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Abstract 
Background and Objectives: This study aimed to investigate the diagnostic accuracy of four questionnaire-based tools (i.e., the FRAIL scale, 
Groningen Frailty Indicator [GFI], Tilburg Frailty Indicator [TFI], and PRISMA-7) for screening frailty in older adults.
Research Design and Methods: The 4 databases comprising the Cumulative Index to Nursing and Allied Health Literature, Embase, PubMed, 
and ProQuest were searched from inception to June 20, 2023. Study quality comprising risks of bias and applicability was assessed via a 
QUADAS-2 questionnaire. A bivariate network meta-analysis model and Youden’s index were performed to identify the optimal tool and cutoff 
points.
Results: In total, 20 studies comprising 13 for FRAIL, 7 for GFI, 6 for TFI, and 5 for PRISMA-7 were included. Regarding study quality appraisal, all 
studies had high risks of bias for study quality assessment domains. Values of the pooled sensitivity of the FRAIL scale, GFI, TFI, and PRISMA-7 
were 0.58, 0.74, 0.66, and 0.73, respectively. Values of the pooled specificity of the FRAIL scale, GFI, TFI, and PRISMA-7 were 0.92, 0.77, 0.84, 
and 0.86, respectively. The Youden’s index was obtained for the FRAIL scale with a cutoff of 2 points (Youden’s index = 0.65), indicating that the 
FRAIL scale with a cutoff of 2 points was the optimal tool for frailty screening in older adults. 
Discussion and Implications: The FRAIL scale comprising 5 self-assessed items is a suitable tool for interview older adults for early frailty 
detection in community settings; it has the advantages of being short, simple, and easy to respond to.
Keywords: Multiple tests, Multiple thresholds, Sensitivity, Specificity

Frailty is a major health condition associated with aging. 
The estimated prevalences of pre-frailty and frailty among  
community-dwelling older adults, which classified par-
ticipants as frail or pre-frail based on the level of reduced 
physical functions, were 7.4%–23.0% and 40.2%–48.1%, 
respectively (Coelho-Junior et al., 2020; Hajek et al., 2022; 
Kojima et al., 2017). Frailty is characterized by the loss of 
biological reserve and increased vulnerability to physical and/
or psychological stress (Fried et al., 2001). Older adults with 
frailty may experience a decline in functional abilities; this 
increases the fall risk which may lead to hospitalization, insti-
tutionalization, and death (Chu et al., 2021; Lahousse et al., 
2014; Vermeiren et al., 2016). Therefore, early frailty detec-
tion is crucial for providing appropriate geriatric care.

Using an optimal assessment method is crucial for detect-
ing early frailty; however, there is no clear consensus on 
a gold standard for an operational definition of frailty 
(Abellan van Kan G et al., 2008; Rodríguez-Mañas, 2013). 
The common theoretical definition of frailty is a clinically 
recognizable state of increased vulnerability resulting from aging- 
associated declines in reserve and function across multiple 
physiologic systems (World Health Organization, 2017). 
Moreover, evidence on the frailty-related pathophysiology is 
a single physical frailty or multidimensional construct, but 
there is little consensus on the underlying domains (Arnadottir 
et al., 2020). To the present, two methods with biological 
underpinnings are the frailty phenotype (FP; proposed and 
validated by Fried and colleagues in the Cardiovascular 
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Health Study) and the Frailty Index (FI; proposed and val-
idated by Rockwood and colleagues in the Canadian Study 
of Health and Aging) which represent common operational 
definitions of frailty in older populations (Cesari et al., 2014). 
The FP derived from a phenotype model uses five items (i.e., 
weight loss, exhaustion, grip strength, physical activity, and 
gait velocity) measured through self-reported and physical 
performance examinations to assess the frailty status (Fried 
et al., 2001). The FI derived from a deficit accumulation 
model is used to assess frailty syndromes including symp-
toms, signs, functional impairments, and laboratory abnor-
malities (Mitnitski et al., 2001). In addition, a comprehensive 
geriatric assessment (CGA), a multidimensional assessment 
attributed to age-related health problems, is commonly used 
to identify and quantify frailty for developing a coordinated 
plan to improve treatment-related outcomes and quality of 
life (Lee et al., 2020). The three aforementioned methods 
which include self-reported items and physical examinations 
are valid tools for evaluating frailty risk. However, these 
assessments must be performed by trained healthcare profes-
sionals with specialized equipment (e.g., a hand-held dyna-
mometer), sufficient space, and available time (Ambagtsheer 
et al., 2019; Dent et al., 2016); this may limit the practicality 
of such assessments in community environments. Therefore, 
it is imperative to investigate suitable frailty assessment tools 
for rapid initial screening in community settings and geriatric 
care centers.

Various screening tools have been developed for frailty 
detection in older adults (Dent et al., 2016; Panhwar et al., 
2019). Among these, four subjective questionnaire-based 
tools (i.e., the FRAIL scale, Groningen Frailty Indicator 
[GFI], Tilburg Frailty Indicator [TFI], and PRISMA-7) are 
widely used for frailty surveys in older adults. The FRAIL 
scale measures five items: fatigue, resistance, ambulation, 
illness, and weight loss (Morley et al., 2012). PRISMA-7 
measures seven items across four domains: age (>85 years), 
gender, social support, and daily activities (Raiche et al., 
2008). The TFI and GFI measure 15 items across three (i.e., 
physical, psychological, and social) and four (i.e., physical, 
cognitive, social, and psychological) domains, respectively 
(Gobbens et al., 2010b; Peters et al., 2012). These four 
assessments collect self-reported data. But the advantages 
of these tools include a quick response (≤15 min), no space 
or equipment requirements (Dent et al., 2016), and accept-
able validity and reliability (Dent et al., 2017; Gobbens et 
al., 2010b; Peters et al., 2012; Saenger et al., 2018; Yaman 
& Ünal, 2018), and so they can be used for quick surveys of 
older adults with frailty in community settings. However, the 
summarized frailty diagnostic accuracy of these four tools 
compared to different objective frailty assessments (e.g., FP, 
FI, and CGA) has not been sufficiently examined. Moreover, 
practical applications of such tools may be restricted by the 
lack of statistical evaluations and comparisons of their diag-
nostic accuracy. Therefore, a diagnostic meta-analysis for 
evaluating and comparing the diagnostic accuracy of these 
tools in relation to different objective frailty assessments (i.e., 
FP, FI, and CGA) is crucial.

