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OBJECTIVES: To determine the characteristics and the
effectiveness of hospital fall prevention programs.

DESIGN: Systematic literature search of multiple da-
tabases (Medline, Cinahl, Precinahl, Invert, the Cochrane
Library) and of the reference list of each identified publi-
cation.

SETTING: Inclusion of prospective controlled-design
studies reporting the effectiveness of fall prevention pro-
grams in hospitals.

PARTICIPANTS: Two reviewers.

MEASUREMENTS: The methodological qualities of the
studies were assessed based on 10 criteria. For the meta-anal-
ysis, the relative risk of a fall per occupied bed day (RRg,y) and
the relative risk of being a faller (RRg;) were calculated.

RESULTS: Eight studies met the inclusion criteria, of
which four studies tested multifactorial interventions. Al-
though these studies took place in hospitals, most were
conducted on long-stay (mean length of stay (LOS) >1.5
years) and rehabilitation units (mean LOS 36.9 days). For
analysis of the number of falls, one unifactorial and two
multifactorial studies showed a significant reduction of
30% to 49% in the intervention group, with the greatest
effect obtained in the unifactorial study that assessed a phar-
macological intervention. The pooled RRy, for the four mul-
tifactorial studies became nonsignificant after adjustment for
clustering (RRg =0.82, 95% confidence interval (CI)=
0.65-1.03). No studies reported a significant reduction, either
single or pooled, in the number of fallers in the intervention
group (pooled RRg,0.87, 95% CI = 0.70-1.08).

CONCLUSION: This meta-analysis found no conclusive
evidence that hospital fall prevention programs can reduce
the number of falls or fallers, although more studies are
needed to confirm the tendency observed in the analysis of
individual studies that targeting a patient’s most important
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risk factors for falls actively helps in reducing the number of
falls. These interventions seem to be useful only on long-
stay care units. ] Am Geriatr Soc 56:29-36, 2008.
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alls frequently occur in hospitals, and the patients most

likely to fall are older inpatients.! Approximately 2% to
12% of patients experience at least one fall during their
hospital stay.>*> On stroke rehabilitation units, fall rates
may climb to 46%.%3 The literature on hospital falls shows
great variability in the incidence of falls (2.2-17.1 falls per
1,000 patient days), depending on ward type and hospital
population.®~8 Mainly older patients (aged >65) are affect-
ed, sometimes incurring serious injury from a fall.® Direct
consequences of a fall can vary from bruises and minor
injuries (28%) to severe wounds of the soft tissues (11.4%)
and bone fractures (5%).'° A hip fracture is the most serious
complication; in 20% of the cases, such a fracture leads to
immobility, and in 14% to 36% of the cases, it leads to death
within 1 year.!'! These complications often result in a longer
length of stay'? and lead to greater healthcare costs.!? They
can even have legal consequences.!* Moreover, patients
who have experienced previous falls frequently develop a
fear of falling, which may contribute to decreased mobility
and increased dependence of care.!> Nursing staff and
patients’ families are often confronted with feelings of guilt
and anxiety.'® Therefore, fall incidents and their negative
outcomes represent a considerable problem in hospitals
and require implementation of a strategy to prevent these
undesirable events.

A Cochrane review!” of fall prevention in elderly peo-
ple found that effective fall prevention programs exist for
elderly people living at home or in residential institutions
but not for elderly people in hospitals. In a meta-analysis'$
of hospital fall prevention programs, a pooled effect of
an approximately 25% reduction in fall rates was found,
but this result was based on reviews of studies that used the
less-powerful prospective method with historical controls.
The few randomized, controlled trials reviewed in that
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to first fall). For the number of falls, the relative risk of a fall
per occupied bed day (RRg,y), which represents the ratio of
the number of falls per 100 occupied bed days in the
experimental group to the corresponding number in the
control group, was calculated. For the number of fallers,
the relative risk of being a faller (RRg,.), which represents
the ratio of the proportion of fallers in the experimental
group to the corresponding proportion in the control group,
was calculated. To pool the risk ratios for inferential
analysis, a logarithmic transform of the ratios was used, and
their variance was calculated using the following formula:
Var(In RR) = c¢/nja+d/n.b. For RRgy, ¢ and d are the
number of occupied bed days without a fall, a and b are
the number of occupied bed days with falls, and n; and
ng are the total number of occupied bed days in the exper-
imental and control groups, respectively.?® For RRg,ien
c and d are the number of nonfallers, a and b are the number
of fallers, and n; and ng are the total number of patients in
the experimental and control groups, respectively. Other
outcomes were not reported sufficiently to justify pooling
data. The restricted maximum likelihood method of the
SAS software package’s MIXED procedure?' was used to
calculate the pooled RRs. When studies used cluster (quasi-)
randomization, how sensitive the pooled RRs were to
an array of assumed intracluster correlation coefficients
was examined.

