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IMPORTANCE Falls are reported by more than 14 million US adults aged 65 years or older Related article

annually and can result in substantial morbidity, mortality, and health care expenditures.
CME at jamacmelookup.com
OBSERVATIONS Falls result from age-related physiologic changes compounded by multiple

intrinsic and extrinsic risk factors. Major modifiable risk factors among community-dwelling
older adults include gait and balance disorders, orthostatic hypotension, sensory impairment,
medications, and environmental hazards. Guidelines recommend that individuals who report
afall in the prior year, have concerns about falling, or have gait speed less than 0.8 to 1 m/s
should receive fall prevention interventions. In a meta-analysis of 59 randomized clinical trials
(RCTs) in average-risk to high-risk populations, exercise interventions to reduce falls were
associated with 655 falls per 1000 patient-years in intervention groups vs 850 falls per 1000
patient-years in nonexercise control groups (rate ratio [RR] for falls, 0.77; 95% Cl, 0.71-0.83;
risk ratio for number of people who fall, 0.85; 95% Cl, 0.81-0.89; risk difference, 7.2%; 95%
Cl, 5.2%-9.1%), with most trials assessing balance and functional exercises. In a meta-analysis
of 43 RCTs of interventions that systematically assessed and addressed multiple risk factors
among individuals at high risk, multifactorial interventions were associated with 1784 falls per
1000 patient-years in intervention groups vs 2317 falls per 1000 patient-years in control
groups (RR, 0.77; 95% Cl, 0.67-0.87) without a significant difference in the number of
individuals who fell. Other interventions associated with decreased falls in meta-analysis of
RCTs and quasi-randomized trials include surgery to remove cataracts (8 studies with 1834
patients; risk ratio [RR], 0.68; 95% Cl, 0.48-0.96), multicomponent podiatry interventions

(3 studies with 1358 patients; RR, 0.77; 95% Cl, 0.61-0.99), and environmental modifications
for individuals at high risk (12 studies with 5293 patients; RR, 0.74; 95% Cl, 0.61-0.91).
Meta-analysis of RCTs of programs to stop medications associated with falls have not found

a significant reduction, although deprescribing is a component of many successful
multifactorial interventions.

CONCLUSIONS AND RELEVANCE More than 25% of older adults fall each year, and falls are the
leading cause of injury-related death in persons aged 65 years or older. Functional exercises
to improve leg strength and balance are recommended for fall prevention in average-risk to
high-risk populations. Multifactorial risk reduction based on a systematic clinical assessment
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alls are among the most common and preventable causes

of morbidity and mortality for older adults worldwide. In

a 2018 nationally representative telephone survey of indi-
viduals across all 50 states, the District of Columbia, and US terri-
tories, 27.5% of community dwellers aged 65 years or older
(n =13 685 662) reported falling in the last year. Among these in-
dividuals who fell, 59% were female and 41% were male, and 10.2%
reported an injury with falling.* One of 5 falls among older adults leads
to fractures or head injury.>® Mortality from falls more than doubled
inthe US between 2000 and 2016 to rates of 1.2 per 1000 patient-
years among persons aged 75 years or older.” The US Centers for Dis-
ease Control and Prevention (CDC) estimates that an older adult in
the US dies from a fall every 20 minutes.®®° Health care expendi-
tures related to falls in the US exceed $50 billion annually, account-
ing for 4.4% of Medicare hospital expenditures, 5.7% of physician
and other health professional expenditures, and 11.8% of spending
for home health services, long-term care facilities, and durable medi-
cal equipment.™

Fall rates increase substantially after age 65 years.! However,
falls are associated with frailty at all ages? such that younger indi-
viduals (aged 50-65 years) with frailty have a risk of falls compa-
rable with those in their seventh and eighth decades. A national
survey of falls resulting in an emergency department visit reported
that 79% of falls occurred inside the home, most commonly in the
bedroom (25%), on the stairs (22.9%), and in the bathroom
(22.7%)." Fear of falling and fall-related activity restriction are
highly prevalent (69.2% for fear of falling and 38.4% for fall-related
activity restriction in a sample of community-dwelling adults older
than age 60 years), and both concerns are associated with sarco-
penia (odds ratio [OR], 8.1; 95% Cl, 1.5-43.4) and depression (OR,
4.9; 95% Cl,11-22.7).2
Age-related declines in sensory input, central integration, and

motor function result in a blunted compensatory response, such that
when an older adult faces environmental hazards such as aloose rug
they cannot quickly adjust their body position to prevent afall. This
impaired response is exacerbated by common comorbidities that oc-
cur with aging (eg, diabetes, arthritis, neurologic conditions such as
Parkinson disease, stroke, and major neurocognitive disorders). Cer-
tain medications can affect balance and coordination through
changes in blood pressure, drowsiness, dizziness, or blurry vision.
Thus, clinicians across specialties and settings of care are likely to
encounter patients at risk of falls. The cause of falls may be multi-
factorial, requiring careful assessment and intervention across mul-
tiple domains. This review will summarize current understanding of
best practices for risk stratification, clinical assessment, and selec-
tion of risk reduction interventions (Box 1).

