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PATIENT SCENARIO
A 76-year-old woman walks into your
office unaided, without any notice-
able gait abnormality, but reports that
she has balance problems. Her daugh-
ter fills out an intake questionnaire at
her mother’s new-patient evaluation;
the patient’s medication list includes hy-
drochlorothiazide, glyburide, aspirin,
and temazepam as needed for sleep. The
daughter hands you a bone densitom-
etry report indicating that the patient
has osteoporosis of the femoral neck.
Since most osteoporotic hip fractures
occur after a fall, you would like to cal-
culate your patient’s risk of falling to
decide whether she needs specific in-
terventions to prevent falls.

Why Is This Question Important?

One third of community-dwelling indi-
viduals older than 65 years fall every
year.1,2 Falls were the most common
mechanismof injury(62%)amonganes-
timated 2.7 million nonfatal injuries
among those 65 years and older treated
inUnitedStatesemergencydepartments
in2001,3 indicatingthat fallsareaserious
medical and public health problem.
Fivepercent to10%of falls causeserious
injuries such as major head trauma, ma-
jor lacerations, or fracture.2 Falls, and
especially injurious falls, predict place-
ment in a skilled nursing facility.4

Evidence from a meta-analysis of
randomized trials of falls prevention in
those 60 years and older suggests that
multifactorial interventions to prevent
falls are effective, reducing the fall rate
by approximately 12 falls per 100
person-months, or about 30% to 40%
in relative terms.5 Another systematic
review found that multifactorial inter-
ventions reduce falls in unselected
community-dwelling adults (relative
risk reduction, 27%; 95% confidence
interval [CI], 15%-37%) as well as in
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Context Effective multifactorial interventions reduce the frequent falling rate of older
patients by 30% to 40%. However, clinical consensus suggests reserving these inter-
ventions for high-risk patients. Limiting fall prevention programs to high-risk patients
implies that clinicians must recognize features that predict future falls.

Objective To identify the prognostic value of risk factors for future falls among older
patients.

Data Sources and Study Selection Search of MEDLINE (1966-September 2004),
CINAHL (1982-September 2004), and authors’ own files to identify prospective co-
hort studies of risk factors for falls that performed a multivariate analysis of such fac-
tors.

Data Extraction Two reviewers independently determined inclusion of articles and
assessed study quality. Disagreements were resolved by consensus. Included studies
were those identifying the prognostic value of risk factors for future falls among com-
munity-dwelling persons 65 years and older. Clinically identifiable risk factors were
identified across 6 domains: orthostatic hypotension, visual impairment, impairment
of gait or balance, medication use, limitations in basic or instrumental activities of daily
living, and cognitive impairment.

Data Synthesis Eighteen studies met inclusion criteria and provided a multivariate
analysis including at least 1 of the risk factor domains. The estimated pretest prob-
ability of falling at least once in any given year for individuals 65 years and older was
27% (95% confidence interval, 19%-36%). Patients who have fallen in the past year
are more likely to fall again [likelihood ratio range, 2.3-2.8]. The most consistent pre-
dictors of future falls are clinically detected abnormalities of gait or balance (likelihood
ratio range, 1.7-2.4). Visual impairment, medication variables, decreased activities of
daily living, and impaired cognition did not consistently predict falls across studies. Ortho-
static hypotension did not predict falls after controlling for other factors.

Conclusions Screening for risk of falling during the clinical examination begins with
determining if the patient has fallen in the past year. For patients who have not pre-
viously fallen, screening consists of an assessment of gait and balance. Patients who
have fallen or who have a gait or balance problem are at higher risk of future falls.
JAMA. 2007;297:77-86 www.jama.com

©2007 American Medical Association. All rights reserved. (Reprinted) JAMA, January 3, 2007—Vol 297, No. 1 77

Downloaded From: http://jama.jamanetwork.com/ by a University of California - San Diego User  on 02/26/2015



those with a history of falls or known
risk factors for falls (relative risk
reduction, 14%; 95% CI, 2%-24%).6

A typical intervention begins with a
multifactorial assessment of fall risk,
including medication review, assess-
ment of basic and instrumental activi-
ties of daily living, measurement of
orthostatic blood pressure, vision
assessment, gait and balance evalua-
tion, cognitive evaluation, and assess-
ment of environmental hazards. The
clinician performs this assessment as
part of the history and physical exami-
nation (with the exception of the
assessment of environmental hazards,
which typically is performed as part of
a home safety evaluation). The multi-
factorial risk assessment is relatively
straightforward but may lead to
resource-intensive interventions,
including physical therapy assessment
and treatment; outfitting the home
with equipment (bedside commode,
grab bars) to decrease risk of falls; or
neuroimaging, neuropsychological
testing, or both to evaluate causes of
cognitive impairment.

Clinical practice guidelines suggest
that multifactorial interventions
should be reserved for high-risk
patients, who also must desire the
interventions. High-risk status is often
identified by a history of recurrent
falls; a fall requiring medical attention;
or an abnormality of gait, balance, or
both.7,8 A refinement of this approach
would be to quantify a patient’s global
risk of falling and to intervene if the
risk exceeds a certain threshold. This
study provides information on risk
factors for falls in community-
dwelling or population-based samples
of older adults using this quantitative
approach to risk stratification. We
evaluated risk factors identifiable dur-
ing the routine clinical examination.
The risk factors we identified can be
considered screening tests for future
falls. Therefore, we use likelihood
ratios (LRs) to describe the results for
an individual finding, rather than rela-
tive risks, because LRs allow calcula-
tion of the probability of a fall for a
particular patient.

