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Abstract

The medical syndrome of frailty is widely recognized, yet debate remains over how best to 

measure it in clinical and research settings. This study reviewed the frailty-related research 

literature by (a) comprehensively cataloging the wide array of instruments that have been utilized 

to measure frailty, and (b) systematically categorizing the different purposes and contexts of use 

for frailty instruments frequently cited in the research literature. We identified 67 frailty 

instruments total; of these, nine were highly-cited (≥200 citations). We randomly sampled and 

reviewed 545 English-language articles citing at least one highly-cited instrument. We estimated 

the total number of uses, and classified use into eight categories: risk assessment for adverse 

health outcomes (31% of all uses); etiological studies of frailty (22%); methodology studies 

(14%); biomarker studies (12%); inclusion/exclusion criteria (10%); estimating prevalence as 

primary goal (5%); clinical decision-making (2%); and interventional targeting (2%). The most 

common assessment context was observational studies of older community-dwelling adults. 

Physical Frailty Phenotype was the most used frailty instrument in the research literature, followed 

by the Deficit Accumulation Index and the Vulnerable Elders Survey. This study provides an 

empirical evaluation of the current uses of frailty instruments, which may be important to consider 

when selecting instruments for clinical or research purposes. We recommend careful consideration 

in the selection of a frailty instrument based on the intended purpose, domains captured, and how 

the instrument has been used in the past. Continued efforts are needed to study the validity and 

feasibility of these instruments.
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1. Introduction

As the population ages, a central focus of health care providers is to understand, and 

beneficially intervene upon, the factors that place older adults at elevated risk of precipitous 

declines in health and function. The syndrome of frailty has been hypothesized to represent 

such risk, in particular the increased vulnerability to stressors (e.g. infection, injury, changes 

in medication) that characterizes many older adults (Fried et al., 2001; Bandeen-Roche et al., 

2006; Varadhan et al., 2008).

While frailty is widely recognized, there continues to be considerable debate over how best 

to assess it. Many operational definitions have been introduced to attempt to distinguish frail 

from non-frail older adults (Gobbens et al., 2010; Hogan et al., 2003). These definitions vary 

in their conceptual underpinnings, clinical practicality, domains, and assessment items 

(Bouillon et al., 2013; de Vries et al., 2011; Gobbens et al., 2010; Sternberg et al., 2011). 

There appears to be general agreement that operational definitions of frailty should be: 

multi-dimensional; exclusive of disability and, possibly, of comorbidity; dynamic; 

predictively valid for adverse outcomes; and feasible (Gobbens et al., 2010; Hogan et al., 

2003). However, instrument variability has led to controversy over which frailty assessment 

instrument is appropriate in which context, and importantly, what is actually being assessed 

(for example, frailty versus disability) depending on the chosen instrument. Recent reviews 

of frailty instruments have highlighted the need for greater reliability and validity testing 

(Bouillon et al., 2013; de Vries et al., 2011). A systematic review by Sternberg et al., 2011 

concluded that the needs and goals of the study or clinic may determine the most suitable 

frailty instrument, similar to the perspectives of Martin and Brighton (2008) and Cesari et al. 

(2014a).

A consensus-building effort by Rodríguez-Mañas et al. (2013) led to agreement on a 

conceptual framework for frailty, the inclusion of specific domains, and its distinction from 

disability, but no consensus on an overall operational definition of frailty was reached. A 

separate consensus effort by Morley et al. (2013) to define frailty reached agreement on four 

key points related to the assessment of physical frailty: (1) it is an important medical 

syndrome; (2) it can potentially be targeted and treated; (3) there are available screening 

tests; and (4) all persons 70 years and older should be screened. A published response to the 

second effort called for careful attention to the choice of instruments for frailty assessment 

and their validation and refinement (Xue and Varadhan, 2014).

