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OBJECTIVES: To decrease the rate of falls in high-risk
community-dwelling older adults.

DESIGN: Randomized, controlled trial.
SETTING: Community-based.

PARTICIPANTS: Three hundred forty-nine adults aged 65
and older with two falls in the previous year or one fall in
the previous 2 years with injury or balance problems.

INTERVENTION: Subjects received two in-home visits
from a trained nurse or physical therapist who assessed falls
risk factors using an algorithm. The intervention consisted
of recommendations to the subject and their primary phy-
sician, referrals to physical therapy and other providers,
11 monthly telephone calls, and a balance exercise plan.
Control subjects received a home safety assessment.

MEASUREMENTS: The primary outcome was rate of
falls per year in the community. Secondary outcomes in-
cluded all-cause hospitalizations and nursing home admis-
sions per year.

RESULTS: There was no difference in rate of falls between
the intervention and control groups (rate ratio (RR) = 0.81,
P =.27). Nursing home days were fewer in the intervention
group (10.3 vs 20.5 days, P =.04). Intervention subjects
with a Mini-Mental State Examination (MMSE) score of 27
or less had a lower rate of falls (RR =0.55; P =.05) and, if
they lived with someone, had fewer hospitalizations
(RR=0.44, P=.05), nursing home admissions
(RR=0.15, P=.003), and nursing home days (7.5 vs
58.2, P=.008).
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CONCLUSION: This multifactorial intervention did not
decrease falls in at-risk community-living adults but did
decrease nursing home utilization. There was evidence of
efficacy in the subgroup who had an MMSE score of 27
or less and lived with a caregiver, but validation is required.
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alls are a significant source of morbidity and mortality

for older adults. In high-risk, community-dwelling older
adults, a strong reduction in falls has been demonstrated in
some multifactorial intervention studies.!~> Components of
multifactorial interventions have included physical therapy
or exercise, referrals for further medical care, decreases
in psychotropic medications, behavior modification to
decrease risky behavior, and environmental modification.'™

Multifactorial intervention studies have evaluated low-
and high-intensity approaches. High-intensity multifacto-
rial approaches, defined here as interventions having at least
five contacts and directly providing progressive exercise or
physical therapy, have successfully reduced falls.>® Low-
intensity approaches, defined as interventions with fewer
than five contacts and primarily providing recommenda-
tions and referrals, have had success when targeted to a
specific period (e.g., post-emergency department or post-
hospital),’>” but when not targeted to a specific time
period, low-intensity individualized multifactorial models
have not been successful.8-11

There is a need to evaluate practical, intermediate-in-
tensity, multifactorial models for their efficacy in reducing
falls in the community. An intermediate-intensity multifac-
torial model was defined as one that provides primarily re-
ferrals and recommendations without delivering physical
therapy or progressive exercise but with a greater number of
contacts with the older adult than a low-intensity approach
(>4). It was hypothesized that more contacts would lead to
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greater adherence and efficacy in reducing falls. The pur-
pose of this study was to test, in a randomized, controlled
trial, the efficacy of this intermediate-intensity, individual,
multifactorial model to reduce falls.

METHODS

This study was conducted in Kenosha County, Wisconsin,
between May 2002 and June 2004. Participants were
solicited from senior centers, meal sites, senior apartment
buildings, and other senior congregate sites. In addition,
county caseworkers and healthcare providers could refer
potentially eligible older adults. Enrollment criteria were
aged 65 and older, independently living in Kenosha County,
and a history of two falls in the previous year or one fall in
the previous two years with injury or gait and balance
problems. Persons were excluded if they were unable to give
informed consent and had no related caregiver in the home,
were in hospice or lived in an assisted-living facility, or were
expected to move away permanently from the area. The
University of Wisconsin Medical School human subjects
committee approved the study. Informed consent was
obtained before enrollment. Persons with inability to give
informed consent were included if they gave assent and had
a related caregiver in the home who gave informed consent.

Procedure

Randomization to intervention or control groups was based
on a computer-generated randomization table. After ob-
taining informed consent and before group assignment, the
study researcher performed a baseline in-home assessment
for function, health services use, and risk factors for falls.
After baseline assessment, a research staff member opened a
sealed envelope with study group assignment. Those in
the intervention group received an in-home multifactorial
assessment and intervention, followed by 11 monthly tele-
phone calls. The control group received an in-home assess-
ment from an occupational therapist that was limited to
home safety recommendations and advice to see their doc-
tor about falls.

Intervention

The intervention model is of a community-based multifac-
torial intervention that links participants to existing med-
ical care and service networks. The intervention used an
algorithm based on the University of Wisconsin Falls Pre-
vention Clinic, designed to identify predisposing factors for
falls; induce risk reduction changes in medical conditions,
medications, behavior, physical status, and home environ-
ment through recommendations to participants and their
physicians; and make sure these changes are long-lasting
through follow-up and linkages to other care networks.

