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Abstract

Falls affect more than 29 million American adults ages >65 years annually. Many older adults experience recurrent falls requiring
medical attention. These recurrent falls may be prevented through screening and intervention. In 2014 to 2015, records for 199
older adult patients admitted from a major urban teaching hospital’s emergency department were queried. Open-ended variables
from clinicians’ notes were coded to supplement existing closed-ended variables. Of the 199 patients, 52 (26.1%) experienced one
or more recurrent falls within 365 days after their initial fall. Half (50.0%) of all recurrent falls occurred within the first 90 days
following discharge. A large proportion of recurrent falls among older adults appear to occur within a few months and are
statistically related to identifiable risk factors. Prevention and intervention strategies, delivered either during treatment for an

initial fall or upon discharge from an inpatient admission, may reduce the incidence of recurrent falls among this population.
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Introduction

Geriatric fall injuries present a pressing public health concern
in the United States. More than 1 in 4 Americans aged >65
years (older adults) reports falling each year, totaling approx-
imately 29 million falls annually.! An estimated 7 million of
these falls result in injuries, leading 2.8 million older adults to
receive treatment in the emergency department (ED), with
roughly 800 000 admitted to the hospital for more intensive
care.' Older adult falls have serious cost consequences,
accounting for an estimated US$30 to US$50 billion in direct
medical costs in 2015°°—roughly 1% of annual health expen-
ditures.* Care for those patients who are admitted to the hos-
pital is more expensive per capita than is care for those who are
only treated in the ED.>® Geriatric falls also result in signifi-
cant indirect costs, such as loss of functioning,” declining qual-
ity of life,® and burden to social services.’

Those individuals who experience 2 or more falls within a
year constitute a sizable and particularly high-risk subset of

older adults who experience falls: They are more likely to
sustain serious injuries'® and have a distinct set of risk factors
as compared to older adults who experience only a single fall
event.'""'? Reported recurrent fall rates vary significantly due
to heterogeneity in study methods and populations, with
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estimates suggesting that between one- and two-thirds of older
adults who fall experience a recurrent fall within the next
year.'"1315 In a systematic review of studies of population-
based or community-dwelling samples, Carpenter (2014)
reports that 10% of all older adults sustain 2 or more falls in
a given year.'®

While there are multiple contexts—including primary care,
supportive housing facilities, and long-term care institutions—in
which it is possible to identify and intervene with older adults at
high risk of recurrent falls, hospital venues constitute an impor-
tant setting for assessment and intervention because they are
where older adults frequently present after sustaining an initial
fall-related injury.' Older adults presenting to the ED with fall-
related complaints represent an intrinsically high-risk population
for future falls, and past work has shown that ED-based risk
assessment and intervention models can be effective in prevent-
ing future falls.'”'® Many geriatric and emergency medicine
societies have released guidelines promoting the integration of
fall risk assessment practices into clinical care and ED work-
flows.'*?° However, fall risk assessments have yet to become
standard practice, and many older adult fallers seen in the ED do
not receive recommended evaluations, referrals, and other post-
discharge supports.>'** Given concerns about time and resource
constraints,” hospital-based practitioners need an accurate and
limited set of predictor variables to efficiently prioritize older
adults for multifactorial risk assessment and intervention.

The purpose of this study is to assist efforts in preventing
recurrent falls by informing medical practitioners of the
major risk factors for recurrent falls based on quantitative
and qualitative data collected among older adults admitted
to the trauma surgery department from the ED of a major
urban teaching hospital. Not only do older adults who expe-
rience recurrent falls tend to experience more serious inju-
ries'® they also have different characteristics'""'? as compared
to older adults who experience nonrecurrent falls. Through a
chart review-based analysis, we quantify risk factors for
recurrent falls that are already captured as data points or field
notes during routine hospital care. We also integrate data
from the US Census Bureau’s American Community Survey
to explore how demographic characteristics not collected in
patients’ charts may be related to their risks of recurrent falls.
The identification of risk factors from this free, secondary
source, in conjunction with variables collected during routine
clinical care, may allow hospitals to more efficiently identify
and refer or intervene with patients at high risk of recurrent
fall while reducing screening and assessment burdens on
clinical staff.