Markers and Causes of Falls
The definition of “risk factor” in
many studies is unclear, creating diffi-
culties when synthesizing data on risk
factors for falls.9 Use of an assistive
device such as a cane or a walker may
be statistically associated with a
higher risk of falls, but this does not
imply that the device causes falls.
Instead, use of an assistive device may
simply be a marker for other prob-
lems that are causally associated with
falls. To further complicate matters,
there is no convention in defining the
causes of falls. For example, suppose
that an individual experiences a
stroke, which then leads to a new gait
abnormality, which then leads to a
fall. Also, suppose that the stroke is
not causally associated with the fall
except via the gait abnormality. In
this scenario, either the stroke or the
gait abnormality could be considered
a cause for the fall. As a result, knowl-
edge of either the prior stroke or the
gait abnormality would be equally
adequate clues that this individual
might fall. Because researchers have
multiple options for measuring and
attributing risk, studies using differ-
ent approaches may generate seem-
ingly contradictory results.

Clinicians should collect informa-
tion about risk of falling in a fashion that
provides a natural basis for interven-
ing to reduce the risk of future falls. A
meta-analysis of randomized, con-
trolled trials of interventions5 pro-
vides a suitable starting point for iden-
tifying risk factors, because intervention
on a common set of risk factors in these
randomized trials led to a decrease in
the rate of falling. Thus, at least some
of these risk factors are in the causal
pathway for falls. The common set of
risk factors identifiable during a rou-
tine clinical evaluation includes ortho-
static hypotension, visual impair-
ment, impairment of gait or balance,
medication use, limitations in basic or
instrumental activities of daily living,
and cognitive impairment. We con-
ducted a systematic review of studies
that analyzed these features for pre-
dicting future falls.

Multifactorial Evaluation
of Patients at High Risk
for Future Falls
In this section, we present an approach
to performing a multifactorial evalua-
tion for falls in patients who are at high
risk for future falls. For these high-risk
patients, all 6 risk factors should be as-
sessed (as well as home safety for envi-
ronmental hazards) to replicate the risk
factors assessed in randomized trials. The
risk factor assessment strategy we
present here is not a screening strat-
egy; it is an in-depth assessment to dis-
cover the potential causes of falls in a
particular patient in enough detail to
make decisions on which factors need
intervention. The particular approach we
describe is based on our own experi-
ence in clinical settings. Later, we will
examine the best way to screen pa-
tients to decide who should receive this
multifactorial evaluation.

Orthostatic Hypotension

When blood pressure is correctly mea-
sured,10 orthostatic hypotension is de-
fined as a decrease in systolic pressure
of at least 20 mm Hg or in diastolic pres-
sure of at least 10 mm Hg within 3 min-
utes of standing.11 A systematic re-
view found that patients should remain
supine for at least 2 minutes before mea-
suring supine vital signs and remain
standing for at least 1 minute before
measuring standing vital signs.12

Visual Acuity

Visual impairment is commonly de-
fined as visual acuity of 20/40 or
worse.13 Patients who normally use eye-
glasses or contact lenses should wear
these during testing. Each eye should
be tested independently, so the pa-
tient should always have the non-
tested eye covered. Distance vision may
be tested using a Snellen wall chart with
the patient standing at a distance of 6
m.13 Near vision may be tested with the
patient holding a handheld Rosen-
baum card at 36 cm; however, inaccu-
racies in many of the printed cards (and
the distance at which the patient holds
the card) make this a relatively crude
screening approach.14
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Gait and Balance Examination
(and Associated Mobility Concerns)
Detecting gait and balance problems be-
gins with watching patients as they rise
from a chair or as they walk into the
examination room. Clinicians recog-
nize that an asymmetrical gait is not
normal. But symmetrical abnormali-
ties are also important and include a
wide-based stance, walking very slowly,
stooped postures, shuffling gaits, and
swerving from side to side. Using a cane,
walker, or the arm of a friend implies
the need of assistive devices for bal-
ance. Likewise, patients who enter the
clinic using wheelchairs or electric
scooters may be at increased risk of fall-
ing during transfers, if these patients are
ambulatory.

When transitioning from history tak-
ing to the physical examination, the cli-
nician can test the patient’s quadri-
ceps muscle strength by asking the
patient to get up from a chair without
using the chair arms. If the patient can-
not get up from the chair, or has diffi-
culty, this sign of lower-extremity
muscle weakness, balance, or coordi-
nation problems is a source of fall risk
for the patient.2

More formal approaches to the ex-
amination of gait and balance exist. The
Tinetti Performance-Oriented Mobil-
ity Assessment requires the clinician to
score the patient on multiple aspects of
gait and balance while watching the pa-
tient walk and rise from a chair; the cli-
nician also performs several addi-
tional tests.13,15 Details on how to
perform the assessment may be found
online through the American Geriat-
rics Society after a free registration pro-
cess.13

Assessing Medication Use

Psychotropic medications (ie, those
with central nervous system effects) are
commonly implicated in falls. Psycho-
tropic medications that have the most
data supporting an increased risk of falls
include antidepressants, sedative-
hypnotics (benzodiazepines, barbitu-
rates, chloral hydrate, and hydrox-
yzine), and typical antipsychotic
medications (phenothiazines and bu-

tyrophenones).16 However, all medica-
tions with central nervous system ef-
fects may cause falls. Also, the more
medications of any type a patient takes,
the higher the risk of falls.17