Methods

For each of the categories of fall prevention interventions, we used
Canadian Agency for Drugs and Technologies in Health Search fil-
tersin PubMed, CINAHL, Embase, MEDLINE, and Scopus for English-
language articles published after the most recent Cochrane System-
atic Review search (January 1, 2018 or 2019) through June 21, 2023.
We limited the search to meta-analyses of studies conducted in com-
munity-dwelling older adults and randomized clinical trials (RCTs)
published after the most recent meta-analysis. Furthermore, were-
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Box 1. Common Questions About Fall Prevention
in Older Patients

What symptoms or signs predict increased risk of falls?

A history of falls (especially multiple falls), fear of falling, gait speed
<0.8-1m/s, and other features of frailty (unintentional weight loss,
muscle weakness, exhaustion, low physical activity) predict
increased falls risk. Certain comorbidities (neurologic conditions
including cognitive impairment and Parkinson disease) and
medication classes (psychoactive, anticholinergic, loop diuretics)
are also associated with elevated risk of future falls.

What are some of the components of a multifactorial program?
Components of evidence-based multifactorial interventions
include deprescribing, education, environmental modifications,
orthostasis management, podiatry care, and physical rehabilitation
or exercise.

What exercises decrease the risk of falls?

Functional exercises addressing balance and leg strength, and

tai chi decrease the risk of falls in patients at average and increased
falls risk.

viewed clinical practice guidelines and the CDC Compendium of Fall
Prevention Interventions. For all sections we focused on high-
quality prospective cohort studies, large pragmatic (ie, designed to
evaluate the effectiveness of interventions under routine practice
conditions) RCTs, and systematic reviews and meta-analyses of RCT
efficacy trials. Where possible we used nationally representative sur-
veys to obtain estimates of fall and injury frequency.

From intervention meta-analyses we abstracted fall rate (total
number of falls per 1000 patient-years), risk of falls (proportion of
participants sustaining 1 or more falls), and risk of fall-related inju-
ries (proportion of participants sustaining a fracture and/or otherin-
jury requiring medical attention) when available. To estimate risk dif-
ferences (RDs) from meta-analysis results, we used the overall
control group rate when available and then applied the summary rate
ratio (RR) and associated 95% Cls.

. |
Risk Factors for Falls

Risk factors for falls can be intrinsic or extrinsic to the patient. Box 2
lists common intrinsic risk factors stratified by odds ratio (OR). Major
risk factors for 2 or more falls over 6 to 12 months are generally re-
lated to neurologic diseases (eg, Parkinson disease [OR, 3.79;
95% Cl, 1.00-14.30], stroke [OR, 2.94; 95% Cl, 1.77-4.87], and ma-
jor neurocognitive disorders such as dementia [OR, 3.65; 95% Cl,
1.71-7.791), which may not be modifiable.™®'* Factors defining the
frailty phenotype (unintentional weight loss, self-reported exhaus-
tion, muscle weakness, slow walking speed, and low physical activ-
ity) are associated with falls in an additive manner (3 or more fac-
tors vs no factors: OR, 1.84; 95% Cl, 1.43-2.38; 1-2 factors vs no
factors: OR, 1.25; 95% Cl, 1.01-1.53)." Other moderate risk factors,
including visual and hearing impairment, pain, and orthostatic hy-
potension, are potentially modifiable. Body mass index (BMI) has a
U-shaped association with falls, with individuals with a BMI (calcu-
lated as weight in kilograms divided by height in meters squared)
of 18.5 or lower or greater than or equal to 37 at greatest risk.'® Both
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Box 2. Intrinsic Risk Factors for Falls in Older Adults
by Odds Ratio (OR) Category

Major (OR >2)

Peripheral neuropathy
Parkinson disease
Cognitive impairment
Stroke

Gait abnormality
Vertigo/dizziness
Moderate (OR 1.5-2.0)
Arthritis

Frailty (unintentional weight loss, self-reported exhaustion, muscle
weakness, slow walking speed, low physical activity)
Orthostatic hypotension
Urinary incontinence
Visual impairment
Hearing impairment
Pain

Minor (OR <1.5)
Diabetes

Heart disease

Low BMI (=18.5)

High BMI (=37)

BMI indicates body mass index (calculated as weight in kilograms divided by
height in meters squared).

low BMI and high BMI are hypothesized to increase falls risk due to
associated sarcopenia, whereas obesity may also increase falls risk
through impaired postural stability and deconditioning due to de-
creased physical activity.

