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Résumé

L’indicateur de fragilité de Tilburg (TFI) est un outil validé pour déterminer la fragilité chez les
personnes agées. Cette étude examine la validité et I'exactitude du TFI Part B (TFI-B) dans un
contexte nord-américain. Soixante-douze personnes agées de 65 ans ou plus recrutées dans une
clinique de médecine gériatrique située en milieu rural ont rempli une série de questionnaires
d’autoévaluation et se sont soumises a des tests de performance, y compris le TFI-B. Le degré de
fragilité était déterminé a 'aide du phénotype de fragilité modifié de Fried (FFP). Les coefficients
de corrélation de Pearson (r) ont évalué les liens concomitants entre le TFI-B et d’autres outils
d’évaluation. L'exactitude du TFI-B dans la classification des niveaux de fragilité a été évaluée a
laide de la formule de l'aire sous la courbe (AUC). Les scores TFI-B ont montré de faibles
corrélations (r < 0,4), 'évaluation de la vitesse de marche et de la préhension indiquant que le
TFI-B ne considere pas la fragilité comme un probléme d’ordre physique seulement. ’AUC de
0,82 montre que les scores TFI-B classent avec exactitude les personnes fragiles par rapport a
celles qui ne le sont pas. Le score > 5 sur I'échelle TFI-B s’est avéré suffisamment sensible et
spécifique (73 %/77 %) et une excellente valeur prédictive négative (91,95 %). Cela indique qu'on
peut utiliser le score TFI-B < 5 pour écarter le diagnostic de fragilité.

Abstract

The Tilburg Frailty Indicator (TFI) is a validated tool for determining frailty in older adults.
This study examined the validity and accuracy of the TFI Part B (TFI-B) in a North American
context. Seventy-two individuals > 65 years of age recruited from a rural geriatric medicine clinic
completed a set of self-reported and performance-based measures, including TFI-B. Frailty level
was determined using modified Fried’s Frailty Phenotype (FFP). Pearson correlation coeffi-
cients (r) assessed the concurrent relationships between the TFI-B and other measures.
Accuracy of the TFI-B in classifying frailty level was assessed using assessing area under the
curve (AUC). The TFI-B scores showed low correlations (r < 0.4) with gait speed and grip,
suggesting that the TFI-B did not consider frailty as merely a physical problem. The AUC 0f 0.82
indicated that the TFI-B scores accurately classified frail versus non-frail individuals. The score
of 2 5 on the TFI-B scores showed satisfactory sensitivity/specificity (73%/77%) and excellent
negative predictive value (91.95%). This indicates that a TFI-B score of < 5 can be used to rule
out frailty.

Clinical Implications

This study provides evidence to support the use of Tilburg Frailty Indicator Part B (TFI-B) to
determine frailty in older adults in a North American context. The results show that the TFI-B
can be used as a quick screening tool to determine frailty, given its lower administration burden
compared with the Fried’s Frailty Phenotype (FFP). Clinicians should use a score of < 5 on the
TFI-B to rule out frailty, given its high negative predictive value (91.95%).

Background

Over the past few decades, several research studies have examined the impact of frailty on
functioning and quality of life in older adults (Walston, Buta, & Xue, 2018). There is a broader
consensus in these studies that individuals who are frail have low physiological reserves to cope
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with stressors, are susceptible to rapid and irreversible decline in
health, and have poor quality of life and physical functioning
(Crocker et al,, 2019; Kojima, Iliffe, Jivraj, & Walters, 2016). In
addition, frailty is known to result in a greater risk of hospitaliza-
tion (Chang, Lin, & Cheng, 2018), elevate the risk for fall and fall-
related injuries (Cheng & Chang, 2017), and lead to poor outcomes
in those requiring hospitalization (Muscedere et al., 2017). Under-
standably, there is a call to prepare health care systems for timely
identification and mitigation of the risk for frailty as well as to
manage the adverse health outcomes in those who are deemed frail
(Muscedere et al., 2016).

Recent studies suggest that the prevalence of frailty in
community-dwelling adults over the age of 60 years is 7 per cent
globally (Ofori-Asenso et al., 2019), 6.5 per cent in Canada (Lee
etal, 2017), and up to 15 per cent in the United States (Bandeen-
Roche et al., 2015). These are staggering statistics that should alarm
health care providers working with geriatric populations. Adults
over the age of 65 years are the fastest growing demographic around
the world (He, Goodkind, & Kowal, 2016). Current projections
suggest that the number of older adults in the United States will
surpass the number of children under the age of 18 years by 2035,
and that there will be approximately 88,000,000 older adults by
2050, almost double the 48,000,000 older adults in the United States
in 2015 (He et al., 2016). Because individuals who are frail utilize
more health care resources, the burden placed on health care
systems will be challenging. As we prepare to manage a growing
population of the elderly, it is critical to engage in early identifica-
tion of those who are pre-frail or frail and to provide structured
evidence-based interventions that effectively reverse frailty-related
impairments (Apdstolo et al., 2018; Travers, Romero-Ortuno, Bai-
ley, & Cooney, 2019). Such an approach can reduce the frequency
and extent of health care utilization by older adults who are frail.
Most importantly, early identification of individuals who might be
on trajectory to becoming frail or who are already frail can facilitate
appropriate interventions to enable these individuals to experience
optimal physical health and quality of life.

