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ABSTRACT

Background and Purpose: The First-time Injurious Fall (FIF)
screening tool was created to identify fall risk in commu-
nity-living older men and women, who may be targets for
primary preventive interventions. The FIF tool consists of
3 self-reported questions and 1 physical test (1-leg stand-
ing balance). The purpose of this study was to examine the
predictive ability of the FIF tool and a modified FIF tool (in
which 1-leg standing is replaced by self-reported balance)
for first-time injurious falls.

Methods: A cohort of 1194 community-living people 60 years
and older from the Swedish National Study on Aging and Care
in Kungsholmen (SNAC-K), Sweden, was followed longitudi-
nally for 5 years. Data on injurious falls were collected from
registered data and were defined as receipt of care after a fall.
The predictive ability of the FIF tool and the m-FIF tool was
explored using Harrell's C statistic, stratified by sex.

Results and Discussion: The injurious fall rate per 1000
person-years was 54.9 (95% Cl: 47.22-63.78) for women and
36.3 (95% Cl: 28.84-45.78) for men. The predictive ability for
women and men according to Harrell's C statistic was 0.70
and 0.71 for the FIF tool and the m-FIF tool. The predictive
ability was 0.70 and 0.69 for 1-leg standing, and 0.65 and
0.60 for self-reported balance problems.

Conclusions: The m-FIF tool presented similar predictive abil-
ity as the FIF tool regarding first-time injurious falls. This find-
ing could extend the usefulness of the tool to other settings,
such as to electronic health (eHealth). A quickly and easily
administered screening tool can help physical therapists to
identify people with a high risk of falling who may need to
undergo a more comprehensive fall risk assessment.

Key Words: community living, eHealth, objective measurement,
older adults, subjective measurement

(J Geriatr Phys Ther 2023;46(2):103-109.)

CLINICAL IMPLICATIONS

e The First-time Injurious Fall (FIF) tool has shown high
predictive values; however, it is not known whether the
objective balance test of the FIF tool could be replaced
by a self-reported question with similar diagnostic effec-
tiveness.

e The modified FIF tool (m-FIF tool) showed similar
predictive ability as the FIF tool regarding first-time
injurious falls.

e The results of our study could extend the usefulness
of the FIF tool to other settings, such as to e-health.
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INTRODUCTION

More than one-third of community-living older adults fall
each year and about 10% out of those require medical care
as a result of an injurious fall.! Fall-related injuries in the
older population are a major public health problem due to
their economic and medical consequences.! Due to aging of
the population, the number of individuals seeking care in the
event of an injurious fall is expected to increase in the future.?

The most prominent risk factor for falls is having expe-
rienced a previous fall, suggesting that we may be able to
reduce the total number of falls in the population by delay-
ing or preventing first-time falls.> Considering the conse-
quences of injurious falls, being able to delay or prevent
that first injurious fall through preventive efforts will have
important effects on public health as well as on the daily
lives of older adults.

Present guidelines for fall risk prevention in community-
living older adults recommend 3 sequential stages: screening
to identify people at increased risk of falls, multifactorial
fall risk assessment for those identified as at risk, and

implementation of personalized interventions.* Physical ther-
apists can play a crucial part in the primary prevention of
injurious falls in older adults. A quickly and easily adminis-
trated screening tool can help physical therapists to prioritize
who should undergo a more comprehensive fall risk assess-
ment. Several methods are available for fall risk screening,
assessment, and intervention.>” Current screening methods
are likely to classify people without a history of falls as having
a low risk of falling. However, a substantial number of falls
may still occur among older adults without a history of falls.?

We recently developed a new screening tool for predic-
tion of risk of first-time injurious falls in community-living
older adults, called First-time Injurious Fall (FIF) screening
tool.” It was constructed by combining previously identi-
fied risk factors from reviews and meta-analyses,'” and by
weighting risk scores differently for men and women, based
on previous research.'12 The FIF tool, which is quickly and
easily administered, consists of 3 self-reported questions
and 1 physical test (5-second 1-leg standing balance with
eyes open) (Figure 1). The FIF tool has been validated in