Medications are the most common modifiable extrinsic risk fac-
tor for falls; nonhospitalized persons aged 75 years or older are pre-
scribed a mean (SD) of 2.2 (1.5) fall risk-increasing medications and
amean (SD) of 2.0 (1.6) medications associated with orthostasis.”
High-quality studies suggest an association between environmen-
tal hazards and recurrent falls'® (OR, 1.38; 95% Cl, 1.03-1.87), par-
ticularly when the hazard interferes with function (eg, low seats).™
Poor lighting and tripping hazards (eg, rugs) are other common en-
vironmental risk factors.?° Walking barefoot or in stockings mark-
edly increases the risk of falls over 2 years (OR, 11.2; 95% Cl, 2.4-
51.8; absolute risk not reported), while athletic shoes and sneakers
are associated with a lower risk of falls compared with other
footwear.?'

|
Assessment and Diagnosis

As described in a 2021 systematic review of clinical practice guide-
lines for fall prevention,?2 most clinical practice guidelines suggest
risk stratification for adults aged 65 years or older using a combina-
tion of fall history (eg, “"Have you fallenin last 12 months?"), subjec-
tive fear of falling, and a mobility screening test such as gait speed
measurement (Video 1) or Timed Up and Go (TUG) test (Video 2).

jama.com
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Prior fall history is consistently one of the most reliable estimators
of falls in the next 6 to 24 months across multiple cohort studies; in
a large prospective cohort study of UK adults older than 50 years,
the RR of a fall in the next 2 years was 1.7 (95% Cl, 1.55-1.79; abso-
lute risk not reported) among those reporting a prior fall compared
with those without prior fall after adjustment for age and sex.?>2*
Fear of falling is also associated with subsequent falls in those with-
out prior fall; inaUS cohort of 2520 adults aged 65 to 84 years, those
with fear of falling were significantly more likely to fall in the next
20 months (32.6%) compared with those without fear of falls (17.9%;
RD, 14.7%; P < .001).%° Ina cohort of 1776 older adults in a US health
plan, self-report of 2 or more falls in the last year, but not prior inju-
rious falls or fear of falling, was independently associated with fall-
related injuries over the next 12 months after adjusting for age, prior
fall with injury in past 12 months, and the Elixhauser Comorbidity
Index (incidence rate ratio [IRR], 1.56; 95% Cl, 1.25-1.94).2°

Gait speed s consistently lower amongindividuals with falls com-
pared with those who have not fallen across 11 cohort studies.?”-°
Ina prospective study of community dwellers with and without cog-
nitive impairment, 19% of those with gait speed less than 0.9 m/s
experienced a fall within 12 months compared with 13% of those with
faster gait speed,3 and most clinical practice guidelines suggest using
a threshold of less than 0.8 to 1 m/s for referral for fall prevention
interventions. Gait speed is easily measured using a stopwatch or
commercial application as the time it takes an individual to walk at
least 4 m at their usual speed following a 2 m start-up, with the dis-
tance in meters divided by the time in seconds (Video 1). The TUG
test is also suggested by guidelines as a rapid way for clinicians to
screen for leg strength and gait abnormalities (Video 2). However,
prospective cohort studies have reported that the timed compo-
nent of the TUG has little or no discriminative ability in identifying
who will and will not fall in the next 6 to 12 months. 282

For those with prior falls, fear of falling, and/or abnormal gait
screening test, guidelines recommend a targeted clinical assess-
ment to identify modifiable factors in multiple domains (Figure). Rec-
ommended physical examination includes assessments for sen-
sory impairment (eg, hearing, vision, neuropathy), orthostasis, foot
deformities, and gait abnormalities. A more detailed gait and bal-
ance evaluation to guide need for assistive devices such as canes and
walkers and/or rehabilitation services can be completed in primary
care using the Short Physical Performance Battery (gait speed mea-
surement [part 1], 3-stage balance test [part 2], and chair stand test
[part 3]) (Video 3), or by referral to a physical therapist. Practice
guidelines suggest concurrent screening for osteoporosis because
fractures of the hip, wrist, humerus, and pelvis are the most fre-
quent serious injuries associated with falls.?