Over the years, approaches to assess whether an individual is
frail or pre-frail have evolved (Walston et al., 2018). One of the
earlier studies proposed a broader definition of frailty, suggesting
that individuals can be deemed frail if they have any one of the traits
such as physical disability, cognitive or neurological deficits, or
being on prolonged bed rest, or have family-related or socio-
economic problems (Winograd et al., 1991). Subsequently, other
frameworks such as the Deficit Accumulation Index, Gill Frailty
Measure, and Clinical Frailty Scale or FRAIL Scale were developed
as instruments for assessing frailty (Buta et al., 2016). Fried et al.
(2001) conducted a defining work and proposed the Fried’s Frailty
Phenotype (FFP) framework. The FFP suggests that frailty is
characterized not just by illness or physical dysfunction but also
by a combination of weakness, slowness, exhaustion, low physical
activity, and weight loss. In particular, FFP classifies individuals as
pre-frail if they exhibit one or two of these characteristics, and as
frail if they exhibit three or more of these characteristics. Although
the FFP remains one widely used framework for determining
frailty, it has a few limitations. First, the FFP requires administra-
tion of several performance-based tests such as those assessing
hand grip strength (HGS) and gait speed (GS) as well as adminis-
tration of appropriate measures to examine physical activity and
exhaustion levels. This greatly increases its administrative burden,
making it difficult to be used for quick screening. Second, the FFP
focuses solely on the physical aspects of frailty and does not
consider frailty as a syndrome beyond problems of physical
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function. Recently, researchers proposed that cognitive deficits
should be considered along with physical functional deficits when
characterizing frailty (Aubertin-Leheudre, Woods, Anton, Cohen,
& Pahor, 2015; Kelaiditi et al., 2013). Despite multiple efforts to
comprehensively define frailty, an abundance of research in the
area, and a widespread agreement to integrate frailty assessments
into clinical practice, there remains no consensus on the definition
or the best tool for assessing frailty (Morley et al., 2013; Rodriguez-
Manas et al., 2013).

The Tilburg Frailty Indicator (TFI) is a self-reported measure
used to identify individuals who are frail (Gobbens, van Assen,
Luijkx, Wijnen-Sponselee, & Schols, 2010). Gobbens, Luijkx,
Wijnen-Sponselee, and Schols (2010) proposed the conceptual
model for developing the TFI in an earlier publication. This model
advocated that the definition of frailty should include components
beyond physical dysfunction such as nutrition, mobility, physical
activity, strength, endurance, balance, cognition, sensory function,
mood, coping, social relations, and social support (Gobbens,
Luijkx, et al., 2010). These components are in line with the devel-
oping consensus among international frailty experts who suggest
including different aspects of cognitive and social domains when
defining frailty (Kelaiditi et al., 2013; Rodriguez-Manas et al,,
2013). The TFI consists of Part A (demographic, socio-economic,
and health characteristics) and Part B (physical, psychological,
and social domains of frailty) (Gobbens, van Assen, et al., 2010).
Measurement properties such as reliability and known-group
validity (ability to discriminate between known subgroups) for
the TFI part B (TFI-B) are beginning to be assessed in different
cultural contexts beyond The Netherlands where the TFI was first
developed (Gobbens, van Assen, et al., 2010). A systematic review
suggested that the TFI-B has a greater pool of evidence for its
reliability and validity than other multi-component frailty assess-
ment tools such as Groningen Frailty Indicator, The Comprehen-
sive Frailty Assessment Instrument, or the Edmonton Frail Scale
(Sutton et al., 2016). Specifically, scores of > 5 on the TFI-B are
highly accurate in identifying frail individuals (Gobbens, Boersma,
Uchmanowicz, & Santiago, 2020).

An advantage of the TFI-B over a commonly used frailty
framework such as the FFP is that it is a self-reported tool with a
high level of accuracy in identifying frailty. This greatly reduces its
administrative burden. Additionally, the TFI-B operationalizes
frailty across much broader domains beyond the physical impair-
ment aspect of frailty defined by Fried et al. (2001). However, its
known-group validity and accuracy in classifying frail individuals
have not been extensively studied in the context of older adults in
the United States even though it was developed in English. This
study examined concurrent and known-group validity of the TFI-B
in community-dwelling older adults consulting a geriatric outpa-
tient clinic. In addition, the study also assessed the sensitivity and
specificity of the TFI-B in accurately differentiating frail or pre-frail
from non-frail older adults.

Methods

The study used a cross-sectional measurement and accuracy design
with data collected in one session.

