’) and weight loss (either intentional or unintentional) of 5 % 
or more in the previous year) [164]. The SOF is valid and reliable, and is 
an independent predictor of adverse outcomes in community-dwelling 
older adults [165]. The SOF is used for rapid, cost-effective population 
screening and clinical assessment of frailty [165,166], although it may 
over-screen frailty in inpatient settings as patients with a clinical con
dition often cannot perform a five-times-chair-rise [74].

3.10. The Tilburg Frailty Indicator (TFI)

The Tilburg Frailty Indicator (TFI) is a self-administered question
naire developed in the Netherlands during 2010 [99,100]. It contains 15 
simple self-reported items, encompassing: physical components (health, 
weight loss, difficulty in walking, balance, hearing, vision, gripping and 
tiredness); psychological factors (memory, feeling down, anxiety and 
coping); and social elements (living alone, social isolation, social sup
port). Scores ≥5 are indicative of frailty [99]. The TFI shows good val
idity and reliability for community-dwelling older people [99,167] and 
accurately predicts mortality [168]. In recent years, some cross-cultural 
validations of the TFI have become available [169,170]. Because of the 
self-reported design of the TFI, a limitation includes its potential for 
reporting bias.

3.11. Groningen frailty indicator (GFI)

The Groningen Frailty Indicator (GFI) was developed in the 
Netherlands and contains 15 dichotomous self-reported items, 
comprising of: physical factors (independence in shopping, walking, 
dressing, toileting; physical fitness, vision, hearing; weight loss and 
polypharmacy); a cognitive component (memory issues); social factors 
(emptiness, missing others, feeling abandoned); and a psychological 
component (feeling downhearted or sad; feeling nervous or anxious) 
[171,172]. Frailty by GFI is classified on a spectrum ranging from a score 

of 0 (normal activity without restriction) to 15 (completely disabled), 
with scores ≥4 indicative of frailty [172]. As a frailty measurement, the 
GFI shows good feasibility and reliability [171], with good constructive 
validity [173], moderate internal consistency and adequate discrimi
native ability [171,172,174]. It is also predictive of adverse outcomes, 
including in oncology patients [175,176]. The GFI has been proposed for 
co-use with the FI as part of a two-step frailty screening process: the FI 
extracted from healthcare data to be used initially, with referral to a GFI 
questionnaire for patients with a high FI score [177]. Cross-cultural 
validation of the GFI has occurred in recent years [178,179]. As per 
the TFI, a limitation includes its potential for reporting bias due to its 
self-reported design.

3.12. Multidimensional prognostic instrument (MPI)

The Multidimensional Prognostic Instrument (MPI) was developed 
by Pilloto and colleagues as a prognostic tool for hospitalised older 
patients [180]. It is derived from eight CGA components: medication 
number, ADL, IADL, cognitive status, nutritional status, risk of devel
oping pressure sores, co-morbidity and living status [180]. Problems for 
each component are classified as either major (1 point), minor (0.5 
points) or none (0 points) [180,181]. Scores are then summed and 
divided by eight, with scores >0.66 graded as frailty [180]. The MPI has 
been well tested for validity and reliability in the hospital setting [181], 
and is predictive of both mortality [182] and functional decline [181,
183], including in surgical patients [184,185]. The MPI is predomi
nantly used in Italy, although international studies have adopted this 
measure [111,113,181,182].

3.13. Kihon check-list (KCL)

The Kihon Check-list (KCL) was developed in Japan as a tool to 
predict future functional disability [186]. It consists of 25 self-reported 
questions that cover seven domains: ADL, physical activity, nutritional 
status, oral function, house-boundedness, cognitive status, and depres
sive mood [186,187]. Questions are dichotomous (yes/no answers) and 
the scoring of KCL is based on similar principles to the FI-CGA [188]. 
The KCL is a valid and reliable measurement for frailty [188,189], and 
shows predictive ability for adverse clinical outcomes in both 
community-dwelling older adults [188,190–192] and cardiology pa
tients [192–194]. Several studies have cross-culturally adapted and 
validated the KCL [195–198], indicating its applicability in diverse 
populations. Shortfalls of the KCL include in its reliance on self-reported 
measures, and accordingly, results may deviate from those of clinical 
measurement of frailty.