A health professional (physical therapist (AS) or regis-
tered nurse (SC)) who received 3 days of additional training
in a standardized fashion from a geriatrician (JM) and
physical therapist (TS) on its multidisciplinary components
used the algorithm in the home. The algorithm evaluated
medications, distant vision, balance and gait, some neuro-
logical deficits, cognition, mood, home functioning, and
home safety. Tools used for the evaluations and examples of
corresponding interventions are shown in Table 1.

The therapist or nurse visited intervention participants
in their homes twice within the first 3 weeks after enroll-
ment to perform the assessment and give recommendations
and referrals. Recommendations were mailed to subjects’
primary physicians, and the participants were asked to see
their primary physician within 1 month to review the rec-
ommendations. Recommendations were made to the phy-
sicians to evaluate and reduce psychotropic medications
and provide other medical care to elucidate and treat med-
ical causes of falls. A geriatrician (including JM, RP) re-
viewed all recommendations to physicians. The algorithm
generated referrals and recommendations to physical ther-
apy and other healthcare providers based on specific crite-
ria. Required triggers for physical therapy referral included
moderate impairment on Berg Balance Scale items,!? ab-
normal gait on the Performance Oriented Mobility Assess-
ment, '3 inability to stand for 30 seconds with eyes open on
hard surface or foam,'* and history of pain with walking or
doing exercise. Optional triggers included loss of balance
with sternal nudge,'? positive Romberg test, absent vibra-
tory sensation at the ankle or metatarsal phalangeal joint,
inability to stand for 30 seconds with eyes closed on hard
surface or foam,'* total score less than 80 on the Activities
Specific Balance Confidence Scale,!® and any potentially
risky mobility-related activity of daily living (ADL)'® or
instrumental activity of daily living (IADL),!” per assessor’s
judgment. The co-investigator physical therapist (TS), who
agreed 100% of the time when the algorithm did not rec-
ommend physical therapy, reviewed all assessments. If the
algorithm did not recommend physical therapy or if the
participant refused physical therapy, then the study ther-
apist provided a set of balance and leg strengthening exer-
cises. The assessment generated referrals for further medical
evaluation and treatment (e.g., occupational therapy, oph-
thalmology, podiatry). The participant was directly referred
to ophthalmology or podiatry; referrals for physical or oc-
cupational therapy required the primary physician’s signa-
ture. The therapist or nurse assisted with setting up referrals
and facilitated acquisition of home equipment (e.g., walker
or other ambulation aid, bathroom equipment, rails). Costs
were covered by private pay or through the study.

All subjects in the intervention group were given rec-
ommendations for long-term exercise. A recommended long-
term exercise program was walking at least 4 to 5 days per
week and performance of standing balance exercises 2 to 3
days per week, preferably in a group setting. Standing bal-
ance exercise was defined as any exercise that included
weight shifts and head turn. It included activities such as
dancing, bowling, and tai chi. If the subject received outside
physical therapy, the assessor asked the therapist to prescribe
a home exercise program at the end of therapy, to encourage
participation in a group exercise program, or both. An ex-
ercise plan, a monthly exercise calendar, and 11 monthly
telephone calls from the assessor facilitated adherence to ex-
ercise. The purpose of the calls was to answer questions,
facilitate necessary referrals, and encourage adherence to
physical therapy, exercise, and other recommendations.

Baseline Data

Baseline data included demographic information (age, sex,
living arrangement), ADL function,'® IADL function,!”
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Table 1. Major Components of Assessment and Corresponding Interventions

Risk Factor and Assessment

Trigger for Further Action

Examples of Actions

Medications
1. Benzodiazepines
2. Other sleeping medications
3. Antidepressants
4. Neuroleptics

Vision
1. Distant vision (Diabetic
Retinopathy Log Scale)3? each eye
separately and both eyes together
2. Visual fields

Balance and gait
1. Clinical Test of Sensory Integration
and Balance'
2. Sternal nudge®
3. Selected Berg Balance Scale
items'2
4. Gait items from Performance
Oriented Mobility Assessment'3
5. Time to walk and step over
obstacles holding and not holding
glass of water34

Neurologic evaluation (selected)
1. Vibratory sensation
2. Romberg test

Cognition
Mini-Mental State Examination®

Mood
Short Geriatric Depression Scale?°

Functional status
Independence and fall risk with
selected activities (toileting, bathing,
dressing, meal preparation,
shopping, housekeeping, laundry,
yard work, getting mail, car transfer,
answering phone/door)™*

Home hazard evaluation’