Participants

Using convenience sampling methodology, we approached
patients 65 years of age or older attending the outpatient geriatric
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medicine clinic at Marshall Health in Huntington, West Virginia,
USA, to participate in this study. We excluded people with severe
cognitive impairment that resulted in an inability to understand
study instructions, an inability to communicate and read English,
and any pre-existing musculoskeletal or neurological impairments
resulting in wheelchair dependency for mobility. The study proto-
col described in subsequent sections was approved by the Institu-
tional Review Board at Marshall University.

Outcome Measures and Determining Frailty

Several self-reported and performance-based measures were
administered to capture broader domains of physical function,
balance, and physical activity level. Presence of frailty was deter-
mined using TFI-B as well as the FFP.

TFI

Participants only completed Part B of the TFI. This is because the
scoring for the TFI is derived only from Part B, whereas Part A
intends to capture demographic information, and none of the
questions in it are scored. Part B has been deemed reliable and
accurate in identifying frailty in community-dwelling older adults
in the Dutch population where it was conceived, and also in older
adults in Brazil, Poland, Italy, Portugal, and Denmark (Gobbens
etal., 2020; Gobbens, van Assen, et al., 2010). Individuals who score
> 5 out of a maximum possible score of 15 on TFI-B are deemed
frail (Gobbens et al., 2020; Gobbens, van Assen, et al., 2010). The
TFI-B questionnaire can be accessed from the study published by
Gobbens, Luijkx, et al. (2010).

FFP

Frailty was also determined using the frailty phenotype constructs
outlined by Fried et al. (2001). These constructs included slowness,
weakness, exhaustion, low physical activity, and unintentional
weight loss. Some modifications were made in using precise out-
come measures as well as desired benchmarks to determine impair-
ments for different FFP constructs. Table 1 summarizes the
constructs assessed in the FFP, the criteria originally proposed by
Fried et al. to assess these constructs (Fried et al., 2001), relevant
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question on the TFI for that particular construct, and the criteria we
used in this study for assessing impairment in that constructs.

Slowness. Consistent with the criteria used by Fried et al., 2001,
slowness was assessed using performance in GS. GS was assessed
over a 4 m walking path. The start and finish lines were indicated by
tapes on the floor. Participants stood with their toes behind the
starting line and walked past the finish line at their usual pace when
prompted by the command of “Ready, 1,2, 3,and Go” (Bohannon &
Wang, 2019). Time from the command of “go” to when partici-
pant’s first foot crossed the 4-m mark was obtained as the test score.
Participants completed one practice trial and two test trials with the
best speed in those two trials considered for calculating GS. GS
assessed over 4 m has adequate test—retest reliability (Fernandez-
Huerta & Coérdova-Ledn, 2019) and validity (Peters, Fritz, &
Krotish, 2013). GS assessed over a 4-m path is highly reproducible
and has a very small measurement error when used in older adults
(Goldberg & Schepens, 2011). GS scores of < 0.8 m/sec suggest an
increased risk of institutionalization, disability, and even mortality
(Studenski et al., 2011). Therefore, GS scores of < 0.8 m/sec indi-
cated decreased gait speed and slowness (Studenski et al., 2011).

Weakness. Weakness was assessed, similarly to the approach
suggested by Fried et al., 2001, using HGS. The HGS on the
dominant side was assessed using Lafayette Hand Dynamometer
(Model J00105, Lafayette Instruments, Lafayette, IN, USA) consis-
tent with the methodology described by the American Society of
Hand Therapists (Fess, 1992). Participants were asked to press the
handle of the dynamometer as hard as they could with sustained
increasing effort over 5 sec. An average of three trials was obtained
as the test score. Previous research has shown that the handheld
dynamometer is reliable and valid for assessing HGS in
community-dwelling older adults (Schaubert & Bohannon,
2005). HGS within the 25th percentile of normative values for
sex and age indicated weakness (Wang, Bohannon, Li, Sindhu, &
Kapellusch, 2018).

Exhaustion. Two questions from Center for Epidemiologic
Studies Depression Scale (CES-D) were administered to determine
exhaustion level (Radloff, 1977). The questions were “How often
have you felt that everything required considerable effort during
the past week?” and “How often could you not get going during the
past week?” The response choices for these questions were 0 =
rarely or none of the time (less than one day), 1 = some or a little of

Table 1. Constructs within FFP criteria used in this study, and matching question on TFI-B

FFP Construct

TFI-B Question

Criteria Used by Fried et al., 2001

Modified Fried Criteria Used in the Study

Slowness Do you experience problems in your  Walking time/15 feet: slowest 20% Gait speed scores of < 0.8 m/sec (Studenski et al., 2011)
daily life due to difficulty in (by gender, height)
walking?