Assessing Basic and Instrumental
Activities of Daily Living

Patients with impairments in their ba-
sic or instrumental activities of daily liv-
ing are at increased risk of falling. Ba-
sic activities of daily living typically
include toileting, feeding, dressing,
grooming, ambulation, and bath-
ing.13,18 Instrumental activities of daily
living include using the telephone,
shopping, preparing food, housekeep-
ing, doing laundry, transportation,
managing medications, and handling
one’s own finances.13,18 Asking about
these activities can be part of a previsit
questionnaire for the patient (or pa-
tient’s caregiver) to fill out.19 The pre-
visit questionnaire may simply ask
whether the patient needs or does not
need help with any of the 6 basic or 8
instrumental activities of daily living
listed above.19 Needing help on any ba-
sic or instrumental activity of daily liv-
ing indicates an increased risk of falls.

Assessing Cognition

The standard approach to cognitive as-
sessment has been the Folstein Mini-
Mental State Examination,20 though a
shorter alternative is the Short Por-
table Mental Status Questionnaire.21

The latter instrument is a 10-item cli-
nician-administered questionnaire that
asks the patient to provide the date, day
of the week, “name of this place,” pa-
tient’s telephone number, patient’s age,
when the patient was born, the name
of the current and most recent former
US president, and the patient’s moth-
er’s maiden name, as well as to serially
subtract 3 from 20. Patients who have
5 or more errors are at increased risk
of falls.22

METHODS
We searched MEDLINE (1966 to Sep-
tember 2004), CINAHL (1982 to Sep-
tember 2004), and our own files for ar-
ticles pertaining to the clinical

examination for “accidental falls” in
adults. Given the vast literature on falls,
we designed a search that favored speci-
ficity over sensitivity and we focused
on cohort studies since they are most
likely to provide valid information on
the relationship between baseline find-
ings and future falls.23 We chose to fo-
cus on cohort studies, rather than ran-
domized controlled trials, because
cohort studies are more likely to en-
roll patients who are representative of
patients seen in outpatient practices. Af-
ter removal of duplicate articles, the
combined search generated 383 ar-
ticles for review, and an additional 37
articles were found from the reference
list of retrieved articles and the au-
thors’ files. Two investigators (D.A.G.,
Y.B.) reviewed the titles and abstracts
(requesting full text where appropri-
ate), restricting articles to those that met
the following inclusion criteria: (1) used
prospective data collection, (2) in-
cluded fall incidence during fol-
low-up as an outcome, (3) reported data
specific to a community-dwelling or
population-based sample, (4) en-
rolled participants of mean age 65 years
and older, (5) reported in English, and
(6) reported fall outcome data be-
tween 6 and 12 months of follow-up.
The last criterion was designed to en-
sure that data on falls were collected
over a clinically relevant period.

We excluded articles in which data
came exclusively from sources other
than the patient (such as studies con-
ducted in a gait/balance laboratory) or
from studies that selected only a high-
risk (or low-risk) group of patients
based on physical examination. We al-
lowed studies that excluded individu-
als who were nonambulatory or who
had severe cognitive impairment that
interfered with the ability to gather data.
However, we excluded studies that
screened patients in other ways involv-
ing history and physical examination
(such as requiring that individuals be
able to walk a certain distance, not use
an assistive device, or be free of cogni-
tive impairment). We resolved differ-
ences regarding inclusion and exclu-
sion of articles by consensus.
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After applying inclusion and exclu-
sion criteria, there were 37 articles.
Each of 2 authors (D.A.G., Y.B.)
assessed quality, adapted from previ-
ous criteria established by Stalenhoef
et al23 (TABLE 1). The domains for
multivariate analyses (TABLE 2) were
derived from a list of common ele-
ments of multifactorial assessment of
fall risk and interventions that reduce
the risk of falls.5 Disagreements were
resolved by consensus.

We restricted our attention to the 18
studies that performed multivariate
analysis on at least 1 of the 6 potential
multivariate risk factors and that pro-
vided relevantdata (Tables 1and2).22,24-43

Although we found 2 clinical predic-
tion rules for falls,29,31 neither rule was
retested on a separate sample, so we
chose to focus on individual risk fac-
tors. For each of the 9 studies with ex-
tractable data in the appropriate patient
population,22,25,26,30,32,34-37 we identified
risk factors that were statistically signifi-

cant at the .05 level in that study’s mul-
tivariate analysis. We then calculated an
LR for each of these statistically signifi-
cant risk factors using univariate data.
This approach uses the multivariate
analysis to screen for risk factors that
have independentpredictivevalue, anap-
proach taken by previous work to re-
duce large amounts of overlapping clini-
cal information to a more manageable
level.44 We calculated 95% CIs for LRs
using the method of Simel et al.45 Be-
cause the studies were heterogeneous in
terms of how risk factors were defined
and which variables were included in
multivariate analyses, it was not pos-
sible to combine results across studies.
However, we do provide an estimate of
the pretest probability of falls in the sub-
sequent year for studies with extract-
able data, excluding 1 study with a fol-
low-up of only 11 months,36 1 study
exclusively in 85-year-olds,37 and 1 of 2
studies conducted among largely the
same cohort.34

RESULTS
Precision of the
Clinical Examination
Of all the included studies, 1 specifi-
cally examined interrater and in-
trarater reliability of 4 commonly used
balance tests.46 A 5% stratified ran-
dom sample of study participants (60/
1200) were retested on the Timed Up
and Go, 1-leg stand, Functional Reach,
and Tinetti balance examinations within
2 weeks of their original testing. Half
the sample was retested for interrater
reliability, and the other half was tested
for intrarater reliability. Intraclass cor-
relation for interrater and intrarater re-
liability fell within the 0.93-0.99 range
for all measures (results were not bro-
ken out by balance test or by interrater/
intrarater reliability).