RESULTS

Selected Studies

The key word search in Medline and Cinahl identified 108
and 50 references, respectively. On the basis of the articles’
titles and abstracts, it was determined that 32 articles
(31 English and 1 Dutch) were relevant for further review.
The searches of Precinahl, Invert, and the Cochrane Library
failed to identify additional studies. Of the 32 articles, eight
met the inclusion criteria: six randomized controlled tri-
als,>>27 one of which was a cluster randomized, controlled
trial,>s and two were controlled trials with parallel controls
in which one cluster served as the intervention and another as
the comparison group.?®2° The remaining 24 articles were
excluded for the following reasons: no primary research,
outcomes not measured in hospitals, no measurement of the
number of falls or fallers, design failed to meet the inclusion
criteria (references are available from the authors).

Methodological Quality

Results of the methodological quality assessment are
shown in Table 1. In all but one study, the intervention
and control groups received the same standard treatment
program,?2-2426-29 and the determination of outcomes was
clearly identical.22726-28:2% A clear and similar definition
of “fall incident” was used in five studies??->+26:28:29; <“jn-
voluntarily coming to rest on the ground, floor, or other
lower level”22:2428:2% and “an unplanned touch to the floor
of any part of the patient’s body excluding the feet.”?¢ Half
of the studies used an intention-to-treat analysis.?>~2%2% In
three studies, intervention and control groups were com-
parable at entry,??242% and clearly defined inclusion and
exclusion criteria?22%28 were used. Only one study??
kept the condition blind to the patient and the treatment

providers and used blind conditions in the case of random-
ization. No study completely used blind conditions for the
outcome assessors.

Setting and Population

The mean age of the population for the reviewed studies
varied from 69 to 85. All of these studies took place in
the hospital, but most of them were conducted on long-
stay geriatric care units?> and geriatric rehabilitation
units.?32426:2% One study was conducted on acute and
rehabilitation units,?* and only two studies took place sole-
ly on acute units (geriatric wards?” and internal medicine
units?®). Because there are real differences between these
kinds of settings (e.g., length of stay, patient’s condition),
this distinction was clearly made in Tables 2 and 3.

Characteristics of the Intervention Programs

In all but one study,?? several fall risk factors were assessed
in a standardized manner (Table 2).

Unifactorial Interventions

In one study,?? all of the participants had a greater risk of
falling because of old age and extended stay in geriatric
units (vitamin D deficiency and reduced musculoskeletal
function). This 12-week study assessed whether altering
calcium homeostasis and increasing muscle strength (by
giving patients vitamin D in addition to their usual calcium
carbonate dietary supplement) reduced the risk of falling.

Two other studies?®?” also examined the effect of one
intervention—an identification bracelet and a bed alarm sys-
tem, respectively—on reducing falls. Patients in the interven-
tion groups received the intervention if they scored positive on
at least one risk factor (Table 2). The bracelet was intended to
increase the vigilance of patients and staff to guard against
falls. The bed alarm system consisted of a pressure-sensitive
pad placed on top of a patient’s mattress, underneath the bed
sheets. When an at-risk patient sat upright, audio and visual
alarms were triggered at the nursing station, alerting nurses
that a patient who should not have been leaving his bed
without assistance was doing so.

