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ABSTRACT
Background Falls represent an increasing source of
geriatric morbidity and mortality. Prehospital emergency
services may be uniquely suited to screen and refer
subsets of high-risk older adults to fall prevention
programmes. This systematic review assesses the
effectiveness of such screening and referral programmes.
Methods We searched PubMed, Embase, CINAHL,
Web of Science, Scopus, the Cochrane Library and
OTseeker for English-language peer-reviewed randomised
trials, non-randomised trials and cohort studies
evaluating prehospital fall risk screening and referral
programmes for community-dwelling adults ≥60 years of
age. Risk of bias was assessed using the Cochrane
Collaboration’s tool. Primary outcomes included the risk
and rate of falling. Secondary outcomes included
successful follow-up to address fall risks and adverse
events.
Results From 6187 unique records, 6 studies were
included. Screening varied from using semistructured risk
assessments to recording chief complaints. All studies
were at high risk of bias. One unblinded trial of a
multifactorial fall prevention programme demonstrated a
14.3% (95% CI 6.1% to 22.5%) absolute reduction in
annual fall risk and a relative fall incidence of 0.45
(95% CI 0.35 to 0.58). The probability of successful
follow-up varied from 9.8% to 81.0%. No studies
demonstrated any attributable adverse events.
Conclusions No high-quality evidence demonstrates
that prehospital services reduce falls in community-
dwelling older adults. Screening by prehospital personnel
using semistructured risk assessments appears feasible,
but it is unclear whether this is superior to referral based
on fall-related chief complaints.
Trial registration number PROSPERO 2012:
CRD42012002782.

INTRODUCTION
From April 2013 to March 2014, falls caused
nearly 309 000 hospital admissions by adults aged
60 and older in the UK.1 Falling is also the most
common cause of fatal injury and ED trauma
attendance among Americans of this age.2 Nearly
one-third of older adults fall each year,3 and this
risk appears to be increasing.4 Falls represent a
growing source of morbidity and mortality, and the
NHS considers fall prevention a public health pri-
ority.5 Fortunately, evidence supports identifying
and treating high-risk fallers to reduce both the risk
and rate of falling.6

Traditionally, referral to fall prevention pro-
grammes occurred in the primary-care setting, but

in recent years, there has been increasing interest in
screening older adults in the ED.7 8 The American
Geriatrics Society (AGS), Society for Academic
Emergency Medicine (SAEM) and John
A. Hartford Foundation have identified ED fall risk
screening, intervention and implementation studies
as top research priorities.9 However, with 11%–

56% of older fallers refusing emergency medical
services (EMS) transport,10 prehospital providers
may play a valuable role in screening and referring
patients who are not transported to the ED.
Geriatric patients who have fallen but are not trans-
ported represent a vulnerable group who are at
increased risk of recurrent falls.11 In contrast to
ED-based screening, prehospital providers have the
benefit of observing patients in their home environ-
ments to identify modifiable fall risk factors. In
spite of this opportunity, prehospital screening pro-
grammes remain uncommon and their benefits
unclear. Our primary objective is to provide an

Key messages

What is already known on this subject?
▸ Falls represent an increasing source of

geriatric morbidity and mortality, and
prehospital emergency services may be
uniquely suited to screen and refer subsets
of high-risk older adults to fall prevention
programs.

▸ Referral to fall prevention programs from the
primary care setting has been shown to reduce
both the risk and rate of falling.

▸ Prehospital screening and referral programs
remain uncommon and their benefits unclear.

What this study adds?
▸ While there is no high-quality evidence to

suggest that prehospital emergency services
can reduce falls in community-dwelling older
adults, one unblinded trial suggested that
referral of non-transported fallers to a
multifactorial fall prevention program was
associated with a significant reduction in both
the risk and rate of falling.

▸ Screening by prehospital personnel using semi-
structured fall risk assessments appears to be
feasible, but it is unclear whether more
comprehensive screening provides any benefit
over referral based on patients’ chief
complaints.
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outcomes-based systematic review of prehospital screening and
referral programmes intended to reduce falls in
community-dwelling older adults.

METHODS
This review was conducted in accordance with the PRISMA
guidelines12 and prospectively registered under PROSPERO
2012:CRD42012002782.

Eligibility criteria
We included English-language peer-reviewed randomised trials,
non-randomised trials, and cohort studies evaluating prehospital
screening and referral programmes with fall prevention compo-
nents. We considered screening as any action to identify a
patient’s risk of falling, including recording fall-related chief
complaints. The population of interest was community-dwelling
adults ≥60 years of age seen by prehospital services either after
falling or for reasons unrelated to falls. Primary outcomes
included the risk of falling over a study’s follow-up period and
the rate of falling per person-year. Secondary outcomes
included successful follow-up to address fall risks and adverse
events attributable to screening and referral. Follow-up is neces-
sary for fall prevention programmes to have an effect, and pre-
liminary searches suggested that this was a frequently reported
outcome.

