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Abstract

Objectives: To compare the clinical value of three frailty indicators in a screening pathway for
identifying older men and women who are at risk of falls.

Design: A prospective cohort study.

Setting and Participants: Four thousand Chinese adults (2000 men) aged 65 years or above
were recruited from the community in Hong Kong.

Methods: The Cardiovascular Health Study Criteria (CHS), the FRAIL scale, and the Study for
Osteoporosis and Fracture Criteria (SOF) were included for evaluation. Fall history was used as a
comparative predictor. Recurrent falls during the second year after baseline was the primary
outcome. The area under the receiver operating characteristic curve (AUC) was used to evaluate
the ability of the frailty indicators and fall history to predict recurrent falls. Independent predictors
identified in logistic regression were put in the Classification and Regression Tree (CART)
analysis to evaluate their performance in screening high-risk fallers.

Results: Fall history predicts recurrent falls in both men and women (AUC: men=0.681,;
women=0.645) better than all frailty indicators (AUC<0.641). After adjusting for fall history, only
FRAIL (AUC=0.676) and SOF (AUC=0.673) remained as significant predictors for women while
no frailty indicator remained significant in men.

FRAIL could classify older women into two groups with distinct chances of being a recurrent
faller in people with no fall history (3.8% vs 7.5%), a single fall history (9.5% vs 37.5%), and
history of recurrent falls (16.0% vs 30.8%). SOF has limited ability in identifying recurrent fallers
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in the group of elderly with a single fall history (no fall history: 3.9% vs 8.6%; single fall history:
10.2% vs 10.9%; history of recurrent falls: 16.5% vs 20.6%).

Conclusion and Implication: SOF and FRAIL could provide some additional prediction value
to fall history in older women but not men. FRAIL could be clinically useful in identifying older
women at risk of recurrent falls, especially in those with a single fall history.

Brief summary:

The FRAIL scale could be clinically useful in identifying older women at risk of recurrent falls,
especially in those with a single fall history.

Keywords

Frailty; falls; screening; elderly

Introduction

Frailty is a syndrome to describe the decrease in reserve and resistance to stressors due to the
accumulation of deficits in multiple physiologic systems.1:2 This causes an increase in the
vulnerability to adverse outcomes.3 Frailty was found to be associated with multiple adverse
health outcomes, which includes mortality, hospitalization, disability and falls.*

Among these adverse health outcomes, fall is a manifestation of frailty before progressing to
disability and mortality.5 About one-third of the elderly over 60 years old fall once or more
in one year.”8 It causes serious complications including fear of falling, restriction in
activities and fractures.®10 Risk factors of falls, which include a reduction in muscle
strength and mobility functions, closely resemble the characteristics of frailty.11-14
Therefore, it has been a rising interest in using frailty assessments to predict falls. Two
recently published systematic reviews concluded that frailty indicators based on the
assessment of clinical phenotypes are significant predictors of future falls.1>16 |t suggests
that frailty assessment could be used to identify older adults with high fall risk for
interventions.

However, before concluding that these frailty indicators based on phenotypes have a role in
clinical practice to identify people at high risk of falls, their comparative and additional
value on top of existing, simple fall predictors have to be evaluated. History of falls has
consistently been found to be one of the strongest predictors of future falls and is utterly
easy to assess.111718 Indeed, according to the practice guideline for prevention of falls in
older persons as formulated by the American and British Geriatrics Society, history of falls
is the most important screening criteria used for identifying community-dwelling older
people at high risk of fall.1® Fall history well serves as the benchmark predictor for
comparison.

Unfortunately, existing studies have rarely included the history of falls as a covariate while
establishing the predictive ability of frailty indicators on falls.16:20-23 Only a few studies
have considered falls as a confounding variable in their analyses and the results on whether
frailty remained as a predictor of falls were mixed.172425 Contradicting results were also
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reported when predicting models were conducted separately in people with or without a
history of falls at baseline.26:27 Hence, whether assessments of frailty have clinical value on
the prediction of future falls remains uncertain. A possible reason for the disparity in results
could be the difference in frailty indicators included for evaluation. A comprehensive
evaluation that included the major frailty indicators based on clinical phenotypes has to be
performed. Further, it is important to evaluate the possible role of frailty indicators in a
clinically useable pathway. To the best of our knowledge, no attempt of incorporating frailty
indicator in a clinical pathway for identifying potential fallers is currently available.