Frailty research is evolving rapidly, with multiple frailty studies published every year 

despite the relative lack of validation studies and refinement efforts needed to maximize the 

clinical utility and reproducibility of frailty assessment. Questions such as “what is the best 

definition of frailty?” and “which instrument should be used to assess frailty?” are often 

posed, although no answer is readily available. A plausible reason as to why standardization 

and consensus efforts have been unfruitful is that they have not explicitly considered the 

Buta et al. Page 2

Ageing Res Rev. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



purpose and the context of frailty assessment. Though answering the above questions are 

important, the primary goals of this study were to gain insight into the spectrum of original 

studies, reviews and other types of articles that comprise the current frailty-related research 

literature, and to better understand whether high citation counts truly equated with wide use 

of an instrument, or if, perhaps, citations were more indicative of references in reviews or 

other types of papers. To accomplish this goal, we aimed to comprehensively catalog the 

wide array of instruments that have been utilized to measure frailty and provide an empirical 

foundation of the various purposes and contexts in which highly-cited instruments have been 

used. Trends of instrument uses, along with further considerations of theory, validity, and 

feasibility, can help to guide the development, selection and implementation of appropriate 

frailty instruments in the future, where “appropriate” means matching the assessment 

instrument to the purpose and context.

2. Methods

2.1. Literature search and inclusion to identify frailty instruments

A search strategy was developed to identify frailty instruments using the following steps 

(see Appendix 1 for flow chart of the search strategy):

1. We first performed a PubMed database search using the “frail elderly” MESH term 

in combination with the term “instrument.” Relevant articles that included frailty 

assessment instruments were identified by reading the abstract and, when 

necessary, the full article. This search was performed from the start of the database 

through December 2013.

2. In our PubMed search, we identified three recent review papers that have examined 

the components and domains of frailty instruments (Bouillon et al., 2013; de Vries 

et al., 2011; Sternberg et al., 2011); two were found directly in the search results 

(Bouillon et al., 2013; de Vries et al., 2011) and the third article (Sternberg et al., 

2011) was found by pearling the references of the review by Bouillon and 

colleagues.

3. We then screened the three identified review papers and found additional 

instruments not found in our PubMed search that met our inclusion criteria 

(described below).

4. Lastly, as we conducted the citation review described below, additional frailty 

assessment instruments were found in the literature that met our inclusion criteria.

For inclusion, we defined a frailty instrument as a specific and reproducible set of criteria 

for assessing frailty status. For each frailty instrument identified, we determined the 

instrument’s seed article(s) where the definition of the instrument for measuring frailty was 

first published. Generally, one article served as the seed article but in two cases (Deficit 

Accumulation Index and FRAIL Scale) the authors agreed that multiple articles were 

appropriate because each could serve as a reasonable seed for the instrument’s definition. 

Seed articles were identified from the searches above or by searching the references of the 

articles found in the searches above. The authors reached consensus on which article(s) 

qualified as the seed article(s) for each instrument.
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2.2. Citation search to identify highly-cited frailty instruments

We performed citation searches of the agreed upon seed article(s) for each identified frailty 

instrument. Though PubMed is an outstanding search tool for keyword search (Linder et al., 

2015), we selected the Web of Science (WoS) for our citation searches based on (a) its 

emphasis on top tier journals and high quality publications (http://wokinfo.com/essays/

journal-selection-process/) and (b) its longer period of citation analysis coverage when 

compared to other databases (Falagas et al., 2008). Additionally PubMed includes less 

journals in its database than WoS (Falagas et al., 2008). We searched citations in WoS from 

the start of the year of the earliest identified seed articles, January 1991, through December 

2013. Seed articles with at least 200 (±5) citations were used to denote the most highly-cited 

frailty instruments. For instruments with more than one seed article, the total number of de-

duplicated citing articles had to be at least 200.

2.3. Random sampling of citing articles per instrument and characterizing the randomly-
selected literature

In order to feasibly characterize the sizable number of citations, we selected a random 

sample of 20% of citations for eight of the highly-cited frailty instruments’ seed article(s), 

all except for the PFP in which a 10% random sample was selected due to the comparatively 

large number of citations. In addition to feasibility, we chose random sampling because it 

helps to ensure that our sample is a reasonable depiction of trends among all citations. This 

type of random sampling approach has been performed in previous review studies 

(Annalingam et al., 2014; Burgess et al., 2006). Simple random sampling was performed 

using R statistical software (R Core Team, 2014, Vienna, Austria). Only English language 

articles were reviewed.

For each highly-cited frailty instrument, the randomly selected citations were assigned to 

two of four reviewers (BJB, JGG, MP, RV). Reviewers read and assessed the full articles for 

the following characteristics: type of article (original, review, commentary, or other); “actual 

use,” which we define as whether frailty status was assessed using the given instrument (or 

some minor modification of it); and if yes, how the frailty variable was used (purpose); 

study design and setting (context), and results. A meeting of the four reviewers occurred to 

discuss the random sample of citations for each frailty instrument (multiple meetings took 

place for instruments with larger samples) and to reach 100% consensus on the 

characterization of each sampled article.

