Predictors of Falls Among Elderly People

Results of Two Population-Based Studies
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® A study was performed to identify and rank risk factors for
falling among populations of institutionalized (fallers, N =79,
nonfallers, N=70) and noninstitutionalized (fallers, N=34, non-
tallers, N=234) elderly persans. Fallers were matched by age, sex,
and living location to nonfaller control subjects. A nurse practi-
tioner performed a comprehensive physical assessment in all
subjects using a standardized protocol and physician consulta-
tion. Fallers in both populations were significantly more physi-
cally and functionally impaired than control subjects. Logistic
regression identified hip weakness, poorbalance, and number of
prescribed medications as factors most strongly assoclated with
falling among institutionalized subjects. A fall prediction model
was developed from these findings yielding 76% overall predic-
tive accuracy (89% sensitivity, 60% specificity). Using the mode,
the predicted 1-year risk of falling ranged from 12% for persons
with none of the three risk factors to 100% for persons with all
three risk factors. Findings among noninstitutionalized subjects
were similar. These data support the concept of performing fo-
cused fall risk assessments to identify elderly patients at high
risk for falling.

(Arch Intern Med. 1989;149:1628-1633)

dentification of older persons at high risk of falling is a vital

medical concern. Falls are extremely common among the
elderly population, account for substantial morbidity and
mortality, and are often potentially preventable. Each year
approximately one third of the population aged 65 years and
older whoareliving at home will fall at least once, and over two
thirds of persons living in nursing homes will fall, with 10%to
25% of them experiencing a serious complication.'*

Several studies have been performed among both home-
living and institutionalized populations to define risk factors
associated with falls. These risk factors have included both
patient-related or “intrinsic” factors (eg, advanced age, spe-
cific diseases, muscle weakness, gait disorders, mental status
alterations, medications)™ and environment-related or “ex-
trinsic” factors (eg, hazardous activities, time of day, environ-
mental hazards)."""" However, these studies have been often
limited by lack of uniformity in diagnostic procedures, lack of
completeness in the clinical evaluations, uniqueness of the
study populations, or problematic data collection techniques
or study designs,

To expand the validity and usefulness of previous studies
exploring risk factors for falls, we performed a two-site study
using more detailed and systematic data collection than re-
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ported elsewhere and attempted to rank the risk factors in
order of importance. Using complete medical and environ-
mental evaluations we intended to identify specific risk fac-
tors for both institutionalized and noningtitutionalized elderly
patients that can be used by clinicians to recognize patients at
high risk for falling.

SUBJECTS AND METHODS

Two distinetly different groups of elderly persons were vecruited
ag study subjects. The first group comprised residents of the Jewish
Homes for the Aging (JHA) of Greater Los Angeles, (Calif), a multi-
level residential care facility with 400 board and caye heds aaud 330
skilled nursing home beds at the time of the study. The seeond study
group consisted of outpatients 65 years and older attending the
outpatient clinics at the Sepulveda (Calif) Veteranss Administration
Medical Center (S3VA). The study consisted of a enmparison of elinieal
data between fallers and nonfaller control subjects. The study proti-
col and assessment procedure were identieal at both sites; however,
since the JHA residents were a much older and more functionaily
impaired group than the SVA outpatients, the two study pepulutions
are considered separately throughout this article.

JHA Study Site

Residents of JHA are predominantly (75%) women and have a
mean age of 88 years, The annual fall incidence is about 120 falls por
100 beds. All known falls that occor at JHA are identified through
mursing incident reports. During the 1-year study period (October
1985 through September 1986) these reports were reviewed duily by
the research nurse practitioner (NP), who, using preestablished
eriteria, would determine which fallers were appropriate for the
study. The primary eriteria for inclusion into the study was the
oceurrence of a fall within 7 days of the time the NP reesived the
report. A fall was defined as a sudden, involuntary, and unexpeeted
landing on the ground or assumption of the horizontal position with or
without loss of consciousness or injury, reported either by the faller
or a witness. All such fallers were eligible for the study unless they
were unable to ambulate or cooperate with the assessment {eg,
severe dementia, non-English speaking). At the end of the 12-manth
study period, all ambulatory residents who had not fallen within that
period and who could cooperate were considerad eligible for the
nonfaller comparison group and were matched by sex, age, and level
of care to fallers. Voluntary informed consent, using a form approved
by the appropriate institutional review board, was obtained hy the
NP from both fallers and nonfallers before their enrollment inko the
study. Fallers were assessed within 7 days of their fall, while non-
faller control subjects were assessed within a G-month period at the
end of the observation year.