This meta-analysis aimed to investigate the summarized 
sensitivity and specificity of the FRAIL scale, GFI, TFI, and 
PRISMA-7 and compare the diagnostic accuracies of the four 
tools. Comparison of the diagnostic accuracy of the four tools 
should enable the identification of the optimal tool for frailty 
screening of older adults in community settings.

Method
This meta-analysis was conducted in accordance with the 
guidelines of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses Statement for Diagnostic Test 
Accuracy Studies (McInnes et al., 2018). The study protocol 
was registered at PROSPERO (CRD42022328659).

Eligibility Criteria
Eligibility criteria were as follows: (a) older adults aged ≥60 
years, (b) frailty screening using the FRAIL scale, GFI, TFI or 
PRISMA-7 against a standard reference (i.e., FP, FI, or CGA), 
(c) study conducted in community settings including nursing 
homes, daycare centers, or geriatric outpatient departments, 
and (d) the study design was an observational study (i.e., 
cross-sectional or case-control study). Detailed information 
on the four index scales is shown in Supplementary Table 1.

Literature Search Strategy
According to Medical Subject Headings, the designated 
keyword combinations of ([“FRAIL Scale” OR “FRAIL 
Questionnaire”] OR [“PRISMA-7”] OR [“Groningen 
Frailty Indicator” OR “GFI”] OR [“Tilburg Frailty 
Indicator” OR “TFI”]) AND (“sensitivity” OR “specific-
ity” OR “reliability” OR “validation” OR “cutoff value”) 
AND (“frailty” OR “frail”) AND (“older” OR “elderly” 
OR “older adults” OR “older people”) were used to iden-
tify eligible studies. The Cumulative Index to Nursing and 
Allied Health Literature, Embase, PubMed, and ProQuest 
databases were searched from inception to June 20, 2023. 
Reference lists of all relevant papers were searched to 
identify additional eligible studies. No limitations on 
publication date or language were applied. Two research-
ers independently searched for eligible articles and then 
screened their titles and abstracts. Any disagreement was 
resolved through discussion. Supplementary Table 2 pres-
ents the detailed search strategy.

Data Extraction
Two reviewers independently extracted data using a desig-
nated data extraction form, including participant charac-
teristics (i.e., age and percentage of women patients), study 
characteristics (i.e., author name, publication year, country, 
study design, sample size, cutoff point of the index test, and 
reference standard with the cutoff point used), and frailty 
diagnostic accuracy outcomes (i.e., sensitivity, specificity, and 
original statistics of true positives, false positives, true nega-
tives, and false negatives). In case of insufficient or unclear 
data, the required data were obtained by contacting the orig-
inal authors by email. Inconsistencies in data extraction were 
resolved through discussion.

Methodological Quality Assessment of the Included 
Studies
The methodological quality of the included studies was inde-
pendently assessed by two reviewers using the revised Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS-2; 
Whiting et al., 2011). QUADAS-2 includes 14 signaling 
questions divided into four domains (patient selection, index 
test, reference standard, and flow and timing). Each domain 
assesses the risk of bias, and the first three domains assess 
the applicability concerns of review questions. The signal-
ing question responses are yes, no, and unclear. Bias risk is 
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judged to be low if all signaling questions for a domain are 
answered with yes. The bias risk of a domain is deemed high 
or unclear if any signaling questions are answered with no 
or unclear. Quality assessment results were cross-checked 
by two reviewers, and any inconsistencies were resolved 
through discussion.

Data Analysis
The original data of true positives, false positives, true neg-
atives, and false negatives and those calculated according 
to the reported sensitivity and specificity were used for 
the data analysis. For studies that adopted the index text 
against more than one reference standard, data of true pos-
itives, false positives, true negatives, and false negatives 
were divided up for a subsequent unit-of-analysis error 
(Higgins et al., 2019). Four steps were conducted to com-
plete the data analysis after the extracted data were summa-
rized into a 2 × 2 table. All analyses were performed using 
Stata (vers. 15.0; StataCorp LLC, College Station, TX) and 
WinBUGS 1.4.3. First, a bivariate statistical analysis with a 
random-effects model was used to estimate the pooled sen-
sitivity and specificity across studies for the four tools. Pairs 
of sensitivity and specificity measures from each included 
study were analyzed while considering potential threshold 
effects and the correlation between sensitivity and speci-
ficity (Leeflang, 2014). Significant heterogeneity among 
included studies was analyzed and identified by p < .10 in 
Cochran’s Q tests and an I2 value of >25% (Cleophas & 
Zwinderman, 2009). Second, subgroup analyses for cate-
gorical variables (i.e., study setting, country, and type of 
standard reference) and meta-regression for continuous 
variables (e.g., age and percentage of female patients), were 
performed to explain the sources of observed heterogene-
ity among studies. The subgroup analysis was limited to 
groups represented by at least two studies to ensure that 
sufficient data were obtained for analysis. Third, a bivariate 
network meta-analysis model based on the WinBUGS code 
was performed to estimate the pooled sensitivity and spec-
ificity of the four tools with different cutoff points (Owen 
et al., 2018). The bivariate network meta-analysis model 
incorporated constraints on increasing test thresholds and 
accounted for correlations between multiple test accuracy 
measures from the same study; this ensured more rigorous 
absolute sensitivity and specificity measures of diagnostic 
tests for decision-making (Owen et al., 2018; Rücker, 2018). 
A Surface Under the Cumulative Ranking Curve (SUCRA) 
was calculated to assess the diagnostic accuracy of the 
scales. The SUCRA values range from 0 to 1, and a higher 
value indicates superior diagnostic accuracy (Salanti et al., 
2022). Furthermore, Youden’s index was calculated using 
the formula J = (sensitivity + specificity) − 1 to determine 
the diagnostic test and diagnostic threshold with the opti-
mal balance between sensitivity and specificity (Schisterman 
et al., 2008). Maximization of Youden’s index indicates the 
optimal test and diagnostic threshold for the diagnosis of 
a disease in a particular patient group (Steinhauser et al., 
2016). Finally, Deeks’ funnel plot asymmetry test, which is 
a regression test of the diagnostic log odds ratio against 1/
sqrt (effective sample size), was used to examine publication 
bias. A p value of <.10 represented significant asymmetry 
for the slope coefficient, indicating significant publication 
bias (Deeks et al., 2005).