To answer the above questions, this study has four aims. First, to provide a comparison of
the fall prediction ability of frailty indicators based on clinical phenotypes. Second, to
compare these assessments against fall history, a simple and well-validated predictor, in the
prediction of recurrent falls. Third, to assess the combined effect of fall history and frailty
assessment on fall prediction. Finally, to evaluate the role of frailty indicators in a practical
model for identifying future recurrent fallers.

METHODS

Participants

Four thousand community-dwelling older men and women aged 65 and above attended an
initial assessment at the School of Public Health of the Chinese University of Hong Kong
from August 2001 to December 2003 for the Mr. OS and Ms. OS Hong Kong cohort study.
The participants were mainly recruited through posting advertisement in housing estates and
local community centers. The sample was age-stratified so there is an approximately equal
number of participants in the age range of 65 to 69, 70 to 74, and 75 or older. Individuals
with the following characteristics were excluded from the study: (1) unable to walk
independently, (2) had bilateral hip replacement, (3) had a reduced chance of survival in the
4 years following recruitment due to known medical condition (e.g., cancer, heart diseases,
end-stage renal diseases, chronic lung diseases), (4) inability to provide informed consent.
The methodology has been previously described.28 All surviving participants were invited to
a second examination between August 2003 and December 2005 (n=3427; men=1745), from
which the information collected was used as a baseline in the present analysis and provided
data required to formulate all candidate frailty indicators. Data from the third examination
between August 2005 and November 2008 (n=3153; men=1566) provided prospective fall
information. The study was approved by the clinical research ethics committee of the
Chinese University of Hong Kong and informed consents were obtained from the
participants.

Assessment

Each participant completed a series of assessments in one day in each visit with a team of
trained research assistants. The detailed information about the assessments was previously
published.® The data collected in the second visit, including grip strength, the time taken to
walk 6 meters, and the ability to complete the five-time repeated chair stand test, was used in
calculating the scores of all the frailty indicators. Weight loss in two years was calculated by
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the difference in weight between the first and second visit. Questionnaires were used to
obtain information about physical activity level, self-reported health, and medical history.

Calculation of the frailty indicators

Cardiovascular Health Study Criteria (CHS): CHS is a commonly used clinical frailty
assessment tools.2 It measures five criteria including exhaustion, unintentional weight loss of
5%, grip strength in the lowest quintile, walking speed in the lowest quintile, and energy
expenditure in the lowest quintile. Matching each criterion would score 1 point. The total
score ranges from 0-5 with a higher score indicating an increase in frailty.

FRAIL scale (FRAIL): FRAIL was proposed as a bedside screening tool for measuring
frailty.2930 The domains assessed by FRAIL are largely similar to CHS. It also examines
exhaustion, weight loss, strength and walking ability but it assesses the number of illnesses
instead of low energy expenditure as in CHS. The advantage of the FRAIL scale is that a
quintile from a population range is not required as no cutoff is needed for scoring. The
presence of a symptom would score one point on the FRAIL scale, which has a total score of
five.

Study for Osteoporosis and Fracture Criteria (SOF): SOF is the simplest frailty indicator
included in this study.?2 It was designed to be practical for use in clinical practice. A similar
rating system to the FRAIL scale is adopted so that no population range is required. It
consists of only three items, which capture exhaustion, weight loss and the inability to
perform five chair stands. The presence of one of the above symptoms would score one point
on the SOF scale, which has a total score of three.

Equivalent variables that were used to calculate scores of the three frailty indicators in the
present study were listed in Table 1.

Fall record—Participants were interviewed for their history of falls in the previous year at
baseline, which was used as a comparative predictor.

Prospective fall, the primary outcome, was recorded in the third visit. The number of fall in
the previous year was collected in an interview. Recurrent fallers were those who had two or
more falls during the 1-year period. A fall was defined as any unintentional rest on the
ground resulting from a loss of balance.

Statistical analysis

Statistical analysis was conducted using the statistical package SAS, version 9.4 (SAS
Institute, Inc., Cary, NC) except that Classification and Regression Tree (CART) was done
by the R software (version 3.5.1). Men and women were analyzed separately as gender was
found to be a significant contributor to the heterogeneity in the prediction of falls by frailty
indicators in a recent meta-analysis.1® Logistic regression was conducted to evaluate the
ability of various frailty indicators and fall history on the prediction of recurrent falls.
Receiver operating characteristic (ROC) curve was constructed to evaluate the ability of
different frailty indicators and past fall history to discriminate between non-recurrent fallers
and recurrent fallers in the follow-up. The area under the ROC curve (AUC) was used to
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measure the concordance of the predictive values with the actual outcomes. The differences
in AUCs across the predictive models were compared using chi-square test of homogeneity.
Frailty indicators that were found to be significant predictors of recurrent falls would be put
into the CART analysis to identify a practical screening process for efficient fall risk
screening. All statistical tests were two-sided. A P-value of less than 0.05 was considered
statistically significant.