Methods

This study was reviewed and approved by the institutional
review board (IRB) of the hospital from which patient data
were collected, as well as by the IRB of the collaborating
investigators’ home institution.

Data Collection

The study population comprised older adults ages >65 years
who were treated in the ED of a major, urban teaching hospital
for a fall-related concern and were subsequently admitted to the
trauma surgery department. Cases were eligible for inclusion in
the study if they met the following criteria: (1) age > 65 years;
(2) no prior history of falls; and (3) admitted to the trauma
surgery department between January 1, 2014, and December
31, 2015, with a primary diagnosis of a fall-related injury.
However, to allow for a 3-month follow-up window to capture
recurrent fall data for all cases, we removed initial falls occur-
ring after September 30, 2015.°*) We employed a simple
random sampling approach until we reached a sample size (N
= 199) sufficient to power analyses of important predictor
variables. Because a limited number of individuals (13.1%, n
= 26) experienced a recurrent fall requiring readmittance
within 3 months, we expanded our definition of recurrent fall
to capture a year-long window after the initial fall.

Data were queried from the hospital’s electronic health
record systems (EHRs): WellSoft Trauma Registry and a pro-
prietary database. Many variables of interest were available
only in open-ended text fields, such as clinicians’ notes. A team
of trained medical students, supervised by a research coordi-
nator, manually reviewed and coded open-ended fields in pre-
paration for statistical analysis. Coded records were joined and
then imported into IBM SPSS (version 26)*** in which all
analyses were run.

Since no socio-economic measures were available from
patients’ records, we decided to include Census tract-level
measures from the 5-year 2015 American Community Survey.
The Census tract is a small geography created by the US Cen-
sus Bureau for the purpose of analyzing population-level data;
there are 375 census tracts in Philadelphia with population of at
least 100 and each tract has less than 9000 residents. An aver-
age of nearly 20% of residents residing in each tract are age 65
or older. Due to these small population sizes, individual socio-
economic measures, such as income and education, tend to
closely reflect the aggregate norm. Therefore, we are assuming
that individuals from tracts with lower or higher income and
education scores are themselves more likely to be lower or
higher in their socio-economic standing. We extracted 3 mea-
sures*®: (1) median household income; (2) percent of adults
aged >65 years with at least a high school education; and (3)
percent of adults aged >65 years with at least a 4-year college
education. To assign patients to tracts, we geocoded their home
addresses and intersected these point data with a shapefile of
2010 Census tract polygons using the Geographic Information
Systems (GIS) software ArcGIS Desktop 10.4.2” Due to the
diversity in socio-economic statuses across nearby urban
neighborhoods close to Jefferson Hospital, there was a substan-
tial range in these socio-economic scores among fall victims.

The extant the literature and practitioners’ judgments of
clinical relevance informed our choices when categorizing con-
tinuous variables. We created a dichotomous variable for recur-
rent falls as our primary outcome measure given that few cases
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experienced multiple recurrent falls. Health conditions, which
comprised many discrete bivariate variables, were categorized
into neurological, psychiatric, orthopedic, and other conditions.
We tested the validity of this categorization strategy by omit-
ting high-frequency conditions from each category—for exam-
ple, dropping dementia from the psychiatric conditions
category—during preliminary analyses to ensure that individ-
ual conditions were not accounting for the entire influence of a
category. We created a composite variable reflecting the
“mechanism of injury” that contained 2 categories: (1) falling
while standing; and (2) falling from a height, falling while on
the stairs, tripping, slipping, being intoxicated, or being pushed.
We also created a dichotomous variable, “Location of Fall,”
which captured whether the fall took place inside the home or
outside of the home.