Accuracy of the
Clinical Examination

Among the 18 studies, we present LRs
for the 9 studies with extractable data

Table 1. Details of Study Quality Criteria for Included Articles

Source
Baseline

Sample Size

Quality Criterion*

Frequent Fall
Ascertainment†

Loss
to Follow-up

Reported
in �20%

of Sample

Inclusion/
Exclusion
Criteria

Described

Risk
Factors
Defined

Adequately
Fall Definition

Provided

Generalizable
Sampling
Frame‡

Random
or Systematic

Sample

Bergland et al,24 2003 328 � � � � � � �

Campbell et al,25 1989 761 � � � � � � �

Chu et al,26 2005 1517 � � � � � � �

Duncan et al,27 1992 221 � � � � � � �

O’Loughlin et al,28 1993 417 � � � � � � �

Stalenhoef et al,29 2002 311 � � � � � � �

Tinetti et al,22 1988 336 � � � � � � �

Tinetti et al,30 1995 1103 � � � � � � �

Tromp et al,31 2001 1328 � � � � � � �

Zhang et al,32 2004 1038 � � � � � � �

Coleman et al,33 2004 2002 � � � � � �

Luukinen et al,34 1995 788 � � � � � �

Luukinen et al,35 1996 788 � � � � � �

Teno et al,36 1990 736 � � � � � �

van Bemmel et al,37 2005 599 � � � � � �

Weiner et al,38 1998 309 � � � � � �

Arden et al,39 1999 5552 � � � � �

Gerdhem et al,40 2005 1044 � � � � �

Summary§ 13/18 16/18 18/18 18/18 15/18 18/18 18/18
*Adapted from previous criteria established by Stalenhoef et al.23

†Assessment at least once every 3 months.
‡Population, community, or primary care–based sample.
§Summary totals present number of studies meeting criteria divided by the total number of studies.
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(TABLE 3). Patients underwent fol-
low-up for 1 year in all but 1 study, in
which patients underwent follow-up for
11 months.36 Sample sizes ranged from
336 to 1517, with studies using “1 or
more falls,” “2 or more falls,” or both
as the dichotomous outcomes of inter-
est. The samples ranged from 49% to
73% women, and the mean age ranged
from 68 to 85 years. The incidence of
1 or more falls ranged from 19% to 44%;
of 2 or more falls, from 5% to 17%. Syn-
thesizing these estimates quantita-
tively gives a pretest probability for 1
or more falls in the next year of 27%
(95% CI, 19%-36%) and a pretest prob-
ability for 2 or more falls in the next year
of 10% (95% CI, 7%-15%). TABLE 4 and
TABLE 5 present LRs for various his-
torical features and physical findings
from these studies.

Age

Three studies28,31,36 provided data on the
risk of falling that allowed us to calcu-

late the effect of increasing age. Two of
the studies provided data on the risk of
falling at least once in the next year, but
the odds ratio for age was not statisti-
cally significant in either (P=.30 and
P=.36).28,31 The risk was similar in the
2 studies: for patients aged 65 through
74 years, the fall probability was 31% to
32%; for those aged 70 through 74 years,
22% to 33%; for those aged 75 through
79 years, 25% to 36%; and for those 80
years or older, 34% to 37%. The third
study found a statistically increased risk
of falling at least once in the next 11
months among older patients (odds ra-
tio per age category, 1.90; P�.001): ages
65 through 69 years, 14%; ages 70
through 74 years, 16%; ages 75 through
79 years, 24%; and ages 80 years and
older, 34%.36 Of the 11 studies that con-
sidered age in multivariate analyses,*
only 4 found a positive association be-
tween age and future falls.25,26,32,36

Baseline History of Falls
Each of the 11 studies that evaluated a
history of falls found in multivariate
analyses that prior falls predict future
falls.24,26,28,29,31,33-37,40 Four studies had ex-
tractable data for calculating LRs. In 1
study, a history of at least 1 fall in the
year prior to baseline was associated
with an increased risk of at least 1 fall
in the next year (LR, 2.8; 95% CI, 2.1-
3.8).26 In 2 studies derived from the
same cohort, a history of 1 or more falls
during the previous year was associ-
ated with 2 or more falls in the next year
(LR range, 2.3-2.4).34,35 In a fourth
study, a history of 1 fall in the previ-
ous month was associated with 1 or
more falls in the subsequent 11 months
(LR, 3.8; 95% CI, 2.2-6.4).36

Orthostatic Hypotension

Orthostatic hypotension is inferred as
an obvious risk factor for falls, but 4
studies25,26,31,35 with multivariate analy-
ses found no association when other*References 22, 24-26, 28-30, 32, 33, 35, 36.