First-time Injurious Falls — the FIF screening tool

Women  Men
How old are you? 60-69 m] 0 0
70-79 [m] 1 2
80-89 o 2 3
90+ ] 4 4
Do you live with someone? Yes m] 0 0
No o 1 1
Do you need help in any or several of the Yes m] 2 1
following: No u} 0 0
e managing finances e preparing meals
e using telephone e cleaning
e grocery shopping e doing laundry
e using public
transportation
Physical test (eyes open - 2 attempts/leg - best attempt counts)
One-leg standing <5 seconds O 1 1
>5 seconds m] 0 0
Total score = /8 ___ 7

Figure 1. First-time Injurious Fall screening tool. This figure is available in color online (www jgeript.org).
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2 other cohorts other than the development cohort,!? and
the results show high predictive values (Harrell’s C statistic
=(.75 for both men and women).

Ganz et al® suggested that asking a binary question
about gait or balance should be done for patients who
have not had a previous fall when screening for fall risk.
According to the Stopping Elderly Accidents, Deaths and
Injuries (STEADI) initiative, it is recommended for physical
therapists to ask patients whether they experience a feeling
of unsteadiness when screening for risk of falls.!*15 Self-
reported measures are often preferred in electronic health
(eHealth) settings.'® Hence, it is likely that eHealth (ie, the
use of information and communication technologies in
health-related fields)!” will be part of the future solution to
enable provision of high-quality physical therapy with high
accessibility. If the balance assessment (1-leg standing) of
the FIF tool could be replaced by a self-reported question
with similar diagnostic effectiveness, this could extend the
usefulness of the screening tool to such settings.

In this study, the purpose was to examine the predictive
ability of the FIF tool and a modified FIF tool (in which
1-leg standing balance is replaced by self-reported balance)
for first-time injurious falls.

METHODS

Study Population

We used data of adults 60 years and older from an ongoing
longitudinal population-based Swedish National Study on
Aging and Care in Kungsholmen (SNAC-K).!® A total of
3363 individuals (73.3% of all eligible individuals) partici-
pated in the baseline examination between year 2001 and
2004. The SNACK-K used stratified sampling; the popula-
tion was stratified by age, and a random sample was then

Flow chart

A total of 1520 participated

selected from each age group (ages 60, 66, 72, 78, 81, 84,
87, 90, 93, 96, and =99 years). Follow-up has been per-
formed every sixth year for younger cohorts (60-78 years)
and every third year for older cohorts (=78 years)."”

This study used baseline data from the fourth wave of
follow-up between 2010 and 2012, when a question about
self-reported balance problems was included in the cohort
study. In total, 1520 individuals from 5 age groups (60, 81,
84, 87, and =90) were examined during this period. Since this
study aimed to identify community-living older adults at risk
of a first-time injurious fall, we excluded those who lived in
an institution (n = 54), had missing data on accommodation
(n = 1), or had experienced an injurious fall within 3 years
before the examination date (n = 197). Of the remaining
1268 participants, 74 participants were excluded due to miss-
ing data on instrumental activities in daily life (IADL) (n =
22), test of 1-leg standing (n = 33), or self-reported balance
problems (n = 17). The final analytical sample consisted of
1194 individuals. The excluded participants were significantly
more likely to be women, older, and to have a lower educa-
tional level than the analytical sample (P < .05) (Figure 2).

Data Collection

Nurses and physicians collected data through structured
interviews, clinical examinations, and physical function
tests. The research protocol was approved by the Regional
Ethics Review Board in Sweden, and written consent was
obtained from all participants.

FIF tool

The development and external validation of the FIF
tool has been described in detail elsewhere.”'3 Briefly, it
was constructed by combining previously established risk
factors from reviews and meta-analyses. The tool was

in the baseline

examination.

Remaining participants

(n=1268)

!

The final analytic sample

consisted of

(n=1194)

Figure 2. Population flowchart for baseline assessment.
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Excluded:
lived in an institution (n=54)
missing on accommodation (n=1)
experienced an injurious fall within

3 years before baseline examination

(n=197)

Excluded missing data on:
IADL (n=22)
One-leg standing (n=35)

Self-reported balance problems

(n=17)
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formulated based on the B coefficients from sex-specific
multivariate Cox proportional hazards models. The maxi-
mum scores are 8 points for women and 7 points for men.
Low risk was assigned to less than 3 and a high risk 3 or
more points according to the Youden index.?’