The NP administered a questionnaire and performed a detailed
chart review and physical examination in both fallers and nonfallers.
The questionnaire included an assessment of functional and mental
status using validated scales,™" and an assessment of mobility and
the use of assistive devices. In addition, the NP reviewed the medjcal
record and used the current problem list to determine active medieal
diagnoses. She also recorded any medications taken within 48 hours
before the fall, or, for the nonfall group, 48 hours bhefore the chart
review. The physical examination included & detailed quantitative
neurological and musenloskeletal assessment, visual acuity sereen-
ing, monitored pulse and blood pressure assessment with attention to
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Table 1.-~Comparison of Fallers and Nonfallers on Selected Variables*
JHA SVA
Fallers, Nonfallers, Fallars, Monfallers,
N=79 N=70 Odds Ratio (C))t N=34 N=34 Odds Ratlo (C1)
Maedicat history variables
Active diagnoses
(% prevalence)
Arthritis 37.7 (29) 38.6 (27) 0.92 {0.48,1.79) 52.9 (18) 32.4 (1) 2.35 (0.88,6.29)
Cardiac arthythmias 20.3 (16) 8.6 (6) 2.71 (0.99,7.37) 11.8 (4) 17.7 (6) 0.62 (0.16,2.44)
Diabetes 13.9 (11) 11.4 (8) 1.25 (0.47,3.32) 23.5 (8) 20,6 (7) 1.19 (0.38,2.74)
Gastrointestinal
disorder 12.7 (10) 18.6 (13) 0.64 (0.26,1.56) 23.5 (8) 2.9 (1) 10,15 (1.19,86.43)%
Hypertension 40.5 (32) 31.4 (22) 1.49 (0.76,2.91) 41,2 (14) 44,2 (15) 0.89 (0.34,232)
Incontinence 16,2 (12) 1.4 (1) 12.36 (1.56,97.69)§ 2.9 (1) 0
Visual disorders 40.5 (32) 27.1 (19) 1.83 (0.82,3.65) 17.7 (6) 8.8 (3) 221 (0.51,9.69)
No. of diagnoses
(mean = SEM) 4.6%0.19 3.8+ 0.16} 5.6*0.28 4.7+0.27¢
Use assistive device
% prevalence) 69.6 (55) 52.9 (37) 2.04 (1.04,3.00)% 32.4 (11) 2.9 (1) 15.78 (1.90,130.88)§
No. of prescription
medications taken
{mean + SEM) 3.75x0.28 291x0,25% 3.03+£0.32 2.71%0.33
No. of prescription medication
doses per day (mean  SEM) 6.39+0.54 4.61+0.46% 7.32+0.97 5.74::0.85
Activities of Daily
Living Scale"
(mean x SEM) (range, 0-6) 4.58+0.15  5.06+0.12% 559+0.13 5.970.03§
Instrumental Activities
Scale* (mean = SEM)
(range, 0-8)% 4.33+0.20 515+0.21§ 7.64+0.15 7.74 + 0,09
Physical examination variables
(% abnormal)
Vision<20/40 51.3 (39) 45.7 (32) 1.26 (0.65,2.39) 5.8 (2) 8.8 (3) 0.65 (0.10,4.13)
Cardiac abnormalities 67.5 (52) 57.1 (40) 1.56 (0.79,3.05) 44.1 (15) 32.4 (11) 1.65 (0.61,4.43)
Postural hypotension 36.4 (28) 22.9 (16) 1.93 (0.93,3.99) 14.7 (5) 8.8 (3) 1.78 (0.39,8.13)
Extrapyramidal signs 28.6 (22) 20.0 (14) 1.60 {0.74,3,44) 20.6 (7} 8.8 (3) 2,68 (0.63,11.39)
Frontal release signs 56.8 (43} 41.4 (29) 1.79 (0.83,3.44) 11.8 (4) 26.5 (9) 0.37 (0.10,1.35)
Sensory abnormalities
Upper extremities 18.2 (14) 4.3 (3) 4.97 (1.36,18.16)§ 59 (2) 2.9 (1) 2.068 (0.18,23.88)
Lower extremities 54.4 (42) 37.1 (26) 2.01 (1.03,3.92)% 324 (11) 23.5 (8) 0.64 (0.22,1.87)
Absent patellar reflex 39.0 (30) 28.6 (20) 1.58 (0.79,3.19) 14,7 (5) 11.8 (4) 1.20 (0.32,5.29)
Absent Achilles reflex 90.9 (70) 88.6 (62) 1.28 (0.44,3.76) 52,9 (18) 61.8 (21) 0.69 (0.27,1.83)
Waeak hip strength 94.8 (73) 68.6 (48) 8.36 (2.71,25.79) 50,0 (17) 8.8 (3) 10.33 (2.64,40.38);
Weak knee strength 26.0 (20) 24.3 (17) 1.09 {0.52,2.31) 38.2 (18) 6.9 (2) 9.80 (2.03,48.44)§
Weak ankle strength 18.2 (14) 31.4 (22) 0.48 (0.22,1.05) 17.5 (6) [¢] Caa
Weak shoulder strength 72,7 (56) 61.4 (43) 1.67 (0.84,3.36) 38.2 (18) 23.5 (8) 2,01 (0.70,5,76}
Waeak elbow strength 28.6 (22} 34,3 (24) 0.77 (0.38,1.54) 29.4 (10) 8.8 (3) 4.30 (1.07.17.39)
Mental Status Scale'
(mean + SEM) (range, 0-10) 5.97+0,33 6.93+0.39 9.65 0.1 2.38 £ 0.10
Balance Assessment
Scales2o#
(mean = SEM)
(range, 0-11) 9,07 +0.23 9.63+0.,18 9.1220.35 10.85:+0.15
Gait Assessment Scale®»#
(mean x SEM)
(range, 0-11) 6.49+0.25 7.57+0.36 8.12::0.61 10,50+ 0.22j