Use of medication, over the
counter or prescribed

< 20/40 either eye or vision
differs between eyes

Visual field loss

Abnormalities on balance or
gait testing

Absent at medial malleolus or
metatarsal-phalangeal joint
Positive test

Score <24

Score>5

Any potentially risky activity,
according to self-report or
assessor judgment

Any hazards according to
checklist or assessor
judgment

Recommendations to discuss medication with
physician, reduce usage of as-needed medication;
advice for nonpharmacological options for sleep;
recommendation to physician to decrease
medication dose as able

Recommendations regarding lighting, caution in
dark or outdoors; remove clutter, throw rugs and
cords; referral to ophthalmologist or optometrist;
Caution with maneuvers and turns, turn head to
compensate, discuss with physician; Information
provided to physician

Depending on specific abnormality:

Referral to physical therapy, occupational therapy,
or both; recommendations for safe performance of
mobility tasks in home, to use assistive device, to
increase attention to environment, and to avoid
multitasking; environmental interventions;
information provided to physician

Information provided to physician; recommendation
to physician to consider further testing if etiology not
already known

Recommendation to patient to use assistive device,
increase caution in dark or on uneven surfaces,
remove clutter

Information provided to physician, with
recommendation for further testing (thyroid-
stimulating hormone, vitamin B,,) if not already
evaluated

Discussion with patient and caregiver regarding fall
risk and need for supervision

Information provided to physician, along with
recommendations for starting with lowest dose of
antidepressant and avoiding first-generation tricyclic
antidepressants

Referral to counseling service

Patient and caregiver education regarding safe
performance of task; recommendations for assistive
device use with task, glasses or footwear to improve
task safety, physical or occupational therapy
referral, task modification for specific tasks,
increased supervision, chore help, or other
assistance

Removal of throw rugs and other hazards,
recommendations for bathroom safety (grab bars,
raised toilet seat, tub seat), other home safety
recommendations, referral to supplier, occupational
therapy referral

*Selected Katz activity of daily living items'® and Lawton instrumental activities of daily living items."

7

"Home hazard evaluation checklist developed by the University of Wisconsin Falls Prevention Clinic.

Mini-Mental State Examination (MMSE) score,'® short
Geriatric Depression Scale (GDS) score,?? prior history of
falls, use of assistive device, history of impaired vision,
number of prescribed med-

comorbid medical conditions,?!

ications and psychotropic medications, current exercise,
and self-perceived health.?? Psychotropic medication cat-
egories included antidepressants, antipsychotics, sedative
hypnotics, and antihistamines. Current exercise was eval-
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uated as the number of times the subject had walked for
exercise in the past 2 weeks.

Measures of Adherence (Intervention Group)

Adherence to recommendations was monitored using
monthly telephone calls from the study assessor. Adher-
ence was categorized as visits to the primary physician,
visits to other referral providers if recommended, visits to
physical therapy if recommended, changes in medications if
recommended, use of a current assistive device or acquisi-
tion of a new assistive device, and exercise. A recommen-
dation was adhered to if it was at least partially completed
at any time in the 12-month period. Days of balance ex-
ercise and days and minutes of walking were monitored
using a monthly calendar or a telephone call if a calendar
was not returned. The physical therapist to whom the par-
ticipant was referred corroborated information regarding
number of physical therapy visits.

Follow-Up Measures

Participants were followed for falls using monthly calen-
dars.232* At the baseline interview, before group assign-
ment, the study researcher gave each participant 12
monthly falls diaries and calendars. Caregivers were asked
to help with calendar reporting.?3-25 The study researcher,
blinded to treatment assignment, called subjects who did
not return calendars. When a fall was reported, the re-
searcher interviewed the subject or caregiver to verify the
fall. An accidental fall was defined as “an event which re-
sults in a person coming to rest inadvertently on the ground
or other lower level, and other than as a consequence of the
following: sustaining a violent blow; loss of consciousness;
sudden onset of paralysis, as in stroke; an epileptic seiz-
ure.”2¢ Determination of “sustaining a violent blow” was
based on consensus of the research assistant and geriatri-
cian.?® 23 Falls occurring in the hospital, nursing home, or
community-based residential facility were excluded from
analysis.

Participants were followed for hospitalization and
nursing home utilization for 12 months using a monthly
calendar. Positive reports of hospitalization or nursing
home use were followed by telephone call to inquire about
dates and circumstances. All hospitalization and nursing
home reports were verified using medical records. ADLs
and short GDS scores were assessed at 1 year using a mailed
questionnaire.! If a questionnaire was not returned, infor-
mation was obtained by telephone.

