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Objective: The Tilburg Frailty Indicator (TFI) is a self-report user-friendly questionnaire for
assessing multidimensional frailty among community-dwelling older people. The main aim of
this study is to re-evaluate the validity of the TFI, both cross-sectionally and longitudinally,
focusing on the predictive value of the total TFI and its physical, psychological, and social
domains for adverse outcomes disability, indicators of healthcare utilization, and falls.
Methods: The validity of the TFI was determined in a sample of 180 Dutch community-
dwelling older people aged 70 years and older. The participants completed questionnaires
including the TFI, the Groningen Activity Restriction Scale (GARS) for assessing disability,
and questions with regard to health care utilization and falls in 2016 and again one year later.
Results: The physical and psychological domains of the TFI were significantly correlated as
expected with adverse outcomes disability, many indicators of healthcare utilization, and
falls. Regression analyses showed that physical frailty was mostly responsible for the effect
of frailty on the adverse outcomes. The cross-sectional and longitudinal predictive validity of
total frailty with respect to disability and receiving personal care was excellent, evidenced by
Areas Under the Curves (AUCs) >0.8. In most cases, using the cut-off point 5 for total frailty
ensured the best values for sensitivity and specificity.

Conclusion: The present study provided new, additional evidence for the validity of the TFI
for assessing frailty in Dutch community-dwelling older people aiming to prevent or delay
adverse outcomes, including disability.

Keywords: older people, frailty, disability, validity, Tilburg Frailty Indicator

Introduction

With the growing aging population worldwide,' frailty is increasingly an important
issue because frailty is closely related to older age.” Many studies have shown that frail
older people have an increased risk of disability,® hospitalization,” institutionalization,
lower quality of life,® and premature death.” The importance of paying attention to
frailty is hardly disputed by research and practice; however, opinions differ widely
about what qualifies as frailty. Roughly speaking, two approaches can be distinguished.
The first approach refers to frailty as a medical concept, focusing only on the physical
problems that older people can experience.® The second approach takes the whole
functioning of an older person into consideration; physical, psychological as well as
social problems are taken into account.” The latter, so called multidimensional frailty,
distinct from physical frailty, can be defined as: a dynamic state affecting an individual
who experiences losses in one or more domains of human functioning (physical,
psychological, and social) which is caused by the influence of a range of variables
and which increases the risk of adverse outcomes.'’
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Today, many instruments have been developed to assess
multidimensional frailty including the Frailty Index (FD),"!
Easycare-TOS,'? the Edmonton Frail Scale,'’ and the
Tilburg Frailty Indicator (TFI).'* The TFI, a user-friendly
self-report questionnaire, was developed on the basis of an
integral model of frailty.” The instrument distinguishes
itself from other frailty instruments, including the FL!
because it does not contain questions referring to disability
and diseases. Although an overlap exists between frailty,
disability, and discases, these three concepts need to be
separated from each other.'” According to Sutton et al,'®
the TFI has the most robust evidence of reliability and
validity among 38 frailty assessment instruments, including
the FI and the Phenotype of frailty.® However, the TFI is no
gold standard instrument. Therefore, as with other frailty
assessment instruments, further in-depth evaluations of the
psychometric properties of the TFI are required.'® Its psy-
chometric properties were established among Dutch com-
munity-dwelling older people aged 75 years and older."*'”
Since then, the TFI has been translated and validated in
many other countries like Brazil,'® Poland," Italy,20
Portugal,”' and Denmark.*

The aim of this study was to re-evaluate the validity of
the TFI, both cross-sectionally and longitudinally, largely
using the same dependent and independent variables as in
previous studies,'*'” focusing on the predictive value of
the total TFI and its domains for adverse outcomes dis-
ability, indicators of healthcare utilization, and falls.
Differences between the current study and previous studies
exist in the age categories of the participants and in the
provinces in the Netherlands where the studies were car-
ried out. The previous Dutch studies included samples of
community-dwelling people aged 75 years and older living
in the province of North Brabant. The present study was
carried out in the province of North Holland and included
community-dwelling older people aged 70 years and older.

Methods
Design

A cross-sectional and longitudinal design was used.