2.4. Estimating use of the frailty instruments in the literature from the random samples

To estimate total use of the frailty instruments in the literature, we calculated the per-

instrument proportions of actual use found in each random sample and multiplied by the 

total number of citing articles per instrument (i.e., total estimated number of use = (number 

of use in the random sample/size of reviewed random sample) × total number of citing 

articles). We then calculated the confidence intervals for the estimate using exact binomial 

confidence interval approach (using “binom.test” function in the R statistical software).
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2.5. Systematic categorization of the uses and contexts of the frailty instruments

If an article included actual use of the frailty instrument, we determined a categorization of 

use through reviewer consensus. Actual uses of frailty instruments only occurred in original 

research studies; therefore this categorization of use only occurred in original studies. Using 

prior knowledge and based on the articles reviewed, we arrived at a list of possible uses (see 

below) and contexts (i.e., cohort studies, randomized controlled trials, or clinical 

assessment) for the frailty instruments. Articles may have used frailty instruments for more 

than one purpose, in which case we categorized a primary use for each, as well as additional 

uses where appropriate. We report primary uses which fell under one of the following eight 

categories and definitions:

• Frailty as a risk factor for adverse health outcomes: Research where frailty has been 

studied as a predictor of or a risk factor for various age-associated adverse health 

outcomes including disability and death;

• Risk factors for frailty: Studies where individual characteristics of subjects (e.g., 

age, socio-demographic variables, comorbid conditions) have been assessed as to 

whether they are associated with an increased risk of frailty;

• Methodology: Studies where the goal was to compare different frailty assessment 

instruments or to evaluate the clinimetric properties (e.g. reliability, predictive 

validity) of a particular frailty instrument;

• Biomarkers of frailty: Studies which assessed whether specific biomarkers (e.g. 

markers assayed in serum including inflammatory cytokines, hormones) were 

elevated or depressed in frailty;

• Frailty as inclusion/exclusion criteria: Studies where frailty status is among the 

criteria used to screen subjects into the study;

• Estimation of frailty prevalence: Studies where the main goal is to estimate the 

prevalence of frailty among older adults with certain characteristics (e.g., subjects 

with dementia) or in a particular context (e.g., living in nursing home);

• Frailty as a guide for clinical decision making: A broad category; examples include 

the use of frailty status as one of the criteria to evaluate the fitness of an older 

patient to undergo a surgical procedure; or to manage a particular disease 

differently in a frail older adult compared to a robust older adult;

• Frailty as a target for intervention: Studies where frailty status was assessed as an 

outcome measure to monitor the impact of an intervention.

To estimate total number of uses in the literature under each category, we used the same 

approach described above in §2.4, per category.

2.6. Validation

To validate our approach for estimating the extent of use of frailty instruments, we reviewed 

all articles that reference the Vulnerable Elders Survey (VES-13) and compared our findings 

to those based on random sampling. We chose the VES-13 because given its total number of 
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citations (n = 225) it was one of the instruments that was feasible to review exhaustively. 

Our validation aimed to ensure that our estimates were reasonable.

3. Results

3.1. Identification of frailty instruments

The PubMed search using the “frail elderly” MESH term and keyword “instrument” resulted 

in 132 articles. Among these, we identified 28 unique frailty assessment instruments. We 

identified another 23 unique, non-duplicative instruments from existing systematic review 

papers on the components and domains of frailty instruments (Bouillon et al., 2013; de Vries 

et al., 2011; Sternberg et al., 2011). As we conducted the following review, 16 additional 

frailty instruments were found in the literature. In total, 67 frailty instruments were 

identified (see website: https://jhpeppercenter.jhmi.edu/FrailtyTool/

InstrumentSummaryList.aspx). Of note, the majority of the nine highly-cited instruments 

discussed in the next section were identified through our initial PubMed search; the 

remaining two highly-cited instruments were found in the existing review papers.