Study Outcomes

The primary outcome was the difference between the in-
tervention and control groups in rate of accidental falls in
the community in 1 year. The denominator for the rate of
falls only included days in the community.>> Days in a hos-
pital, community-based residential facility, or nursing home
were excluded from fall rate analyses. Secondary outcomes
included all-cause hospitalization and nursing home util-
ization (number of admissions and number of days) per 52
weeks, change in ADL function (Barthel score) from base-
line to 1 year, and change in short GDS score from baseline
to 1 year.

Statistical Analysis

Differences in the primary outcome of falls rate and sec-
ondary outcomes of hospitalization rate and nursing home
admission rate were tested with the use of negative binomial
(overdispersed Poisson) regression models. The models
were used to estimate rate ratios (RRs) and 95% confidence
intervals (Cls). Rates were expressed on an annual basis and
defined as the rate per 365.25 days in the community.

Differences in secondary outcomes of hospital days and
nursing home days were tested with use of ¢ tests, not as-
suming equal variances in the two groups. Hospital days
and nursing home days were assessed as a fraction of the
total study follow-up days and expressed on an annual basis
(per 365.25 study days).

Exploratory (post hoc) subgroup analyses were per-
formed based on sex (male or female), eligibility category
(>2 falls in prior year; 1 fall in prior year with injury; 1 fall
in prior year with gait or balance problems; no qualifying
fall in prior year but at least 1 fall in prior 1-2 years with
injury or gait or balance problems). Exploratory analyses
were also examined based on MMSE score, selecting the
median score in the sample (27) as the cut off. Subgroup
analyses were performed for MMSE score (>28 vs<28);
and for MMSE score and living status (>28, lives alone;
>28, lives with someone; <28, lives alone; <28, lives with
someone).

All analyses were conducted based on intention-to-
treat principle. All tests were two-tailed. A nominal P-value
of .05 was regarded as statistically significant.

Sample Size

Assuming a falls rate of 1.14 falls per 365.25 community
days and a negative binomial variance parameter of 0.58, it
was determined that 144 subjects would be required in each
group to provide 80% power to detect a reduction in
the falls rate of 44% in the intervention group using a
two-tailed 5% level test.!>?

RESULTS

Follow-Up and Baseline Characteristics

From April 2002 to July 2003, 616 people were referred to
the study, 418 (68%) were eligible, and 349 (83 %) enrolled
(Figure 1).

Five subjects (3 in the control group, 2 in the interven-
tion group) had no postrandomization follow-up. Of the
remaining 344 subjects, 274 (80%) had at least 365 days of
follow-up. The median follow-up was 408 days; mean fol-
low-up was 363 days. Three subjects had fewer than 10
days of follow-up. There was no difference between inter-
vention and control groups in number of days of follow-up.

Baseline characteristics for intervention and control
groups are presented in Table 2. Three-fourths of the sam-
ple were female; 55% lived alone. The sample had mod-
erate disability in IADLs. The average MMSE score was 27
of 30. Eighty-seven percent had fallen at least once in the
prior year, and 54% had fallen multiple times. One-third
used an assistive device for ambulation.

Primary Outcome: Falls

There was no significant difference in rate of falls between
the intervention and control groups (1.88 vs 2.31 falls per
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Assessed for eligibility

(N=616)
Did not meet inclusion
criteria (n=198)
Eligible for study
(n=418)
Refused participation
(n=69)
Randomized
(n =349)
| ]
. . Allocated to home safety visits
Allocated to intervention [control group] (n = 175)
(n=174) group] (n =
Withdrew before any Withdreyv. before home
intervention (n = 8) safe-ty visit (n =2)
— *Died(n=1) * Died (n=0)
* Voluntary withdrawal * Voluntary withdrawal
(n=7) (n=2)

Received some of intervention
(n = 166)

Withdrew before study
completion (n =27)
* Died (n = 8)
* Voluntary withdrawal
(n =19

Completed study (n = 139)

Figure 1. Flow of subjects through the trial.

patient per year, RR =0.81, 95% CI=0.57-1.17; P =.27)
(Table 3).

Exploratory analyses showed that subjects with a
MMSE score less than 28 assigned to the interven-
tion group had a lower rate of falls than subjects assigned
to the control group (2.35 vs 4.26, RR=0.55, 95%
CI=0.30-1.00; P =.05). For the subgroup of those with
a MMSE score less than 28, the reduction in falls related
to the intervention was primarily for subjects living
with someone. Subjects in the intervention group with an
MMSE score of less than 28 who lived with someone
had a lower rate of falls than subjects in the control group
(3.10 vs 6.92, RR = 0.45, 95% CI=0.19-1.06; P =.07).
The rate of falls was similar in the intervention and control
groups for subjects with a MMSE score less than 28 who
lived alone (1.48 vs 1.42, RR = 1.04, 95% CI = 0.56-1.96;
P =.89).

There were no significant differences in the rate of falls
between the intervention group and the control group in
other subgroups.