Data Analysis

Pearson %~ tests were conducted to evaluate bivariate relation-
ships between potential predictor variables and our dichoto-
mous recurrent fall variable. Odds ratios were included to
assess predictive strength and compare to adjusted odds ratios
produced by binary logistic regression analysis. Binary logistic
regression analysis was done in 4 blocks: demographic, med-
ical, situational, and situation by age interaction terms. Block
one included potential confounding socio-demographic vari-
ables: sex, age, race, education, income, and insurance. Block
2 contained health-related variables: number of medications,
prescribed medications, over-the-counter medications, dietary
supplements, health conditions, comorbidities, overnight stay,
and cancer diagnosis. We conducted 3 separate 3-block binary
logistic regression analyses to examine the relative importance
of each of the situational variables: fall while standing, fall
indoors, and fall while living alone. Block 4 examined interac-
tion effects between age and our situational variables to assess
any joint impacts beyond the additive effects of each variable.

Results

Of our sample of 199 patients, 52 (26.1%) patients experienced
one or more recurrent falls during the year after their initial fall,
with half (n = 26, 50.0%) experiencing a recurrent fall within
90 days after their initial fall. Nine (17.3% of those who expe-
rienced a recurrent fall) patients experienced more than 1 recur-
rent fall within the year following their initial fall; these
patients accounted for nearly a third (30.6%) of all recurrent
falls among the sample.

Figure 1 details the cumulative percentage of all recurrent
falls that occurred over time, plotted relative to how long they
occurred after the initial fall. Exactly half of all recurrent falls
experienced by individuals in our sample occurred within 90
days of their initial fall.

While older adults aged >85 years were more likely than
older adults aged 65 to 84 years to experience a recurrent fall
within 1 year (see Table 1), this younger subset of older adults
experienced recurrent falls more quickly than did their older

100%
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25%
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Figure |. Cumulative percent of recurrent falls occurring over time.

counterparts. The hazard estimate (based on the Kaplan-Meier
estimator) for recurrent falls in these 2 age groups is visualized
in Figure 2; the hazard estimate demonstrates that older adults
aged 65 to 84 years were more likely to experience a recurrent
fall within the first 7 months following an initial fall, whereas
older adults aged >85 years accumulated a higher proportion of
recurrent falls after the 7-month mark.

Figure 2 plots the cumulative hazard estimates—modified
conditional probabilities—for recurrent falls among our 2 age
groups: older adults aged 65 to 84 years (in blue) and older
adults aged > 85 (in green).

Table 1 presents results of crosstabs conducted on our
dichotomous recurrent fall variable against each of our predic-
tor variables. For each predictor variable, we present the total
number of valid cases and a y* P value. For each level of each
predictor, we present an n value, the percentage of cases that
experienced a recurrent fall, and an unadjusted odds ratio.

Given that 2 of our 3 situational variables were statistically
significant predictors of recurrent fall in bivariate analyses, we
conducted a series of logistic regression analyses to control for
potential confounding variables. We first conducted a logistic
regression of all our socio-demographic variables, then we con-
ducted another logistic regression to determine the additional
impact of our medical predictors. Lastly, we conducted indepen-
dent logistic regressions for each of our situational variables,
controlling for our socio-demographic and medical variables.

On the left side of Table 2 are our demographic predictors,
which accounted for approximately 11% of the variance in
recurrent falls (based on Nagelkerke R2 approximation). On
the right side of Table 2 are the combined demographic and
medical predictors. The addition of medical variables to the
analysis resulted in an R2 value of .333. However, due to high
multicollinearity between our number of medications variable
and our variables for each medication type (r = .47 or higher),
we removed our number of medications variable from the mul-
tivariate analysis; this had only a marginal impact on the
Nagelkerke R2 value, which decreased from .333 to .332.

Table 2 presents the results of a 2-block logistic regression
analysis. In the first block, we included only our socio-
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Table I. Crosstab of Sociodemographic, Medical, and Situational Predictors.