Study Population and Data Collection

For this study, we used a sample composed by Renne and
Gobbens.”® In October 2016 (Time 0 [T0]), Renne and
Gobbens® contacted 507 community-dwelling people,
aged 70 years and older, who were affiliated with a general
practice in an area of small villages close to Amsterdam, the

capital of the Netherlands. From the contacted sample, 241
people completed a self-report questionnaire, referring to
a response rate of 47.5%. This questionnaire contained the
TFI and questions about chronic diseases and socio-
demographic characteristics. A year later (October 2017)
(Time 1 [T1]), the participants received a similar question-
naire that also contained questions about adverse outcomes
of frailty. This second questionnaire was completed by 195
people, yielding a response rate of 80.9%. In the present
study, we only used the sample comprising 195 people to
assess the associations between frailty and its adverse out-
comes cross-sectionally and longitudinally. Because we
found differences between measurement 1 and measurement
2 with respect to gender and/or age in 15 respondents, we
decided to exclude these respondents from the analyses; the
final sample thus amounted to 180 participants.

Measures

Frailty

As mentioned in the introduction, we assessed multidi-
mensional frailty with the Tilburg Frailty Indicator
(TFI).'* The TFI contains a part A used to identify the
determinants of frailty and a part B to determine whether
a person is frail. For the purpose of this study, we asked
the participants to only fill in part B. The TFI (part B)
contains 15 questions referring to eight, four, and three
components of physical, psychological, and social frailty,
respectively. The score on total frailty ranges from 0 to 15,
and the ranges of the scores on physical, psychological,
and social frailty are 0 to 8, 0 to 4, and 0 to 3, respectively.
The maximum scores refer to the highest level of frailty.
An individual is considered frail if the total TFI-score is
five or higher.'*

Adverse Outcomes of Frailty

We used the same adverse outcomes and measures as in
previous studies: disability and indicators of healthcare
utilization (visit to a general practitioner, hospitalization,
receiving personal care, receiving nursing, and contacts
with health care professionals).'*'” To assess the indica-
tors of healthcare utilization, we asked the participants
whether they had made use of them in the past year. For
assessing disability, referring to disability in carrying out
activities of daily living and instrumental activities of daily
living, we used the Groningen Activity Restriction Scale
(GARS), a self-report questionnaire containing 18 items;
the total score ranges from 18 to 72, with higher scores
indicating being more disabled.”* The GARS has good
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psychometric properties.”> An individual with a GARS-
score of 29 or higher is considered disabled.>® For the
answer categories of the five indicators of healthcare uti-
lization, we refer to Table 1 (Characteristics of the parti-
cipants). In addition, we assessed falls by asking the
participants: “Did you fall in the previous year?” (response
categories “yes” and “no”

Socio-Demographic Characteristics
Socio-demographic characteristics of interest at both TO
and T1 were age, sex, marital status, and level of educa-
tion. See Table 1 for the answer categories.

Disease(s)

Participants were asked at TO as well as T1 whether they
have or have had the following diseases or conditions
diagnosed in the past year: diabetes mellitus, cerebrovas-
cular accident, heart attack, another heart condition (such
as heart failure or angina pectoris), cancer, chronic
obstructive pulmonary disease, and arthrosis.

Statistical Analyses

First, descriptive statistics were used to determine the
characteristics of the participants. Second, we examined
the correlations between physical, psychological, and
social frailty, assessed at TO and T1, and the adverse
outcomes of frailty, assessed at T1. Correlations were
considered to be small, medium, or large with coeffi-
cients of 0.1, 0.3, or 0.5, respectively.27 Third, cross-
sectional sequential linear regression analyses were con-
ducted with the aim of examining the effect of each of
the frailty types (physical, psychological, social) on
adverse outcomes disability, visits general practitioner,
with  health
Furthermore, we carried out logistic regression analyses

and  contacts care  professionals.
to examine the cross-sectional effects of the three frailty
types on the other adverse outcomes (hospitalization,
receiving personal care, receiving nursing, falls). To
examine these associations we only used variables
assessed at T1. Fourth, we did the same linear and
logistic regression analyses with the aim of examining
the longitudinal associations between the independent
variables (frailty domains) and dependent variables
(adverse outcomes of frailty). To determine these associa-
tions we used variables assessed at TO (background char-
acteristics, frailty domains, disease(s)) and at T1 (adverse
outcomes). All regression analyses were conducted in

three blocks. The effects of the socio-demographic

Table | Characteristics of the Participants (N=180)