Results
Study Selection
In total, 511 studies were identified. After removing dupli-
cate and irrelevant studies through a title and abstract review, 
the full texts of 37 eligible studies were examined. Among 
these studies, five used unsuitable reference standards, three 
defined both frailty and pre-frailty as frailty cases, three pro-
vided insufficient information for data analysis after con-
tacting the original authors, and eight were conducted in a 
hospital setting (Supplementary Table 3). After identifying 
two additional studies based on a review of the references of 
eligible studies, 20 studies were included in the meta-analysis 
for FRAIL (n = 13), GFI (n = 7), TFI (n = 6), and PRISMA-7 
(n = 5). Figure 1 presents the detailed study selection pro-
cess. The reference list of the included studies is shown in 
Supplementary Table 4.

Study Characteristics
Table 1 shows detailed characteristics of the included studies. 
Overall, the included sample size was 5,344 and the mean age 
was 72.1 years in FRAIL studies, and those were 3,480 and 
72.0 years in GFI studies, 2,992 and 71.1 years in TFI studies, 
and 1,681 and 73.3 years in PRISMA-7 studies, respectively. 
Proportions of female participants in studies using the FRAIL 
scale, GFI, TFI, and PRISMA-7 were 62.8%, 66.6%, 64.4%, 
and 57.3%, respectively. Among the 20 studies, 13 studies 
examined one index text, three studies used two index tests, 
and four studies used three index tests. Regarding the reference 
standard, 13 studies used FP, two studies used FI, three studies 
used CGA, and two studies used both FP and FI. The cutoff 
point used for frailty definition was ≥3 in FP, ≥2 in CGA, and 
≥0.25 or ≥0.35 in FI. Regarding the index test, various cutoff 
points were used in the FRAIL scale (≥1, ≥2, or ≥3), GFI (≥3, 
≥4, or ≥5), TFI (≥4, ≥4.5, ≥5, ≥6, or ≥8), and PRISMA-7 (≥3). 
Regarding the country in which the study was conducted, 13 
studies were conducted in developing countries (i.e., Brazil, 
China, Iran, Thailand, Turkey, Vietnam, Indonesia, and Saudi 
Arabia), and 7 studies were conducted in developed countries 
(i.e., Australia, Finland, Germany, The Netherlands, and the 
United Kingdom; International Monetary Fund, 2022).

Study Quality Appraisal
Included studies using the FRAIL scale, GFI, TFI, and 
PRISMA-7 had low bias risks in terms of applicability con-
cerns, indicating the included studies met review questions. 
Regarding the bias risk assessment for FRAIL, all studies were 
rated as having low risk for the criterion of patient selection, 
indicating that a suitable study design and participant eligi-
bility were used in the studies. Most studies were evaluated 
as having high risks for the criteria of the index test (n = 11) 
and reference standard (n = 11) since the sequence of inter-
pretation between the index test and the reference standard 
was not clearly described. In the flow and timing domain, 
10 studies were at high risk because those studies did not 
include all patients in the analysis or did not clearly describe 
the interval between the index test and reference standard 
(Supplementary Table 5).

In term of GFI, all studies were rated as having low risk 
for the criterion of patient selection, indicating that a suitable 
study design and participant eligibility were used in the study. 
Five studies in the index test domain and six studies in the 
reference standard domain were classified as high risk due to 
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the absence of clear descriptions regarding the sequence of 
interpretation between the index test and reference standard. 
In the domain of flow and timing, six studies were categorized 
as high risk because they did not include all patients in the 
analysis or clearly delineate the interval between the index 
test and reference standard (Supplementary Table 6).

Among the six studies evaluating the diagnostic accuracy of 
the TFI, one study was rated as having a high risk for the cri-
terion of patient selection since frail and nonfrail older adults 
were included at the beginning of the study. Additionally, six 
studies were deemed high risk in the criteria of the index test, 
and similarly, five studies in the reference standard domain, 
due to a lack of clear description regarding the sequence of 
interpretation between the index test and reference standard. 
In the flow and timing domain, all studies were at high risk 
because the studies did not include all patients in the analysis 
or did not clearly describe the interval between the index test 
and reference standard (Supplementary Table 7).

For PRISMA, all studies (n = 5) were evaluated as hav-
ing low risk for the criterion of patient selection. However, 
three studies and four studies were rated as having a high 
risk for the criteria of the index test and reference standard, 
respectively, since the sequence of interpretation between the 
index test and reference standard was not clearly described. 
In the flow and timing domain, three studies were at high risk 

because those studies did not include all patients in the anal-
ysis or did not clearly describe the interval between the index 
test and reference standard (Supplementary Table 8).