Variable Total N = 199 % with recurrent fall P value () Unadjusted odds ratio

Socio-demographic variables

Gender 199 61

Female 17 24.8% Reference

Male 82 28.0% 1.18
Age 199 .02

65-84 147 21.8% Reference

85+ 52 38.5% 2.25
Race 199 .29

White 135 25.2% Reference

Black 56 25.0% .99

Other 8 50.0% 2.97
% Adults 65+ in Census Tract who Graduated from High School 188 .03

<70% 62 35.5% 2.26

70%+ 137 20.6% Reference
Insurance type 198 .89

Private 62 25.8% Reference

Medicaid/Medicare 113 25.7% .99

Self-pay 23 30.4% 1.26

Medical variables

Number of medications 187 <0l

0-4 108 15.7% Reference

5-8 46 32.6% 2.59

9+ 33 42.4% 3.94
Prescribed medications 187 .02

No 63 14.3% Reference

Yes 124 29.8% 2.55
Over the counter (OTC) medications 187 <.0l

No 93 12.9% Reference

Yes 94 36.2% 3.83
Dietary supplements 187 <.0l

No 149 18.8% Reference

Yes 38 47.4% 3.89
Neurological condition 199 <.0l

No 142 19.0% Reference

Yes 57 43.9% 3.33
Psychiatric condition 199 .80

No 174 26.4% Reference

Yes 25 24.4% .88
Orthopedic condition 199 .61

No 158 25.3% Reference

Yes 4| 29.3% 1.22
Two or more comorbidities 199 ]|

No 84 23.8% Reference

Yes 115 27.8% 1.58
Cancer diagnosis 197 24

No 164 28.0% Reference

Yes 33 18.2% .57
Overnight stay .60

No 169 25.4% Reference

Yes 30 30.0% 1.26

Situational variables

Living situation 154 .68

Does not live alone 130 29.2% Reference

Lives alone 24 33.3% 1.21
Mechanism of injury 183 .02

Other (stairs, tripped, slipped) 64 22.7% Reference

Fall in standing position 19 39.1% 2.18
Location of fall 153 <0l

Qutside home 89 23.6% Reference

Inside home 64 43.8% 2.52
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demographic variables and did not control for the effects of
medical variables. In the second block, we included both our
demographic and medical variables.

Age
~65-84
B85+

Cumulative Hazard
1

T T T T T
o 100 200 300 400

Days from Initial Fall

Figure 2. Cumulative hazard estimates for recurrent fall by age-
group.

Table 3 presents the results of logistic regression analyses of
our situational variables and interaction terms between our
situational variables and age, controlling for the effects of our
socio-demographic and medical variables. Falling inside the
home proved to be a significant predictor of recurrent fall even
after controlling for socio-demographic and medical factors,
and 2 interaction terms—falling in a standing position by age
and falling inside the home by age—also were significant after
controlling for other variables in the model.

Table 3 presents the results of block 3 and block 4 logistic
regression analyses; each variable or interaction term was ana-
lyzed separately to preserve sample size. Variables analyzed in
block 3 control for the effects of socio-demographic and med-
ical variables included in the preceding 2 blocks, while inter-
action terms analyzed in Block 4 control for the effects of
socio-demographic, medical, and situational variables included
in the preceding 3 blocks.

Results presented in Table 3 provide further context to the
interactions between our situational variables and age.
Although sample size constraints limited our ability to identify
statistical significance, older adults ages 85+ were more likely
than their younger counterparts to experience recurrent falls
based on an initial fall while not living alone (P = .07), from

Table 2. Logistic Regression—Socio-Demographic and Medical Predictors of Recurrent Fall.