In a fourth study,?® researchers examined whether
flooring types (carpet vs vinyl) in the bed areas and additional
exercises designed to strengthen hip flexors and ankle
dorsiflexors reduced patient falls. For each group, a
randomization process was performed twice: once for
assignment to a floor group (carpet or vinyl) and once to
determine which of the patients would receive additional
exercises. Because the authors analyzed both of the inter-
ventions separately, their study was interpreted as consist-
ing of two unifactorial intervention studies.

Multifactorial Interventions

In the four remaining studies,>*25-28-2° fall prevention pro-
grams consisted of several interventions. Two studies?*?’
chose interventions that were suitable for addressing the
identified risk factors. For example, patients with mobility
or gait problems underwent an exercise program, and
patients suspected of using drugs that may increase the risk
for falling underwent medication review. In the first study,*
a multidisciplinary team (medical and nursing staff,
physiotherapists, occupational therapists) performed the
screening and interventions, but in the second study?® only
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Table 2. Components of Falls Risk Assessment

Blood Pressure Bedrails/

Height/ Nurse Call

Stability

(Standing or

Foot (Wear) Mental Status

Drug
Use

History

Mobility or

Fall Risk
Factors Study Gait Problems of Falls

Lying) System Other

or Confusion Vision Continence

Pathology Problems

Long-stay wards (mean LOS > 1.5 years)

Bischoff??
Rehabilitation wards (mean LOS 36.9 days)

+

Mayo?®

Donald?®
Haines?*

Hearing impairment

Vassallo?®
Rehabilitation and acute wards (mean LOS 19.7 days)

Blood nitrites and proteins in urine,

environmental risk factors

+

Healey?®

Acute wards (mean LOS 11.7 days)

+

Tideiksaar?”

Intravenous therapy or intravenous

lock

Schwendimann®®

length of stay.

LOS =

nurses performed the interventions. Nonetheless, many of
the interventions in this study included referrals to health-
care professionals of other disciplines (e.g., physiotherapist,
optician). Furthermore, patients were classified as being at
low or high risk for falling before risk-factor assessment,
and risk-factor assessment and interventions were applied
only to high-risk patients (patients admitted with a history
of falls, patients who had fallen or had near misses during
their current admission).

In a third multifactorial study,?® the intervention
protocol was implemented with the standard nursing care
plan of all patients and directed toward modifying the
hospital environment, supporting patient activities (such as
assisting with transfers and toileting), and increasing staff
awareness. They focused on patients identified as being at
high risk of falling, as determined using the Morse Fall
Scale. In addition, in-depth instructions of registered nurses
and audits every other week for nurses were held in the
intervention group. Although this intervention was led by
nurses, healthcare professionals from other disciplines (e.g.,
physiotherapist, physician) were consulted if necessary.
Analysis of the detailed protocol description showed that
many interventions can be matched to the risk factors of the
Morse Fall Scale.

Finally, a fourth multifactorial study?® examined how
weekly multidisciplinary discussions (physician, nurse,
physiotherapist, occupational therapist, social worker) of
patients’ fall risk and a formulation of a targeted plan affect
patient falls. Patients identified at high risk according to the
Downton score were given an identification wristband,
measures were taken to reduce the risk factors, and the
environment was adapted when needed.

Effectiveness of the Intervention Programs
Number of Falls

The number of falls was measured for eight interven-
tions, 222527729 of which six??>72527-28 led to fewer falls
in the intervention group than in the control group. One
unifactorial?? and two multifactorial studies?*2°> showed a
significant reduction in falls of 49% (after 12 weeks), 30%
(after 45 days), and 41% (effect time not available),
respectively. In another study,?® the intervention group
had significantly more falls per occupied bed day, although
for RRy,, the difference between the intervention and con-
trol groups was not significant (95% CI=0.81-1.41).
Pooling data was possible only in the four multifactorial
studies that stated the total number of occupied bed days in
the intervention and control groups.?*?%282° The pooled
RRg,y of 0.74 (95% CI = 0.58-0.96) indicated a significant
effect in the intervention group, although when an intra-
class correlation of 0.01 was assumed in the clustered
randomization study,?® the relationship was not significant
anymore (RRgy 0.82, 95% CI=0.65-1.03). Assuming a
higher intraclass correlation and assuming the existence of
additional intraclass correlation in the quasi-experimental
studies,?$2° which could also be considered as having
clustered group allocation, would have further decreased
the statistical significance of this finding. The mixed model
including all studies could not be simulated, because it did
not converge.
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Number of Fallers

The number of fallers was measured in seven intervention
studies.2>~2426:28:29 In two unifactorial?>*3 and two mul-
tifactorial>*2° studies, the intervention group had fewer
fallers than the control group, but the difference failed to
reach significance. The pooled RRg,j1.; was 0.87 but was not
significant (95% CI = 0.70-1.08).