3.14. Geriatric 8 (G8) for oncology patients

The Geriatric 8 (G8) screening tool was developed for older people 
with cancer, to distinguish those who are fit to undergo treatment from 
those who may benefit from additional GCA [199]. The tool contains 8 
items, which were largely derived from the Mini Nutritional Assessment 
(MNA) questionnaire: food intake, weight loss, mobility, neuropsycho
logical problems, BMI, polypharmacy, self-reported health and age. G8 
scores range from 0 (no frailty) to 17. The total G8 score is inversely 
related to the degree of frailty, with a cut-off score of ≤14 used to 
classify frailty [199]. The G8 has been widely validated for diagnostic 
accuracy and predictive validity across older populations with various 
types of cancer [200]. It is also predictive of post-operative cancer sur
gery complications [199]. Although G8 is one of the most frequently 
studied and best performing frailty measurements among older patients 
with cancer, there have been concerns regarding its specificity and 
negative predictive value, with a corresponding tendency to over-screen 
for frailty [200].
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3.15. Essential frailty toolset (EFT) for cardiology patients

The Essential Frailty Toolset (EFT) was developed in 2017 by Afilalo 
and colleagues for patients undergoing cardiovascular surgery and 
contains four components: lower-extremity weakness (five-times chair 
rise ≥15 s); cognitive impairment (MMSE <24); anaemia (haemoglobin 
level <13 g/dL in men or <12 g/dL in women) and hypoalbuminemia 
(serum albumin <3.5 g/dL) [201]. If any of these frailty components are 
present, a score of 1 point is given, with the exception of the chair rise 
test, when 2 points is given for non-completion. The EFT is scored from 
0 (no frailty) to 5 (highest frailty) [201]. The EFT is validated pre
dominantly in patients having transcatheter aortic valve implantation 
(TAVI) [202], and has also been validated for online, face-to-face 
assessment in cardiology patients [203]. The EFT is predictive of 
adverse clinical outcomes in patients undergoing cardiac surgery [204,
205], and is recommended as a tool predict short- and immediate-term 
mortality in patients scheduled for TAVI [202].

3.16. Individual frailty measurements

Frailty can also be screened using its underlying characteristics, such 
as gait speed and grip strength. Gait speed is highly predictive of adverse 
clinical outcomes in various population groups, including community- 
dwelling older adults [206], surgical patients [207,208], and those 
living with chronic disease [209–211]. Gait speed has high accuracy in 
identifying older adults who are truly frail, although it does have a 
tendency to over-screen [212]. It is applicable clinically, although there 
often are difficulties in measuring out a walking course of suitable length 
in a clinical setting. Low grip strength can also be used as a single 
measure of frailty, and has been found to be predictive of both mortality 
and hospitalisation in older adults [213].

3.17. Other frailty measurements

For this review, we prioritised commonly used instruments to mea
sure frailty, which were most aligned with our specific assessment 
criteria relevant to our research question. Frailty measurements beyond 
the scope of the review include: the Pictorial Fit-Frail Scale (PFFS) [52], 
the PRISMA-7 [214], the Gérontopôle Frailty Screening Tool (GFST) 
[215], the Vulnerable Elders Survey (VES) (vulnerability often consid
ered to be akin to frailty), the Frailty Trail Scale (FTS) [216], the Frail 
Non-Disabled (FiND) instrument for frailty screening [217], the Frailty 
Risk Score (FRS) [217], the Health Deficits Index (HDI) [217], the 
SHARE Frailty Instrument developed from the Survey of Health, Aging 
and Retirement in Europe [218], the Spanish Frailty-VIG [219], the 
Sherbrooke Postal Questionnaire [220], the Frailty Groupe 
Iso-Ressource Evaluation (FRAGIRE) tool [221], the Frailty Index for 
Elders (FIFE) [222], the EASY-Care Two step Older persons Screening 
(EASY-Care TOS) [223], Kaigo-Yobo Checklist (KYCL) [224], the elec
tronic Frailty Score (eFS) [225], the Comprehensive Frailty Assessment 
Instrument (CFAI) [226], the Clinical Global Impression of Change in 
Physical Frailty (CGIC-PF) [227], the Comprehensive Assessment of 
Frailty (CAF) test for cardiology patients [228], the Myeloma Frailty 
Score (MFS) [229] for patients with multiple myeloma [229], the Risk 
Analysis Index (RAI) [230] for surgical populations, and multiple others. 
Functional decline indices such as the Identification of Seniors at Risk 
(ISAR) score [231] and the Hospital Admission Risk Profile (HARP) 
[232] may also be considered to be frailty measurements, given that 
functional decline is an outcome of frailty [233]. Similarly, the Short 
Physical Performance Battery (SPPB) [234], whilst not included in this 
review, is sometimes considered to be a frailty measurement. There is 
ongoing research to develop a blood-based biomarker approach for 
frailty identification [235]. Artificial Intelligence [236] and machine 
learning techniques (e.g. partial genetic algorithms) [237] have also 
been successfully used to accurately identify older adults with frailty 
from routinely collected data, and will likely play a large role in case 