Received home safety visit control
phase (n=173)

Withdrew before study
completion (n = 30)

* Died (n=28)
* Voluntary withdrawal
(n=22)

Completed study (n = 143)

Secondary Outcome
Hospitalizations and Hospital Days

There were no significant differences between the interven-
tion and control groups with respect to hospitalizations
(0.66 vs 0.63 hospitalizations per year, RR =1.05, 95%
CI=0.71-1.55; P =.82) (Table 3) or hospital days (3.9 vs
4.2 days per year; P =.80).

Subjects in the intervention group with a MMSE score
less than 28 who lived with someone had a lower rate of
hospitalizations than subjects in the control group (0.79 vs
1.79 hospitalizations per year, RR = 0.44, 95% CI = 0.20-
0.99; P =.05).

Subjects in the intervention group who had had one fall
in the prior year with gait or balance problems had a higher
rate of hospital admissions (0.62 vs 0.16, RR =4.02, 95%
CI=1.04-15.5; P=.04) and hospital days (2.3 vs 0.4;
P =.01) than subjects in the control group.

There were no significant differences in rate of hos-
pital admissions or number of hospital days between the
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Table 2. Baseline Characteristics of Intervention and Control Participants
Intervention Control
Baseline Characteristic (n=174) (n=175)
Age, mean + SD 79.6 +7.2 80.3+77
Female, n (%) 137 (78.7) 137 (78.3)
Living arrangement, n (%)
Alone 96 (55.2) 95 (54.3)
With spouse 51 (29.3) 52 (29.7)
With other 7 (15.5) 28 (16.0)
Number of independent instrumental activities of daily living, 48+23 49+22
mean+SD (maximum 6)
Barthel activity of daily living score, mean £+ SD (maximum 100) 85.3+16.4 88.5+16.8
Mini-Mental State Examination score, mean + SD (maximum 30) 26.9+4.2 273+ 46
Short Geriatric Depression Scale score, mean + SD (maximum 15) 27+26 3.2+ 3.1
Number of falls in previous year, mean + SD 24+26 24+24
Number of prescription medications, mean + SD 56+ 33 57+ 34
Number of psychotropic medications (antidepressants, 02+0.7 02+0.7
antipsychotics, anxiolytics, sedative hypnotics, antihistamines),
mean+SD
Use assistive device, n (%) 64 (36.8) 61 (34.9)
Decreased vision (unable to read newspaper), n (%) 30 (17.2) 28 (16.0)
Eligibility category (falls in previous year), n (%)
>2 93 (53.4) 96 (54.9)
1 with injury 34 (19.5) 30 (17.1)
1 with gait/balance problems 27 (15.5) 24 (13.7)
0 20 (11.5) 5 (14.3)

SD = standard deviation.

intervention and control groups in subgroups of men or
women or in other subgroups of eligibility categories.

Nursing Home Admissions and Nursing Home Days

There was no significant difference in rate of nursing home
admissions (0.29 vs 0.41 admissions per year, RR =0.72,
95% CI=0.38-1.35; P =.30) (Table 3). The intervention
group had significantly fewer nursing home days than the
control group (10.3 vs 20.5 days per year; P =.04).

Men who were assigned to the intervention group had
fewer nursing home days than men assigned to the control
group (7.3 vs 38.6 days per year; P =.03). For women, the
rate of nursing home admissions and the number of nursing
home days were similar in the intervention and control
groups.

Subjects in the intervention group with a MMSE score
less than 28 had a lower rate of nursing home admissions
(0.36 vs 1.03 admissions per year, RR=0.35, 95%
CI=0.15-0.83; P =.02) and nursing home days (13.8 vs
46.0 days, P =.008) than those in the control group. This
difference was related to living with someone. Subjects in
the intervention group with a MMSE score less than 28 who
lived with someone had a lower rate of nursing home
admissions (0.22 vs 1.44 admissions per year, RR =0.15,
95% CI=0.04-0.54; P=.003) and fewer nursing home
days (7.5 vs 58.2 days; P =.008) than those in the control
group.

Subjects in the intervention group with two or more
falls in the prior year had a lower rate of nursing home
admissions (0.27 vs 0.62 admissions per year, RR = 0.44,

95% CI 0.21-0.91; P =.03) and fewer nursing home days
(9.6 vs 32.6 days, P =.005). For other eligibility categories,
the rate of nursing home admissions and number of nursing
home days were similar in the intervention and control
groups.