Overall, no study was rated as having low bias risk in all 
four domains, indicating that the diagnostic accuracy of the 
four scales could have been affected by the study quality.

Overall Sensitivity and Specificity of the FRAIL 
Scale, GFI, TFI, and PRISMA-7
Among the 13 studies that evaluated the FRAIL scale, one 
study had two reference standards and five studies exam-
ined two cut-points (i.e., ≥2 and ≥3); thus 19 data were used 
for the data analysis. A random-effects model indicated that 
the pooled sensitivities and specificities of the FRAIL scale 
were 0.58 and 0.92, respectively (Supplementary Figure 1). 
Heterogeneity tests showed that the Q statistic and I2 index 
indicated substantial heterogeneity in the pooled sensitivity 
(Q = 578.35, p < .001, 96.9%) and specificity (Q = 1,652.47, 
p < .001, 98.3%).

In terms of the GFI, seven studies and 11 data were used for 
the data analysis since two reference standards were adopted 
in one study and three studies examined two cut-points (i.e., 
≥3 vs ≥4 or ≥4 vs ≥5). The pooled sensitivities and specificities 
of the GFI were 0.74 and 0.77, respectively (Supplementary 

Figure 1. Process of systematic selection of articles using the PRISMA flow chart.

D
ow

nloaded from
 academ

ic.oup.com
/gerontologist/article/64/6/gnae008/7604136 by guest on 09 O

ctober 2026

http://academic.oup.com/gerontologist/article-lookup/doi/10.1093/geront/gnae008#supplementary-data
http://academic.oup.com/gerontologist/article-lookup/doi/10.1093/geront/gnae008#supplementary-data
http://academic.oup.com/gerontologist/article-lookup/doi/10.1093/geront/gnae008#supplementary-data
http://academic.oup.com/gerontologist/article-lookup/doi/10.1093/geront/gnae008#supplementary-data
http://academic.oup.com/gerontologist/article-lookup/doi/10.1093/geront/gnae008#supplementary-data


The Gerontologist, 2024, Vol. 64, No. 6 5

Table 1. Study Characteristic

Author, year Study design Study setting Cut-point of 
index test

Reference standard and 
cut-point

Country Sample 
size

Mean 
age

Women 
(%)

FRAIL

Alqahtani and Nasser 
(2019)

Cross-sectional Community ≧3 FP ≧ 3 Saudi Arabia 47 70.0 34.0

Ambagtsheer et al. 
(2020)

Cross-sectional Community ≧3 FP ≧ 3 Australia 228 79.0* 54.8

Anh et al. (2022) Cross-sectional Geriatric 
clinic

≧2,≧3 FP ≧ 3 Vietnam 396 72.6 62.1

Aprahamian et al. 
(2017)

Cross-sectional Community ≧3 FP ≧ 3 Brazil 123 78.6 83.0

Braun et al. (2018) Cross-sectional Community ≧3 FP ≧ 3, FI ≧ 0.25 Germany 52 73.0 63.0

Dong et al., 2018 Cross-sectional Community ≧2,≧3 FP ≧ 3 China 1,188  69.5 69.4

Dwipa et al. (2021) Cross-sectional Geriatric 
clinic

≧2,≧3 FP ≧ 3 Indonesia 101 79.0 43.6

Ibrahim et al. (2022) Cross-sectional Community ≧3 FP ≧ 3 UK 98 75.0 80.0

Mijnarends et al. 
(2015)

Cross-sectional Community ≧3 FP ≧ 3 Netherlands 227 74.9 48.5

Salminen et al. (2020) Cross-sectional Community ≧3 FI ≧ 0.25 Finland 1,188 72.7 57.0

Si et al. (2020) Cross-sectional Nursing 
home

≧2,≧3 CGA ≧ 2 China 305 79.3 57.0

Si et al. (2021) Cross-sectional Community ≧1,≧3 CGA ≧ 2 China 1,177 69.3 69.7

Sukkriang and  
Punsawad (2020)

Cross-sectional Community ≧3 FP ≧ 3 Thailand 214 69.7 50.0

GFI

Ambagtsheer et al. 
(2020)

Cross-sectional Community ≧4 FP ≧ 3 Australia 228 79.0* 54.8

Braun et al. (2018) Cross-sectional Community ≧4 FP ≧ 3, FI ≧ 0.25 Germany 52 73.0 63.0

Huang et al. (2022) Cross-sectional Community ≧3 FP ≧ 3 China 350 75.3 68.6

Si et al. (2020) Cross-sectional Nursing 
home

≧4 CGA ≧ 2 China 305 79.3 57.0

Si et al. (2021) Cross-sectional Community ≧3,≧4 CGA ≧ 2 China 1177 69.3 69.7

Tian et al. (2020) Cross-sectional Community ≧3,≧4 FI ≥ 0.25 China 1178 69.5 69.5

Xiang et al. (2020) Cross-sectional Nursing 
home

≧4,≧5 FP ≥ 3 China 190 77.7 56.8

TFI

Coelho et al. (2015) Cross-sectional Community ≧5,≧6 FP ≥ 3 Netherlands 252 79.2 75.8

Dong et al. (2017) Cross-sectional Community ≧4,≧5 FP ≥ 3, FI ≥ 0.35 China 917 68.6 63.8

Mazoochi et al. 
(2020)

Cross-sectional Community ≧4.5 CGA ≥ 2 Iran 175 68.5 25.7

Ozsoy et al. (2021) Cross-sectional Community ≧8 FP ≥ 3 Turkey 166 73.0 67.5

Si et al. (2020) Cross-sectional Nursing 
home

≧5 CGA ≧ 2 China 305 79.3 57.0

Si et al. (2021) Cross-sectional Community ≧4,≧5 CGA ≧ 2 China 1,177 69.3 69.7

PRISMA-7

Ambagtsheer et al. 
(2020)