finding older adults with frailty in the near future [238]. Wearable 
technologies, such as smartwatches and wireless inertial sensors to 
assess gait, are increasingly being used to monitor changes in an in
dividual’s frailty status [238].

4. Discussion

This updated review provides guidance on frailty measurements 
commonly used in frailty research and in clinical practice. We found a 
multitude of measurements used to identify frailty, ranging from quick, 
simple frailty screening measurements to sophisticated, time-intensive 
assessments. The number of publications on frailty measurement 
found in our five-year literature search (n = 3882) was almost ten-fold 
higher than in our previous review conducted in 2016 (n = 422) [74]. 
In addition, many new frailty measurements have emerged for subtypes 
of frailty, such as oral frailty, nutritional frailty, social frailty, and 
cognitive frailty. However, the quality and value of some of these new 
measurements are of questionable quality and have not been widely 
adopted.

Based on the findings of this updated review, there are several po
tential future options for frailty measurement. One option is, as part of a 
consensus process, to decide on one frailty measurement from the 
multitude of already existing measurements. Indeed, having a single, 
universal frailty measurement would be advantageous in terms of 
providing consistent comparison of frailty prevalence worldwide. Yet on 
the other hand, having one frailty measurement could be problematic 
because frailty measurements can be likened to ‘horses for courses’, 
wherein different frailty measurements are suited to different pop
ulations or settings. Some are better for population-level frailty 
screening, whereas others are best suited for clinical screening, or for 
clinical assessment. A compromise may therefore be to agree on the 
circumstances in which specific measures may be more or less optimal. A 
second approach could be to develop a new gold-standard frailty stan
dard measurement. However, countless research groups have tried to do 
exactly this, which partially explains why there are an abundance of 
frailty measurements in existence today. A third option could be to 
garner consensus for the use of one frailty measurement for screening or 
case finding and a second one for a full assessment. For instance, the eFI 
is explicitly designed for population stratification, with subsequent 
individual-level assessment for people identified as high risk [149]. Each 
of these three options have both strengths and weaknesses, and ongoing 
discussion by clinicians and researchers is needed to discern the best 
path forwards.

No matter the path forward for the future of frailty measurement, it is 
important that frailty is recognised in the clinical setting to identify 
frailty in older adults or in those living with one or more chronic con
ditions. Incorporating measurement of frailty into clinical practice may 
provide a means for clinicians to identify and manage the condition 
early into its progression. The decision regarding which frailty mea
surement to use should be informed by the resources available and the 
purpose of measurement (e.g. research or clinical practice). In addition, 
it is crucial that clinicians select a frailty measurement that has been 
validated in the setting in which they are practicing – for instance, frailty 
instrument validity varies across primary care, hospital settings, and 
long-term care settings. Yet in many studies included in this review, 
frailty measurements were modified somewhat from their original, 
validated version, without clear explanations about this modification. 
This lack of consistent reporting can skew findings and interpretation of 
results, and in turn impact on clinical utility.

This review uncovered that very few frailty measurements had been 
validated against meaningful outcomes using Patient Reported Outcome 
Measures (PROMs). Recent literature has flagged the urgent need to use 
PROMs in frailty measurement research [239]. Similarly, we found that 
many older adults were screened and/or assessed for frailty by proxy 
rather than in person. Future research is needed on the feasibility and 
cost-effectiveness of implementing frailty measurements in clinical 

E. Dent et al.                                                                                                                                                                                                                                     European Journal of Internal Medicine 144 (2026) 106595 

7 

https://www.sciencedirect.com/topics/nursing-and-health-professions/checklist


practice, including implementation science research involving the 
assessment of barriers and enablers to successful implementation. 
Research is also needed wherein healthcare professionals, older adults 
and their carers are asked their opinion as to what frailty measurement 
means to them and which screening and assessment measurements they 
prefer [94].