Weakness Do you experience problems in your Grip strength: lowest 20% (by gender, Hand grip strength within 25th percentile of normative
daily life due to lack of strength in body mass index) values for sex and age (Wang, Bohannon, Li, Sindhu, &
your hands? Kapellusch, 2018)

Exhaustion Do you experience problems in your  Self-report of exhaustion A score of 2 or 3 on either of the two questions on the

daily life due to physical tiredness?

CES-D (Radloff, 1977)

Physical activity

None

Kcal/week: lowest 20% males: <383
Kcal/week females: <270 Kcal/week

A score of 1 (sedentary) or 2 (under-active) on the RAPA
(Topolski et al., 2006)

Weight loss Have you lost a lot of weight recently ~ Have you lost 210 pounds in the past
without wishing to do so? 1year?
(“a lot” is: 26 kg during the last o Yes
6 months, or o No

=3 kg during the last month)

Have you lost 210 in the past 1 year?
o Yes
o No

Note. CES-D = Center for Epidemiological Study Depression Questionnaire; FFP = Fried’s Frailty phenotype; TFI-B = Part B of the Tilburg Frailty Indicator.
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the time (1-2 days), 2 = occasionally or moderate amount of time
(3—4 days), and 3 = most or all of the time (5-7 days). These
questions have been used before for determining exhaustion in
the context of frailty screening in older adults (Lee et al., 2017; Pao,
Chen, Chang, Chen, & Tsai, 2018). A score of 2 or 3 on either of the
two questions of the CES-D indicated exhaustion (Radloff, 1977).

Physical activity. Criteria for determining physical activity level
were different from that used by Fried et al. (2001), who derived
physical activity levels in kilocalories expended each week from the
Minnesota Leisure Time Activities Questionnaire. We used the
Rapid Assessment of Physical Activity (RAPA) for determining
low physical activity. This approach for assessing physical activity
was also adopted in recent studies that screened older adults for
frailty (Lee etal., 2017; Mohd Hamidin, Adznam, Ibrahim, Chan, &
Abdul Aziz, 2018). A score of 1 (sedentary) or 2 (under-active) on
the RAPA indicated low physical activity (Topolski et al., 2006).

Weight loss. Lastly, significant weight loss was determined by
inquiring whether participants had lost > 10 Ib (that is 4.5 kg) in the
past 1 year. Fried et al. (2001) adopted the same approach.

Participants were classified as frail if they had impairments in
three or more constructs.

Examiners

These data represent a subset of a cohort from patients seen in
the Geriatric Section of Internal Medicine at Marshall University
School of Medicine, Huntington, West Virginia, USA. The over-
arching purpose of this research is to screen patients who are
consulting geriatric physicians for physical function and frailty.
Research fellows affiliated with the Department of Internal Med-
icine conducted all examinations. Each fellow underwent a stan-
dardization session and established adequate inter-rater reliability
(intraclass correlation coefficient of > 0.75) (Koo & Li, 2016) with
the principal investigator (S.P.M.) in administering all of the
performance-based measures outlined on healthy volunteers prior
to collecting data on research participants.

Recruitment Strategy and Data Collection

Patients consulting a geriatrician were approached by research
fellows for participation in the study. They signed a consent form
and then participated in the data collection session. Participants
completed all of the self-reported measures prior to testing for the
performance-based measures. Investigators administered the GS
and HGS in a random sequence. At least a 30-sec rest period was
provided between each trial of the GS and HGS. A 1-min rest
period was provided between testing for each measure. Investiga-
tors used clinical charts to obtain demographic information and
health history including age, sex, height, weight, education level,
active medical conditions, list of medications, history of hospital-
izations (in the past 2 years), use of an assistive device for mobility,
and the dominant side. A geriatrician extracted information on
active medical conditions and the list of medications from the
clinical chart at the time of the data collection session.

Data Analysis

Demographic and health information as well as the scores for
outcome measures were summarized for all participants stratified
by frailty status. Normality for the numerical variables was assessed
using the Shapiro Wilk test (Ghasemi & Zahediasl, 2012). Concur-
rent validity of the TFI-B was examined by calculating Pearson
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Correlation Coefficients (1) to demonstrate its relationship with
other outcome measures. Coefficient values of > 0.7, between 0.50
and 0.70, between 0.30 and 0.50, and < 0.30 were suggestive of high,
moderate, low, and negligible correlations, respectively (Mukaka,
2012). We hypothesized that the TFI-B would demonstrate moder-
ate relationships (r > 0.50) to attributes of physical function such as
GS, HGS, and RAPA scores (H1). Known-group validity of the TFI-
B was examined by comparing the differences in demographic and
health characteristics as well as scores for outcome measures using a
cut-off score of > 5 on the TFI-B. This cut-off score was considered
based on previous study that suggested that those who score
> 5 on the TFI-B are frail (Gobbens et al., 2020). Known-group
validity examined whether a test/questionnaire (in this case the TFI-
B) sufficiently discriminates two known subgroups (in this case,
subgroups created by the cut-off score of > 5 vs. < 5 on the TFI-B)
(Davidson, 2014). Independent t tests (continuous variables) or chi-
square tests (categorical variables) were performed for these com-
parisons with p values of < 0.05 considered significant and indicative
of satisfactory known-group validity. We hypothesized that the GS,
HGS, and RAPA scores would be significantly different between
those who scored > 5 versus those who scored < 5 on the TFI-B (H2).