Number of Recurrent Fallers
In two studies?®-2° the number of recurrent fallers was as-
sessed. Only one study?® gave exact data and reported sig-

nificantly fewer multiple fallers in the intervention group.

Number of Physical Injuries and Time to First Fall

Two studies?*?® measured the number of fall-related injuries.

One?* found a reduction of 28% in the intervention group,
but this was not significant. Furthermore, no differences
between intervention and control groups were found for
the number of fallers with fall-related injuries,?’ the severity
of fall-related injuries,?® and time to first fall,>%-2% although
one study?® found a significantly longer time to first fall in the
intervention group after 4 days of hospitalization.

Adverse Effects of the Intervention Programs

Four studies considered adverse effects of their fall prevention
program.??>=2*27 In the study that tested vitamin D in addition
to the usual calcium carbonate dietary supplement,?? two
subjects in the calcium plus vitamin D group (0.03%)
reported increased constipation, but this did not lead to
discontinuation of treatment. In the study that examined
the flooring types in the bed areas,?? carpeting was asso-
ciated with a smaller improvement in dependency than
vinyl flooring, but this difference was not significant. The
other two studies mentioned possible adverse effects (e.g.,
violation of privacy,>* bodily harm?”), but these were not
found in the intervention group. No study demonstrated
a significantly greater number of falls or (recurrent) fallers,
except for one study (mentioned above).??

DISCUSSION

For unifactorial>3-2%2” intervention studies, the number of
falls were not reduced, except for one study?? that used a
unifactorial pharmacological approach (calcium plus vita-
min D3) and found a significant reduction of 49% in the
intervention group. Furthermore, two multifactorial?>+2°
intervention studies found fewer falls in the intervention
group, 30% and 41% fewer, respectively. The pooled RRy,
for the four multifactorial studies became nonsignificant
after assuming the existence of an intraclass correlation in
at least one study that used clustered group allocation
(RRgui = 0.82; 95% CI=0.65-1.03). No study demon-
strated a significant reduction in the number of fallers in the
intervention group, whether they were pooled or not.
Only three studies demonstrated a significant reduction
in number of falls in the intervention group. One tested a
unifactorial pharmacological approach in a sample of 122
older women living in a subacute long-stay geriatric care
unit. This target group was at risk of vitamin D deficiency
and thus poorer musculoskeletal function that increased
their risk for falling.??> Accordingly, the administration of a
calcium supplement plus vitamin D was clearly targeted,

which can explain the 49% reduction of fall incidents.
Similar purposeful actions focusing on high-risk factors of
the patients were absent in the other unifactorial stud-
ies.?326:27 In these studies, at-risk patients were identified,
but only general, nontargeted interventions were applied.
This shortcoming was avoided in the four multifactorial
intervention studies.?*2%28-2° Only two of these studies?>*?°
produced fewer falls in the intervention group. One of the
other studies?® reported a significantly greater number of
falls per occupied bed day in the intervention group, but a
risk calculation found no significant difference between the
intervention and control group. The lack of clear benefit
could be related to the fact that intervention and control
groups were in close proximity, resulting in a possible
spillover effect. The other study?® tested a fall prevention
program in an acute setting and demonstrated fewer falls,
although not significantly so. In view of this, next to the
targeted focus, other aspects, such as the kind of setting,
might play a fundamental role in the effectiveness of fall
prevention programs in hospitals too (see below).