The variables included in the FIF tool are age, cohabita-
tion status, IADL, and balance (1-leg standing).’Age in the
FIF tool is categorized into 4 age groups: 60 to 69, 70 to
79, 80 to 89, and 90 and more. However, since the fourth
wave did not include participants in their 70s, this study
included age groups 60 to 69, 80 to 89, and 90 and more.
Cobhabitation status was classified into “living alone” for
those who were unmarried, divorced, or widowed and
“cohabitating” for those who lived with a spouse or were
married. Functional dependency was defined as being
dependent in one or more of the IADL items: managing
finances, using the telephone, grocery shopping, using
transportation, preparing meals, cleaning, and doing laun-
dry. One-leg standing was measured as the time in seconds
that the participants could stand on 1 leg with their eyes
open (up to 60 seconds). The participants had to have
no shoes on, their arms hanging along their sides, and
they each chose which leg to stand on first. The test was
attempted 3 times per leg, and the best overall score was
used. The 1-leg standing test is a reliable and validated mea-
surement for balance.?’?? A 1-leg standing time of less than
5 seconds was chosen as the cut-off for balance impair-
ment, as indicated by Vellas et al.?3 It has been shown that
not being able to stand on 1 leg for 10 seconds is associated
with a higher risk of suffering a hip fracture.?*

In the modified FIF tool (m-FIF tool), the 1-leg-standing
test is replaced by a question about self-reported balance
problems, in accordance with Ganz et al’ and the STEADI
recommendations.'*!5 The question in this study was
derived from the nurse interview “Would you say that
you have any problem with your balance? (in the past
12 months)” (yes/no).

Injurious falls

An injurious fall was defined as a receipt of inpatient care
because of a fall. This information was retrieved from the
National Patient Register.?> We used discharged diagnosis
from the date of the baseline examination until the end
of the follow-up period (up to § years), and included the
external cause codes (W00, W01, W05-W10, and W17-
W19) from the International Classification of Diseases,
Tenth Revision.2® The codes represented low energy falls
from the same level, with no other person involved.
Information about the vital status of the participants was
obtained from the Swedish Cause of Death Register.

Statistical Analysis

The differences in baseline characteristics between men and
women were compared using the x? test. Cox proportional
hazards model was used to estimate hazard ratios (HRs)
and 95% ClIs of injurious falls as a function of the FIF
tool, m-FIF tool, 1-leg standing, and self-reported balance
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problems, stratified by sex. Participants were censored at
the date of the first injurious fall, death, or the end of the
follow-up period (up to 5 years). The mean follow-up time
was 4.25 years (SD) 1.38 years).

We applied Harrell’s C statistics, to evaluate the predic-
tive ability of the scores for the FIF tool, m-FIF tool, 1-leg
standing, and self-reported balance problems, stratified by
sex. For Harrell’s C statistics, a value within 0.7 to 0.8 is
considered as an acceptable prediction.?”

In supplementary analyses, the diagnostic accuracy for
the FIF tool and the m-FIF tool compared with first-time
injurious falls during 5 years of follow-up was report-
ed with sensitivity, specificity, and positive and negative
predictive values with 95% CI for women and men. A
value of 0.7 to 0.8 indicates good diagnostic accuracy.*®
Statistical analyses were performed using STATA version
15 (Stata Corp, College Station, Texas).

RESULTS

Of the 1194 participants, 740 (62%) were women (mean
age 73.6 years, SD 13.1) and 454 (38%) were men (mean
age 70.6,SD 12.2). The injurious fall rate per 1000 person-
years was 54.9 (95% CI: 47.22-63.78) for women and 36.3
(95% CI: 28.84-45.78) for men. A total of 166 individuals
died during the time period (99 women and 67 men). The
characteristics of the study participants are depicted by sex
in Table 1. As shown, the participating women were older,
had a lower educational level, were more often living alone,
and needed more help in IADL than the men. They also had
more self-reported balance problems and measured balance
impairments than the men.