Recommended history includes assessment of home environ-
mental hazards and fall risk-increasing medication use. Psychoac-
tive, anticholinergic, cardiovascular, and analgesic medications are
associated with falls through sedation, orthostatic hypotension, or
other mechanisms (Table 1).334143 The Beers criteria for medica-
tions that may be potentially harmful in older adults note that an-
ticholinergics, antidepressants, antiepileptics, antipsychotics, ben-
zodiazepines, nonbenzodiazepine anxiolytics, benzodiazepine
receptor agonists (eg, zaleplon, zolpidem), and opioids should be
used with caution in older adults, particularly among those with a
history of falls.3> Over-the-counter medications such as nonselec-
tive antihistamines (eg, diphenhydramine) may cause sedation and
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Figure. Approach to Screening, Evaluation, and Prevention of Falls in Community-Dwelling Older Adults

* Age 265y

* Cognitive and/or sensory impairment

Patient presents with =1 major risk factor for falls

 Neurologic conditions (eg, Parkinson disease, stroke, dementia)

« Frailty and/or deconditioning (ie, unintentional weight loss, self-reported
exhaustion, muscle weakness, slow walking speed, low physical activity)

 Prior falls in the last year
* Fear of falling

Screening for risk of falling

Develop evaluation and prevention plan based on

« Abnormal mobility test result (ie, gait speed measurement, Timed Up and Go test)

Clinical evaluation for intrinsic and extrinsic factors affecting falls

Patient history

Environmental hazards in the home

« Tripping hazard (ie, rugs, walking
barefoot or in socks)

Use of medications that affect
balance and coordination

¢ Psychoactive

¢ Anticholinergic

* Hypoglycemic

« Antihypertensive

 Poor lighting
 Seating height too high or too low

* Bathroom hazard (ie, slippery
surfaces, lack of grab bars, loose toilet
seats, high step into tub or shower)

Physical examination

Gait and balance abnormalities
« Slow gait speed
¢ Leg weakness

* Results of Short Physical
Performance Battery (SPPB)
assessment tool

General assessments

« Orthostatic hypotension

* Impaired hearing and/or vision
* Neuropathy

* Foot deformity

 Kyphosis and/or osteoporosis

Prevention plan addressing identified factors

* Deprescribe medications
where appropriate

e Taper to minimum
effective dose

e Substitute with
nonpharmacologic strategies

e Establish hemoglobin A;c
target level of 7.5%-8.5%

« Refer for occupational therapy visit
or home safety checklist review

* Reduce fall hazards (eg, declutter,
remove throw rugs and cords)

« Install safety equipment on stairs
(eg, rails, ramps, high-contrast strips)
and bathrooms (eg, night-lights, grab
bars, nonslip surfaces)

« Use fall alert button

« Treat causes of orthostasis
and use compression stockings

« Treat ophthalmologic conditions
(eg, early cataract surgery)

* Treat podiatry conditions and use
thin-soled athletic shoes

¢ Manage osteoporosis

« Refer to physical therapy

* Begin community and/or
home-based exercise
programs

« Use assistive devices
(eg, canes, walkers)

dizziness. Use of aspirin and other nonsteroidal anti-inflammatory
drugs is associated with falls requiring medical treatment,*? likely
due to increased probability of bleeding. Meta-analyses of cohort
studies among older adults prescribed cardiovascular medications
suggest the greatest odds of falling are associated with loop
diuretics.** Patients with initiation within the last 30 days and those
with longer duration of use of loop diuretics were at highest risk, al-
though the loop diuretic dose was not associated with higher fall
risk.3® Use of B-blockers, a-blockers, and sodium-glucose cotrans-
port 2 inhibitors is associated with increased odds of orthostatic hy-
potension, which may exacerbate fall risk for individuals with other
risk factors.* Prescriptions for gabapentinoid medications (eg, gab-
apentin and pregabalin) for pain have increased substantially over
thelast decade, and their use is associated with increased falls in older
adults, particularly when combined with opiates.*64”

|
Prevention

General categories of interventions tested for fall prevention in-
clude exercise programs toimprove leg strength and balance, vision
interventions, home environmental modification, deprescribing

JAMA Published online March 27,2024

programs, podiatry interventions, multifactorial interventions
(ie, systematic risk factor assessment followed by tailored interven-
tion targeting multiple modifiable factors), and multicomponentin-
terventions (ie, fixed combinations of interventions provided to
all patients).