Cross-sectional Community ≧3 FP ≧ 3 Australia 228 79.0* 54.8

Braun et al. (2018) Cross-sectional Community ≧3 FP ≧ 3, FI ≧ 0.25 Germany 52 73.0 63.0

Ibrahim et al. (2022) Cross-sectional Community ≧3 FP ≧ 3 UK 97 75.0 80.0

Salminen et al. (2020) Cross-sectional Community ≧3 FI ≧ 0.25 Finland 1,090 72.7 57.0

Sukkriang and  
Punsawad (2020)

Cross-sectional Community ≧3 FP ≧ 3 Thailand 214 69.7 50.0

Notes: CGA = Comprehensive geriatric assessment; FI = Frailty index; FP = Fried’s Frailty phenotype; GFI = Groningen Frailty Index; PRISMA = Program 
of Research on Integration of Services for the Maintenance of Autonomy; TFI = Tilburg Frailty Indicator.
Prospective study shows that all participants were recruited to complete frailty assessments (i.e., FRAIL, PRISMAL-7, and FI) at the beginning and then 
received a 10- and 18-year follow-up to examine the relationship between frailty and mortality risk.
*Convert from median into mean age.
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Figure 2). Heterogeneity tests showed that the Q statistic and 
I2 index indicated substantial heterogeneity in the pooled 
sensitivity (Q = 52.05, p < .001, 80.8%) and specificity 
(Q = 105.82, p < .001, 90.6%).

In total, six studies and 11 data comprising one study 
had two reference standards and three studies used two cut-
points (i.e., ≥3 vs ≥4 or ≥4 vs ≥5) to examine the diagnostic 
accuracy of the TFI. Results showed that the pooled sen-
sitivities and specificities of the TFI were 0.66 and 0.84, 
respectively (Supplementary Figure 3). Heterogeneity tests 
showed that the Q statistic and I2 index indicated sub-
stantial heterogeneity in the pooled sensitivity (Q = 62.16, 
p < .001, 83.9%) and specificity (Q = 192.71, p < .001, 
94.8%).

In terms of PRISMA-7, five studies and six data due to two 
reference standards from one study were used in data anal-
ysis. Results showed that the pooled sensitivities and spec-
ificities of the PRISMA-7 were 0.73 and 0.86, respectively 
(Supplementary Figure 4). Heterogeneity tests showed that 
the Q statistic and I2 index indicated substantial heterogene-
ity in the pooled sensitivity (Q = 18.52, p < .001, 73.0%) and 
specificity (Q = 61.19, p < .001, 91.8%).

Overall, results indicated that the four tools had high sum-
marized specificity but low summarized sensitivity (Table 
2). Heterogeneity tests among these studies investigating 
the four scales were statistically significant (p value in Q 
test < 0.001; I2 > 80%). Therefore, further subgroup analy-
sis and meta-regression analyses were performed to examine 
potential factors explaining the heterogeneity among these 
studies.

Diagnostic Accuracy Ranking
Supplementary Figure 5 shows the network diagram illustrat-
ing the relationship between the four scales and the reference 
standard. Concerning diagnostic accuracy, the SUCRA anal-
ysis identified that the FRAIL scale, with a cut-point of 1, 
ranked highest (82.3%) for sensitivity (Supplementary Figure 
6), whereas FRAIL with a cut-point of 3 achieved the top rank 
(82.3%) for specificity (Supplementary Figure 7). Taking into 
account the balance between accurately identifying true pos-
itives and true negatives in the assessment of frailty in older 
adults, FRAIL with a cutoff point of 2 emerged as the lead-
ing candidate with a SUCRA value of 87.4% (Supplementary 
Figure 8).

Furthermore, Table 3 shows the diagnostic accuracy rank-
ing of the four tools, considering the respective cutoff points. 
The findings highlighted that the FRAIL scale, utilizing a cut-
off point of 2, exhibited the highest Youden’s index at 0.65, 
accompanied by a sensitivity and specificity of 0.82 each. 
These results underscore the FRAIL scale, employing a cutoff 
point of 2, as the optimal tool for frailty screening in older 
adults.

Subgroup Analysis and Meta-Regression
Results of the subgroup analysis and meta-regression anal-
yses for the four tools are shown in Table 4. For the FRAIL 
scale, the reference standard and country were significant 
moderators. Studies conducted in developed countries 
demonstrated a higher summarized specificity but lower 
summarized sensitivity compared to those conducted in 
developing countries (0.84 vs 0.35, p < 0001 and 0.66 vs 
0.87, p = .018). Diagnostic accuracy studies of the FRAIL 
scale using FI as a reference standard had a lower pooled 
sensitivity but higher pooled specificity than those using FP 
as a reference standard (0.15 vs 0.64; p = .001 and 0.99 vs 
0.90; p = .001).

For the GFI, the women percentage was positively cor-
related with the pooled specificity (β = .023; p = .018). 
Studies with a sample size of ≥300 had a higher pooled spec-
ificity than those with a sample size of <300 (0.72 vs 0.65, 
p = .009).

For the TFI, the female percentage, sample size, country, 
and reference standard used were significant moderators. The 
female percentage was negatively correlated with the pooled 
sensitivity (β = −0.022; p = .005) and pooled specificity (β = 
−0.027; p < .001). Studies with a sample size of ≥300 had a 
lower pooled sensitivity but higher pooled specificity than 
those with a sample size of <300 (0.81 vs 0.93, p = .009 and 
0.74 vs 0.53, p = .002). Studies conducted in developed coun-
tries demonstrated a lower summarized specificity than those 
conducted in developing countries (0.86 vs 0.95, p = .001). 
Studies using CGA as a reference standard had a higher 
pooled specificity (0.88 vs 0.76; p = .038) than those using FP 
as a reference standard.