For the FIF tool, HRs of an injurious fall for women and
men, respectively, in the high-risk group were 6.69 (95%
CI: 4.40-10.17) and 6.45 (95% CI: 3.69-11.27) compared
with those in the low-risk group (Figure 3). For the m-FIF
tool, HRs were 7.29 (4.77-11.16) for women and 6.44
(3.69-11.24) for men, compared with those in the low-risk
group (Figure 3). Hazard ratios of an injurious fall for
women and men with impaired 1-leg standing were 5.53
(95% CI: 3.86-7.91) and 4.90 (95% CI: 2.96-8.10) com-
pared with those with unimpaired 1-leg standing (Figure 3).
Hazard ratios of an injurious fall for women and men with
self-reported balance problems were 3.34 (95% CI: 2.40-
4.66) and 2.22 (95% CI: 1.40-3.52) compared with those
without self-reported balance problems (Figure 3).

Predictive values for women and men according to
Harrell’s C statistic were 0.70 and 0.71 for the FIF tool,
0.70 and 0.71 for the m-FIF tool, 0.70 and 0.69 for 1-leg
standing, and 0.65 and 0.60 for self-reported balance prob-
lems (Table 2).

Table 3 shows the diagnostic values for women and
men with the FIF tool and the m-FIF tool compared with
first-time injurious falls during 5 years of follow-up. The
sensitivity and specificity for the FIF tool were 37% and
93% for women, and 29% and 94% for men, and 38%
and 93% for women, and 29% and 94% for men for the
m-FIF tool. The positive and negative predictive values for

Volume 46 e Number 2 e April-June 2023
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Tahle 1. Baseline Characteristics of Participants by Sex

Women, n (%) Men, n (%)
n =740 n =454 PValue
Age,y <.001
60-69 352 (47.52) 262 (57.71)
80-89 324 (43.78) 172 (37.80)
=90 64 (8.65) 20 (4.40)
Education .004
Elementary 73(9.86) 37(8.13)
High school 326 (44.05) 163 (35.82)
University 341 (46.08) 254 (55.82)
Living alone 436 (58.92) 144 (31.72) <.001
IADL dependency 224 (30.27) 82 (18.06) <.001
FIF tool—high-fall risk 386 (52.16) 193 (42.51) <.001
m-FIF tool—high-fall risk 381 (51.49) 194 (42.73) .003
Impaired 1-leg standing 332 (44.86) 176 (38.77) .039
Self-reported balance problems 353 (47.70) 154 (33.92) <.001
Abbreviations: IADL, instrumental activities in daily life; FIF, First-time Injurious Fall; m-FIF, modified FIF.

the FIF tool were 85% and 58% for women and 78% and
64% for men, and for the m-FIF tool, 85% and 59% for
women and 78% and 64 % for men.

DISCUSSION

In this study, we found that predictive values for first-
time injurious falls did not differ between the FIF tool
and the m-FIF tool and HRs were similar for both tools.
However, when examined separately self-reported balance
showed slightly lower predictive values and HRs than the
1-leg standing. Predictive values for the FIF tool found in
this study were lower than those found in our previous
studies.”!3 A possible explanation is the lack of participants
at the age of 70. There is a chance, had they been included,
that there would have been more individuals scoring in the

Women
15+
[$)
X
8 10+
Q
®
o
T 51 }
g :
N
[}
I wd sttt s s s s sttt s st ss s s s ss s
0 1 1 1 1

FIF m-FIF OLS SRBP

middle range that would have been directed into either the
low- or high-risk group.

We used the 1-leg standing test in the FIF tool for measur-
ing balance performance.?’ Our result indicates that the 1-leg
standing by itself is a good predictor of first-time injurious
falls. Indeed, the 1-leg standing test is considered to be a good
indicator of balance ability,>* and a sensitive test for older
adults when trying to distinguish fallers from nonfallers.3°

Results of diagnostic accuracy showed that the FIF tool
and the m-FIF tool had low sensitivity but excellent speci-
ficity for detection of first-time injurious falls. In clinical set-
tings, a low specificity may be beneficial to make sure that
the invested time and money are efficiently spent. However,
high sensitivity may be desirable for a public health fall
prevention intervention, to include as many people as

Men

10

Hazard Ratio (95% CI)