Characteristic N (%)
TO TI
Socio-demographic characteristics
Age, mean (SD), range 76.3 (5.1), 7090 | 77.3 (5.1), 71-90
Sex, % of men 94 (52.2) 94 (52.2)
Marital status
Married or cohabiting 131 (72.8) 126 (70.4)
Divorced 8 (44) 9 (5.1)
Not married 3(1.7) 4(22)
Widowed 38 (21.1) 40 (22.3)
Education
None or primary 37 (20.6) 35 (19.7)
Secondary 108 (60.0) 106 (59.6)
Higher 35(194) 37 (20.8)
Chronic diseases
Number of chronic diseases, mean
(SD), range 1.1 (1.0), 0-5 1.0 (1.0), 0-5
Diabetes mellitus 40 (22.2) 43 (24.2)
Cerebrovascular accidents 2 (1.1) 2 (1.1)
Heart attack 6 (3.3) 5(28)
Another heart condition 33 (183) 21 (11.8)
Cancer 18 (10.0) 16 (9.0)
Chronic obstructive pulmonary
disease 20 (11.1) 22 (12.4)
Arthrosis 71 (394) 73 (41.0)
Frailty (TFI)
TFI Total, mean (SD), range* 3.1 (3.0), 0-I3 3,5 (3.4), 0-14
TFI Physical, mean (SD), range 1.8 (1.9), 0-7 2.0 (2.2), 0-8
TFI Psychological, mean (SD), range | 0.6 (0.9), 0—4 0.8 (I.1), 04
TFI Social, mean (SD), range 0.7 (0.9),0-3 0.8 (0.9), 0-3
Frail (cut-off point 5)* 53 (29.4) 60 (35.7)

Disability (GARS), mean (SD), range
Disabled (cut-off point 29)**

23.9 (9.3), 18- 66
32 (19.3)

Health care utilization

Visits general practitioner, mean (SD) 2.8 (I.1)
0 13 (7.5)
1-2 61 (35.0)
34 62 (35.6)
5-6 19 (10.9)
27 19 (10.9)

Contacts with health care

professionals, mean (SD) 2.1 (1.4)
Medical specialist 99 (56.6)
Dentist 94 (53.7)
Home care 14 (8.0)
Physiotherapist 63 (36.2)
Occupational therapist 3(1.7)
Speech therapist -
Alternative healer 7 (4.0)
Dietician 9(52)
Chiropodist 67 (38.5)
Psychologist/psychiatrist 4(2.3)
Social worker 5(29)

(Continued)
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Table | (Continued).

Characteristic N (%)
TO TI
Hospitalization, % of Yes 25 (14.4)
Receiving personal care, % of Yes 7 (4.0)
Receiving nursing, % of Yes 15 (8.9)
Falls, % of Yes 37 (20.8)

Notes: *12 missing cases at T1; *¥14 missing cases.
Abbreviations: SD, standard deviation; TFl, Tilburg Frailty Indicator; GARS, gro-
ningen activity restriction scale.

characteristics of the participants were estimated in the
first block. The second block contains disease(s), and the
third block contains the three frailty domains; this third
block enables testing the effect of an individual frailty
domain on the adverse outcomes, after controlling for the
other variables in the model (socio-demographic charac-
teristics, disease(s), and the other frailty domains), aiming
to determine the predictive value of the individual
domains of the TFI.

Finally, we also assessed the predictive validity of
total and physical frailty using receiver operating char-
acteristics (ROC). The ROC analyses were applied to
adverse outcomes disability and four indicators of
healthcare utilization (hospitalization, receiving perso-
nal care, receiving nursing care, falls). Sensitivity and
specificity were estimated for each outcome at each
cut-off point of the total and physical frailty scores,
and the area under the curve (UAC) with 95% confi-
dence intervals was reported. Power analyses using
GPower 3.10%°
regression analyses on 180 participants had a power
of at least 80%
£ =0.087 which is a small to medium effect size.

showed that the sequential linear

to detect an effect of Cohen’s
27

For statistical analyses, we used IBM SPSS Statistics
22.0 (IBM, Armonk, NY, USA). A p-value <0.05 was
considered statistically significant.

Ethical Considerations

For this study, medical ethics approval was not necessary
as particular treatments or interventions were not offered
or withheld from respondents. The integrity of respondents
was not encroached upon as a consequence of participating
in this study which is the main criterion in medical-ethical
procedures in the Netherlands.?® Informed consent in rela-
tion to detailing the study and maintaining confidentiality
was observed.

Results

Participant Characteristics

At baseline (TO) the mean age of the participants was
76.3 years (SD = 5.1), 52.2% were male, and 72.8%
were married or cohabiting. There were hardly any
differences between the average number of diseases at
TO and T1. The average score on total frailty was 3.1
(SD = 3.0) at TO and 3.5 (SD = 3.4) at T1. Using the
cut-off point 5, the prevalence of frailty was higher at
T1 compared to TO (35.7% versus 29.4%). See Table 1
for a complete overview of the characteristics of the
participants.