For PRISMA-7, the reference standard was correlated with 
the pooled sensitivity and specificity. Studies using FI as a 
reference standard had a lower pooled sensitivity (0.82 vs 
0.94; p = .034) than those using FP as a reference standard. 

Table 2. Overall Sensitivity and Specificity Among the Four Subjective Frailty Scales

Sensitivity Specificity

  Test N ES Pooled
sensitivity

Q test p Value I2 Pooled
specificity

Q test p Value I2

FRAIL 13 19 0.58
(0.44–0.71)

578.35 <.001 96.9 0.92
(0.86–0.96)

1652.47 <.001 98.3

GFI  7 11 0.74
(0.68–0.79)

 52.05 <.001 80.8 0.77
(0.73–0.81)

105.82 <.001 90.6

TFI  6 11 0.66
(0.58–0.74)

62.16 <.001 83.9 0.84
(0.78–0.89)

192.71 <.001 94.8

PRISMA-7  5  6 0.73
(0.61–0.82)

18.52 <.001 73.0 0.86
(0.79–0.91)

 61.19 <.001 91.8

Note: ES = effect size; GFI = Groningen Frailty Index; I2 = I-square test; N = number of studies; PRISMA = Program of Research on Integration of Services 
for the Maintenance of Autonomy; Q test = Cochran’s Q statistic; TFI = Tilburg Frailty indicator.
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However, studies using FI as a reference standard had a higher 
pooled specificity (0.83 vs 0.59; p = .024) than those using FP 
as a reference standard.

Publication Bias
Deeks’ funnel plot asymmetry test indicated no significant 
publication bias in studies using the FRAIL scale, GFI, TFI, or 
PRISMA-7 (p > .10; Supplementary Table 9).

Discussion
This meta-analysis confirmed that the FRAIL scale with a cut-
off point of 2 is the optimal screening tool for frailty detec-
tion in older adults. This is the first diagnostic meta-analysis 
of numerous studies to use rigorous methodological quality 
assessments to examine the diagnostic properties of four sub-
jective frailty assessment tools. Thus, the results reliably sup-
ported the diagnostic accuracy of these four tools. The use of 
the FRAIL scale is recommended for rapid frailty detection 
in older adults in community settings and geriatric care units.

The overall sensitivity and specificity indicated that the 
four tools had high specificity (77%–92%) but low sensitiv-
ity (58%–74%). A tradeoff exists between the sensitivity and 
specificity of diagnostic and screening tests. Higher sensitiv-
ity corresponds to lower specificity and vice versa. A screen-
ing tool with low sensitivity results in more false negatives, 
and one with high specificity results in fewer false positives 
(Trevethan, 2017). Therefore, frail cases identified using these 
four tools can be confirmed to be frail, but the presence of 
frailty should not be ruled out for non-frail cases. Because 
screening tools with low sensitivity may be compensated by 
frequent screening (Swift et al., 2020), the sensitivity of using 
these four subjective tools to detect frailty in older adults can 
be improved by increasing the survey frequency.

Among the four scales with various cutoff points, results 
showed that the FRAIL scale with a cutoff point of 2 was the 
optimal tool for frailty detection with 82% sensitivity and 
82% specificity. The FRAIL scale with an original cut-point of 
3 showed high specificity (94%) but low sensitivity (46%). A 
test with 100% sensitivity would be perfect for positive cases, 
equivalent to a random draw when sensitivity is 50%. A sen-
sitivity of 46% indicated that less than half of frail cases could 
be detected. A scale with low sensitivity might lead to a high 

false negative rate and reduce the precision (Trevethan, 2017). 
Thus, applying FRAIL with a cut-point of 2 would increase 
the precision for frailty detection in older adults. Besides, the 
decline in physiological reserves is antecedent to physical, 
psychological, and social frailty (Gobbens et al., 2010a). One 
longitudinal study reported that weakness, weight loss, and 
exhaustion can be used to identify cases with rapid frailty 
progression (Xue et al., 2008). Because the FRAIL scale con-
tains items related to weakness, exhaustion, and weight loss, 
it may provide superior frailty detection compared to the GFI, 
TFI, and PRISMA-7, which contain items related to physical, 
psychological, and social frailty. The brief FRAIL scale with a 
cut-point of 2 can be regularly used to identify suspected early 
frailty in older adults in the community or geriatric care units; 
they should then be provided with further examinations and 
timely management.

A reference standard is used to determine the diagnos-
tic accuracy of an index test (Santini et al., 2021). In this 
meta-analysis, subgroup analyses revealed inferior summa-
rized sensitivity in studies using FI as a reference standard 
compared to the FRAIL scale (15% vs 64%) and PRISMA-7 
(82% vs 94%) relative to studies using FP as a reference stan-
dard. A possible explanation is that items of the FRAIL scale 
and PRISMA-7 were dissimilar to those of FI. FI with various 
items (e.g., 36–40 items) identifies frailty based on accumu-
lating deficits in multidimensional domains such as physical 
function, multimorbidities, cognition, and psychosocial fac-
tors (Searle et al., 2008). The reduced-item FRAIL scale (five 
items) and PRISMA-7 (seven items) may insufficiently rep-
resent the case definition of FI, leading to decreased summa-
rized sensitivity and increased frailty false negatives. Because 
FP, FI, and CGA have been recommended as validated com-
prehensive measurement methods for frailty, item feature 
consistency should be considered when selecting a reference 
standard to examine the diagnostic accuracy of an index text. 
Because a small number of studies applying FI and CGA as 
reference standards were included in this meta-analysis, more 
studies should be conducted to examine the diagnostic accu-
racy of various combinations by pairing different index texts 
and validated measurement methods.