Table 2. Risk Factor Domains of Multivariate Analysis Assessed in Included Articles

Source

Risk Factor Domain*

Orthostatic
Hypotension

Visual
Impairment

Gait/Balance
Impairment Medications

Limitations
in ADL

Cognitive
Impairment

Bergland et al,24 2003 � � − − −

Campbell et al,25 1989 − − � � � −

Chu et al,26 2005 − − � − − �

Duncan et al,27 1992 � ?

O’Loughlin et al,28 1993 � − −

Stalenhoef et al,29 2002 − � − −

Tinetti et al,22 1988 − � � − �

Tinetti et al,30 1995 − − − −

Tromp et al,31 2001 − � − � � −

Zhang et al,32 2004 −

Coleman et al,33 2004 � � −

Luukinen et al,34 1995 � �

Luukinen et al,35 1996 − − − − −

Teno et al,36 1990 − − −

van Bemmel et al,37 2005 � ?

Weiner et al,38 1998 ? � ?

Arden et al,39 1999 ? ? ?

Gerdhem et al,40 2005 − � �

Summary† 0/4 3/11 10/15 6/11 3/10 2/8
Abbreviation: ADL, activities of daily living.
*A blank space indicates that the study did not adjust for the risk factor; a symbol, that the study considered or adjusted for the risk factor in multivariate analysis. � Indicates that

the risk factor was significant at the .05 level and represented an increased risk for falls; −, that the risk factor was either nonsignificant, failed to meet a cutoff for inclusion in
multivariate analysis, or was associated with a reduced risk of falls (1 instance only, “heart medicine,” see O’Loughlin et al28); and ?, that risk factor was not a primary focus of
analysis and results were not reported (the factor could have been statistically significant or nonsignificant).

†Summary totals represent the number of studies with statistically significant results for a risk factor divided by total number of studies that considered or adjusted for that risk factor
in multivariate analysis (studies marked with ? not included).
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common risk factors were considered
(Table 2). One study found that an in-
crease in pulse rate of less than 6 per
minute, measured 30 seconds after
standing up, predicts falls (LR, 1.4; 95%
CI, 1.0-1.9),35 but the association was
weak.

Visual Impairment

Three of 11 studies that considered
visual impairment in a multivariate
analysis predicting falls reported
stat is t ical ly s igni f icant results
(Table 2),24,31,33 but none of the 3 stud-
ies had extractable data for calculating
LRs. In these 3 studies, odds ratios for
future falls ranged from 1.6 for a
patient’s report of inability to recog-
nize someone’s face at a distance of 4
m (with glasses or contacts where
needed)31 to 2.0 for a patient’s report
of inability to read a newspaper (with
glasses if needed).24 The third study
used Bailey-Lovie charts to measure
visual acuity and found that each
additional letter read correctly off the
chart at baseline was associated with a
lower risk of falls (odds ratio, 0.96).33

While patients and their families are
concerned about nighttime falls (eg,
on the way to the bathroom), no study
separately assessed night vision.

Impairment of Gait or Balance

Of 15 studies with relevant information
on impairment of gait or balance, 10 re-
ported statistically significant results
(Table 2),22,24-29,33,34,40 of which only 4 had

extractable data for calculating LRs. The
presence of at least 6 of 7 gait or bal-
ance abnormalities led to an increased
risk of a fall (LR, 1.9; 95% CI, 1.4-2.6),
as did the presence of lower-extremity
disability (ie, reported problem with
strength, sensation, or balance) (LR, 1.8;
95% CI, 1.5-2.2).22 Anteroposterior body
sway was associated with 1 or more
falls,25 but this measure requires special-
ized equipment typically not available in
office practice. A patient’s self-
perceived mobility problem predicts the
occurrence of 1 or more falls (LR, 1.7;
95% CI, 1.5-1.9), as does inability to per-
forma tandemstand(ie, inability to stand
while keeping the heel of one shoe touch-
ing the toe of the other for 10 seconds
without foot movement or manual sup-
port) (LR, 2.0; 95% CI, 1.7-2.4).26 The
same study found a self-perceived mo-
bility problem to predict 2 or more falls
(LR, 2.0; 95% CI, 1.7-2.4), as did inabil-
ity to perform a tandem walk test (ie, in-
ability to walk with the heel of one foot
touching the toe of the next over 2 m)
(LR, 2.4; 95% CI, 2.0-2.9). Taking more
than 13 seconds to walk 10 m predicts
recurrent falls with about the same LR
as perceived mobility problems (LR, 2.0;
95% CI, 1.5-2.7).34

Medications

Eleven studies reported relevant data
on medication use (Table 2),† of
which 1 reported a decreased rate of

falls with “heart medicine” (but did
not have extractable data for LRs)28

and 6 reported an increased risk of
falls with other variables.22,25,31,34,38,40

Three of these 6 studies had extract-
able data for calculating LRs. In 1
study, patients taking a benzodiaz-
epine, phenothiazine, or antidepres-
sant had a markedly increased risk of
1 or more falls (LR, 27; 95% CI, 3.6-
207).22 In a different study, the general
category of psychotropic medications
increased the risk of 1 or more falls
among women (LR, 1.7; 95% CI, 1.3-
2.2), as did taking 4 or more medica-
tions (LR, 1.9; 95% CI, 1.4-2.5), but
statistically significant results were not
found for men, likely due to the
smaller sample size of men in the
study.25 In a third study, use of benzo-
diazepines or antidepressants was
associated with multiple (�2) falls
(LR, 1.8; 95% CI, 1.4-2.2).34

Impairment in Basic/Instrumental
Activities of Daily Living

Ten studies considered or included
limitations in basic and/or instrumen-
tal activities of daily living in multi-
variate analysis.22,24-26,28,29,31,35-37 Of these
10 studies, 3 reported significant re-
sults,25,31,37 of which 2 had extractable
data for calculating LRs.25,37 The inabil-
ity to rise from a chair of knee height
without using the chair arms was as-
sociated with an increased risk of 1 or
more falls among men (LR, 4.3; 95% CI,
2.3-7.9); in women, the association was†References 22, 24-26, 28, 30, 31, 33, 34, 38, 40.