Exercise Interventions

Ina meta-analysis of 64 RCTs (14 306 individuals), participantsin ex-
ercise interventions experienced 655 falls per 1000 patient-years vs
850 falls per 1000 patient-years in nonexercise control groups (RR
for falls, 0.77; 95% Cl, 0.71-0.83; RR for number of patients who fall,
0.85; 95% Cl, 0.81-0.89, absolute risk reduction 7.2%; 95% Cl,
5.2%-91%).*8->C Interventions varied in intensity and duration; how-
ever, meta-regression suggested that a minimum dose of 50 hours
was required to achieve effective fall prevention.> Most trials have
tested functional exercises (ie, focusing on movements done in daily
life), which improve leg strength and balance, tai chi, and combined
balance plus resistance training (Table 2).232° Evidence is inconclu-
sive for resistance training alone, yoga, and dance training (ie, con-
stant fluid dynamic movement using a variety of patterns and speeds).
Inameta-analysis of 2 RCTs (441 participants), walking programs alone
were ineffective for fall prevention compared with usual care and may

jama.com
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Table 1. Commonly Prescribed Classes of Potentially Fall-Risk Increasing Drugs®

Unadjusted Adjusted
Studies, Participants, pooled OR pooled OR
Medication class No. No. (95% ClI)°® (95% CI)® Potential alternatives Notes
Psychoactive and anticholinergic medications
Antidepressants>" 22 69189 Not provided 1.48 Use lowest effective dose and avoid agents Mixed effects by class;
(1.24-1.77) with high anticholinergic activity, such as SNRI may have larger
tricyclic antidepressants and paroxetine.>*  effect size than SSRI>®
Consider CBT
Anxiolytics>>P 14 141287 Not provided 1.40 CBT; selective serotonin reuptake inhibitor Synergistic risk with
(1.18-1.66) at lowest effective dose other CNS-active ggents,
Sedative hypnotics®3 18 336871 2.05 Not provided Sleep hygiene, CBT insomnia®’; limited especially opioids
(1.95-2.15) evidence for melatonin
Antipsychotics®3® 16 133463 Not provided 2.30 Avoid except in bipolar disorder,
(1.24-4.26) schizophrenia, psychosis
Cardiovascular medications
Antihypertensives>® 28 33333 1.38 0.90 Titrate to lowest effective dose Transient increased risk
(1.19-1.56) (0.72-1.12) at initiatipn or d_ose
B-Blockers*® 16 435065 0.96 0.88 Titrate to lowest effective dose '“Cgeatset'“dmuﬁﬂﬁf
(0.87-1.06) (0.80-0.97) conort studies
Loop diuretics>® 3 331424 1.58 1.36 Titrate to lowest effective dose, avoid use
(1.52-1.65) (1.17-1.57) for venous stasis or as an antihypertensive
without other indication (eg, heart failure)
Digoxin3® 4 1123 2.06 Not provided For atrial fibrillation consider B-blockers,
(1.56-2.74) calcium channel blockers, antiarrhythmic
Analgesics
NSAIDs** 26 397027 131 1.09 Acetaminophen (paracetamol) <3000 mg Aspirin highest risk#?
(1.11-1.55) (0.96-1.23) daily for pain
Antiepileptics**® 6 19120 2.55 2.42 For neuropathic pain consider topical NSAID
(1.84-3.52) (0.98-6.03) or lidocaine
Opiates*'® 22 424376 1.51 1.60 Lowest dose and duration possible Risk increased in
(1.15-1.91) (1.35-1.91) combination with other

CNS-acting agents*?

Abbreviations: CBT, cognitive behavioral therapy; CNS, central nervous system;
OR, odds ratio; NSAIDs, nonsteroidal anti-inflammatory drugs; SNRI, serotonin and
norepinephrine reuptake inhibitors; SSRI, selective serotonin reuptake inhibitors.

@ Meta-analyses included studies of older adults in the community and from
other settings (eg, long-term care).