Results of the present study indicated that country and 
women percentage were significant moderators of summa-
rized sensitivity and specificity for the FRAIL and TFI scales. 

Table 3. Ranking of Frailty Screening Scales Based on Youden’s Index

Index Cutoff Sensitivity (95% CI) Specificity (95% CI) Youden index (95% CI) Ranking

FRAIL 1 0.91 (0.83–0.95) 0.46 (0.29–0.67) 0.37 (0.19–0.57) 11

FRAIL 2 0.82 (0.73–0.90) 0.82 (0.72–0.90) 0.65 (0.52–0.75) 1

FRAIL 3 0.46 (0.34–0.58) 0.94 (0.91–0.97) 0.40 (0.28–0.53) 9

GFI 3 0.87 (0.75–0.93) 0.64 (0.46–0.78) 0.50 (0.32–0.67) 7

GFI 4 0.77 (0.61–0.85) 0.78 (0.65–0.88) 0.54 (0.37–0.69) 5

GFI 5 0.57 (0.33–0.76) 0.90 (0.77–0.96) 0.45 (0.22–0.66) 8

TFI 4 0.82 (0.69–0.90) 0.76 (0.58–0.86) 0.57 (0.35–0.70) 3

TFI 5 0.71 (0.58–0.82) 0.85 (0.72–0.91) 0.56 (0.38–0.68) 4

TFI 6 0.63 (0.44–0.78) 0.89 (0.78–0.94) 0.51 (0.30–0.67) 6

TFI 8 0.44 (0.13–0.69) 0.92 (0.84–0.97) 0.36 (0.04–0.61) 10

PRISMA-7 3 0.80 (0.64–0.90) 0.83 (0.68–0.92) 0.63 (0.40–0.77) 2

Note: GFI = Groningen Frailty Index; PRISMA = Program of Research on Integration of Services for the Maintenance of Autonomy; TFI = Tilburg Frailty 
Indicator.
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Table 4. Subgroup Analysis and Meta-regression

ES β/Sensitivity p Value β/Specificity p Value

FRAIL

Age 19 −0.062 (−0.218, 0.093) .434 −0.013 (−0.229, 0.203) .904

Female percentage 19 −0.018 (−0.063, 0.027) .430 0.014 (−0.047, 0.075) .644

Prevalence of frailty 19 −0.800 (−4.104, 2.504) .635 −0.637 (−5.072, 3.799) .779

Sample size

 � <300 10 0.63 Ref. 0.84 Ref.

 � ≧300 9 0.57 .673 0.91 .495

Reference standard

 � FP 13 0.64 Ref. 0.90 Ref.

 � FI 2 0.15 .001 0.99 .001

 � CGA 4 0.49 .224 0.84 .293

Country

 � Developing 13 0.87 Ref. 0.35 Ref.

 � Developed 6 0.66 .018 0.84 <.001

Risk of bias

 � Index test

  �  Low risk 5 0.34 Ref. 0.87 Ref.

  �  High risk 14 0.45 .527 0.90 .743

 � Reference standard

  �  Low risk 3 0.43 Ref. 0.80 Ref.

  �  High risk 16 0.49 .756 0.88 .603

 � Flow and timing

  �  Low risk 6 0.92 Ref. 0.77 Ref.

  �  High risk 13 0.76 .026 0.88 .397

GFI

Age 11 −0.001 (−0.069, 0.066) .968 −0.026 (−0.057, 0.004) .094

Female percentage 11 0.023 (−0.019, 0.066) .285 0.023 (0.004, 0.041) .018

Prevalence of frailty 11 0.185 (−1.204, 1.573) .794 −0.303(−1.115, 0.510) .465

Sample size

 � <300 5 0.67 Ref. 0.65 Ref.

 � ≧300 6 0.71 .511 0.72 .009

Reference standard

 � FP 5 0.79 Ref. 0.74 Ref.

 � FI 3 0.72 .226 0.79 .140

 � CGA 3 0.70 .090 0.77 .408

Country

 � Developing 8 0.82 Ref. 0.81 Ref.

 � Developed 3 0.75 .324 0.78 .247

Risk of bias

 � Index test

  �  Low risk 3 0.56 Ref 0.70 Ref

  �  High risk 8 0.66 .324 0.74 .247

 � Flow and timing

  �  Low risk 2 0.39 Ref 0.87 Ref

  �  High risk 9 0.57 .375 0.82 .420

TFI

Age 11 −0.031 (−0.154, 0.091) .619 −0.061 (−0.152, 0.031) .192

Female percentage 11 −0.022 (−0.038, −0.007) .005 −0.027 (−0.038, −0.016) <.001

Prevalence of frailty 11 −0.562 (−3.099, 1.976) .664  0.537 (−1.981, 3.056) .676

Sample size

 � <300 4 0.93 Ref. 0.53 Ref.

 � ≧300 7 0.81 .009 0.74 .002
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A spectrum effect derived from inherent variations in a 
study population, such as setting and patient characteristics 
(e.g., women), may affect a test’s sensitivity and specificity 
(Mulherin & Miller, 2002). Women may have more frailty 
caused by greater levels of disability, more comorbidities, 
and poorer self-rated health, marital status, education level, 
and social support but they may tolerate this frailty better 
which reduces the impact on their daily activities (Gordon 
et al., 2017; Zhang et al., 2018). These variations in demo-
graphic characteristics among women may affect the diag-
nostic accuracy of the TFI scale. In addition, differences in 
frailty prevalence between different countries may affect the 
frailty diagnostic accuracy (Harttgen et al., 2013). High dis-
ease prevalence tends to be associated with high sensitivity 
and low specificity for tests under evaluation (Leeflang et 
al., 2013). Because the included studies did not report the  
population-level frailty prevalence, the effect of frailty preva-
lence in different countries on the diagnostic accuracy of the 
TFI and FRAIL scale could not be fully examined. Because 
no study examined the diagnostic accuracy of PRISMA-7 in 
developing countries, more well-designed studies should be 
conducted to clarify the effect of frailty prevalence in different 
countries on the diagnostic accuracy of the four tools.