Block I: demographic predictors

Block 2: demographic and
medical predictors

Variable Adjusted OR P value (Wald) Adjusted OR P value (Wald)
Socio-demographic variables
Gender
Female 1.25 .56 1.39 46
Male Reference
Age
65-84 Reference
85+ 2.64 .01 227 .06
Race
White Reference
Black 1.60 .29 .68 A5
Other 2.17 .34 3.30 .25
% Adults 65+ in census tract who graduated from high school
<70% 2.28 .04 3.55 <.0l
70%+ Reference
Insurance type
Private Reference
Medicaid/Medicare 1.00 .98 71 A7
Self-pay 1.35 74 1.21 79
Medical variables
Prescribed medication(s) - - 1.84 27
Over the counter medication(s) - - 2.65 .04
Dietary supplement(s) - - 2.62 .06
Neurological condition(s) - - 3.52 <.0l
Psychiatric condition(s) - - .69 .56
Orthopedic condition(s) - - 79 .66
Comorbidity(ies) - - .78 .70
Cancer diagnosis - - A7 25
Overnight hospital stay - - .12 .86
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Table 3. Logistic Regression—Situational Predictors and Interaction Terms.

Variable/interaction term Unadjusted OR P value (x?) Adjusted OR P value (Wald)
Block 3: situational predictors of a recurrent fall

Fall while standing 2.18 .02 2.14 .09

Fall inside home 2.52 <.0l 2.75 .03

Fall living alone 1.21 .69 1.27 72
Block 4: interactions between situational predictors and age

Lives alone by age - - 1.1 93

Fall in standing position by age - - 10.0 .02

Fall inside home by age - - 8.6 .04

50.0%

278/|

65 85+

65.2%
48.0%
41.2%

38.1%
25.0% 24.4% 23.2%
I 20.1 8/ 19.1%

65 85+ 65 85+ 65 85+ 65 85+

41.0%

65 85+

Fallin Other
Position (Stairs,
Tripped, Slipped)

Does not Live Outside Home  Inside Home

Alone

Lives Alone Fall in Standing

Position

Living Situation Mechanism of Injury Location of Fall

Figure 3. Interactions between situational predictors and age.

a standing position (P < .01), or from a fall occurring outside of
the home (P = .07).

Figure 3 presents the percentages of individuals per situa-
tional predictor by age-group interaction who experienced a
recurrent fall. The lighter gray bars represent older adults 65
to 84 years of age, while the darker gray bars represent older
adults 85+.

Discussion

This study contributes important findings relating to patient
and fall characteristics specific to those older adults admitted
to the hospital from the ED, which may help hospitals to more
effectively assess recurrent fall risk and target appropriate pre-
vention strategies to reduce that risk. Our findings corroborate
prior older adult falls findings relating to risk factors such as
neurological conditions®® while also identifying unexplored or
underexplored variables that may be promising indicators of
recurrent fall risk, including use of over-the-counter medica-
tions and Census tract-level high school graduation rates
among adults ages >65 years.

The incidence of recurrent falls among our sample—26.1%
of our sample experienced at least 1 recurrent fall—is lower
than some recurrent fall rates reported in other studies.'''*"'?
Our low recurrent fall rate may reflect differences in our sam-
ple characteristics or recruitment venue as compared to other
studies; methodological limitations (see the corresponding

section below) may also have contributed to our relatively low
recurrent fall rate. However, an incidence of 26.1% still speaks
to the significance of recurrent falls as a clinical and population
health concern.

Our approach to supplementing data from patients’ charts
with imputed values from secondary data sets—in our case,
Census tract-level data—proved promising and may be rele-
vant as other hospitals consider how best to evaluate recurrent
fall risk. While we included both median tract income and the
Census tract-level high school graduation rate among adults
aged >65 years as potential proxy measures for patients’ socio-
economic statuses, median tract income was not a statistically
significant bivariate predictor; this may be due to the fact that
median income, unlike the high school graduation rate among
adults aged >65 years, was only available for the entire Census
tract population, as opposed to being broken down by age-
group. However, the Census tract-level high school graduation
rate was a significant predictor of recurrent falls in both bivari-
ate and multivariate analyses. Hospitals may consider similar
approaches to imputing socioeconomic or other variables
derived from secondary data sets given that these data are
freely available and that the process is easily replicated and
can significantly add to the explanatory power of the risk pre-
diction model. Alternately, given the value of these data, hos-
pitals may consider incorporating such demographic fields into
their data collection protocols rather than relying on secondary,
population-level data sources.