Meta-analyses did not provide a summarized risk of falls in the included
studies. Because absolute fall risk is highly dependent on age, cognition, frailty
status, and other comorbidities, only odds ratios are provided here.

increase falls but with wide Cls (RR, 1.14; 95% Cl, 0.66-1.97; RD, 11.9%
more falls in the walking groups).*® In a meta-analyses of 20 RCTs,
long-term (>1 year) moderate intensity exercise training programs
(mean frequency 3 times per week, 50 minutes per session) target-
ing other outcomes (eg, cardiovascular disease, deconditioning) were
associated with a reduction in falls (RD, 5.8%; 95% Cl, 1.0%-10.1%)
andinjuries (RD, 5.5%; 95% Cl, 2.5%-8.0%) without an effect on over-
all mortality or all-cause hospitalization.> There is no evidence that
fall prevention efficacy differs by mode of delivery (individual, group),
level of fall risk, or age group. A meta-analysis of 7 RCTs including in-
dividuals with cognitive impairment (781 participants) reported that
group or home exercise was associated with a lower RR of falls (RR,
0.68; 95% Cl, 0.51-0.91) compared with nonexercise controls, but con-
clusions are limited by heterogeneity and inclusion of studies with
higher risk of bias.>>>* Exercise programs appear to be safe with alow
injury rate (2 per 1000 participant-years; 95% Cl, 0-5 per 1000
participant-years).>> A meta-analyses of 20 exercise trials using tech-
nology-based programs (websites, mobile applications, or an exer-
game such as Wii Fit) found associations with improved balance and
performance tests compared with traditional exercise interventions
or control interventions, especially when combined with resistance
training.>® However, most trials are of low to moderate quality with
fall rates as a secondary outcome.>®>8

jama.com

Deprescribing Fall Risk Medications

Most patients (65%-93%) who seek medical treatment for a fall-
related injury have an active prescription for at least 1 medication
that increases the risk of falling.”® However, there is little evidence
that deprescribing programs without attention to other risk factors
are associated with reduced falls.®®®' In a meta-analysis of 5 RCTs
(1305 patients), programs that attempted to reduce or discontinue
use of drugs associated with increased risk of falls compared with
usual care were not associated with lower fall rate (RR, 0.98; 95%
Cl, 0.63-1.51), incidence of falls (RD, 0.01; 95% Cl, -0.06 to 0.09;
RR, 1.04; 95% Cl, 0.86-1.26) or rate of fall-related injuries (RR, 0.89;
95% Cl, 0.57-1.39) over 6 to 12 months.® However, many success-
fulmultifactorial interventions (described in Multifactorial Interven-
tions) include deprescribing as a core component.

Vision Interventions

Inameta-analysis of 8 RCTs and quasi-randomized trials including 1834
patients with visually significant bilateral cataracts, the first cataract
surgery was associated with a reductioninfall risk (RR, 0.68; 95% Cl,
0.48-0.96; absolute benefit not reported),®® while surgery on the
second eye showed no additional benefit.®>°* One of 2 clinical
trials among 545 patients randomized to expedited (4 weeks) vs
longer (12 months) waiting time for cataract surgery demonstrated
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asignificant reduction infalls with earlier treatment of cataracts. Other
studies of vision-related interventions did not consider falls as an out-
come but have reported improvements in balance, gait, or step ac-
curacy, suggesting that an improvement in these end points may be
associated with reduced fall risk.®®

Environmental Modification and Assistive Devices

Fall-hazard reduction in the home (eg, installation of lighting, non-
slip steps that provide high traction, reducing clutter and trip haz-
ards) is associated with lower fall rates among older adults at high
risk (12 studies; 5293 patients; rate reduction, 0.74; 95% Cl, 0.61-
0.91; absolute rate not reported).®® There is a significant interac-
tion by baseline fall risk, with the rate reduction largest among pa-
tients at higher risk (9 studies; 1513 participants; rate reduction, 0.62;
95% Cl, 0.56-0.70; absolute rate not reported) compared with pa-
tients selected without attention to risk level (6 studies; 3780 pa-
tients; rate reduction, 1.05; 95% Cl, 0.96-1.16; absolute rate not
available).6® A 2021 RCT in New Zealand studied fall injuries after
the following home improvements: adding rails by steps, grab bars
in the bathroom permanently affixed to the wall, nonslip bath-
mats, high-visibility slip-resistant step edges spanning the entire stair
on outside stairs, fixing elevated edges of carpets/mats, slip-
resistant surfacing for outside surfaces such as decks, fixing window
catches to prevent falls from windows, and improving lighting from
durable solar sources. This study reported a 40% reduction in home
fallinjuries among individualsin 256 enrolled households (RD, 57 falls
per 1000 persons over a mean of 2.3 years of follow-up; 95% Cl, 3
per 1000 to 92 per 1000 persons).®” Although no clinical trials of
assistive device prescription (eg, canes, walkers) were identified as
a standalone intervention for fall prevention, assistive devices are
acommon component of multifactorial interventions, described in
Multifactorial Interventions.