5. Conclusion

Against the backdrop of population ageing, frailty continues to move 
to the frontline of both clinical practice and healthcare research. Mea
surement of frailty often is an integral part of routine clinical care for 
older adults and for those living with co-morbidity. There is no gold 
standard frailty measurement available, and correspondingly, there are 
a multitude of frailty measurements available, each with various 
strengths and weaknesses. In this review, we outlined commonly used 
frailty measurements in both research and clinical practice. A high- 
quality frailty measurement should be able to accurately identify 
frailty, be able to predict patient outcomes and response to treatment, 
and be based on an underlying biological theory. Based on these criteria, 
the two most common frailty measurements, Fried’s Frailty Phenotype 
and Rockwood and Mitnitski’s Frailty Index appeared to be the most 
robust measurements for use by clinicians and researchers. This review 
was designed to be a valuable resource for clinicians, academics, and 
healthcare policy makers.

Learning points

• Frailty measurement should be incorporated into clinical practice as 
part of routine care for older patients.

• There is no internationally agreed standard measurement for frailty.
• Multiple frailty measurements exist, making it difficult to choose 

which frailty measurement to use.
• Decisions regarding which frailty measurement to use should be 

guided by the intended purpose, available resources, and the setting.
• The two most common frailty measurements (both with high validity 

and reliability) are Fried’s frailty phenotype and Rockwood and 
Mitnitski’s Frailty Index.

• There is no “one” perfect frailty measurement currently available
• Different frailty measurements have different purposes, including 

screening, case finding or clinical assessment.
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[154] Mak JKL, Hägg S, Eriksdotter M, Annetorp M, Kuja-Halkola R, Kananen L, et al. 
Development of an electronic frailty index for hospitalized older adults in 
Sweden. J Gerontol: Ser A 2022;77(11):2311–9.

[155] Liang Y-D, Xie Y-B, Du M-H, Shi J, Yang J-F, Wang H. Development and validation 
of an electronic frailty index using routine electronic health records: an 
observational study from a general hospital in China. Front Med (Lausanne) 2021; 
8:731445.

E. Dent et al.                                                                                                                                                                                                                                     European Journal of Internal Medicine 144 (2026) 106595 

10 

http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0097
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0097
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0098
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0098
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0099
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0099
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0099
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0100
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0100
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0101
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0101
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0101
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0102
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0102
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0103
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0103
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0103
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0104
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0104
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0105
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0105
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0105
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0106
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0106
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0106
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0107
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0107
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0107
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0107
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0108
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0108
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0109
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0109
https://doi.org/10.1093/ageing/afad221
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0111
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0111
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0111
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0112
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0112
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0113
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0113
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0113
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0114
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0114
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0114
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0115
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0115
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0115
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0115
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0116
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0116
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0116
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0117
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0117
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0117
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0118
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0118
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0118
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0118
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0119
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0119
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0120
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0120
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0120
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0121
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0121
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0121
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0122
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0122
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0122
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0123
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0123
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0123
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0124
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0124
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0124
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0125
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0125
https://doi.org/10.1186/s12877-017-0701-3
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0127
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0127
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0127
https://doi.org/10.5770/cgj.23.398
https://doi.org/10.5770/cgj.23.398
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0129
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0129
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0129
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0130
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0130
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0130
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0131
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0131
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0131
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0132
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0132
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0132
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0132
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0133
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0133
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0133
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0134
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0134
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0135
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0135
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0136
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0136
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0136
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0137
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0137
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0137
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0137
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0138
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0138
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0138
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0139
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0139
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0139
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0140
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0140
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0140
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0140
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0141
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0141
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0141
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0142
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0142
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0142
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0143
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0143
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0143
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0144
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0144
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0144
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0145
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0145
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0146
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0146
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0146
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0147
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0147
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0147
https://www.england.nhs.uk/publication/supporting-routine-frailty-identification-and-frailty-through-the-gp-contract-20172018/
https://www.england.nhs.uk/publication/supporting-routine-frailty-identification-and-frailty-through-the-gp-contract-20172018/
https://www.england.nhs.uk/publication/supporting-routine-frailty-identification-and-frailty-through-the-gp-contract-20172018/
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0149
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0149
https://www.england.nhs.uk/publication/supporting-routine-frailty-identification-and-frailty-through-the-gp-contract-20172018/
https://www.england.nhs.uk/publication/supporting-routine-frailty-identification-and-frailty-through-the-gp-contract-20172018/
https://www.england.nhs.uk/publication/supporting-routine-frailty-identification-and-frailty-through-the-gp-contract-20172018/
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0151
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0151
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0151
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0152
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0152
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0152
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0153
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0153
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0154
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0154
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0154
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0155
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0155
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0155
http://refhub.elsevier.com/S0953-6205(25)00472-8/sbref0155