Correlations Between Frailty Domains

and Adverse Outcomes

Table 2 presents the correlations between the three
frailty domains (physical, psychological, social)
assessed at TO and T1 and the adverse outcomes (dis-
ability, healthcare utilization, falls). The correlations

between physical frailty (T0) and four outcomes (T1)

Table 2 Correlations Between Frailty Domains (TO, T1) and Adverse Outcomes of Frailty (T1)

Disability Visits GP Contacts with Hospitalization | Receiving Receiving Falls
HCP Personal Care Nursing

TO

Physical frailty 0.488 | <0.001 | 0.388 | <0.001 | 0.389 | <0.00l 0.097 0.204 0.187 0.014 0.325 | <0.001 | 0.250 | <0.001
Psychological frailty | 0.361 | <0.001 | 0.258 | <0.001 | 0.154 | 0.042 0.118 0.121 0.111 0.145 0.062 | 0.422 0.108 | 0.153
Social frailty 0.257 | <0.001 | 0.175 | 0.021 0.200 | 0.008 0.016 0.832 0.150 0.049 0.221 | 0.004 0.178 | 0.018
TI

Physical frailty 0.639 | <0.001 | 0.529 | <0.001 | 0.460 | <0.00I 0.226 0.004 | 0.300 <0.001 0.381 | <0.001 | 0.285 | <0.001
Psychological frailty | 0.467 | <0.001 | 0.348 | <0.001 | 0.263 | <0.001 0.119 0.119 0.230 0.002 0.244 | 0.001 0.173 | 0.022
Social frailty 0.241 | 0.002 0.119 | 0.122 0.148 | 0.053 -0.029 | 0.710 0.104 0.176 0.148 | 0.056 0.160 | 0.034

Note: p-values <0.05 are printed in bold.
Abbreviation: GP, general practitioner; HCP, healthcare professionals.
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could be considered as medium (0.325-0.488); the cor-
relations between physical frailty and adverse outcomes,
both assessed at T1, were all stronger, including strong
correlations concerning disability (0.639) and visits gen-
eral practitioner (0.529). Psychological frailty assessed
at TO was only correlated with disability and psycholo-
gical frailty assessed at T1 was correlated with both
disability and visits general practitioner; all these corre-
lations could be considered as medium (0.348 — 0.467).
More than half of the correlations between social frailty
and adverse outcomes are significant, with coefficients
ranging from 0.150 (receiving personal care) to 0.257
(disability); the correlations of social frailty assessed at
TO are stronger than the correlations of social frailty
assessed at T1.

Five adverse outcomes were significantly correlated
with at least four of six frailty variables; hospitalization
is only significantly correlated with physical frailty
assessed at T1.

The correlations between the frailty domains were
0.392
between physical and social, and 0.398 between psy-
chological and assessed at TO (all
p-values <0.001). At T1, the correlations between the

0.416 between physical and psychological,

social,

three frailty domains were as follows: 0.538 between
physical and psychological, 0.363 between physical
and social, and 0.522 between psychological and
social (all p-values <0.001).

Predictive Validity: Cross-Sectional

Regression Analyses

Table 3 presents the cross-sectional effects of the frailty
domains after controlling for background characteristics and
disease(s) on the continuous adverse outcomes disability,
visits general practitioner, and contacts with healthcare pro-
fessionals. All frailty domains together explained a significant
part of the scores on all three outcomes, in addition to the first
and second block, with explained variances (Rz; see the
penultimate row) ranging from 9.2% (contacts with healthcare
professionals) to 20.0% (disability), with p-values <0.001.
Physical frailty was the only domain that had a significant
effect on the three outcomes after controlling for background
characteristics, disease(s), psychological and social frailty (all
p-values <0.001), representing a medium to large effect size
on disability (# = 0.20) and a small to medium effect size on
visits general practitioner and contacts with healthcare profes-
sionals, £ =0.13 and f* =0.08, respectively.

Table 4 shows the cross-sectional effects of the frailty
domains after controlling for background characteristics
and disease(s) on the adverse outcomes hospitalization,
receiving personal care, receiving nursing, and falls. The
logistic regression analyses demonstrated that all three
frailty domains together significantly explained receiving
personal care and receiving nursing, with p-values 0.039
and 0.021, respectively. Of the individual frailty domains,
only physical frailty had a significant effect on one out-
come (receiving nursing), after controlling for all the other
variables in the model (p-value 0.004).