Characteristics of the 3427 participants assessed at baseline were presented in Table 2. The
percentage of participants who had one or more falls during the follow-up period was 15.5%
for men and 22.4% for women while those had two or more falls was 4.2% for men and
6.5% for women.

After adjusting for age, fall history predicted recurrent falls in both men and women (AUC:
men=0.681; women=0.645). Only the FRAIL criteria predicted recurrent falls in men
(OR=1.59; 95%CI=1.08-2.32; AUC=0.641). CHS and SOF criteria were marginally
insignificant. In women, both FRAIL and SOF significantly predicted recurrent falls
(FRAIL: OR=1.25, 95%CI=1.25-2.09, AUC=0.607; SOF: OR=1.77, 95%CI=1.20-2.63,
AUC=0.586) (Table 3). The AUC of fall history was the highest in both sexes. After
additionally adjusting for fall history, FRAIL became insignificant in men; while FRAIL and
SOF remained significant for women in logistic regression (Table 3). The increases in AUC
upon adding FRAIL and SOF in the prediction model, on top of fall history and age, were
marginally significant in women (p<0.078).

CART analyses were hence conducted in women, using FRAIL and SOF as potential
candidates. Considering that history of falls is stronger than all frailty indicators in the
prediction of recurrent falls, CART analyses were conducted separately for subjects with no
fall history, those with a single fall history, and those who had equal or more than two falls.
For FRAIL, the cutoff scores identified were one, three, and two for the three subgroups
respectively. These cutoffs effectively separated older women into two groups with distinct
chances of becoming recurrent fallers (no fall history: 3.8% vs 7.5%; a single fall history:
9.5% vs 37.5%; history of recurrent falls: 16.0% vs 30.8%). A secondary cutoff for people
with a single fall history was identified at the score of one (Figure 1). If a score of one was
used as an initial cutoff, the chance of being a recurrent faller would be 8.5% and 14.9% for
the low- and high-risk group respectively. For SOF, a consistent cutoff at the score of one
was identified in all three groups (Figure 2). It had limited ability to predict recurrent falls in
people with a single fall history (no fall history: 3.9% vs 8.6%; a single fall history: 10.2%
vs 10.9%; history of recurrent falls: 16.5% vs 20.6%).

DISCUSSION

This is the first study that explores the potential clinical role of frailty indicators on
screening for elderly at risk of falls. The predictive ability of all frailty indicators and history
of falls were better in men than women after adjusting for age. A cohort that separated men
and women for the analysis of CHS and SOF in predicting falls also yielded similar results
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(AUC: men=0.63; women=0.61).22:23 Reasons causing the gender disparity remain largely
unclear.1®

Among the three frailty indicators, FRAIL had the best ability to predict recurrent falls in
women, followed by SOF. CHS had the worst predictive ability. A previous study conducted
in the United States reported that the predictive ability of CHS and SOF were essentially the
same in older women (AUC=0.61).22 However, SOF (AUC=0.59) had better predictive
ability than CHS (AUC=0.57) in the present study conducted in Hong Kong. This could be
attributed to the difference in frailty distribution across the frailty indicators between the two
samples. The frailty distributions in SOF (47% of the participants has a score = 0) and CHS
(37% of the participants has a score = 0) were largely similar in the study conducted in the
United States.22 However, 73% of the women in our study scored zero in SOF while only
37% scored zero under the CHS criteria. The vast difference in frailty distribution across the
frailty indicators could be due to the fact that our samples were less frail compared with
those in the United States.22 This has a great impact on CHS as it adopts a relative scoring
system. All participants in the lowest quintile received one score in three of the five items.
SOF and FRAIL adopted an absolute scoring system where scores were given only upon the
presence of the frailty characteristics. Together with previous studies, our finding showed
that the absolute scoring system used in SOF and FRAIL may provide a more consistent
result independent of the population data. In men, FRAIL is the only criteria that could
significantly predict recurrent falls and has the strongest predictive ability. The result yielded
in CHS and SOF were very similar to the finding in the study conducted in the United States
(AUC=0.63).23

None of the frailty indicators could outperform fall history in the prediction of recurrent
falls. The frailty indicators included in the analysis primarily assess physical functioning of
the older people. However, falls have multifactorial risk factors, including visual deficit,
cognitive impairment, depression, medication, environmental risk and etc.14:31 These factors
might have contributed in previous fall episodes and at the same time predisposed the elderly
to falling in the future. This may explain the fact that fall history is a better predictor to
future falls than all candidate frailty indicators. The clinical value of frailty indicators on
identifying potential recurrent fallers resorts to its ability to provide additional value to fall
history.