Table 3. List of Studies With Extractable Data

Author
Baseline

Sample Size
Women,
No. (%)

Age,
Mean (SD), y

Follow-up
Duration

No. of Falls
Analyzed

Incidence, %

�1 Falls �2 Falls

Campbell et al,25 1989 761 465 (61) �70 1 y �1 35 NA

Chu et al,26 2005 1517 NR (49) 73.2 (6.3) 1 y �1/�2 19 5

Tinetti et al,22 1988 336 185 (55) 78.3 (5.1) 1 y �1 32 17

Tinetti et al,30 1995 1103 NR (73) 79.7 (5.2) 1 y �2 NA 10

Zhang et al,32 2004 1038 445 (51)* 67.5 (5.3) 1 y �1 22 NA

Luukinen et al,34 1995 751† 478 (63) 76.1 (4.9) 1 y �2 NA 11

Luukinen et al,35 1996 811† 512 (63) 76.1 (4.9) 1 y �2 NA 11

Teno et al,36 1990 736 NR (67) 76.5 (6.9) 11 mo �1 22 NA

van Bemmel et al,37 2005 599 322 (67)‡ 85 1 y �1 44 NA
Abbreviations: NA, not applicable; NR, not reported.
*Percentage of women not reported at baseline; proportion at 1-year follow-up (445/879) used as a surrogate.
†Samples for Luukinen et al35 and Luukinen et al32 derived from the same cohort (Heikki Luukinen, MD, written communication, January 12, 2006).
‡Percentage of women not reported at baseline; proportion at 1-year follow-up (322/480) used as a surrogate.
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not a significant risk factor in multi-
variate analysis.25 Another study
showed that 5 or more of 11 physical
impairments (mostly activities of daily
living) was associated with an in-
creased risk of 1 or more falls (LR 1.9;
95% CI, 1.4-2.6).37

Cognitive Impairment

Of 8 studies with relevant data on cog-
nitive impairment (Table 1),22,24-26,29-31,35

2 reported significant results, both of
which had extractable data for calcu-
lating LRs. One study found that 5 or
more errors on the Short Portable Men-
tal Status Questionnaire21 was associ-
ated with 1 or more falls (LR, 4.2; 95%
CI, 1.9-9.6).22 Another study reported
that a history of dementia was associ-
ated with 1 or more falls (LR, 17; 95%
CI, 1.9-149) and with 2 or more falls
(LR, 13; 95% CI, 2.3-79).26

Who Should Be Screened
for Risk of Falls, and How?

All older adults can be efficiently
screened for fall risk. A previsit ques-
tionnaire filled out by the patient or care-
giver can elicit a history of previous
falls.19 When patients have fallen in the
past year (LR range, 2.3-2.8), they are
at high risk for another fall, and the cli-
nician is no longer “screening” but in-
stead moving to a multifactorial falls risk
assessment for prevention that in-
cludes orthostatic vital signs, visual acu-
ity testing, gait and balance testing, medi-
cation review, and review of basic and
instrumental activities of daily living,
cognition, and environmental hazards
in the home. We detailed one ap-
proach to performing this evaluation in
the section on multifactorial evalua-
tion of patients at high risk of falls.

For screening patients older than 65
years who have not already fallen, the
literature we reviewed suggests that
the pretest probability of a fall in the
upcoming year ranges from 19% to
36%. If a patient has not fallen in the
previous year, the domain of gait and
balance offers the highest potential
yield from screening, for 2 reasons.
First, risk factors for gait and balance
were the most-studied set of risk fac-

Table 4. Risk Factors for 1 or More Falls in 12 Months

Source/Finding

LR (95% CI)

Positive Negative

Campbell et al,25 1989
Women (N = 465; 152 with falls)

History
Taking �4 medications 1.9 (1.4-2.5) 0.76 (0.66-0.87)

Taking psychotropic medication 1.7 (1.3-2.2) 0.75 (0.64-0.87)

Physical examination
Evidence of previous stroke on neurologic examination 15 (3.6-67) 0.91 (0.86-0.96)

Anteroposterior body sway measured by Wright-Codoc
ataxiameter (average of 3 recordings of 1 min each)

2.0 (1.5-2.7) 0.76 (0.66-0.87)

Signs of knee arthritis using method of Forman et al47 1.3 (1.1-1.6) 0.79 (0.65-0.95)

Men (N = 296; 68 with falls)
Physical examination

Unable to rise from a chair of knee height
without using chair arms

4.3 (2.3-7.9) 0.77 (0.66-0.90)

Anteroposterior body sway measured by Wright-Codoc
ataxiameter (average of 3 recordings of 1 min each)