Table 3 Cross-Sectional Effects of Background Characteristics, Disease(s), and Frailty Domains on Adverse Outcomes: Linear

Regression Analyses

Disability Visits GP Contacts with HCP

B SE p-value B SE p-value B SE p-value
Sex (women) —-1.732 1111 0.121 0.148 0.153 0.336 —0.008 0.212 0.969
Age 0.366 0.109 0.001 0.005 0.015 0.746 —0.003 0.021 0.885
Marital status 0.277 1.631 0.865 —0.063 0.226 0.782 —0.073 0.312 0.8I5
Education —-0.107 0.888 0.905 0.054 0.121 0.658 0.210 0.168 0.213
AR? 0.147 <0.001 0.040 0.176 0.020 0.537
Disease(s) 1.201 0.673 0.077 0.084 0.094 0.372 0.231 0.130 0.077
R2 0.169 <0.001 0.119 <0.001 0.134 <0.001
Physical frailty 1.911 0.351 <0.001 0.223 0.050 <0.001 0.237 0.069 <0.001
Psychological frailty 1.274 0.670 0.059 0.109 0.093 0.239 0.023 0.129 0.859
Social frailty —-0.279 0.923 0.763 —0.162 0.126 0.200 0.019 0.174 0915
AR? 0.200 <0.001 0.147 <0.001 0.092 <0.001
R? total 0516 <0.001 0.306 <0.001 0.246 <0.001

Notes: AR’ indicates how much of the variance in the adverse outcomes scores was explained by the variables belonging to the three blocks (background characteristics, disease(s),
frailty domains), and whether the (increase in) explained variance was statistically significant; R? total shows all the predictors together; p-values <0.05 are printed in bold.
Abbreviation: GP, general practitioner; HCP, healthcare professionals.
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Table 4 Cross-Sectional Effects of Background
Regression Analyses

Characteristics, Disease(s),

and Frailty Domains on Adverse Outcomes: Logistic

Hospitalization Receiving Personal Care Receiving Nursing Falls

B SE p-value | B SE p-value | B SE p-value | B SE p-value
Sex (women) —-0.279 | 0.52 0.591 —1.188 | 1.855 | 0.522 —0.431 | 0.752 | 0.567 0.405 0.456 | 0.375
Age —0.043 | 0.052 | 0.958 0.194 0.149 | 0.191 0.051 0.065 | 0.434 0.087 0.043 | 0.042
Marital status 0.288 0.785 | 0.714 —3244 | 2.383 | 0.174 —0.66 1.066 | 0.536 0.0l 0.635 | 0.988
Education —0.382 | 0.451 | 0.683 -1 1.612 | 0.535 —0.591 | 0.651 | 0.364 0.403 0.358 | 0.259
(4 I.141 0.888 10.189 0.037 6.924 0.14 9.479 0.05
Disease(s) 0.643 0.298 | 0.031 —0.199 | 0.892 | 0.823 0.123 0.375 | 0.743 0.236 0.244 [ 0.333
2 12.439 <0.001 5.245 0.022 7.198 0.007 5.181 0.023
Physical frailty 0.113 0.158 [ 0.473 1.394 0.737 | 0.058 0.634 0.221 | 0.004 0.143 0.134 | 0.285
Psychological frailty | 0.097 0.3 0.745 -0.75 0.901 | 0.405 —0.314 | 0.392 | 0.423 0.124 0.257 | 0.63
Social frailty —0.144 | 0435 | 0.741 —1.505 | I.I55 | 0.192 —0.128 | 0.585 | 0.827 0.191 0.361 | 0.596
2 3) 1.021 0.796 8351 0.039 9.707 0.021 4211 0.24
2 8) 14.6 0.067 23.784 0.002 23.83 0.002 18.872 0.016

Notes: %, Chi-squared test; p-values <0.05 are printed in bold.
Abbreviations: B, beta; SE, standard error.

Predictive Validity: Longitudinal

Regression Analyses

Tables 5 and 6 contain exactly the same variables as Tables 3
and 4. They differ because longitudinal effects are presented in
Tables 5 and 6. Table 5 shows that all frailty domains together
significantly explained the scores on disability (p <0.001),
visits general practitioner (p = 0.003), as well as contacts
with healthcare professionals (p = 0.020). The explained var-
jance (R?) for disability, visits general practitioner, and

contacts with healthcare professionals was 13.0%, 7.3%, and
4.7%, respectively.

Physical frailty significantly predicted all three adverse
outcomes of frailty, after controlling for all the variables in
the model; psychological frailty only predicted disability.
All effect sizes were small to medium (0.03 < f < 0.06).
Table 6 demonstrates that all frailty domains together only
significantly predicted receiving nursing (p= 0.015); phy-

sical frailty was responsible for this finding.