[156] Best K, Shuweihdi F, Alvarez JCB, Relton S, Avgerinou C, Nimmons D, et al. 
Development and external validation of the electronic frailty index 2 using 
routine primary care electronic health record data. Age Ageing 2025;54(4): 
afaf077.

[157] Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith P, Ariti C, et al. Development 
and validation of a Hospital Frailty Risk Score focusing on older people in acute 
care settings using electronic hospital records: an observational study. Lancet 
2018;391(10132):1775–82.

[158] McAlister F, van Walraven C. External validation of the hospital frailty risk score 
and comparison with the hospital-patient one-year mortality risk score to predict 
outcomes in elderly hospitalised patients: a retrospective cohort study. BMJ Qual 
Saf 2019;28(4):284.

[159] McAlister F, van Walraven C. External validation of the hospital frailty risk score 
and comparison with the hospital-patient one-year mortality risk score to predict 
outcomes in elderly hospitalised patients: a retrospective cohort study. BMJ Qual 
Saf 2019;28(4):284–8.

[160] Shebeshi DS, Dolja-Gore X, Byles J. Validation of hospital frailty risk score to 
predict hospital use in older people: evidence from the Australian Longitudinal 
Study on Women’s Health. Arch Gerontol Geriatr 2021;92:104282.

[161] Chau CSM, Ee SCE, Huang X, Siow WS, Tan MBH, Sim SKR, et al. Frailty-aware 
surgical care: validation of hospital frailty risk score (HFRS) in older surgical 
patients. Ann Acad Med Singap 2024;53(2):90–100.

[162] Covell MM, Roy JM, Rumalla K, Dicpinigaitis AJ, Kazim SF, Hall DE, et al. The 
limited utility of the hospital frailty risk score as a frailty assessment tool in 
neurosurgery: a systematic review. Neurosurgery 2024;94(2):251–62.

[163] Soong J, Bell D, Poots AJ. The challenges of using the hospital frailty risk score. 
Lancet 2019;392(10165):2692.

[164] Ensrud KE, Ewing SK, Taylor BC, Fink HA, Stone KL, Cauley JA, et al. Frailty and 
risk of falls, fracture, and mortality in older women: the study of osteoporotic 
fractures. J Gerontol A Biol Sci Med Sci 2007;62(7):744–51.

[165] Ensrud KE. The study of osteoporotic fractures (SOF) frailty index. In: Ruiz JG, 
Theou O, editors. Frailty: a multidisciplinary approach to assessment, 
management, and prevention. Cham: Springer International Publishing; 2024. 
p. 151–5.

[166] Ensrud KE, Schousboe JT, Kats AM, Fink HA, Taylor BC, Sheets KM, et al. 
Incremental healthcare costs of the simple SOF measure of phenotypic frailty in 
community-dwelling older adults. J Am Geriatr Soc 2025;73(3):824–36.

[167] Gobbens RJ, Uchmanowicz I. Assessing frailty with the Tilburg Frailty Indicator 
(TFI): a review of reliability and validity. Clin Interv Aging 2021;16:863–75.

[168] Gobbens RJJ, van Assen M, Augustijn H, Goumans M, van der Ploeg T. Prediction 
of mortality by the Tilburg Frailty Indicator (TFI). J Am Med Dir Assoc 2021;22 
(3). 607.e1-.e6.
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[220] Hébert R, Bravo G, Korner-Bitensky N, Voyer L. Predictive validity of a postal 
questionnaire for screening community-dwelling elderly individuals at risk of 
functional decline. Age Ageing 1996;25(2):159–67.