2.3 (1.6-3.3) 0.69 (0.56-0.86)

Signs of knee arthritis using method of Forman et al47 1.6 (1.3-2.0) 0.54 (0.37-0.78)

Chu et al,26 2005 (N = 1517; 294 with falls)
History

Dementia 17 (1.9-149) 0.99 (0.97-1.0)

Parkinson disease 5.0 (1.5-16) 0.98 (0.97-1.0)

�1 falls in the year prior to baseline 2.8 (2.1-3.8) 0.86 (0.81-0.92)

Self-perceived mobility problem 1.7 (1.5-1.9) 0.69 (0.60-0.78)

Physical examination
Unable to perform tandem stand

(ie, unable to maintain position for 10 s
without foot movement or manual support)

2.0 (1.7-2.4) 0.74 (0.67-0.82)

Tinetti et al,22 1988 (N = 336; 108 with falls)
History

Taking benzodiazepine, phenothiazine, or antidepressant 27 (3.6-207) 0.88 (0.82-0.95)

Lower-extremity disability (reported problem with strength,
sensation, or balance)

1.8 (1.5-2.2) 0.52 (0.39-0.69)

Physical examination
Cognitive impairment (�5 errors on SPMSQ21) 4.2 (1.9-9.6) 0.88 (0.81-0.96)

Palmomental reflex 2.8 (1.8-4.4) 0.77 (0.67-0.89)

6-7 (out of 7) gait/balance abnormalities* 1.9 (1.4-2.6) 0.70 (0.58-0.85)

Foot problem (moderate or severe bunions, toe deformities,
ulcers, or deformed nails)

1.3 (0.97-1.7) 0.85 (0.70-1.0)

Zhang et al,32 2004 (N = 434 men; 80 with falls)
History

Type A personality (scored �17 on Chinese version of
Maeda Type A scale)

1.5 (1.2-1.9) 0.73 (0.57-0.93)

Teno et al,36 1990 (N = 586; 127 with falls)†
History

Fall in month prior to baseline 3.8 (2.2-6.4) 0.84 (0.77-0.92)

�2 stumbles in month prior to baseline 2.0 (1.2-3.3) 0.90 (0.81-0.99)

�4 days in bed during month prior to baseline 3.7 (1.6-8.6) 0.94 (0.89-0.99)

Self-report of decline in health status in year
prior to baseline

2.0 (1.5-2.9) 0.80 (0.70-0.92)

van Bemmel et al,37 2005 (N = 480; 212 with falls)
History and physical examination

�5 (out of 11) physical impairments‡ 1.9 (1.4-2.6) 0.79 (0.71-0.89)
Abbreviations: CI, confidence interval; LR, likelihood ratio; SPMSQ, Short Portable Mental Status Questionnaire.
*Possible abnormalities included (1) unsteady sitting down, (2) unable to stand on 1 leg unsupported, (3) unsteady turning,

(4) unsteady after gentle push on sternum, (5) increased trunk sway, (6) unable to increase walking pace, and (7) in-
creased path deviation.

†Study lasted only 11 months.
‡Physical impairments included ability on 8 items from history: ability to rise from a chair, get out of bed, use the toilet, wash

oneself, dress oneself, do some light housework, prepare food, walk around in one’s home. Three items from physical
examination included ability to rise from a chair without using the chair arms, top half (vs bottom half ) of walking speed
over a 3-m distance, and use/no use of a walking device.
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tors for future falls, giving us more
confidence in our findings. Second,
when gait and balance risk factors
were studied, they more frequently
predicted future falls than other
domains, suggesting that assessment
of gait and balance should remain a
mainstay of screening. To screen
patients for a gait or balance problem,
a previsit questionnaire could ask
patients whether they have noticed
any problems with gait, balance, or
mobility (LR range, 1.7-2.0). A “yes”
answer to this question could make
the patient “high risk” depending on
the patient’s pretest probability of falls.
For the remaining domains (orthos-
tatic hypotension, visual impairment,
medication review, activities of daily
living, and cognitive impairment) we

do not recommend that physicians
screen all patients if the only purpose
is to determine risk of falling. These
domains were less frequently (or not
at all) independently associated with
falls in the studies we examined.
While increasing age intuitively makes
sense as a risk factor for future falls,
age as an unadjusted predictor of falls
was not significant in 2 of 3 studies
that provided the raw data by age
group. When age is adjusted for other
variables in a multivariable analysis,
age was not as important as the history
of falls or of gait and balance abnor-
malities in predicting falls. Thus, the
fall rate is high among all age groups
older than 65 years, but age alone does
not reliably identify patients most
likely to fall.

In this study, we specifically exam-
ined only clinical findings that were sta-
tistically significant in multivariate analy-
ses. We did this to find variables that best
predict falls, rather than to determine
“root causes” of falls. In other words,
clinical findings that were not signifi-
cant in multivariate analyses (eg, ortho-
static hypotension) may still be impor-
tant causes of falls, but they failed to
predict falls as often as other variables,
perhaps because of a shared causal path-
way (such as psychotropic medications
causing orthostatic hypotension lead-
ing to falls) or because of confounding
(patients with orthostatic hypotension
also had coexisting balance impair-
ment, which predicted falls).