Search strategy
Two medical librarians (KL and Carol Murray) helped design
the search strategy. We searched PubMed, Embase, CINAHL,
Web of Science, Scopus, the Cochrane Library and OTseeker for
relevant articles published between 1 January 1980 and 1
March 2015 (see online supplementary appendix S1). One
author (AZ) screened titles and/or abstracts of studies to identify
potentially eligible studies. The full text of potentially eligible
studies was then retrieved and independently assessed for eligi-
bility by two authors (AZ and SS). Reference lists for all
included studies were also screened for eligibility.

Data analysis
A data extraction form (see online supplementary appendix S2)
was piloted and used to assess study quality. Two authors (AZ
and SS) independently recorded the setting, population, partici-
pant demographics, details of intervention and control condi-
tions, study methods, screening and referral rates, outcomes and
times of measurement, indicators of acceptability to prehospital
services, mechanisms of intervention action, and funding
sources. Risk of bias was independently assessed at the outcome
level by two authors (AZ and SS) using the Cochrane
Collaboration’s tool.13 Disagreements were resolved through
discussion with a third author (CRC). Any missing data were
requested from study authors.

Results
Description of studies
The combined search strategy returned a total of 7020 records,
of which 6187 were unique (figure 1). After screening out 6166
titles and/or abstracts, 21 full-text articles were reviewed. Six of
these articles met inclusion criteria.14–19 Of the full-text articles
excluded, five did not include specific data for their fall preven-
tion components,20–24 five did not collect data related to the
outcomes of interest,25–29 one was a secondary economic evalu-
ation of an included study30 and four have only been published
in protocol form.31–34 Of the included studies (table 1), there
were two randomised trials16 19 and four non-randomised
trials.14 15 17 18

Only the two randomised trials addressed our primary out-
comes of the risk and rate of falling.16 19 Logan et al16 (UK) iden-
tified non-transported patients who fell based on patients’ chief
complaints from charts completed by EMS. Patients were further
assessed for eligibility by a study team member and then rando-
mised to either usual care or an individualised multifactorial fall
prevention programme including strength and balance training,
home hazard mitigation, medication review and group educa-
tional sessions conducted by physical therapists, occupational
therapists and nurses. Falls were recorded using monthly fall
diaries. Logan et al used blinded assessors to abstract data on all-
cause mortality, fractures and admissions to a local hospital.

Snooks et al19 (UK) had EMS screen patients who fell using
computerised clinical decision support (CCDS) software to
identify environmental hazards and ask questions related to fall
risk. The software then recommended either transporting to an
ED or not transporting and referring to a local falls service. Due
to delays in implementing the CCDS programme, outcome data
was not collected at 6 months as initially planned35; instead
only falls within 30 days were recorded using a one-time ques-
tionnaire. Snooks et al also used blinded assessors to abstract
data on all-cause mortality, hospital admissions and ED
attendance.Figure 1 Study selection flow diagram.
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Table 1 Characteristics of included studies

Study Design Setting Participants Intervention Control Primary outcome Secondary outcome

Shah et al14 Two-group
non-randomised trial

Volunteer EMS in
rural upstate NY

Intervention (n=149):
mean 79 years old,
54% female, 93%
white, 38% fell in last
year
Control (n=96): mean
77 years old, 58%
female, 95% white,
34% fell in last year

Environmental survey and questions
related to falls in last year →
provision of education materials and
referral to PCP

Usual care, no education
materials or referral to
PCP

N/A Probability of discussion with PCP:
falls: 8/82 (9.8%) vs 1/37 (2.7%)

Shandro et al15 Four-group
non-randomised trial

Career EMS in
suburban CA

(n=91): mean 82 years
old, 63% female

Referral to fall prevention
programme based on patient’s chief
complaint

ED, PCP or self-referral N/A Probability of enrolment in fall
prevention programme: 11/17
(64.7%) vs 11/25 (44.0%) from
ED, 27/35 (77.1%) from PCP and
13/14 (92.9%) from self-referral

Logan et al16 Unblinded, randomised
controlled trial

Career EMS in
mixed urban,
suburban and
rural UK

Intervention (n=102):
median 83 years old,
66% female, 44% >2
falls in past 3 months
Control (n=102):
median 82 years old,
64% female, 52% >2
falls in past 3 months