195% confidence intervals,
P05,

§P<.01,

JIP<.001.

fBoard and care residents only.
#Modified Tinetti scales.

postural changes, balance and gait evaluation (using a slightly modi-
fied version of the Tinetti scale™), and assessment of footwear and
foot problems.

Since all aspects of the fall assessment involved subjective evalua-
ion of physical findings, extensive reliability testing of the NP’
ndgment was performed before initiating the study with all three
shysician investigators. An overall reliability coefficient of 0,90 wag
ichieved between the NP and the physician investigators for all
udgmental aspects of the physical examination.

SVA Study Site

Fallers and nonfaller control subjects were recruited from five
VA outpatient clinies (general medicine, cardiology, orthopedics,
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*JHA indicates Jewish Homes for Aging of Greater Los Angeles, Calif; SVA, Sepulveda (Calif) Veterans Administration Medical Canter.

diabetes, and rheumatology). The majority of elderly patients in
these clinics are male (97%), with a mean age of 69 years, All patients
65 years and older attending these clinies during 1986 were asked
about falls at the time of their regular clinic visits. Patients who
reported falling in the previnus 12 months were sereened for the faller
study group, while those without a fall in the same period were
screened for the nonfaller group. Nonfallers were matched by age,
sex, and clinie to fallers, The study protocol, inclugionary exiteria, and
instruments used at this site were the same as those used at JHA.

Statistlcal Analysis
Initial comparisons between fallers and nonfallers were testod
using unpaired Student’s ¢ tests for equality of means for cantinuous
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[ Table 2.—A Feview of Case-Conbrol Studies on Fally: Faoiurg From
Medical History Meadicptions
Arth-  Heart incon-  Naurologic Deprag- No. Ho. Paychor ‘
Source, y Design N ritls Diseasa tinence Disorder sion Diagnosed Medications _active Qmmm A,
Nuysing home -
Wallg ot al, R 77 N N N 8 ¥ e ¥
1985 ’ ’
Tinetti et al,® P 79 N N Y N N . 1 Y [ ¥
1986
Granek et al,” R 368 Y N N Y . " Y ¥
1987
Present study R 149 N B Y N N ¥ ¥ [ e #
Home
Prudham et al.® R 2357 N ¥ N Y k4 ¥ ¥ ¥
1981
Stegman® P 1002 N Y |4
1983
Gabell et al,* P 100 N 183 b 5
1985
Buchner and Larson,' RandP 157 Y N N N N
1987
Blake et al,» R 1042 Y N N N N Y Y b &
1688
Tinstti et al,* P 336 N N N N N 5] ¥
1988
Present study R 68 B N N N N Y 4 M ¥
Hospital
Janken et al, ' R 831 N N Y Y Y . L by
1986
Morse et al,” 200 N N N N [ Y
1987