FIF m-FIF OLS SRBP

Figure 3. Hazard ratios and 95% Cls for first-time injurious fall in women and men up to 5 years after baseline in associa-
tion with to the First-time Injurious Fall (FIF) tool, modified FIF (m-FIF) tool, 1-leg standing (OLS), and self-reported bal-
ance problems (SRBP). This figure is available in color online (www.jgeript.org).
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Tahle 2. Predictive Capacity of Injurious Falls During 5 Years of Follow-up According to Harrell’s C Statistic for the FIF Tool, m-FIF

Tool, 1-Leg Standing Test, and Self-reported Balance Problems

FIF tool
Low risk 354 26 0.70 261 16 0.71
High risk 386 144 193 56

m-FIF tool
Low risk 359 25 0.70 260 16 0.71
High risk 381 145 194 56

1-leg standing
Normal 408 39 0.70 278 22 0.69
Impaired 332 131 176 50

Self-reported balance problems
No 387 49 0.65 300 37 0.60
Yes 353 121 154 35

Abbreviations: FIF, First-time Injurious Fall; m-FIF, modified FIF.

possible who are at an elevated risk and may need further
assessments by a physical therapist. The FIF tool could be
part of a larger screening battery to increase the sensitivity,
for example by including questions about fear of falling
and previous falls, in line with the STEADI recommenda-
tions.'*15 The FIF tool and the m-FIF tool screen for fall
risk over time, while diagnostic tests do not consider time
to event. Furthermore, diagnostic tests are designed to
compare a screening test with a reference (gold) standard
test (eg, screening for cancer as compared with a diagnosis
of cancer).3! Thus, the diagnostic accuracy must be inter-
preted with that in mind. The results for the diagnostic
accuracy are, in turn, comparable with previous studies on
fall risk screening.”-15

Our results indicate that the m-FIF tool may be suitable
to use in eHealth settings, which may expand its usefulness.
A self-managed screening test could be performed by the
older adult herself/himself at home or in the waiting room
at the primary care center. The result of the screening would
then be reviewed by a physical therapist who can evaluate

that specific patient’s need for a full fall risk assessment and
act accordingly. Another option could be to use the m-FIF
tool in public health surveys, which are being administrated
digitally.

The strengths of this study include the long follow-up
period, which is necessary when the focus is to predict
future falls and identify people in need of primary preven-
tion.? Another strength is that we have used the objective
measure of seeking health care due to a fall from high-
quality registers as our outcome, thus limiting potential
recall bias.?’ The limitations of the study are that not all
people who suffer an injurious fall seek health care, which
might lead to potential misclassification of the outcome.
This study is based on SNAC-K participants—an urban,
well-educated population, thus possibly limiting the gener-
alizability. Also, the validity of self-reported balance may be
limited by report bias, which could differ by sex or other
individual differences (ie, older adults tend to underesti-
mate their physical capabilities).3? Another limitation of
the study is that we could not include participants in their

Tahle 3. Diagnostic Values for Women and Men With the FIF Tool and the m-FIF Tool Compared With First-Time Injurious Falls During
5 Years of Follow-up

Sensitivity 37.3(32.5-42.3) 29.0 (22.7-36.0) 38.1(33.2-43.1) 28.9 (22.6-35.8)
Specificity 92.7 (89.4-95.1) 93.9 (90.2-96.5) 93.0 (89.9-95.4) 93.8 (90.2-96.4)
Positive predictive value 84.7 (78.4-89.8) 77.8 (66.4-86.7) 85.3(79.1-90.3) 77.8 (66.4-86.7)
Negative predictive value 57.5 (53.4-61.6) 64.1 (569.1-69.0) 58.6 (54.4-62.7) 63.9 (568.8-68.7)

Abbreviations: FIF, First-time Injurious Fall; m-FIF, modified FIF.
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70s since they were not included in the fourth wave of data
collection that we used for this study. This may limit the
generalization of the results. Finally, the question about
balance refers to balance in general and not specifically to
the ability to stand on 1 leg. Future studies are also needed
to investigate the FIF tool in clinical settings, and as part of
a larger screening battery.

CONCLUSIONS

Our results suggest that the m-FIF tool has similar predic-
tive ability for risk of first-time injurious falls as the FIF
tool. However, 1-leg standing alone showed higher predic-
tive values than self-reported balance problems. The m-FIF
tool can be a good option when direct measurement of bal-
ance performance is not feasible such as eHealth settings.
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