Referral to multifactorial fall
prevention programme based on
patient’s chief complaint

Usual care, no fall
prevention programme

Annual risk of falling: 82.7% vs
97.0% (ARR 14.3% (95% CI 6.1%
to 22.5%))Rate of falling per
person-year: 3.46 vs 7.68 (RR 0.45
(95% CI 0.35 to 0.58))

Probability of enrolment in fall
prevention programme or control:
204/252 (81.0%)
12-month mortality: 14% vs 16%
(HR 0.89 (95% CI 0.43 to 1.82))
12-month hospital admissions: 97
vs 99 (IRR 0.98 (95% CI 0.69 to
1.40))

Shah et al17 One-group
non-randomised trial

Mostly volunteer
EMS in rural
upstate NY

(n=1231): mean
80 years old, 58%
female

Environmental survey and questions
related to falls in last year →
referral to case-manager

N/A N/A Probability of in-home assessment:
78/552 (14.1%)

Comans et al18 Two-group
non-randomised trial

Career EMS in
suburban
Queensland, AU

Intervention (n=13):
mean 83 years old,
median 2 falls in past
6 months
Control (n=20): mean
78 years old, median 2
falls in past 6 months

Referral to fall prevention
programme based on subjective
assessment of need and patient’s
chief complaint

ED or PCP referral N/A Probability of in-home assessment:
13/21 (61.9%)
Probability of enrolment in fall
prevention programme: 8/21
(38.1%) vs 20/20 (100%)

Snooks et al19 Unblinded,
cluster-randomised
controlled trial

Career EMS in
mixed urban and
rural UK

Intervention (n=436):
median 88 years old,
65% female
Control (n=343):
median 82 years old,
61% female

CCDS software encompassing
environmental survey and questions
related to fall risk →
non-conveyance and referral to fall
prevention programme

Usual care with option for
referral to fall prevention
programme based on
subjective assessment of
need

30-day risk of falling 57.2% vs
64.0% (ARR 6.8% (95% CI
−2.7% to 16.3%))

30-day mortality: 4.4% vs 3.2%
(OR 1.375 (95% CI 0.645 to
2.930))
30 days combined mortality or
hospital admission: 15.8% vs
14.3% (OR 1.129 (95% CI 0.757
to 1.685))

ARR, absolute risk reduction; AU, Australia; CA, California; CCDS, computerised clinical decision support; EMS, emergency medical services; IRR, incidence rate ratio; N/A, not applicable; NY, New York; PCPs, primary-care physicians; RR, relative risk.
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Shah et al14 17 (USA) had EMS conduct semistructured fall
risk assessments on older adults seen for any reason to identify
environmental hazards and history of falling in the past year.
Comans et al18 (Australia) had EMS conduct unstructured
assessments on non-transported patients who fell, referring
patients based on their subjective assessments of need. Shandro
et al15 (USA) had EMS refer patients based on recorded chief
complaints without any additional fall risk screening by EMS.

Risk of bias
The included studies were at high risk of bias (see online supple-
mentary table S1). Only two of the included studies were rando-
mised.16 19 None of the included studies blinded participants,
recruitment staff or fall prevention teams. In Logan et al16 and
Snooks et al, 19 data for the primary outcomes were self-
reported and are thus at high risk of detection bias.13 Perry
et al36 suggested that older adults at higher risk of falling are
less likely to return fall diaries, and studies using fall diaries
likely underestimate the true risk of falling in the highest-risk
cohorts. Despite this potential for detection bias, fall diaries col-
lected at least once per month are considered the gold standard
in fall prevention studies, and seemingly more objective mea-
sures such as motion-sensing devices have not been considered
feasible.37 Although 96.7% of participants returned one or
more fall diaries in Logan et al,16 only 78.4% (intervention)
and 73.5% (control) returned all 12 fall diaries. Similarly, only
60.6% of participants completed questionnaires in Snooks
et al,19 putting both studies at high risk of attrition bias for the
primary outcomes.13

Of the non-randomised trials, Shah et al14 is at particularly
high risk of detection and attrition bias. Unlike the other studies
that had defined fall prevention programmes from which
follow-up data could be objectively obtained, this study required
participants to self-report whether or not they had spoken to
their primary-care physicians (PCPs) about fall prevention.
Furthermore, there was significant loss to follow-up as only
57.3% (intervention) and 67.1% (control) of participants had
outcomes assessed.