Accuracy of the TFI-B in determining frailty level was assessed
using several iterative and sequential steps. Binary logistic regres-
sion assessed the relationships between the TFI-B scores and being
classified as frail according to the FFP (dependent variable). The
regression analysis was adjusted for potential covariates such as age
(number of years), sex (male vs. female), body mass index (BMI),
being on four or more medications (Masnoon, Shakib, Kalisch-
Ellett, & Caughey, 2017), number of co-morbid conditions, history
of hospitalization (yes or no), and use of assistive devices for
outdoor ambulation (no = 0, cane = 1, walker = 2). Receiver
operating characteristics (ROC) curves were plotted to examine
the accuracy of the TFI-B scores in distinguishing individuals who
were frail from those who were non-frail. The magnitude of the area
under the curve (AUC) of 0.5 for the ROC suggested no discrim-
ination, a magnitude between 0.5 and 0.7 indicated poor discrim-
ination, between 0.7 and 0.8 suggested acceptable discrimination,
between 0.8 and 0.9 suggested excellent discrimination, and > 0.9
suggested outstanding discrimination (Mandrekar, 2010). We
hypothesized that the TFI-B scores would demonstrate acceptable
discrimination (AUC > 0.70) in identifying individuals who were
frail versus non-frail (H3). Sensitivity and specificity of the TFI-B
scores in identifying those with or without frailty were examined
with an emphasis on whether the previously established cut-off
score of 2 5 on TFI-B had good sensitivity and specificity in
identifying individuals with frailty. The positive predictive value
(PPV) and negative predictive value (NPV) were calculated for
TFI-B scores of > 5. The prevalence of frailty was estimated to be
20 per cent for calculating PPV and NPV. This estimate was chosen
considering that the average age of participants in this sample was
78.3 (+ 7.6) years and that the published data indicate that the
prevalence of frailty in Americans who are between 75 and 79 years
of age is 20 per cent (Bandeen-Roche et al., 2015). P values of < 0.05
were used as indicators of statistical significance where applicable.

All the analyses were completed using SPSS (v.26, Armonk, NY,
USA).

Results

The characteristics of the sample recruited for this study are shown
in Table 2 stratified by frailty level determined using Fried’s
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Table 2. Characteristics of participants overall and stratified By FFP category (n = 72)

Overall Sample Frail (n =37) Non-Frail (n = 35)
Variable Mean + SD or Percentage (%)  Mean + SD or Percentage (%)  Mean + SD or Percentage (%) p Value
Age (years) 78379 814+8 75+6.5 0.0004
Sex
Women 61 (85%) 31(83.8) 30 (85.7) 0.25
Men 11 (15%) 6 (16.2) 5 (14.3)
BMI 27.7+5.4 26.5+5.2 289+54 0.06
Number of Co-morbid Conditions 32+17 3.3+1.8 29+15 0.38
Polypharmacy (< 4 OR
>4 medications) 0.14
No 26 (36%) 10 (27) 16 (45.7)
Yes 46 (64%) 27 (73) 19 (54.3)
Gait speed (m/sec) 0.79 +0.22 0.7+0.2 09+0.2 <0.0001
Dominant side grip strength (kilograms) 19.1+7.1 16.4+6.5 22+6.6 0.0005
TFI-B scores 43+26 56+24 29+19 <0.0001
Note. BMI = body mass index; SD = standard deviation; OR = odds ratio; TFI-B, Part B of the Tilburg Frailty Indicator. p values that were significant are shown in boldface.
Table 3. Pearson correlation coefficients showing concurrent relationships of Table 4. Known group validity of the TFI-B (n = 72)
the TFI-B with other measures (n = 72)
TFI-B <5 (n = 37) TFI-B = 5 (n = 35)
Grip Strength —
X K . Mean + SD or Mean  SD or
Dominant Side Gait Speed AR Percentage (%) Percentage (%) p Value
TFI-B —-0.11 (0.35) -0.23 (0.06) -0.22 (0.07) Age 76.9+ 8.2 798+ 7.4 0.13
Grip strength — 0.49 (<0.0001)  0.25 (0.03)
. . Sex
dominant side
Gait speed 0.26 (0.03) Women 32 (86.5) 29 (82.9) 0.75
- - — - — Men 5 (13.5) 6 (17.1)
Note. RAPA = Rapid Assessment of Physical Activity; TFI-B = Part B of the Tilburg frailty indicator.
p values are shown in the parentheses. Correlations significant at p values < 0.05 are shown in BMI 279+59 27.7+48 0.67
boldface.
Co-morbid count 28+14 3.7+19 0.03
Grip strength — 19.9+6.6 183 7.6 0.33
phenotype. Thirty-seven (51.4%) participants were deemed frail. dominant side
There were a proportlonately much higher numbe.r of females Gait speed e R N
(84.7%) than males (15.3%) in the sample. The frailty level was
RAPA 3.7+16 3.1+16 0.10