No intervention (e.g., primary prevention or prevent-
ing a first fall) showed a significant reduction in number of
fallers. First, the fact that no intervention showed an effect
in the acute phase of hospitalization might explain the lack
of evidence for primary prevention. Effects were noted only
for patients admitted for longer periods of time, namely in
studies conducted in long-stay geriatric or rehabilitation
settings. Precisely in these settings, like in residential care
homes and community care, the likely delayed benefit from
interventions such as calcium plus vitamin D3, physiother-
apy, and medical review can be better achieved than in an
acute setting. One study?* showed this delayed effect by
calculating Nelson-Aalen cumulative hazard estimates in
the control and intervention groups, showing no difference
between the groups until approximately Day 45. At this
time, the fall rate in the control group increased marginally
and the rate in the intervention group suddenly decreased.
Another study?® observed a significant reduction only for
time to first fall in the intervention group after 4 days of
hospitalization. This “time” issue raises the hypothesis that,
in the acute care setting, individually targeted fall preven-
tion interventions may have no clear or durable benefit
unless they are started before the incident hospitalization.
If so, acute hospital settings might benefit from a close
collaboration with residential setting and community care,
because well-done data transmission could save unneces-
sary duplication of fall risk assessments and facilitate
continuation of ongoing interventions. In addition, other
approaches need to be tested in the acute setting to prevent
falls. For example, a recent study showed that there were no
inpatient falls after the introduction of volunteers to “sit”
with patients identified as being at high risk of falling.3°

Second, some studies?>*?82° used risk-screening instru-
ments with limited diagnostic power (e.g., not always cat-
egorizing people correctly as low or high risk), which may
have diluted any efforts to prevent a first fall by poorly
targeting people for inclusion in fall intervention programs.
Indeed, no screening tools that have good diagnostic prop-
erties have been reported in the literature for fall risk in
hospital inpatients.>! Therefore, it may be better to focus on
patients who have already fallen (e.g., ensuring that people
who fall in hospitals receive a proper post-fall assessment)
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or to examine common reversible fall risk factors for all
admitted patients.

Indeed, although a clear pooled effect of any outcome
could not be demonstrated, the in-depth analysis of the
individual studies suggested that fall prevention programs
should identify a patient’s most important fall risk factors in
order to be effective. A recent review>! identified factors
that significantly predict falls in hospitals and are similar to
those used in the studies included in this review (Table 2):
gait instability, agitated confusion, urinary incontinence,
fall history, and prescription of “culprit” drugs (especially
sedative/hypnotics). Because falling is a complex and mul-
tifactorial phenomenon,3? the chance of a beneficial effect
increases as interventions target more risk factors. None-
theless, a good effect can be achieved with a unifactorial
(pharmacological) intervention.?? Interventions must also
involve healthcare workers from other disciplines. In this
respect, nurses can play a central role.??8

Since the completion of this review, a similar meta-
analysis®? has been published with broader inclusion crite-
ria for design and with a focus on hospitals and care homes.
For multifaceted interventions in the hospital, the authors
found a significant pooled reduction for the number of
falls, even after adjustment for clustering, but not for the
number of fallers (RRgy;=0.82, 95% CI=0.68-0.99;
RReer =0.95, 95% CI=0.71-1.27). Because their
meta-analysis included more studies, this confirms the
assumption that the failure of the current review to prove a
significant pooled effect of RR¢, may be due to a lack in the
number of (comparable) studies. Nevertheless, the poor
methodological quality of the additionally included studies
also needs to be taken into account.3® For unifactorial
interventions in hospitals, they found no evidence.?* How-
ever, they included the wunifactorial pharmacological
study?? in the care home analysis, although this study took
place in the hospital, but on “long stay” geriatric wards.
Consequently, there is no evidence that this intervention
(calcium plus vitamin D) is applicable to hospital units with
a length of stay shorter than 12 weeks. Furthermore, the
explicit focus of the current review on fall prevention
programs in hospitals allowed a more in-depth analysis to
be made, which is key to gaining an insight into the under-
lying principles of the effectiveness of these programs.