Depression and Functional Status

The effect of the intervention on depressive symptoms and
ADL function was evaluated. For evaluation of depression,
136 people in the intervention group and 140 people in the
control group had baseline and 1-year GDS scores. Mean
change in GDS score from baseline to 1 year was 0.3 for
participants in the intervention group, versus 0.4 for par-
ticipants in the control group (P =.67). Baseline and 1-year
Barthel scores were available on 130 intervention and 135
control subjects. At 1 year, Barthel scores declined by 2.7
points in the control group, versus 1.0 points in the inter-
vention group (P =.29). Of those with a MMSE score less
than 28, there was significantly less decline in ADL function
at 1 year (change score — 0.5 for intervention vs — 9.1 for
control, P =.03).

Adherence

Table 4 shows adherence to recommendations at 4 months
and 1 year. At 4 months, adherence to recommendations
ranged from 32% (seeing podiatrist) to 93% (using assistive
device more). In general, adherence was similar at 4 months
and 1 year, with the exception of podiatry and ophthal-
mology visits and changing psychotropic medications.
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Physician adherence was more than 90% with ordering
physical therapy when it was recommended. Physical ther-
apy was recommended for 84% of participants, but only
two-thirds of those visited a therapist. The primary reason
for not seeing a therapist when recommended was partici-
pant refusal. For those who received therapy, the median
number of therapy visits was eight (interquartile range 7—
13), median duration of therapy was 37 days (interquartile
range 23-52), and all had started seeing a therapist by 4
months. The average number of days per month that bal-
ance exercise was performed was 11.3 + 9.7. Intervention
subjects reported they walked a mean of 17.4 + 9.8 days
per month, spending an average of 14 + 1.8 minutes on
each day walking.

Whether adherence was better in those with a MMSE
score less than 28 who lived with someone was examined.
Those with a MMSE score less than 28 who lived with
someone had a higher frequency of recommendations for a
new assistive device (39%). If they received physical ther-
apy, they had a higher number of visits (median 12) over a
greater number of days (median 49 days). Otherwise, this
group was similar to the overall intervention group.

Table 4. Adherence to Recommendations at 4 Months and
1 Year

Adherence n (%)

Recommendation 4 Months 1 Year

Discuss falls with primary physician

Recommended 158 (100) 159 (100)

Followed 113 (72) 140 (88)
Use assistive device more

Recommended 60 (37) 63 (39)

Followed 55 (93) 55 (95)
Obtain new assistive device

Recommended 39 (24) 41 (25)

Obtained 25 (64) 29 (76)

Used 21 (84) 25 (89)
See physical therapist

Recommended 136 (84) 135 (82)

Seen 86 (63) 84 (62)
See occupational therapist

Recommended 9 (6) 8 (5)

Seen 4 (50) 4 (50)
See podiatrist

Recommended 22 (14) 24 (15)

Seen 6 (32) 9 (47)
See ophthalmologist

Recommended 89 (55) 91 (56)

Seen 27 (36) 52 (75)

Change over-the-counter or
as-needed sleep medication

Recommended 21 (13) 21 (13)
Changed 10 (50) 12 (67)
Discuss psychotropic medications
with primary physician
Recommended 54 (33) 54 (33)
Discussed 17 (33) 37 (70)
Changed 5 (31) 18 (51)

DISCUSSION

These results demonstrate that an intermediate-intensity,
community-based multifactorial intervention is not effect-
ive in decreasing falls in community-dwelling older adults,
although it appears effective in certain subgroups. An ex-
ploratory analysis found that the rate of falls was 45%
lower for those with a MMSE score less than 28. Living
with a caregiver appeared to mediate this. In addition, why
the intervention was effective in this subgroup is unknown.
Reasons for effectiveness may be related to the delivery of
the intervention (caregiver influencing adherence to the
multifactorial program) or may have been due to the fact
that the caregiver gained a heightened awareness of falls
prevention and might have been behaving differently
around the individual (e.g., accompanying them more fre-
quently). Finally, the relationship between cognitive func-
tion, based on the MMSE, and the intervention should be
treated cautiously, because education and age strongly
influenced the MMSE. Future studies should attempt to
incorporate standard neuropsychological testing, as well as
the MMSE.

There are a number of key points regarding the effect-
iveness of this model. First, one-third of participants refused
physical therapy when it was recommended. Reasons given
were difficulty traveling, concern about cost, and disbelief
in its efficacy. Approximately half of the participants re-
ceived one-time balance exercise instruction rather than a
course of physical therapy. Second, for those receiving
physical therapy, the format of physical therapy was un-
known but may have been suboptimal. The median dura-
tion of physical therapy was slightly more than a month,
which may not be sufficient to improve balance.??"—%°
Third, the physical therapist did not always prescribe a
home exercise program at the end of therapy. Although
participants reported, per monthly calendar, doing balance
exercises an average of 1 of every 3 days during a month,
there may have been no exercise progression. Previous
literature has suggested that progressive exercise of
long duration is essential.>27-28 Last, there was delay in
adherence to some components of the intervention, includ-
ing psychotropic medication changes and visits to an
ophthalmologist.