Effect of interventions
Only two studies addressed our primary outcomes.16 19 Logan
et al16 demonstrated a reduction in the annual risk of falling
with 82.7% of participants randomised to the multifactorial fall
prevention programme and 97.0% of participants randomised
to usual care falling. This corresponds to an absolute risk reduc-
tion of 14.3% (95% CI 6.1% to 22.5%) or a number needed to
treat (NNT) of 7.0 (95% CI 4.4 to 16.4) to prevent one faller
over 1 year. The rate of falling per person-year was also signifi-
cantly decreased to 3.46 in the intervention arm compared with
7.68 in the control arm (relative incidence 0.45 (95% CI 0.35
to 0.58)). The average number of subsequent fall-related EMS
responses per participant was reduced to 2.4 in the intervention
arm from 3.6 in the control arm (relative incidence 0.60 (95%
CI 0.40 to 0.92)). In contrast, Snooks et al did not demonstrate
any significant difference in the 30-day risk of falling with
57.2% of participants randomised to the CCDS programme and
64.0% of participants randomised to usual care falling.19 This
corresponds to a non-significant absolute risk reduction of 6.8%
(95% CI 2.7% to 16.3%).

All but one of the included studies addressed the secondary
outcome of successful follow-up to address fall risks. As all of
these studies were unblinded, this measure varied dramatically
from a low of 9.8%14 to a high of 81.0%.16 The two studies
with the lowest follow-up probabilities were performed in

similar settings in rural Upstate New York and evaluated older
adults seen by EMS for any reason.14 17 Shah et al14 was the
only study that relied on patient-reported follow-up data and
demonstrated a non-significant increase in follow-up to 9.8% in
the intervention arm from 2.7% in the control arm. Shah et al17

demonstrated a similarly low probability of 14.1% for patients
screened and referred by EMS. Shandro et al compared
follow-up among patients referred via four different pathways,
demonstrating probabilities of 64.7% for patients referred via
EMS as compared with 44.0% for patients referred via the ED,
77.1% for patients referred via primary care and 92.9% for
patients who self-referred after seeing media advertisements.15

Given the small sample size, none of these probabilities were
significantly different compared with the EMS referral pathway.
Comans et al18 included data on two different levels of
follow-up, demonstrating probabilities of 61.9% for receiving
in-home assessments and 38.1% for enrolling in fall prevention
programmes. This was compared with a 100% probability of
enrolment after ED or primary-care referral, although the full
details of this alternative referral pathway are not clear.

Neither of the two randomised trials demonstrated any differ-
ence in all-cause mortality or hospital admissions.16 19 Snooks
et al19 demonstrated that the average job-cycle time, the time
from when an ambulance was assigned to a call to when it
became available to respond to another call, was significantly
longer in the intervention arm at 91.0 min compared with
80.6 min in the control arm (mean difference 8.9 (95% CI 2.3
to 15.3) minutes).

Discussion
We found no high-quality minimally biased evidence to suggest
that prehospital emergency services screening and referral sig-
nificantly reduce falls in community-dwelling older adults. Of
the six included studies, only two evaluated patient-centred out-
comes.16 19 One study demonstrated that referral of non-
transported fallers to a multifactorial fall prevention programme
was associated with a significant reduction in both the risk of
participants falling and their rate of falling as compared with
the group randomised to usual care.16 The effect size was
impressive with an NNTof 7 to prevent one person from falling
over the course of 1 year. Unfortunately, this study used a non-
blinded design and required participants to self-report their falls
using fall diaries. As a result, the effect size is likely overesti-
mated.38 A second study failed to demonstrate that use of a
CCDS programme resulted in any reduction in the risk of
falling, although the study only evaluated falls within 30 days
and was not powered for this outcome.19

Previous studies of referral to fall prevention services, primar-
ily from the primary-care setting, have demonstrated significant
reductions in the risk and/or rate of falling.6 Specific interven-
tions that have been shown to decrease falls include exercise
programmes (group, home-based and Tai Chi), home hazard
mitigation, antislip shoes, psychotropic medication withdrawal,
and individualised multifactorial programmes incorporating
some combination of these interventions. Exercise programmes
have further demonstrated impressive reductions in the number
of injurious falls (relative incidence 0.63 (95% CI 0.51 to 0.77))
and falls resulting in fractures (relative incidence 0.39 (95% CI
0.22 to 0.66)).39 Despite a significant reduction in the number
of falls, Logan et al16 did not demonstrate any difference in all-
cause mortality, fractures or hospital admissions. Similarly,
Snooks et al19 did not demonstrate any difference in all-cause
mortality, hospital admissions or ED attendance. If screening
and referral programmes reduce injurious falls, one might
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expect a reduction in these ‘hard’ outcomes. However, if screen-
ing were to be prioritised over time-dependent medical care,
one might expect an increase in these outcomes, although in the
included studies, screening took place only after appropriate
medical care was rendered.14 17 19 There is also concern that
requiring EMS units to screen patients on scene could strain
already-limited resources and increase response times to more
immediately life-threatening calls. Snooks et al19 demonstrated
an 8.9 min increase in average job-cycle time for paramedics
randomised to the CCDS arm. In spite of this, with a 97%
annual risk of falling among participants receiving usual care in
Logan et al,16 patients seen by EMS after falling are at excep-
tionally high risk of falling again, and this study demonstrated a
significant reduction in the incidence of subsequent EMS
responses. This reduction in the number of EMS calls may
ultimately outweigh any increases in job-cycle time attributable
to screening.