comparable among females and males (p = 0.25). When compared
with the non-frail subgroup, individuals deemed to be frail were
significantly older (81.4 + 8 years vs. 75 £ 6.6 years, p = 0.0004), had
worse gait speed (0.7 + 0.2 m/sec vs. 0.9 £ 0.2 m/sec, p < 0.0001),
weaker grip strength in the dominant hand (16.4 + 6.5 kg vs. 22 +
6.6 kg, p < 0.0001), and higher scores on the TFI-B (5.6 £ 2.4 vs. 2.9
+ 1.9, p < 0.0001). These subgroups (frail vs. non-frail) did not
differ in BMI, number of co-morbid conditions, or whether they
were taking four or more medications (p > 0.05).

Concurrent and Known-Group Validity

The relationships between the TFI-B scores and other measures
assessed using Pearson correlations are shown in Table 3. The
TFI-B showed negligible (r < 0.30) and non-significant (p > 0.05)
correlations with GS, HGS, and RAPA (Table 3) indicating that the
results did not meet our pre-specified hypothesis (H1). Table 4
shows the results for known-group validity assessed using inde-
pendent ¢ tests. The scores for physical activity level, HGS, or the
demographic characteristics of age and sex were not different for
those who were deemed frail than for those who were deemed non-

https://doi.org/10.1017/S0714980823000077 Published online by Cambridge University Press

Note. BMI = body mass index; RAPA = Rapid Assessment of Physical Activity; SD = standard
deviation; TFI-B = Part B of the Tilburg Frailty Indicator. p-values that were significant are
shown in boldface.

frail using the cut-off scores for the TFI-B (scores of > 5). None-
theless, participants scoring > 5 on the TFI-B had worse scores for
GS (0.7 £ 0.2 m/sec vs. 0.86 £ 0.2 m/sec; p = 0.006) and had worse
co-morbid burden (3.7 £ 1.9 vs. 2.8 + 1.4; p = 0.03). This suggests
that results only partially fulfilled our pre-specified hypothesis for
known-group validity of the TFI-B scores (H2).

Accuracy of TFI-B Scores in Identifying Frail Status

Logistic regression showed that being older (odds ratio [OR] of
1.11; p = 0.022) and having higher scores on the TFI-B (OR of 1.76;
p = 0.001) were associated with being considered frail using the
FFP. Figure 1 shows the ROC highlighting the accuracy of TFI-B
scores in classifying those who are frail versus those who are non-
frail. The TFI-B showed excellent accuracy in classifying
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Figure 1. Receiver operating characteristics curve demonstrating accuracy of the

TFI-B scores in classifying frail versus non-frail individuals.

Table 5. Diagnostic accuracy data for TFI-B scores of =5 in identifying
individuals who are frail

Diagnostic Property Point Estimate 95% ClI
Sensitivity 73% 55.81, 86.21
Specificity 77.14% 59.86, 89.58
Positive likelihood ratio 3.19 1.68, 6.05
Negative likelihood ratio 0.35 0.20, 0.61
Positive predictive value 44.39% 29.63, 60.21
Negative predictive value 91.95% 86.71.95.23

Note. CI = confidence interval.

individuals who were frail (AUC of 0.82 with 95% of 0.72, 0.92)
suggesting that the results were consistent with a pre-specified
hypothesis for accuracy (H3). The data for the diagnostic accuracy
of the TFI-B cut-off scores of > 5 in identifying individuals with
frailty are shown in Table 5. The TFI-B cut-off scores had more
moderate sensitivity and specificity statistics (73% and 77.14%
respectively) as well as positive (3.19) and negative likelihood ratios
(0.35) in identifying frail status. However, it had an excellent NPV
value of 91.95% (86.71. 95.23).

Discussion

The TFI-B is a promising measure to screen for frailty in individ-
uals who are consulting health care providers for their health needs.
Preliminary research has shown that the scores of > 5 on the TFI-B
had excellent accuracy in identifying frailty in a sample of Dutch
community-dwelling older adults (Gobbens et al., 2020). Our study
examined its validity as well as its accuracy in identifying frailty in
older adults in the United States. Our results confirmed that the
TFI-B indeed has good accuracy in identifying frailty, especially in
ruling out frailty considering the high NPV, in community-
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dwelling older adults consulting a geriatric medicine clinic. Our
results also suggest that the TFI-B has moderate known-group
validity in that the TFI-B cut-off scores of > 5 distinguish individ-
uals with slower from those with faster GS, but do not distinguish
differences in other attributes of physical frailty such as HGS or
physical activity level captured using RAPA. The results of this
study should evoke interest in further examining the measurement
properties and utility of using the TFI-B in screening for frailty in
community- dwelling older adults in the United States who have
not undergone frailty screening.