3.2. Identification of highly-cited frailty instruments

We identified nine instruments with seed article(s) that are highly cited: (1) Physical Frailty 

Phenotype (PFP, also called CHS frailty phenotype) (Fried et al., 2001); (2) Deficit 

Accumulation Index (DAI, also called Frailty Index) (Mitnitski et al., 2001, 2004; 

Rockwood et al., 2006, 2007; Rockwood and Mitnitski, 2007); (3) Gill Frailty Measure (Gill 

et al., 2002); (4) Frailty/Vigor Assessment (Speechley and Tinetti, 1991); (5) Clinical Frailty 

Scale (Rockwood et al., 2005); (6) Brief Frailty Instrument (Rockwood et al., 1999); (7) 

Vulnerable Elders Survey (VES-13) (Saliba et al., 2001); (8) FRAIL Scale (Abellan van Kan 

et al., 2008a,b); and (9) Winograd Screening Instrument (Winograd et al., 1991). See Table 

1. Each highly-cited instrument included some measure of physical function, though the 

inclusion of other domains (e.g., physical activity, cognition) varied; see Table 2. Appendix 

2 includes additional information on the nine highly-cited instruments (including domains, 

items, and scoring).

Fig. 1 displays the number of citing articles (on a logarithmic scale) over time for each of 

the highly-cited frailty instruments. The three most-cited instruments were: the Physical 

Frailty Phenotype (PFP; 1891 citing articles); the Deficit Accumulation Index (DAI; 401 

citing articles); and the Gill Frailty Measure (254 citing articles).

3.3. Randomly sampled citations per instrument, and characteristics of the sample

In total, 591 articles were randomly sampled; of the sampled articles, 46 were unavailable or 

written in a language other than English. The remaining 545 randomly-selected articles were 

reviewed and characterized. On average, 63% of the randomly selected articles were original 

research studies. Details of the randomly sampled articles are provided in Table 1.

3.4. Estimated uses of the frailty instruments in the literature

Actual uses of frailty instruments occurred in original research studies only. The percentage 

of citations in each random sample that included frailty assessment using the given 
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instrument ranged from 2.1% (using the Frailty/Vigor Assessment) to 29.9% (using the 

Deficit Accumulation Index). Using these percentages, we estimated the total number of 

original research study articles that have measured frailty using each of the highly-cited 

instruments (see Table 1). Based on this approach, the Physical Frailty Phenotype (PFP) – 

440 total uses estimated among 1891 citing articles – was the most utilized frailty instrument 

in the research literature, followed by the Deficit Accumulation Index (DAI), with 116 total 

uses estimated among 401 citing articles, and the Vulnerable Elders Survey (VES-13), with 

49 total uses estimated among 225 citing articles.

3.5. Systematic categorization of the uses and contexts of the frailty instruments

As shown in Table 3, per category of use, the most commonly identified purpose was to 

assess frailty as a risk factor for adverse health outcomes (31.3% of all estimated instrument 

uses), which was employed in seven out of the nine highly-cited instruments reviewed and 

most frequently with the PFP. Identifying risk factors for frailty was the next most frequent 

type of use (22.3%). This etiologic research was performed only in studies that used the PFP 

(121 estimated uses in this category) or the DAI (37 estimated uses in this category). The 

third most frequent type of use was methodology (13.9%), followed by biomarkers of frailty 

(12.4%) and then frailty as inclusion/exclusion criteria (9.9%). There was a relative paucity 

of uses for frailty as a guide for clinical decision-making (2.3%) and frailty as a target for 

intervention (2.3%). Fig. 2 summarizes the estimated uses per category.

Regarding context of use, the study designs and settings (e.g., clinical vs. epidemiological) 

varied among the highly-cited frailty instruments. Instruments were used among 

community-dwelling and hospitalized/institutionalized older adults; in observational studies, 

interventions, and randomized trials; in studies with sample sizes ranging from 15 

participants to over 60,000; and in more than 20 countries. The PFP was used in 

epidemiological, clinic-based and intervention studies. The DAI was used in several large 

database studies, and in epidemiological and clinical studies. For the Gill Frailty Measure 

and FRAIL Scale, frailty assessment was solely among community-based cohorts. For the 

Clinical Frailty Scale, Brief Frailty Instrument, VES-13, and Winograd screening 

instrument, assessment took place solely in a hospital or clinical context. Use of the Frailty/

Vigor Assessment occurred in a longterm care setting. Additional information on usage 

patterns and contexts per instrument are provided in Appendix 3.

3.6. Validation results

To validate our random sampling methodology, we reviewed all articles that reference the 

VES-13 seed article (Saliba et al., 2001). We found 65 articles in which the VES-13 was 

used to assess frailty. This was higher than our estimate of 49 uses, though well within the 

confidence interval (95% CI: 24, 85) of our estimate.