This meta-analysis raises some methodological issues.
First, research was restricted to randomized, controlled
trials and controlled trials with parallel controls. Such a
selection could exclude studies of lower methodological
quality that assessed useful interventions. However, this
selection has the advantage that the analysis is restricted to
high-quality studies. Still, Table 1 shows that the quality of
most of the studies included in the analysis is low. Excluding
the pharmacological intervention study,?? the mean total
quality score was 9.3 out of a possible 20. No study, except
the pharmacological one,?? could completely keep the
patients, hospital staff, and outcome assessors blind to the
study conditions because of the nature of the interventions
used. Perhaps a better measure is needed to assess the
methodological quality of complex intervention studies like
these. Second, the components of the multifactorial
interventions as well as the methods of falls risk assess-
ment varied greatly, so that the pooled results should be
carefully interpreted.

In conclusion, this meta-analysis found no conclusive
evidence that hospital fall prevention programs can reduce
the number of falls or fallers. However, more studies are
needed to confirm the tendency observed in the analysis of
individual studies that targeting a patient’s most important
risk factors for falls actively helps in reducing the number
of falls. These interventions seem to be useful only on long-
stay care units.

On the assumption that future single-center studies
would have similar effect sizes as the studies in this meta-
analysis, how large the sample size should be to find a
significant result with a certainty of 80% (o= 0.05) was
calculated. Detecting an effect of fall prevention strategies
on the number of falls would require a sample of 23,988
bed days (calculation based on the pooled relative risk of
0.74). Detecting an effect of fall prevention strategies on the
number of fallers would require a sample of 6,156 patients
(based on the pooled relative risk of 0.87). These are min-
imal numbers, because an intraclass correlation of zero was
assumed for clustered-sample studies.

Further research is also needed on primary hospital fall
prevention programs (in which both the number of fallers
and recurrent fallers must be counted), on fall prevention in
an “acute” setting, on the fall reduction effect of the separate
components of multifactorial fall prevention programs, and
on cost-effectiveness of fall prevention programs.

ACKNOWLEDGMENTS

The authors are indebted to Steffen Fieuws for his statistical
advice. This study was supported by a grant from the
Beglian Ministry of Social Affairs, Public Health and the
Environment.

Conflict of Interest: The editor in chief has reviewed the
financial and personal conflict of interest checklist and has
determined that the authors have no conflicts of interest
related to this paper.

Author Contributions: Joke Coussement, Koen Milisen:
study design. Joke Coussement: data collection, data analysis,
and first draft. Joke Coussement, René Schwendimann:
methodological quality assessment. Joke Coussement, Leen
De Paepe, René Schwendimann, Koen Milisen: discussion
of disagreements. Kris Denhaerynck: meta-analysis. Joke
Coussement, Koen Milisen: verification of the calculations of
the meta-analysis. Joke Coussement, Leen De Paepe, Kris
Denhaerynck, René Schwendimann, Eddy Dejaeger, Koen
Milisen: critical revision of the manuscript. Koen Milisen:
Supervision.

Sponsor’s Role: None.

REFERENCES

1. Morgan VR, Mathison JH, Rice JC et al. Hospital falls: A persistent problem.
Am ] Public Health 1985;75:775-777.

2. Mahoney JE. Immobility and falls. Clin Geriatr Med 1998;14:699-726.

3. Vlahov D, Myers AH, al-Ibrahim MS. Epidemiology of falls among patients in
a rehabilitation hospital. Arch Phys Med Rehabil 1990;71:8-12.

4. Forster A, Young J. Incidence and consequences of falls due to stroke: A sys-
tematic inquiry. BMJ 1995;311:83-86.

5. Nyberg L, Gustafson Y. Patient falls in stroke rehabilitation. A challenge to
rehabilitation strategies. Stroke 1995;26:838-842.

6. Halfon P, Eggli Y, Van Melle G et al. Risk of falls for hospitalized patients:
A predictive model based on routinely available data. J Clin Epidemiol
2001;54:1258-1266.



COUSSEMENT ET AL.

JANUARY 2008-VOL. 56, NO. 1 JAGS

10.

11.
12.

13.

14.
15.

16.

17.

19.

20.

21.

. Nyberg L, Gustafson Y, Janson A et al. Incidence of falls in three different types

of geriatric care. A Swedish prospective study. Scand J Soc Med 1997;25:8-13.

. Schwendimann R. Frequency and circumstances of falls in acute care hospitals:

A pilot study. Pflege 1998;11:335-341.