Table 5 Longitudinal Effects of Background Characteristics, Disease(s), and Frailty Domains on Adverse Outcomes: Linear Regression

Analyses

Disability Visits GP Contacts with HCP

B SE p-value B SE p-value B SE p-value
Sex (women) -2.514 1.258 0.047 0.181 0.165 0.273 0.107 0.203 0.598
Age 0.425 0.128 0.001 0.009 0.016 0.568 —0.010 0.020 0.610
Marital status 1.362 1.940 0.484 0.266 0.252 0.294 0.050 0311 0.874
Education 0.216 0.990 0.828 —0.001 0.131 0.997 0.247 0.161 0.128
AR? 0.143 <0.001 0.040 0.141 0.030 0.267
Disease(s) 2.007 0.684 0.004 0.183 0.090 0.045 0.376 0.111 <0.001
R? 0.119 <0.001 0.082 <0.001 0.156 <0.001
Physical frailty 1.158 0.406 0.005 0.124 0.054 0.024 0.167 0.067 0.013
Psychological frailty 2.189 0.713 0.003 0.159 0.094 0.091 0.028 0.115 0.806
Social frailty 0.679 1.007 0.501 0.056 0.131 0.668 0.126 0.161 0.434
AR? 0.130 <0.001 0.073 0.003 0.047 0.020
R? total 0.393 <0.001 0.195 <0.001 0.233 <0.001

Notes: AR? indicates how much of the variance in the adverse outcomes scores was explined by the variables belonging to the three blocks (background
characteristics, disease(s), frailty domains), and whether (the increase in) explained variance was statistically significant; R? total shows all the predictors together;

p-values <0.05 are printed in bold.
Abbreviation: GP, general practitioner; HCP, healthcare professionals.
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Table 6 Longitudinal Effects of Background Characteristics, Disease(s), and Frailty Domains on Adverse Outcomes: Logistic

Regression Analyses

Hospitalization Receiving Personal Care Receiving Nursing Falls

B SE p-value | B SE p-value | B SE p-value | B SE p-value
Sex (women) —0.446 | 0.492 | 0.364 —0.176 | 1.054 | 0.867 —0.494 | 0.713 | 0.489 —0.178 | 0432 | 0.68
Age —0.054 | 0.047 | 0.253 0.144 0.092 | 0.118 0.079 0.06 0.191 0.04 0.04 0.316
Marital status 0.084 0.746 | 0.91 —0.497 | 1.535 | 0.746 0.422 0.996 | 0.672 —0.482 | 0.638 | 0.45
Education —0.485 | 0411 | 0.239 —1.318 [ 1.027 | 0.199 —0.552 | 0.593 | 0.352 0.12 0.342 | 0.726
PG 1.857 0.762 9.251 0.055 8.069 0.089 6.954 0.138
Disease(s) 0.571 0.241 | 0.018 0.79 0.41 0.054 0.11 0.324 | 0.734 0.08 0.214 | 0.709
() 7.128 0.008 4.283 0.038 4.674 0.031 2.285 0.131
Physical frailty —0.019 | 0.156 | 0.901 0.388 0.301 | 0.197 0.543 0.206 | 0.008 0.241 0.125 | 0.054
Psychological frailty | 0.391 0.254 | 0.125 0.308 0.427 | 0471 —0.382 | 0.36 0.288 —0.01 0.223 [ 0.965
Social frailty —0.145 | 036 0.688 —0.438 | 0.796 | 0.582 0.509 0.521 | 0.328 0.058 0.337 | 0.863
7 Q) 2.577 0.462 2.529 0.47 10.4 0.015 4.544 0.208
7 (8) 11.562 0.172 16.063 0.041 23.142 0.003 13.782 0.088

Notes: >, Chi-squared test; p-values <0.05 are printed in bold.
Abbreviations: B, beta; SE, standard error.

Predictive Validity: ROC (Cross-Sectional,
Longitudinal)

To demonstrate the cross-sectional and longitudinal pre-
dictive validity of total frailty and the physical domain of
frailty, assessed with the TFI, we also calculated the Area
Under the Curve (AUC) with confidence interval for
adverse disability, hospitalization, receiving personal
care, receiving nursing, and falls, as well as the sensitivity
and specificity for two cut-off points that provided the best
results. The cross-sectional predictive validity of total
frailty and physical frailty with respect to disability,
receiving personal care, and receiving nursing was excel-
lent, evidenced by AUCs >0.8. The longitudinal predictive
validity of total frailty was excellent for disability and
receiving personal care; for physical frailty, only the pre-
diction of disability was excellent. In addition, with regard
to total frailty and physical frailty the cross-sectional
AUCs were good (between 0.7 and 0.8) for falls and
mediocre (between 0.6 and 0.7) for hospitalization. The
longitudinal predictive validity of total frailty and physical
frailty was good for receiving nursing and receiving per-
sonal care, respectively, and mediocre for falls.