4. Discussion

Our goal was to comprehensively identify frailty assessment instruments and to categorize 

the use of highly-cited frailty instruments in the literature. We aimed to provide an initial 

foundation for the selection of frailty instruments given an intended purpose and context. 
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We identified 67 frailty instruments, 9 of which were highly-cited. Physical Frailty 

Phenotype (PFP), Deficit Accumulation Index (DAI), and the Gill Frailty Measure were the 

most cited. Citations for the Clinical Frailty Scale and the FRAIL Scale (published in 2005 

and 2008, respectively) appeared to increase at rates similar to the PFP and DAI (see Fig. 1), 

though whether this growth rate will continue is to be determined. Among highly-cited 

frailty instruments, the PFP, DAI and Vulnerable Elders Survey (VES-13) were the most 

used instruments. Frailty was most commonly assessed as a risk factor for adverse health 

outcomes such as death, institutionalization, and falls, which aligns with prior reviews (de 

Vries et al., 2011; Sternberg et al., 2011). We identified other common uses (etiology, 

methodology, biomarkers) and found a paucity of clinical and interventional uses. 

Observational cohort studies that assess frailty among community-dwelling older adults 

were most common, though some instruments have been solely used in clinical settings.

Our study is the first to categorize the different purposes for which highly-cited frailty 

instruments have been employed. Frailty assessment was commonly used as a risk factor for 

adverse health outcomes, generally and among most highly-cited instruments. Only the PFP 

and the DAI were found to assess risk factors for frailty; and biomarker studies were found 

among a limited number of instruments. Also, frailty assessment as used for clinical 

decision-making or as an interventional target was found to be scarce. For clinical decision-

making, the small number of uses estimated may be due to the evolving focus on the clinical 

applicability of frailty (Rodríguez-Mañas and Fried, 2015; Sourial et al., 2013); given this, 

more clinically-focused uses will likely emerge in the coming years. Also, some recently 

recommended instruments for clinical frailty screening (Pialoux et al., 2012; Turner and 

Clegg, 2014; Vellas et al., 2013) are not among the highest cited and therefore were not 

categorized in our study. For frailty as an interventional target, the small number of uses 

estimated in our study aligns with other research. A recent systematic review found only 11 

interventional studies with frailty as an outcome (Lee et al., 2012); among these studies, 4 

used the PFP (or a modified version) and 7 used less common frailty indicators. Also, two 

recent interventional studies measured frailty outcomes using the PFP (Fairhall et al., 2015; 

Cesari et al., 2014b). Overall, few studies have focused on interventions to ameliorate frailty 

syndrome, hence this points to a critical need in the frailty literature.

The highly-cited instruments reviewed here stem from different underlying theories of 

frailty, and each has a unique set of measures. The notion of frailty as vulnerability to poor 

outcomes is a commonality and declining or poor physical function is a common domain. 

But as shown in Table 2, operationalization varies across instruments. The distinct 

components and varied uses of these differing instruments highlight the need for careful 

reflection on what is being measured in frailty assessment and the appropriateness of the 

measures for a given study or clinic. This is especially true in distinguishing between 

assessments for risk stratification versus etiological investigation of frailty (Xue and 

Varadhan, 2014). It is also true when considering instruments that include measures of 

disability and comorbidity. Over half of the highly-cited instruments include measures of 

disability or comorbidity (Table 2; Appendix 2). Disability, especially, has been agreed to be 

a distinct entity from frailty (Rodríguez-Mañas et al., 2013). Others have argued that “frailty 

is distinct from, but overlapping with, both comorbidity and disability” (Fried et al., 2004), 
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and that definitions of frailty should “not include disease, comorbidity, or disability” 

(Gobbens et al., 2010).

The wide use of an instrument for a specific type of assessment alone is not sufficient to 

recommend it as the most appropriate. In addition to the patterns of use of frailty 

instruments explored in our study, consideration for instrument selection should be given to:

(1) intended purpose; (2) theoretical basis and validity of the constructs included in the 

instrument for the intended purpose; and (3) feasibility, given the intended purpose and 

context. Theoretical views of frailty provide frameworks for operationalizing frailty 

assessment (Bortz, 2002; Buchner and Wagner, 1992; Ferrucci et al.,2005; Fried et al., 2001; 

Rockwood and Mitnitski, 2007; Varadhan et al., 2008). For example, the ‘cycle of frailty’ 

provided a conceptual theory for proposing the clinical manifestation of frailty using five 

criteria (Fried et al., 2001). As science advances and theories of frailty are refined, the 

choice of measures should be representative of the underlying constructs, and selected 

instruments should be validated. Predictive validity is important, and it has been shown 

among most of the widely-used instruments (de Vries et al., 2011; Bouillon et al., 2013). 