We found substantial between-study variability in the prob-
ability of successful follow-up to address fall risks, ranging from
9.8%14 to 81.0%.16 This variability is likely a result of the high
risk of performance bias for this outcome13; none of the
included studies blinded either the participants or recruitment
staff. The study with the lowest probability of follow-up was the
only study that did not involve a dedicated fall prevention pro-
gramme14; it instead measured how likely patients were to
speak with their PCPs about fall prevention. A recent survey of
PCPs indicated that 53% do not think that they have adequate
training in fall prevention, 46% do not have access to referral
resources and 78% do not have sufficient time to address fall
prevention.40 This may explain why only 9.8% of patients in
Shah et al14 reported speaking with their physicians.

A recent systematic review by Mikolaizak et al10 evaluated the
outcomes of non-transported older fallers. Their review
included 12 studies, 3 of which involved referral to fall preven-
tion programmes.16 22 29 In contrast, our review sought to
evaluate the impact of prehospital fall screening and referral
programmes on patients seen for any reason. Partially because
of this different focus, our review includes five studies that were
not included by Mikolaizak et al.14 15 17–19 Their review also
included a randomised trial evaluating the effect of paramedics
with extended skill sets on several short-term outcomes includ-
ing ED attendance, hospital admission and all-cause mortality.27

This study did not meet our inclusion criteria because patients
were not referred for further fall prevention programmes and
none of the study’s outcomes focused on fall incidence. Also of
note, Mikolaizak et al did not assess studies for risks of bias or
follow the PRISMA guidelines.12

Although our search strategy produced over 6000 unique
records, searches were limited to English-language peer-
reviewed studies published between 1 January 1980 and 1
March 2015; there may be additional studies to consider,
including studies that have only been published in the grey lit-
erature. In addition, the initial search results were only screened
by a single author.

Educational programmes such as Geriatric Education for
Emergency Medical Services (GEMS) should continue to inform
prehospital providers about the epidemiology and adverse
sequelae of falls in older adults.41 However, it is not clear that
prehospital fall risk screening and referral programmes are cur-
rently ready for implementation outside of a research setting.
Although one randomised trial demonstrated a reduction in falls
with referral to a multifactorial fall prevention programme,
patients were referred based on recorded chief complaints
without any additional fall risk screening by EMS personnel.16

Importantly, the only study we were able to find evaluating the
impact of more in-depth fall risk screening on patient-centred
outcomes did not demonstrate any benefit.19 Most of the pub-
lished studies on prehospital fall risk screening and referral pro-
grammes have been non-randomised, proof-of-concept trials
with no ability to demonstrate causal relationships between
screening and referral programmes and reductions in falls or
fall-related morbidity. Fortunately, at least one ongoing study
should provide more definitive data.32 In order to maximise its
impact, future research should adopt adaptive randomised
designs since fall prevention interventions are unlikely to be
one-size-fits-all, ideally randomising control groups to sham fall
prevention programmes; focus on patient-centred outcomes,
particularly the number of injurious falls; and adhere to widely
accepted reporting guidelines.

For over a decade, the National Institute for Health and
Care Excellence (NICE) has recommended screening older
patients for fall risk.42 The American College of Emergency
Physicians, AGS, Emergency Nurses Association and SAEM
also recently released guidelines recommending that older
patients presenting to the ED after falling and patients at high
risk of future falls should be evaluated for the cause of the
falls and fall risk using standardised fall risk assessments such
as the Timed Up and Go test prior to discharge,8 although
none of these tools or assessments have been validated in ED
settings.43 We are unaware of any fall risk screening tools that
have been validated for use by EMS. Although several studies
have demonstrated that semistructured fall risk assessment by
prehospital providers is feasible,14 17 19 20 26 none of the
included studies used tools that have been validated in other
settings. While less urgent than research on the impact of pre-
hospital screening and referral programmes, there is a need to
develop and validate accurate, reliable and feasible fall risk
screening tools for prehospital use.
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