Of the participants recruited in this study, as many as 51.4 per
cent (n = 37) were deemed frail. This number is much higher than
published data, indicating that 20 per cent of Medicare enrollees
between 75 and 79 years of age were considered frail using Fried’s
phenotype framework (Bandeen-Roche et al., 2015). The partici-
pants in our sample were consulting a geriatrician for their health
needs. It is likely that their overall health status and function are not
at the same level as typical community-dwelling older adults who
do not feel the need to consult a geriatrician. In addition, the
estimate for the prevalence of frailty in the United States is known
to vary widely based on geographic region, and can be as high
as twice the point estimate for a given age group (Bandeen-Roche
etal., 2015). In particular, the overall health status in the population
of a rural mountain community where this present study was
conducted, is known to be poor, with a high burden of morbidity
and mortality (McGarvey, Leon-Verdin, Killos, Guterbock, &
Cohn, 2011; Singh, Kogan, & Slifkin, 2017). These factors may
collectively explain the higher rate of frailty in our sample.

Assessment of the concurrent validity of the TFI-B scores
demonstrated divergent relationships (r < 0.50) with other mea-
sures such as GS, HGS, or RAPA scores, suggesting that the results
were not consistent with our hypothesis (H1). Similarly, the sub-
groups based on the cut-off scores for the TFI-B (> 5 vs. <5) differed
significantly in their GS but not HGS or RAPA scores, further
indicating that the results of known-group validity assessment did
not fully meet our pre-conceived hypothesis (H2). The TFI-B was
conceived with a notion that frailty is not merely a physical
construct, but rather a multidimensional phenomenon (Gobbens,
van Assen, et al., 2010), a position that has been taken by others
(Markle-Reid & Browne, 2003; Rodriguez-Manas et al., 2013;
Rolfson, Majumdar, Tsuyuki, Tahir, & Rockwood, 2006). Specifi-
cally, merely looking at frailty through a physical problem lens is
not congruent with the accepted definition of health that also
integrates mental and social well-being (Gobbens, Luijkx, et al.,
2010). The 15-item TFI-B has items that capture psychological
(4 items) and social components (3 items) along with physical
components (8 items) of frailty (Gobbens, van Assen, et al,
2010). It is likely that some individuals can have a high score on
the TFI-B (= 5) because of concerns with their psychological or
social status despite having no concerns with physical function.
The low correlation observed between the TFI-B scores and GS,
HGS, and RAPA scores suggest that the TFI-B examines a unique
and much broader construct of frailty compared with isolated
single-domain frailty indicators such as GS or HGS alone or a
questionnaire about physical activity. In addition, the questions
about GS and HGS in the TFI-B are contextualized in relation to
perceived problems in daily life resulting from “difficulty in
walking” or “lack of strength in hands”. Perception of problems
in daily life caused by difficulty in walking or weakness in the hands
versus actual objective assessment of GS and HGS are two dissim-
ilar constructs. Poor correlation or lack of sufficient known-group
validity of the TFI-B scores with GS, HGS, and RAPA scores do not
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necessarily suggest poor validity. These findings indicate a diverse
operational framework and lack of domain overlap for frailty
defined by the TFI-B compared with the Fried’s framework for
frailty. In the future, it would be interesting to examine the mag-
nitude of correlations and domain overlap of the TFI-B scores with
measures assessing psychological well-being such as the Patient
Health Questionnaire (Kroenke, Spitzer, & Williams, 2001) or the
mental component summary of the Short-Form 36 (Ware & Sher-
bourne, 1992).

Of the demographic and health variables, older age was signif-
icantly associated with being classified as frail, but sex, BMI,
polypharmacy, or having a greater co-morbid burden were not
associated with being classified as frail by Fried’s phenotype frame-
work. These findings, especially the associations of age, sex, and
polypharmacy with being frail, have been observed in previous
research (Fhon et al., 2018; Gobbens et al., 2020; Hammami et al.,
2020; Kendhapedi & Devasenapathy, 2019). Some of these studies
used different operational definitions of frailty. For example, Gob-
bens et al. (2020) used TFI-B scores, Hammami et al. (2020) used
modified Short Emergency Geriatric Assessment scores, and Kend-
hapedi & Devasenapathy (2019) used the TFI-B scores as well as
Fried’s Phenotype, whereas Fhon et al. (2018) used the Edmonton
Frail Scale. Similarities and dissimilarities in our results in the
context of the existing literature can emerge from operational
definitions of frailty used for considering frail status, which may
incorporate domains beyond the physical frailty component used
by Fried’s phenotype. It was suggested that being a woman was
significantly associated with frailty (Serra-Prat et al., 2016). There
are some key similarities and differences between previous research
and our results. Our sample had 84.7 per cent (61 of 72 participants)
females compared with the study done by Serra-Prat et al. (2016)
where only 28.8 per cent of participants were females. This likely
had an impact on understanding the association between being
female or male and a frail classification.