Our preliminary findings that older adults aged 65 to 84
years were more likely than their older counterparts to experi-
ence a recurrent fall within the first 7 months following their
initial fall are also of note. That older adults aged 85+ years
appear to be disproportionately at risk of recurrent fall later in
the 1-year window following an initial fall suggests that the
underlying drivers for their recurrent falls may differ from
those of older adults 65 to 84 years. This finding may have
implications for design and delivery of prevention and inter-
vention strategies to reduce recurrent fall risk.

The inclusion of situational variables in our set of potential
predictors for recurrent falls differed from the approaches taken
in many similar studies. This is relevant in that falling inside
the home was a significant predictor in both bivariate and
multivariate analyses and that falling while standing was
significant in bivariate analyses and approached significance
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(P = .09) in multivariate analyses. The significance of interac-
tions between situational variables and age was also notable
and suggests that older adults aged 85+ who experience initial
falls in particular contexts, for example, from a standing posi-
tion, may be particularly likely to experience a recurrent fall.
These variables and other situational variables bear further
investigation and may be worthwhile to capture systematically
(eg, in closed-ended fields in patients’ charts) as opposed to in
open-ended formats such as in clinicians’ notes.

In keeping with prior research, presence of a neurological
condition was a strong and significant predictor of a recurrent
fall.?® Of the 57 patients with a neurological condition who
experienced an initial fall, 49.1% (n = 28) experienced a recur-
rent fall. The exceedingly high recurrent fall rate for this sub-
population suggests there are significant opportunities to
improve discharge planning and posttreatment services and
follow-up.

Of the predictor variables we considered, it is notable that
very few appeared to exert a strong or significant influence on
the likelihood of a recurrent fall. All of our demographic vari-
ables, with the exception of tract-level high school graduation
rates among older adults, were nonsignificant. It is also notable
that other predictor variables identified in the literature, such as
prescribed medications,* were not significant. While our sam-
ple size may have limited our ability to identify significant
effects, this suggests the need to continue to refine identified
predictor variables to ensure that those incorporated into risk
screening protocols are accurate.

The identification of risk factors for recurrent falls among
older adults is an important first step to support hospitals’ efforts
to improve long-term outcomes for older adults presenting with
fall-related conditions. Hospitals should consider how the risk
factors identified here and in the broader literature may inform
their risk assessment and risk stratification processes, as well as
how they may better tailor discharge planning and posttreatment
services to mitigate the likelihood of recurrent falls.

Limitations

Our study had several significant limitations. Due to resource and
time constraints, our sample size was relatively small, thus lim-
iting our ability to detect the significance of potential predictor
variables. While we were able to collect data for all patients
during the 90 days following their initial fall, we were unable to
collect data for all patients for the full year following their initial
fall. As we were only able to analyze data from a single hospital,
some patients included in our sample may have experienced
recurrent falls that were treated at other hospitals in the area.

Conclusion

A rapidly aging population and recent upward trends in older
adult falls suggest issues of prevention and treatment of recur-
rent falls will become increasingly salient. For those high-risk,
high-cost older adults who sustain falls sufficiently serious to
be admitted following an ED visit, hospitals need appropriate

risk factors to screen for risk of recurrent fall and to appropri-
ately target fall prevention interventions. This study identifies a
limited number of risk factors that are closely tied to the like-
lihood of a recurrent fall, including risk factors identified in
prior recurrent fall research as well as novel risk factors (eg,
over-the-counter medications). Further, the approach taken
here of imputing socio-demographic variables not typically
available in an EHR is one that hospitals may replicate to better
evaluate their patients’ risks for recurrent fall without increas-
ing the patient-level data collection burden. Additional
research is needed to further refine a set of core risk factors
that trauma and ED practitioners can employ to support their
decision-making and to effectively connect patients to needed
supports after an initial fall.
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