In the community setting, economic factors may make
implementation of high-intensity models impractical.
Financial barriers often limit the numbers of visits that
participants make. In addition, financial constraints may
limit direct provision of physical therapy, exercise, or other
interventions by public health professionals, forcing reli-
ance on referrals to fee-for-service or managed care pro-
viders. To be economical to implement in the community
setting, a multifactorial intervention needs to link individ-
uals back to existing physical therapy and to their primary
provider for further health care and to existing community
resources for balance exercise programs and social services.
As suggested by previous studies, low-intensity models that
rely on recommendations and referrals may not gain patient
adherence or provide enough direct intervention to be
efficacious.®'! This study shows that telephone follow-up
alone does not significantly increase the efficacy of a
multifactorial model that provides assessment, recommen-
dations, and referrals.



JAGS APRIL 2007-VOL. 55, NO. 4

MULTIFACTORIAL FALLS INTERVENTION 497

This model reduced falls in those with a MMSE score
less than 28, although the positive finding in this subgroup
is hypothesis generating rather than hypothesis confirming.
Although the data suggest that those with lower MMSE
scores may benefit most from this model, caregiver support
appears essential, because the reduction in fall rate was
present only in those who lived with a caregiver. These re-
sults are important, because no prior study has demon-
strated an efficacious intervention for this group. One study
demonstrated that a multifactorial intervention was not ef-
fective for patients with cognitive impairment seen in the
emergency department after a fall, but they did not include
telephone follow-up as part of the intervention.?’ The cur-
rent study is also important, because, in the subgroup with
lower MMSE scores, the intervention was associated with a
reduction in nursing home admissions and nursing home
days. This is a group that is at high risk for falls and for
acute and long-term healthcare utilization, as shown by the
high rates of outcome events in the control group in this
study and by other research.3? Given the high rate of falls
and high healthcare utilization for older adults with cog-
nitive impairment and the expected growth in the popula-
tion of older adults with dementia as the population ages,
beneficial interventions for this group are particularly im-
portant.

The intervention group as a whole experienced signif-
icantly fewer nursing home days than the control group.
Men, those with two or more falls in the prior year, and
those with MMSE less than 28 had fewer nursing home
days. The intervention algorithm evaluated multifactorial
causes of falls, which may be causes of other geriatric syn-
dromes as well. Other studies have shown that geriatric
evaluation can decrease nursing home use.?!>3! This finding
is important, because reduction in nursing home use carries
large cost-savings.

This exploratory analysis found more hospitalizations
in the subgroup with 1 fall in the prior year who had gait or
balance problems who received the intervention. There was
no associated increase in falls in this subgroup to explain
this finding. This may be due to chance, although future
studies should evaluate this further.

This study has a number of limitations. First, it was
only single-blinded. Second, adherence to recommenda-
tions was only tracked at 4 months and 1 year. Third, ad-
herence to exercise relied on self-report, which may be
subject to bias.3? Fourth, it is not known to what extent the
effect in the group with low MMSE scores was due to
starting medications for dementia. Fifth, contamination of
the control group was possible, which may also have biased
toward the null. Control subjects may have sought out
other services for falls prevention as a result of the occu-
pational therapist’s visit, and physicians and physical ther-
apists in Kenosha County may have increased their
awareness of falls and appropriate therapies as a second-
ary effect of the intervention, thus potentially improving
care for control patients. Sixth, health behavior change
theory was not used to frame the follow-up telephone calls
for the intervention group, and adherence may have been
better with use of such a theoretical framework. Finally, it
was not possible to evaluate efficacy of the intervention in
subjects with a MMSE score less than 24 because of small
numbers.

In summary, this study shows that a multifactorial
model of assessment and monthly telephone follow-up,
with referrals for provision of interventions, is not success-
ful in decreasing falls, although nursing home days are re-
duced. This has important public policy implications.
Provision of community-based models of individualized
multifactorial falls prevention that are primarily referral
based, even with addition of heightened intensity of tele-
phone follow-up, does not warrant investment of public
health dollars for the purpose of decreasing falls. However,
in the subgroup of older adults at risk for falls who have a
MMSE score less than 28, efficacy appears likely in reduc-
ing falls, nursing home admissions, and nursing home days.
Efficacy appears to be enhanced for those living with some-
one. Validation of this multifactorial model in those with
low MMSE scores is important and merits further research.

ACKNOWLEDGMENTS

We gratefully acknowledge the assistance of Kurt Hansen,
MD, for review of intervention recommendations and the
staff of the Kenosha County Falls Prevention Project.