To our knowledge, this is the first research that has examined
the accuracy of the TFI-B score in identifying frailty in the United
States. The results of this study are in line with previous research
conducted in a Dutch cohort where the TFI-B accurately distin-
guished older adults who were reported to have greater disability
(AUC = 0.87) (Gobbens et al., 2020). The sensitivity and specificity
for the TFI-B scores of > 5 in identifying frail versus non-frail
individuals in our study was somewhat comparable to previous
research by Gobbens et el (2020). Positive and negative predictive
values have greater utility in diagnostic decision making than
statistics such as sensitivity and specificity or likelihood ratios for
two distinct reasons. First, the PPV and NPV values differ based on
disease prevalence in the geographic area in which the tests are used
(Trevethan, 2017). An increase in disease prevalence will result in
an increase in the PPV and a decrease in the NPV. Therefore, the
probability of a diagnosis can vary from one region to another for a
given diagnostic test despite that test having identical sensitivity
and specificity. Second, the PPV and NPV of a diagnostic test are
extremely useful for decision making at the level of an individual
patient. They yield a level of confidence to clinicians in determining
the presence or absence of disease based on the result of the test. We
used the threshold of 20 per cent prevalence of frailty in the age
group of 7579 years based on published research for the United
States (Bandeen-Roche et al., 2015). Based on our results, we
strongly recommend the TFI-B score of > 5 to be used in screening
for the presence of frailty, considering the high NPV (91.95%). In
other words, clinicians can be almost 92 per cent certain that their
patients are not frail if they score < 5 on the TFI-B. Considering that
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the PPV of the TFI-B score of > 5 is only 44.49 per cent, a positive
result (score of > 5) is not sufficient to deem anyone frail. Therefore,
we do not recommend using the TFI-B for confirming the presence
of frailty. A more established approach such as the FFP is more
appropriate for confirming the presence of frailty. In summary, we
recommend that the TFI-B be used for the purpose of frailty
screening in primary care settings, where those who score > 5 should
undergo a comprehensive frailty assessment using the FFP, and
those who score < 5 can be ruled out as being frail.

This study is not without limitations. Frailty has been operatio-
nalized using many different domains, where physical frailty is
considered only one of several domains (Rodriguez-Manas et al.,
2013). One can argue that using FFP as a gold standard does not fully
capture the wide spectrum of problems that individuals may have
beyond physical impairments. Nonetheless, there is as yet no con-
sensus on the definition of frailty (Rodriguez-Manas et al., 2013).
Fried’s framework arguably remains the most widely used in research
as well as in clinical practice to detect frailty (Hanlon et al., 2020).
Also, we did not formally estimate sample size for this study. Post-
hoc power analysis based on the results of correlations between the
TFI-B and GS (r = -0.23) suggests that the study power was 0.67 with
a beta error of 0.33 (Faul, Erdfelder, Lang, & Buchner, 2007). Using
this approach, our study may not have been sufficiently powered.
Others have suggested that a minimum of 50 participants are
recommended for a measurement study design (Terwee et al,
2007), and the number of participants in this study exceeded this
benchmark. Considering this, one possibility is that the TFI-B does
not capture traits of frailty assessed by the FFP, whereas the other
possibility is that the TFI-B does capture these physical aspects of
frailty but that the study was underpowered to establish these rela-
tionships. This preliminary study examined whether the TFI-B can
be used for screening for frailty in older adults, and further research
with larger sample sizes is indicated to provide stronger support for
changes in clinical practice. To conclusively define the utility of the
TFI-B in population screening, longitudinal cohort studies are
needed. We also acknowledge the limitation that we did not adjust
the alpha error while conducting multiple tests such as independent
sample ¢ tests to assess known-group validity as well as logistic
regression to examine the relationships between the TFI-B scores
and being classified frail according to FFP. Lastly, the data analyzed
in this study were obtained by at least three separate research fellows
whose inter-rater reliability in assessing GS and HGS were not
established. To minimize the measurement error that may result
from multiple examiners using different techniques for administer-
ing measures, each examiner underwent standardized training pro-
vided by the lead author (S.P.M) who designed the study protocol.
This ensured measures were administered using the same techniques
irrespective of the examiner.

Conclusion

In summary, the results of this study confirm that the TFI-B has
only partial domain overlap (physical domain) with Fried’s phe-
notype in determining frailty in older adults. The results provide
further support to the previously established cut-off score of 5 for
the TFI-B as being indicative of frailty. The novel finding of this
study is that it recommends the TFI-B as a screening tool rather
than a diagnostic tool in determining frailty, given its high NPV.
Future research should further validate this benchmark as well as
the high NPV for the TFI-B scores in different geographic as well as
in different clinical contexts.
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