Some limitations apply to our re-
sults. First, selective reporting of posi-
tive findings is a known problem in the
medical literature,50 which may have
caused us to overestimate the true im-
portance of the risk factors we present.
Second, 2 studies we reviewed29,31 men-
tioned that the “oldest old” were less
likely to participate, and this finding
may apply to other studies we re-
viewed as well. These “oldest old” in-
dividuals may be more likely to have
cognitive and physical impairments,31

so the data we present may apply to a
somewhat healthier population than to
the average community-dwelling pa-
tient. Third, individuals with cogni-
tive impairment are less likely to re-
call falling,51 potentially biasing the
association of cognitive impairment and
future falls toward no effect. Fourth, not
all studies that met our criteria had data
available to calculate LRs; thus, the par-
ticular historical features and physical
findings for which we present LRs are
not representative of all potentially ef-
fective approaches to screening.

SCENARIO RESOLUTION
This patient is likely to be at high risk
for falls. Given a pretest probability of
one third (pretest odds, 1:2), an LR of
approximately 2 for self-reported mo-
bility problem (lack of balance), and
some additional increased risk associ-
ated with benzodiazepine use, her post-
test probability of falling is at least 50%.

Table 5. Risk Factors for 2 or More Falls in 12 Months

Finding

LR (95% (CI)

Positive Negative

Chu et al,26 2005 (N = 1517; 72 with recurrent falls)
History

Dementia 13 (2.3-79) 0.97 (0.94-1.0)

Stroke 3.2 (1.9-5.4) 0.87 (0.78-0.97)

Unable to complete tandem walk test as defined
by Chu et al48

2.4 (2.0-2.9) 0.51 (0.38-0.68)

Self-perceived mobility problem 2.0 (1.7-2.4) 0.48 (0.34-0.68)

Osteoarthritis of the knees 2.0 (1.0-3.9) 0.94 (0.87-1.0)

Tinetti et al,30 1995 (N = 927; 96 with recurrent falls)
Physical examination

Needs �10 s to do 3 chair stands† 2.3 (1.8-2.9) 0.66 (0.54-0.80)

Any impairment in arm strength on manual muscle testing
(scored good, fair, poor)49

1.9 (1.4-2.4) 0.74 (0.62-0.89)

Luukinen et al,34 1995 (N = 751; 85 with recurrent falls)*
History

History of �1 falls during previous year 2.3 (1.8-2.9) 0.60 (0.47-0.76)

Psychotropic (benzodiazepine or antidepressant) 1.8 (1.4-2.2) 0.67 (0.53-0.85)

Physical examination
Vibration sense absent and pain sense on knees reduced‡ 2.1 (1.5-3.1) 0.80 (0.69-0.93)

Slow gait over 10-m walk (�0.77 m/s) 2.0 (1.5-2.7) 0.73 (0.61-0.88)

Luukinen et al,35 1996 (N = 811; 88 with recurrent falls)*
History

Frequent fear of falling 2.6 (1.9-3.5) 0.70 (0.59-0.84)

�1 Falls during the previous year 2.4 (1.9-3.0) 0.61 (0.49-0.76)

Dizziness 1.5 (1.3-1.8) 0.61 (0.45-0.82)

Female 1.3 (1.2-1.5) 0.50 (0.32-0.77)

Physical examination
Poor pulse increase (�6/min) 30 s after standing up 1.4 (1.0-1.9) 0.85 (0.72-1.0)

Abbreviations: CI, confidence interval; LR, likelihood ratio.
*Samples for Luukinen et al35 and Luukinen et al32 derived from the same cohort (Heikki Luukinen, MD, written communi-

cation, January 12, 2006).
†“Get up and sit down in a chair 3 times in a row.”30

‡“Vibration sense was assessed with a tuning fork as normal, reduced, or absent on the knees and metatarsals. Pain sense
was assessed as normal or reduced by pricking gently with a needle at the level of the knees. The sense at the level of
the sternum was used as a reference for these examinations.”34
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THE BOTTOM LINE
In this literature review, the pretest
probability of falling at least once in any
given year for individuals 65 years and
older was 27% (95% CI, 19%-36%).
Since the pretest probability of 1 or
more falls in the next year ranges from
one fifth to one third for an average
older patient (pretest odds, 1:4 to 1:2),
a clinical finding with a positive LR of
2 to 4 is enough to give the patient a
posttest odds of 1:1, or a 50% chance
of falling within the next year. Find-
ings that would bring patients to a 50%
annual fall risk include having fallen ei-
ther in the past year (LR range, 2.3-
2.8) or in the past month (LR, 3.8) or
a clinically detected abnormality of gait
or balance (LR range, 1.7-2.4).

Falls are a treatable geriatric syn-
drome. Screening for fall risk is as easy
as asking, “Have you had any falls in
the past year?” and then inquiring about
gait or balance problems if the patient
has not had a fall. Screening is the first
step in preventing future falls and the
major injuries that can result from fall-
ing. By performing a multifactorial fall
assessment on a patient who screens
positive and then treating the patient’s
risk factors for falling, falls can be re-
duced by 30% to 40%.5 Medicare typi-
cally covers the services needed to treat
patients’ risk factors, including physi-
cal therapy for gait and balance prob-
lems, home evaluation of activities of
daily living and environmental haz-
ards, eye examinations, and further
medical workup for cognitive impair-
ment. Most information can be ob-
tained via a previsit questionnaire,19 by
trained office staff, or both, allowing the
clinician to focus on a more thorough
evaluation of high-risk patients.
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