Foot and Podiatry Care

Multicomponent podiatry interventions including podiatry exami-
nation, custom footwear, orthoses if indicated, education, and home-
based foot and ankle exercises were associated with decreased fall
rate compared with usual care (3 studies; 1358 patients; RR, 0.77;
95% Cl, 0.61-0.99; absolute difference not available).®® A meta-
analysis of 7 observational studies (156 participants) found an as-
sociation with textured or vibrational insoles and improved bal-
ance in older adults®® but did not assess fall risk. Multifactorial
interventions that include podiatry as a potential component were
also associated with decreased fall risk (4 studies; 1964 patients; RR,
0.73;95%Cl, 0.54-0.98; absolute difference not available). Inasingle
RCT (n = 121), there was no benefit to routine podiatric care with the
provision of extra depth footwear compared with routine podiatric
care alone (RR, 1.58; 95% Cl, 0.69-3.60).58

Multifactorial Interventions

Because falls result from multiple intrinsic and extrinsic factors, com-
bining multiple types of interventions has been hypothesized to be
an effective fall reduction strategy.”®”" In a multifactorial trial, each
patient is systematically evaluated for modifiable risk factors and then
receives a tailored intervention to address these factors. Multifac-
torial trials have typically enrolled a higher-risk population (ie, pa-
tients presenting with 1or more falls at baseline), while other inter-
vention types described previously (eg, exercise) frequently include
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unselected orindividuals at average risk. Ina meta-analysis of 43 RCTs
(15 673 patients) in which multifactorial risk reduction was largely
implemented by study staff (ie, most studies were efficacy trials con-
ducted in ideal circumstances), multifactorial fall risk interventions
were associated with a reduced rate of falls (1784 per 1000 patient-
years vs 2317 per 1000 patient-years; RR, 0.77; 95% Cl, 0.67-0.87).
While multifactorial interventions are associated with reduced num-
bers of total falls, there was no reduction in the number of individu-
als with at least 1fall.

The implementation of multifactorial interventions in clinical
practice is time consuming and complex, and more recent effec-
tiveness studies (ie, multifactorial interventions implemented by ex-
isting staffin clinical practice) have shown mixed results.?? Inalarge
nonrandomized dissemination project’?in 58 regions of Connecticut,
primary care clinicians and staff in home care, outpatient rehabili-
tation, and senior centers were educated on multifactorial fall re-
duction strategies. The adjusted rates of serious fall-related inju-
ries among individuals aged 70 years or older were lower in
intervention regions (74.2 per 1000 patient-years) than in 53 con-
trol regions (83.3 per 1000 patient-years) following the initiative de-
spite similar rates at baseline (adjusted RR, 0.91; 95% bayesian cred-
ibility interval, 0.88-0.94).”2 More recent randomized effectiveness
trials have revealed implementation barriers. Strategies to Reduce
Injuries and Develop Confidence in Elders (STRIDE)”® was a cluster
RCT conductedin 86 US primary care practices including 5451 com-
munity-dwelling adults identified as at high risk for falls. Practice
nurses trained as falls care managers assessed patients for modifi-
able risk factors and developed individualized care plans. Over a
follow-up period of up to 44 months, the reduction in rate of a first
serious fall injury was similar to the larger Connecticut Collabora-
tive but did not meet the prespecified minimal clinically important
difference (4.9 events per 100 patient-years of follow-up in inter-
vention group vs 5.3 per 100 patient-years in control group; hazard
ratio[HR], 0.92; 95% Cl, 0.80-1.06; P = .25). Fall rates in both groups
were lower than anticipated suggesting that the null result may be
due in part to healthy volunteer bias. Negative findings were also
attributed to lower levels of patient engagement and adherence
monitoring in this pragmatic trial; for example, only one-third of par-
ticipants taking fall risk-increasing drugs reduced those medica-
tions, and participants frequently opted for less intensive interven-
tions (eg, home exercises vs physical therapy).”* The Prevention of
Fall Injury Trial (PreFIT)”® was a multicenter cluster RCT including
9803 community-dwelling adults across 63 general practices in
Europe. Sites were randomized to falls-risk screening followed by a
targeted balance and functional training exercise program, a mul-
tifactorial fall prevention intervention delivered by practice staff or
control group. Over 18 months, the targeted exercise group had small
gains in quality of life, but neither intervention reduced fall or frac-
ture rates compared with advice by mail alone.