In most cases, using the cut-off point 5 for total frailty
and using the cut-off point 3 for physical frailty ensured
the best values for sensitivity and specificity (see Table 7).

Discussion
In this study we re-evaluated the validity of the Tilburg Frailty

Indicator (TFI), a self-report questionnaire developed for

assessing frailty among community-dwelling older people.'
In particular, we focused on determining the predictive validity
of the TFI. Therefore, we used a sample of Dutch people aged
70 years and older with a follow-up of one year. We analyzed
the data cross-sectionally and longitudinally.

This study corroborates that the TFI is a valid instrument
for measuring frailty among community-dwelling older peo-
ple. The physical and psychological domains of the TFI were
significantly correlated as expected with adverse outcomes
disability, many indicators of healthcare utilization, and falls.
In contrast, social frailty was only correlated with disability
and falls. In addition, the regression analyses revealed that all
three frailty domains together predicted continuous adverse
outcomes disability, visits general practitioner, and contacts
with healthcare professionals, in both cross-sectional and
longitudinal analyses. However, concerning the dichotomous
outcomes, the three frailty domains together predicted only
receiving nursing (cross-sectional, longitudinal) and receiv-
ing personal care (cross-sectional).

The current study showed that physical frailty was
mostly responsible for the effect of frailty on the adverse
outcomes; psychological frailty was also responsible for
the effect on disability (longitudinal). A previous study,
using the physical subscale of the TFI, demonstrated that
the individual physical frailty components low physical
activity, slowness, and poor endurance predicted disability
in a two and a half years follow-up, after controlling for
disability at baseline, background characteristics, and the
other physical frailty components,®° low physical activity,
slowness, and poor endurance, together with unintentional
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Table 7 Predictive Validity of Total Frailty and Physical Frailty Assessed with the TFI: Disability, Indicators of Healthcare Utilization,

and Falls
Screening Outcome Cross-Sectional Longitudinal
Cut Point

Sensitivity | Specificity | AUC (95% CI) Sensitivity | Specificity | AUC (95% IC)

Total frailty
25 Disability 0.867 0.764 0.873 (0.809-0.937) | 0.719 0.806 0.838 (0.769-0.907)
26 0.700 0.858 0.594 0.866
25 Hospitalization 0.625 0.688 0.656 (0.542-0.771) | 0.400 0.718 0.592 (0.480-0.705)
26 0.375 0.768 0.280 0.785
25 Receiving personal care | 1.000 0.667 0.878 (0.788-0.967) 0.857 0.729 0.811 (0.690-0.932)
26 0.800 0.769 0.857 0.807
25 Receiving nursing 0.857 0.703 0.841 (0.769-0.913) | 0.733 0.753 0.759 (0.613-0.905)
26 0.643 0.800 0.667 0.831
25 Falls 0514 0.695 0.706 (0.615-0.797) | 0.486 0.759 0.663 (0.558-0.768)
26 0.457 0.817 0.405 0.837
Physical frailty
22 Disability 0.903 0.664 0.886 (0.829-0.942) | 0.844 0.664 0.846 (0.776-0.917)
>3 0.871 0.766 0.781 0.776
22 Hospitalization 0.667 0.593 0.675 (0.560-0.790) | 0.560 0.577 0.585 (0.465-0.704)
>3 0.583 0.686 0.440 0.685
22 Receiving personal care | 1.000 0.580 0.882 (0.801-0.963) | 0.714 0.572 0.767 (0.622-0.912)
23 1.000 0.675 0.714 0.687
22 Receiving nursing 0.929 0.616 0.856 (0.782-0.931) | 0.800 0.597 0.771 (0.621-0.921)
23 0.929 0.719 0.800 0.721
22 Falls 0.686 0.624 0.703 (0.609-0.798) | 0.622 0.610 0.658 (0.553-0.610)
>3 0.600 0.714 0.595 0.738

Abbreviations: AUC, area under the curve; Cl, confidence interval.