Further evidence of discriminant validity, construct validity and reliability are needed (Xue 

and Varadhan, 2014); we should determine if frailty instruments are measuring the frailty-

related constructs they were designed to measure, and doing so consistently.

The instrument selected should also be feasible in the given research or clinical context. 

Frailty instruments in this review range from an assessment with two performance measures 

(Gill Frailty Measure), to five self-reported questions (FRAIL Scale), to as many as 92 

signs, symptoms and health attributes (DAI). Restraints related to time, funding, resources, 

and space are often present, especially in busy clinics. Certain instruments may better suit 

specific clinic or research needs, such as DAI (or a similar type index) for risk stratification 

among mobility-reduced inpatients, or PFP for intervention studies that aim to improve 

malleable measures of frailty. It has been suggested that some frailty instruments are less 

feasible in a primary care setting (Pialoux et al., 2012), but there are examples of measures 

once argued to be infeasible or difficult to collect that are now routinely employed in 

primary care (e.g., C-reactive protein as a predictive inflammatory marker for cardiovascular 

disease) (Pepys and Hirschfield, 2003). Such shifts occur when measures are demonstrated 

to have clinical value or when technological advances or policy changes facilitate or 

mandate the implementation.

The main limitation of our study is that although we endeavored to perform a 

comprehensive review, we may have missed uses of certain instruments and certain high 

quality studies that were not represented in the random samples of articles chosen. The 

choice of the random sample selection allowed us to maintain methodological validity while 

keeping the review feasible. We examined the validity of our random sampling methodology 

by conducting a validation study, where we comprehensively reviewed of one of the nine 

highly-cited instruments, viz. VES-13. The results presented above reinforce the validity of 

our random sampling methodology. Another limitation is that this review excludes frailty 

instruments introduced after December 2013; it also does not represent the uses of existing 

instruments from 2014 to present. This study focuses on a specific time period; as such 

temporal bias is inherent, especially in a rapidly evolving field such as frailty research. We 
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recommend future studies that investigate temporal trends in the uses of frailty instruments. 

Additionally, it is possible that the use of these instruments in clinics may differ slightly 

from the uses found in the research literature.

5. Conclusion

Our study systematically identified frailty instruments and categorized the purposes and 

contexts of use for highly-cited frailty instruments. We found that frailty was most 

commonly assessed to evaluate its predictive value as a risk factor for adverse health 

outcomes. We found scarcity of frailty assessment for the purpose of clinical decision-

making and as an interventional target. The most common context was observational cohort 

studies that assess frailty among community-dwelling older adults. The Physical Frailty 

Phenotype was the most widely used instrument for assessing frailty, but wide use alone 

does not suffice for an unconditional recommendation. The results of this study can inform 

the development and implementation of appropriate frailty instruments in the future, where 

the instrument for assessing frailty may need to be optimally matched to the purpose and the 

context of its use. When selecting an appropriate instrument to measure frailty, the intended 

purpose is a key consideration: if risk prediction is the goal, then whichever instrument has 

been shown to be most predictive for the outcome of interest may be appropriate. However, 

if the aim is to investigate the construct of frailty as a medical syndrome or to understand its 

etiology, then it is recommended that the selected instrument not include measures of 

disease, disability and comorbidity. Our study provides empirical evidence on the range and 

frequency of uses of frailty instruments. We recommend careful consideration in the 

selection of a frailty instrument based on the intended purpose, domains captured, and how 

the instrument has been used in the past. Continued efforts are needed to study the validity 

and feasibility of these instruments.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Cumulative number of articles that cite the Most-Referenced Frailty Instruments. This figure 

displays the cumulative number of citations (on the Y-Axis) per year (on the X-Axis) for 

nine highly-cited frailty instruments. The Y-axis is on a logarithmic scale. The Physical 

Frailty Phenotype is the most cited frailty instrument (1891); Deficit Accumulation Index is 

the second most cited (401).
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Fig. 2. 
Frailty Instruments and Categories of Use, Ordered by Number of Estimated Uses per 

Category. This figure displays the percentage of use per category, and the number of 

estimated uses of the highly-cited frailty instruments per each category.
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