Multicomponent Interventions

Multicomponent trials test fixed combinations of fall preventionin-
terventions for all participants, typically exercise plus environmen-
tal modification or education (Table 3). Meta-analysis of 17 multi-
component interventions estimated risk reductions similar to those
observed in multifactorial trials (1206 per 100 patient-years vs
1630 per 1000 patient-years, RR 0.74; 95% Cl, 0.61-0.91) (Table 3).
As reported in meta-analyses of multifactorial interventions,”® the
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meta-analyses of multicomponent interventions showed no im-
provement in the number of individuals with at least 1fall.

Pragmatic Trials Targeting Physical Activity or Function
Several pragmatic trials targeting physical activity and function have
reported falls reduction as a secondary outcome. For example, the
ProAct 65+ study in the UK”” focused on community-dwelling adults
who had had less than 3 falls in the past year and who were already
meeting recommended levels of physical activity. Participants
(n =1256) were randomized to home or group-based exercise toin-
crease activity levels from moderate to vigorous or usual care. The
study found a reduction in injurious falls for the group-based exer-
cise group compared with usual care during the 12 months of the in-
tervention (IRR, 0.55; 95% Cl, 0.31-0.96), but the number of indi-
viduals who fell was similar in the intervention group (5 of 377
[13.2%]) vs the usual care group (66 of 454 [14.5%]). The decrease
infall rate persisted during the 12-month follow-up period (IRR, 0.73;
95% Cl, 0.54-0.99), with a reduction in individuals who fell in the
intervention group (59 of 230 [25.6%]) vs the usual care group (76
of 252 [30.2%]).”” The CAPABLE program is a 10-session home-
based interprofessional intervention to address participant-
identified functional goals for low-income community-dwelling
adults older than 50 years requiring help in at least 1activity of daily
living (ADL). There are currently 33 implementation sites across 17
US states. In all 6 sites reporting data, implementation has been as-
sociated with significant reduction in ADL and instrumental ADL
needs, and 4 of 6 sites reported improvements in confidence in do-
ing ADLs without falling.”® However, the effect on fall rates re-
mains unclear.

|
Practical Considerations and Application of Evidence

While pragmatic studies have highlighted the challenges of imple-
menting fall preventionin the general population, there are a grow-
ing number of resources available for patients and clinicians. Gait and
balance training by physical therapy is generally covered by Medi-
care. Durable medical equipment such as canes, walkers, and com-
mode chairs are covered under Medicare Part B for specific diagno-
ses with a 20% co-pay, and some Medicare Advantage plans also
cover additional home safety equipment such as tub chairs and grab
bars, although plans vary widely. Many older adults are able to ac-

Risk Assessment and Prevention of Falls in Older Community-Dwelling Adults

cess balance and functional exercise classes through community-
funded programs or Silver Sneakers, a fitness program for adults aged
65 years or older that provides access to gyms, community exer-
cise classes, and exercise videos, and is fully covered by most Medi-
care Advantage and some other insurance plans.”® A retrospective
cohort study in Washington state found an association between in-
termittent Silver Sneakers use and lower falls risk compared with
nonusers (HR, 0.93; 95% Cl, 0.90-0.97; absolute benefit not
reported).8° Free online fall exercise programs are available for those
inrural areas or those without reliable transportation®' although ef-
fectiveness data are lacking. Home safety evaluations by occupa-
tional therapy can be ordered for homebound older adults who are
receiving skilled home care services. Home safety checklists are avail-
able for patients and families to use to identify environmental haz-
ards, although their effectiveness is unclear. Some state Medicaid
and Veterans Affairs beneficiaries have access to subsidy programs
to make home safety modifications such as adding ramps, railings,
and grab bars. The CDC offers a clinician toolkit and patient educa-
tion materials,®2 and many state or area councils on aging curate lists
of local fall prevention community resources.

Limitations

This review has limitations. First, some relevant studies may have
been missed. Second, the review is limited by the quality of the evi-
dence; most RCTs of fall prevention are single-blind studies, and re-
call bias commonly affects outcome assessment. Third, because of
the multifactorial nature of falls, study populations are heteroge-
neous, resulting in wider Cls and challenges in generalizing the evi-
dence. Fourth, the review focused on community-dwelling older
adults; evidence for fall prevention in other settings (ie, hospitals,
long-term care facilities) was not considered.

.|
Conclusions

More than 1in 4 older adults will fall each year, and falls are the lead-
ing cause of injury-related death in persons aged 65 years or older.
Functional exercises which improve leg strength and balance re-
main the first line for prevention in average-risk to high-risk popu-
lations. Multifactorial risk reduction based on a systematic clinical
assessment for modifiable risk factors may reduce fall rates among
those at high risk.
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