weight loss and weakness, constitute the phenotype of
frailty.® In this study, we found that social frailty, assessed
with the subscale of the TFI containing components living
alone, lack of social relations referring to loneliness, and
lack of social support, predicted none of the adverse out-
comes. In other longitudinal studies, the predictive value
of social frailty concerning the same outcomes of frailty
was also more limited than that of the physical and psy-
chological domains of frailty.'”*'*? As noted before by
Gobbens et al,'” an explanation for this finding is that
older people do not tend to apply for and use healthcare
in the case of social problems. However, if we include
lower quality of life as an adverse outcome of frailty than
social frailty has an important predictive value among
community-dwelling older people, in particular lack of
social relations and lack of social support.?*33-*

Using logistic regression analyses, frailty, assessed with
the TFI, did not predict hospitalization and falls, after con-
trolling for all the other variables in the model (background
characteristics, disease(s)). In a previous Dutch longitudinal
study, in a sample of 484 people aged 75 years and older,
hospitalization was predicted by the TFL'” In a sample of

963 Brazilian people, aged 60 years and older, the TFI pre-
dicted both hospitalization and falls.**> Mulasso et al showed
that the physical and psychological domains of the TFI were
significant predictors of falls among 192 community-
dwelling older people;*® the TFI was a stronger predictor of
falls when compared with the One Leg Standing (OLS) test’’
and the Timed Up and Go (TUG) test.>®

The predictive validity of total frailty and physical
frailty for disability, healthcare utilization, and falls was
also confirmed by the AUCs. All AUCs for outcomes
disability, receiving personal care, and receiving nursing
were good to excellent. The AUCs were comparable with
previous studies conducted in the Netherlands;'*'” the
AUCs (cross-sectional) for disability were much better
than the AUCs determined in Chinese people aged 60
years and older. For example, the AUCs for total frailty
in our study was 0.873 versus 73 (ADL disability) and
0.68 (IADL disability) in the Chinese study.>® Moreover,
the AUCs for ADL and IADL disability among Portuguese
older people (=65 years) were also lower, 0.72 and 0.63,
respectively.”’ The large differences in AUCs can be
explained by the fact that, in our study, we assessed
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disability (ADL, IADL) by the GARS and the Chinese and
Portuguese studies assessed ADL disability by the Katz
Index** and the Barthel Index,*' respectively, and IADL
disability with the Lawton and Brody Scale.*?

The present study provided additional evidence that 5
is the most optimal cut-off point for total frailty in Dutch
community-dwelling older people. For most of the adverse
outcomes, assessed cross-sectionally and longitudinally,
sensitivity and specificity were better compared with the
cut-off point 6. In Portugal, 6 proved to be the optimal cut-
off point,>' while in China it was 4.*° For distinguishing
non-physically frail people from physically frail people,
the analyses again showed that 3 is the best cut-off point.

As expected, the prevalence of frailty was higher at T1
than at TO, 35.7% versus 29.4%; higher age is, after all,
associated with more frailty.” This immediately explains
why both prevalence figures are much lower than in pre-
vious Dutch TFI validation studies, 47.1%;'*!'” in these
studies, the mean age of the participants was 80.3 years
compared with 76.3 years (T0) in our study. Additional
analyses conducted with people aged >75 years (mean age
80.3 years) demonstrated a prevalence figure of 42%.

Some limitations of the study should be noted. First, we
used a smaller sample (n=180) than in the previous TFI studies
in the Netherlands;'*'” moreover, 12 frailty cases were miss-
ing at Tl. Second, the time period between TO and Tl
(one year) can be considered short; a future study, in which
adverse outcomes are measured at a later stage is recom-
mended. Third, some items belonging to chronic diseases
were measured differently at TO and T1, which explains the
large difference in chronic disease “another heart condition”,
18.3% and 11.8%, respectively.

Conclusion

In conclusion, the present study provided new evidence for the
validity of the TFI for assessing frailty in Dutch community-
dwelling older people. Both cross-sectionally and longitudin-
ally, frailty is associated with disability, indicators of health
care utilization, and falls. Most studies concerning the validity
of the TFI are focused on independently living older people. It
is recommended to also establish the validity of the TFI in
other settings including a hospital and a facility for people with
psychiatric disorders. Moreover, the predictive validity of the
TFI for mortality requires further research. So far, only one
study used the original instrument for predicting death;** this
study was conducted among 2420 Dutch community-dwelling
older people with a two-year follow-up. With the TFIL, health
care professionals have access to an extensively validated self-

report questionnaire which can be used to identify frailty
among community-dwelling older people aiming to prevent
or delay adverse outcomes, including disability.
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