A sample size of ≥300 is sufficiently large to evaluate both 
the sensitivity and specificity of screening and diagnostic 
tests (Bujang & Adnan, 2016). Based on a rule-of-thumb, 
our findings revealed that studies with a sample size of ≥300 
had more stable summarized sensitivity and specificity for 
the TFI (81% vs 74%) than those with a sample size of <300 
(93% vs 53%). A sufficient sample size may provide more 
precise estimates with small confidence intervals, ensuring 
adequate power for evaluating screening or diagnostic tests 

(Bachmann et al., 2006; Bujang & Adnan, 2016; Hajian-
Tilaki, 2014). Thus, the summarized sensitivity and specific-
ity of the TFI in studies with large sample sizes were more 
reliable. Because studies with large-sample studies (≥300) 
examining the diagnostic accuracy of the FRAIL scale, 
GFI, and PRISMA-7 did not significantly differ compared 
to smaller studies, more studies with large samples (≥300) 
should be conducted to re-examine the diagnostic accuracy.

This meta-analysis used rigorous criteria to include eligible 
studies, including greater sample sizes, and the quality of the 
included studies was rigorously assessed, which increased the 
internal validity. Eligible studies were conducted in various 
countries, which increased the generalizability of the find-
ings. However, some limitations must be considered when 
interpreting the findings. First, this review only included 
studies that recruited individuals aged >60 years; thus, the 
generalizability of these findings to other age groups may 
be limited. Second, older adults with comorbidities (e.g., 
diabetes, osteoarthritis, or heart disease) could increase the 
frailty risk which may have affected the diagnostic accuracy 
of frailty assessment tools. However, the effect of comor-
bidities on the diagnostic accuracy of the four scales could 
not be further analyzed due to insufficient data reported in 
the included studies. Further studies could be considered to 
clarify this issue. Third, although no language restrictions 
were used when searching for eligible studies, only stud-
ies published in the English language were included in this 
meta-analysis. A language bias on the resulting estimations 
should be considered. Fourth, this study only examined the 
effects of the sample-level frailty prevalence on summarized 
sensitivity and specificity because the included studies did 
not provide population-level frailty prevalences. The results 

ES β/Sensitivity p Value β/Specificity p Value

Reference standard

 � FP 5 0.68 Ref 0.76 Ref

 � FI 2 0.64 .669 0.79 .261

 � CGA 4 0.71 .857 0.88 .038

Country

 � Developing 9 0.59 Ref. 0.95 Ref

 � Developed 2 0.67 .643 0.86 .001

PRISMA-7

Age 6 0.036 (−0.238, 0.310) .799 −0.111 (−0.326, 0.104) .312

Female percentage 6 0.059 (−0.008, 0.125) .086 −0.014 (−0.039, 0.012) .297

Prevalence of frailty 6 −7.008 (−15.766, 1.751) .117 4.420 (−2.384, 11.224) .203

Reference standard

 � FP 4 0.94 Ref. 0.59 Ref.

 � FI 2 0.82 .034 0.83 .024

Risk of bias

 � Index test

  �  Low risk 3 0.83 Ref. 0.65 Ref.

  �  High risk 3 0.75 .341 0.80 .278

 � Flow and timing

  �  Low risk 3 0.79 Ref. 0.86 Ref.

  �  High risk 3 0.76 .844 0.86 .973

Note: CGA = Comprehensive geriatric assessment; FI = Frailty index; FP = Fried’s Frailty phenotype; GFI = Groningen Frailty Index; PRISMA = Program of 
Research on Integration of Services for the Maintenance of Autonomy; Ref = Reference; TFI = Tilburg Frailty Indicator.

Table 4. Continued
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should be interpreted with caution. Fifth, possible modera-
tors related to frailty, such as the nutrition status, comor-
bidities, and decrease in functional capacity (Fhon et al., 
2018; Lorenzo-López et al., 2017), that could explain the 
heterogeneity among the studies could not be further ana-
lyzed because of insufficient data. Finally, only a few studies 
reported the diagnostic accuracy of the FRAIL scale with a 
cutoff point of 1 and the TFI with cutoff points of ≥6 or ≥8. 
Future investigations should validate the diagnostic accuracy 
of these tools with specific cutoff points.

Conclusion
This is the first meta-analysis to examine and compare the 
summarized sensitivity and specificity of the FRAIL scale, 
GFI, TFI, and PRISMA-7. Results indicated that these four 
subjective frailty screening tools had high specificity (77%–
92%) but low sensitivity (58%–74%). The FRAIL scale with 
a cutoff point of 2 and with acceptable sensitivity (82%) and 
specificity (82%) was the optimal screening tool for detect-
ing frailty in community-dwelling older adults. The FRAIL 
scale with only five self-reported items has the advantages of 
accessibility, simplicity, convenience, low time commitment, 
and less physical discomfort; it is ideal for use in the com-
munity or geriatric care units for the rapid identification of 
frailty among older adults. Regular use of the FRAIL scale 
can be incorporated into the frailty screening of older adults. 
Healthcare professionals (e.g., nurses, geriatricians, physical 
therapists, and geriatric care managers) can use the FRAIL 
scale to interview older adults for early frailty detection in 
low-resource settings for physical performance tests and com-
prehensive frailty assessments.
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