*ADL indicates activitias of daily living; R, retrospective design; N, P:-.1; ellipses, factor not considerad or not reported, 8, 1 -2 08 ¥ £ 086 pra #

prospective design.

variables and x” tests for categorical variables. Odds ratios and 95%
confidence intervals were caleulated for all eategorical variables to
represent the odds of falling. All statistical tests were two-tailed,
Becanse multiple tests were performed, a P value of .05 was assumed
toindicate a possible relationship, while a value of .01 was accepted as
stronger support of a true relationship between variables. Stepwise
logistic regression analysis was performed to determine patient vari-
ables most strongly assaciated with falling, and to derive a predictive
equation. Fallers and nonfallers were pooled; fall status was consid-
ered the dependent variable and selected patient factors were inde-
pendent variables.” An algorithm was developed empirically from
the identified independent risk factors to illustrate the way in which
the factors act together in defining fall visk., Aceuracy of the predic-
tive model was then tested prospectively in the JHA population.
Fallers and nonfallers were followed up for an additional 12 months
after their initial assessments to determine subsequent fall status,

RESULTS
JHA Site

During the 12-month study period 378 (53%) of 704 resi-
dents living at the JHA fell, A total of 79 fallers and 70
nonfallers, matched by age, sex, and level of care, were
recruited into the study. The smaller number of nonfallers is
due to a lack of eligible nonfallers among skilled nursing
residents. The study group represented 41% of all eligible
fallers (28% refused and 86% fell 7 or more days before the NP
received the incident report) and 23% of eligible nonfallers.
Comparison of eligible fallers who were enrolled with those
who were not enrolled revealed no significant difference in all
areas examined (demographics, health status, type of fall).
The mean age of subjects was 87 years, and 85% were female.
Fifty-two percent of subjects lived in the hoard-and-care
section of the JHA, while 48% lived in skilled nursing care
units.

A comparison between fallers and nonfallers on medical,
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functional, and physieal examination varizhles is presentisdin
Table 1. As expected, fallers were 3 more impaired gevup
than nonfallers, both medically and functionally, Several il
ferences between fallers and nonfallers were statistically amd
clinically significant. Fallers had more active medical preb.
Tems identified in the ehart than nonfallers; however, the only
diagnosis that had a sipgnificantly different prevadence b
tween the groups was incontinence, Fallers took almost one
more preseription medication per patient than nonfallers, and
received almost two more doses per day. Funetional stajus
seores (aetivities of daily Hving and instrumental activittes of
daily living) were significantly lower for fallers, and & greater
percentage of fallers depended on an assistive devies for
ambulatien.

On physical examination, fallers were sigmificantly more
likely than nonfallers to have hip weakness, trnpuired gait and
balance, and sensory abnormalities in both upper and lower
extremities. There were trends for fallers to have more cardt
ac abnormalities, postural hypotension, frontal-release new
rological signs, absent patellar reflexes, weak shoulder mus-
cles, and lower mental status seores than nonfatters.

Logistic regression analysis was performed on the identi
fied risk factors: balance score, gait score, mental statos
seore, presence of hip weakness, sensory abnormalities, pos
tural hypotension, functional status score, use of nssistive
device, incontinence, and number of preseription medications
taken. Three of the risk factors significantly and independent.
ly predicted falling for the combined JHA study population
hip weakness, low balance score, and the number of proserip
tion medications taken.

The regression analysis yielded a predictive squation using
the identified factors. (The logistic regression risk factor
equation is: In[p/1-pl= 3.44 + .90 [hip weakness] - .42
{balance] + .14 [medications].) the cut-point yielding the
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