[221] Vernerey D, Anota A, Vandel P, Paget-Bailly S, Dion M, Bailly V, et al. 
Development and validation of the FRAGIRE tool for assessment an older person’s 
risk for frailty. BMC Geriatr 2016;16:187. https://doi.org/10.1186/s12877-016- 
0360-9.

[222] Tocchi C, Dixon J, Naylor M, Jeon S, McCorkle R. Development of a frailty 
measure for older adults: the frailty index for elders. J Nurs Meas 2014;22(2).

[223] van Kempen JA, Schers HJ, Philp I, Olde Rikkert MG, Melis RJ. Predictive validity 
of a two-step tool to map frailty in primary care. BMC Med 2015;13:1–9.

[224] Shinkai S, Watanabe N, Yoshida H, Fujiwara Y, Nishi M, Fukaya T, et al. Validity 
of the" Kaigo-Yobo check-list" as a frailty index. Nihon Koshu Eisei Zasshi 2013;60 
(5):262–74.

[225] Le Pogam M-A, Seematter-Bagnoud L, Niemi T, Assouline D, Gross N, Trächsel B, 
et al. Development and validation of a knowledge-based score to predict Fried’s 
frailty phenotype across multiple settings using one-year hospital discharge data: 
the electronic frailty score. eClinicalMedicine 2022;44.

[226] De Witte N, Gobbens R, De Donder L, Dury S, Buffel T, Schols J, et al. The 
comprehensive frailty assessment instrument: development, validity and 
reliability. Geriatr Nurs 2013;34(4):274–81.

[227] Studenski S, Hayes RP, Leibowitz RQ, Bode R, Lavery L, Walston J, et al. Clinical 
global impression of change in physical frailty: development of a measure based 
on clinical judgment. J Am Geriatr Soc 2004;52(9):1560–6.

[228] Sündermann S, Dademasch A, Rastan A, Praetorius J, Rodriguez H, Walther T, 
et al. One-year follow-up of patients undergoing elective cardiac surgery assessed 
with the Comprehensive Assessment of Frailty test and its simplified form. 
Interact Cardiovasc Thorac Surg 2011;13(2):119–23.

[229] Murillo A, Cronin AM, Laubach JP, Hshieh TT, Tanasijevic AM, Richardson PG, 
et al. Performance of the international Myeloma working group myeloma frailty 
score among patients 75 and older. J Geriatr Oncol 2019;10(3):486–9.

[230] Hall DE, Arya S, Schmid KK, Blaser C, Carlson MA, Bailey TL, et al. Development 
and initial validation of the risk analysis index for measuring frailty in surgical 
populations. JAMA Surg 2017;152(2):175–82.

[231] McCusker J, Bellavance F, Cardin S, Trepanier S, Verdon J, Ardman O. Detection 
of older people at increased risk of adverse health outcomes after an emergency 
Visit: the ISAR screening tool. J Am Geriatr Soc 1999;47(10):1229–37.

[232] Sager MA, Rudberg MA, Jalaluddin M, Franke T, Inouye SK, Landefeld CS, et al. 
Hospital admission risk profile (HARP): identifying older patients at risk for 
functional decline following acute medical illness and hospitalization. J Am 
Geriatr Soc 1996;44(3):251–7.

[233] De Saint-Hubert M, Schoevaerdts D, Cornette P, D’Hoore W, Boland B, Swine C. 
Predicting functional adverse outcomes in hospitalized older patients: a 
systematic review of screening tools. J Nutr Health Aging 2010;14(5):394–9.

[234] Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. 
A short physical performance battery assessing lower extremity function: 
association with self-reported disability and prediction of mortality and nursing 
home admission. J Gerontol 1994;49(2):M85–94.

[235] Fritzenschaft L, Boehm F, Rothenbacher D, Denkinger M, Dallmeier D. 
Association of blood biomarkers with frailty–a mapping review. Ageing Res Rev 
2025;109:102761.

[236] Ambagtsheer RC, Shafiabady N, Dent E, Seiboth C, Beilby J. The application of 
artificial intelligence (AI) techniques to identify frailty within a residential aged 
care administrative data set. Int J Med Inform 2020;136:104094.

[237] Oates J, Shafiabady N, Ambagtsheer R, Beilby J, Seiboth C, Dent E. Evolving 
hybrid partial genetic algorithm classification model for cost-effective frailty 
screening: investigative study. JMIR aging 2022;5(4):e38464.
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