In women, FRAIL and SOF, but not CHS, could provide additional predictive ability on top
of fall history. In men, all frailty indicators failed to provide additional value on top of fall
history. The difference in the finding across gender could be because fall history alone can
better predict future recurrent falls in men than women (AUC: 0.681 vs 0.645). There is thus
less room for the frailty indicators to provide additional predictive ability. Unfortunately, no
previous study that has analyzed men and women separately with the adjustment for fall
history is available for comparison. All existing studies that provided adjustment for fall
history recruited either only women or both genders. The study involved only women
reported a significant result,* whereas the study included both genders reported an
insignificant finding in a multivariate model using the backward elimination approach.1’
Despite multiple factors (i.e., sample size, population) might have contributed to the
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difference in results, this might be a piece of indirect supportive evidence to our finding that
frailty indicators may provide added value to predict recurrent falls only in women.

In order to examine how the frailty indicators can assist in identifying future recurrent fallers
in clinical practice, CART analysis was incorporated to identify cutoff scores. Fall history
was used as a first line screening due to its better predictive ability and ease of assessment.
We found that the FRAIL criteria could effectively separate older women with distinct fall
risks in all three categories (i.e., no fall history, a single fall history, history of recurrent
falls). SOF, however, was ineffective in people with a single fall history.

People with a history of recurrent falls in the previous year have a greatly increased fall risk
and should undergo a comprehensive fall risk assessment regardless of the score of the
frailty indicators.1® However, in this group of older women, we would be able to identify
those at a very high risk of falls using the FRAIL criteria (30.8% risk of recurrent falls). This
is more clinically useful than the screening achieved by the SOF (20.6% risk of recurrent
falls) given the overall risk of being a recurrent faller in the future is 17.6% in older women
with a history of recurrent falls.

Both the SOF and FRAIL were effective in identifying older women with higher fall risk in
those without any history of fall in the previous year. SOF was slightly better in isolating the
higher risk population in this group. However, the absolute risk in the high-risk group
identified by the two frailty indicators in people with no history of fall remained relatively
low at 7.5% for FRAIL and 8.6% for SOF. The number of frailty assessment that has to be
conducted is also large as the majority of the population has no fall history at baseline.8:32

Frailty assessment would hence be the most valuable in people with a single history of fall.
With the cutoff score of one, the FRAIL criteria could identify 74 out of 251 participants
who had a 14.9% chance of being a recurrent faller versus 8.5% in the remaining 177
participants, which indicates a 75% increase in risk. The high-risk group has a chance of
becoming a recurrent faller close to those who had a history of recurrent falls (17.6%).
Those with a FRAIL score of three or more even have the rate hiked up to 37.5% (i.e., three
in eight participants). Given that FRAIL is a simple assessment that can be easily used
during a medical encounter or even as a self-administered questionnaire,3? it has sound
clinical potential for screening fall risk in older women who experienced a single fall in the
past year. SOF failed to provide a meaningful separation in this group.

Despite the large sample size we have in this cohort, the number of recurrent fallers during
follow-up is small due to the low fall rate. Fall incidence was recorded with a recall period
of 1 year, which may underestimate the number of falls experienced by the subjects by
approximately 13%.33 Still, our fall rate matches well with other studies conducted in the
Chinese population.® This indicates that our data is reasonably representative. The
distributions of frailty indicators are right-skewed, the weighting of the larger value of frailty
indicators was smaller than that of the smaller value. So the odds ratio of frailty indicators
estimated for recurrent fall may be underestimated. We have included only individuals who
can walk and come to our center for assessment. Our participants represent a healthier
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sample of the community population in Hong Kong. Surrogates were used in some of the
items that composed the frailty indicators.