. Campbell A, Reinken J, Allen BC et al. Falls in old age: A study of frequency

and related clinical factors. Age Ageing 1981;10:264-270.

Kannus P, Sievanen H, Palvanen M et al. Prevention of falls and consequent
injuries in elderly people. Lancet 2005;366:1885-1893.

Zuckerman JD. Hip fracture. N Engl ] Med 1996;334:1519-1525.

Bates DW, Pruess K, Souney P et al. Serious falls in hospitalized patients:
Correlates and resource utilization. Am ] Med 1995;99:137-143.

Alexander BH, Rivara FP, Wolf ME. The cost and frequency of hospitalization
for fall-related injuries in older adults. Am J Public Health 1992;82:1020-1030.
Fiesta J. Liability for falls. Nurs Manage 1998;29:24-26.

Vellas BJ, Wayne SJ, Romero L] et al. Fear of falling and restriction of mobility
in elderly fallers. Age Ageing 1997;26:189-193.

Liddle J, Gilleard C. The emotional consequences of falls for patients and their
families. Age Ageing 1994;22(Suppl 4):17.

Gillespie LD, Gillespie WJ, Robertson MC et al. Interventions for
preventing falls in elderly people. Cochrane Database of Syst Rev 2003;(4):
CD000340.

. Oliver D, Hopper A., Seed P. Do hospital fall prevention programs work?

A systematic review. ] Am Geriatr Soc 2000;48:1679-1689.

Cameron I, Murray GR, Gillespie LD et al. Interventions for preventing falls in
older people in residential care facilities and hospitals (Protocol). Cochrane
Database of Syst Rev 2005;(3): CD005465.

Kleinbaum DL, Kupper LL, Morgenstein H. Epidemiologic Research:
Principles and Quantitative Methods. New York: Van Norstrand Reinhold
Company, 1982.

Wang MC, Bushman B]J. Integrating Results Through Meta-Analysis Review
Using SAS Software. Cary, NC: SAS Institute, 1999.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Bischoff HA, Stihelin HB, Dick W et al. Effects of vitamin D and calcium
supplementation on falls: A randomized controlled trial. J Bone Miner
Res 2003;18:343-351.

Donald IP, Pitt K, Armstrong E et al. Preventing falls on an elderly care re-
habilitation ward. Clin Rehabil 2000;14:178-185.

Haines TP, Bennell KL, Osborne RH et al. Effectiveness of targeted falls pre-
vention programme in subacute hospital setting: Randomised controlled trial.
BM]J 2001;328:676-681.

Healey F, Monro A, Cockram A et al. Using targeted risk factor reduction to
prevent falls in older in-patients: A randomised controlled trial. Age Ageing
2004;33:390-395.

Mayo NE, Gloutney L, Levy AR. A randomized trial of identification bracelets
to prevent falls among patients in a rehabilitation hospital. Arch Phys Med
Rehabil 1994;75:1302-1308.

Tideiksaar R, Feiner CF, Maby ]J. Falls prevention: The efficacy of a bed alarm
system in an acute-care setting. Mt Sinai ] Med 1993;60:522-527.
Schwendimann R, Milisen K, Biihler H et al. Fall prevention in a Swiss acute
care hospital setting. ] Gerontol Nurs 2006;32:13-22.

Vassallo M, Vignaraja R, Sharma JC et al. The effect of changing practice on
fall prevention in a rehabilitative hospital: The hospital injury prevention
study. ] Am Geriatr Soc 2004;52:335-339.

Giles LC, Bolch D, Rouvray R et al. Can volunteer companions prevent falls
among inpatients? A feasibility study using a pre-post comparative design.
BMC Geriatr 2006;6:11.

Oliver D, Daly F, Martin FC et al. Risk factors and risk assessment tools for falls
in hospital in-patients: A systematic review. Age Ageing 2004;33:122-130.
Tinetti ME. Prevention of falls among elderly. N Eng ] Med 1989;320:
1055-1059.

Oliver D, Connelly JB, Victor CR et al. Strategies to prevent falls and fractures
in hospitals and care homes and effect of cognitive impairment: Systematic
review and meta-analyses. BM] 2007;334:82-87.