CONCLUSIONS AND IMPLICATIONS

FRAIL has the highest predictive ability to future recurrent falls in older men and women
compare with other frailty indicators. However, none of the frailty indicators is better in
predicting recurrent falls than fall history. SOF and FRAIL could provide some additional
prediction value to fall history in older women but not men. Particularly in people with a
single history of fall, FRAIL has potential clinical value in identifying older women at risk
of recurrent falls.
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Figure 1. CART decision tree for using the FRAIL criteria to predict recurrent falls in older
women stratified by fall history.

The percentage in the box indicates the percentage of recurrent fallers.
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Figure 2. CART decision tree for using the SOF criteria to predict recurrent falls in older women
stratified by fall history.

The percentage in the box indicates the percentage of recurrent fallers.
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Table 1.

Criteria of the three frailty indicators based on clinical phenotypes

Page 13

Definition Variable used CHS FRAIL SOF
Exhaustion / Fatigue Reporting no energy Vv v Vv
Unintentional weight loss / Weight loss >5% )L/Jer;irr;tentional weight loss / Weight loss >5% in past 2 v v v
Grip strength in the lowest quintile Grip strength in the lowest quintile v

Inability to climb one flight of stairs Cannot climb up 10 steps v

Inability to do 5 chair stand Unable to complete the 5 times repeated chair stand test Vv
Walking speed in the lowest quintile Walking speed in the lowest quintile v

Ambulation (inability to walk one block) Having some problem in walking v

Low energy expenditure (PASE in the lowest quintile) ~ PASE in the lowest quartile Vv

> 5 illnesses > 5 diseases v

Total score 5 5 3

JAm Med Dir Assoc. Author manuscript; available in PMC 2020 December 01.
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Participants’ characteristics

Table 2.

Mean (SD)/ Freq (%) P-value”
Men Women
(n=1745) (n=1682)
Age 73.9 (4.9) 741 (5.2) 0.379
History of falls at baseline <0.001
none 1440 (82.5%) 1272 (75.6%)
1 224 (12.8%)  282(16.8%)
2 or more 81 (4.6%) 128 (7.6%)
Cardiovascular Health Study Criteria (CHS) <0.001
0 789 (45.2%) 633 (37.6%)
1 582 (33.4%) 581 (34.5%)
2 268 (15.4%)  303(18.0%)
3 90 (5.2%) 123 (7.3%)
4 15 (0.86%) 38 (2.3%)
5 1 (0.06%) 4(0.24%)
FRAIL scale (FRAIL) <0.001
0 1392 (79.8%) 1227 (73.0%)
1 299(17.1%) 344 (20.5%)
2 38 (2.2%) 80 (4.8%)
3 14 (0.8%) 29(1.7%)
4 2(0.11%) 2 (0.12%)
5 0 (0%) 0 (0%)
Study for Osteoporosis and Fracture Criteria (SOF) <0.001
0 1499 (85.9%) 1339 (79.6%)
1 236(13.5%)  315(18.7%)
2 9 (0.52%) 27(1.6%)
3 1 (0.06%) 1 (0.06%)
Number of fall during follow-up <0.001
none 1324 (84.6%) 1229 (77.6%)
1 177(11.3%)  252(15.9%)
2 or more 65 (4.2%) 103 (6.5%)

*
P-value of t-test or chi-square test
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Table 3.

Prediction ability of frailty indicators on recurrent falls

Men Women
OR § OR §
(95%Cl) AUC  p-value (95%Cl) AUC  povalue
cus’ 1.29(0.98,1.70)  0.634 1.15(0.94,1.41)  0.565
1.59 .
FRAIL (1.08.232)* 0.641 1.62 (1.25,2.09)  0.607
SOF 7 1.80 (0.99, 3.26) 0.634 1.77 (1.20,2.63) * 0.586
- 1t
Fall History
None Reference 0.681 Reference 0.645
1 2.21(1.15,4.25)" 2.32 (1.42,3.79)
2 or more 7.27 (3.63, 14.55) * 4.35 (2.52, 7.50)

t 1.20 0693 0207  110(0.89,135) 0656 0440
CHS (0.91, 1.58) : : 10(089,135) 0. :
FRAILT 1.35(0.91,2.00) 0.683 0816  148(1.14,1.93)* 0.676 0064
SOF’f 1.57 (0.86, 2.88) 0.678 0.806 1.57 (1.06,2.35) *  0.673 0.078

*

P-value < 0.05
fo.

Adjusted for age

’tAdjusted for age and history of falls

Page 15

§P—value indicating the difference in AUC between the model including the frailty indicator on top of fall history and age, and the model including

only fall history and age.
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