Financial Disclosure: A Prevention Grant to the Keno-
sha County Aging and Disability Resource Center from the
Wisconsin Department of Health and Family Services fund-
ed this study and work for the preparation of this report.
Jane Mahoney, Terry Shea, Robert Przybelski, and Ronald
Gangnon have received grants from the Centers for Disease
Control and Prevention. Jane Mahoney has received addi-
tional support from The Alliance Provider Quality Invest-
ment Fund. Kenosha County provided additional support
for LaVerne Jaros for conduct of this research. The authors
received no other support related to this project, nor do they
have related stock or ownership.

Author Contributions: Jane Mahoney, Terry Shea, and
Robert Przybelski: study concept and design, acquisition of
subjects and data, analysis and interpretation of data, and
preparation of manuscript. LaVerne Jaros and Ronald
Gangnon: study concept and design, analysis and interpre-
tation of data, and preparation of manuscript. Sandy Cech
and Alice Schwalbe: acquisition of subjects and data, anal-
ysis and interpretation of data, and preparation of manu-
script.

Sponsor’s Role: The funding organization had no role
in the design, collection, management, analysis, and inter-
pretation of the data.

REFERENCES

1. Close J, Ellis M, Hooper R et al. Prevention of falls in the elderly trial
(PROFET): A randomized controlled trial. Lancet 1999;353:93-97.

2. Tinetti ME, Baker DI, McAvay G et al. A multifactorial intervention to reduce
the risk of falling among elderly people living in the community. N Engl ] Med
1994;331:821-827.

3. American Geriatrics Society, British Geriatrics Society and American Academy
of Orthopedic Surgeons Panel on Falls Prevention. Guideline for the preven-
tion of falls in older persons. ] Am Geriatr Soc 2001;49:179-187.

4. Chang JT, Morton SC, Rubenstein LZ et al. Interventions for the prevention
of falls in older adults: Systematic review and meta-analysis of randomized
clinical trials. BM]J 2004;328:680-687.

5. Davison J, Bond J, Dawson P et al. Patients with recurrent falls attending
accident and emergency benefit from multifactorial intervention: A random-
ized controlled trial. Age Ageing 2005;34:162-168.

6. Day L, Fildes B, Gordon I et al. Randomised factorial trial of falls prevention
among older people living in their own homes. BMJ 2002;325:128-132.



498

MAHONEY ET AL.

APRIL 2007-VOL. 55, NO. 4 JAGS

7.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

Cumming RG, Thomas M, Gzonyi G et al. Home visits by an occupational
therapist for assessment and modification of environmental hazards: A ran-
domized trial of falls prevention. ] Am Geriatr Soc 1990;47:1397-1402.

. Van Haastregt JC, Diederiks JP, van Rossum E et al. Effects of a programme of

multifactorial home visits on falls and mobility impairments in elderly people
at risk: Randomized controlled trial. BMJ 2000;321:994-998.

. Wagner EH, LaCroix AZ, Grothaus L et al. Preventing disability and falls in

older adults: A population-based randomized trial. Am J Public Health
1994;84:1800-1806.

Vetter NJ, Lewis PA, Ford D. Can health visitors prevent fractures in elderly
people? BMJ 1992;304:888-890.

Hogan DB, MacDonald FA, Betts ] et al. A randomized controlled trial of a
community-based consultation service to prevent falls. Can Med Assoc J
2001;165:537-543.

Berg KO, Wood Dauphine SL, William JL et al. Measuring balance in
the elderly: Validation of an instrument. Can J Public Health 1992;83
(Suppl 2):S7-S11.

Tinetti ME. Performance-oriented assessment of mobility problems in elderly
patients. ] Am Geriatr Soc 1986;34:119-126.

Shumway-Cook A, Horak F. Assessing influence of sensory interaction on
balance. Phys Ther 1986;66:1548-1550.

. Powell LE, Myers AM. The Activities-specific Balance Confidence (ABC)

scale. ] Gerontol A Biol Sci Med Sci 1995;50A:M28-M34.

Katz S, Downs TD, Cash HR et al. Progress in development of the index of
ADL. Gerontologist 1970;10:20-30.

Lawton MP, Brody EM. Assessment of older people: Self-maintaining and
instrumental activities of daily living. Gerontologist 1969;9:179-186.
Mabhoney FI, Barthel DW. Functional evaluation: The Barthel index. Md State
Med ] 1965;14:61.

Folstein MF, Folstein SE, McHugh PR. ‘Mini-mental state’. A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res
1975;12:189-198.

Sheikh JI, Yesavage JA. Geriatric Depression Scale (GDS): Recent evidence and
development of a shorter version. Clin Gerontol 1986;5:165-173.

Stuck AE, Aronow HU, Steiner A et al. A trial of annual in-home compre-
hensive geriatric assessments for elderly people living in the community.
N Engl ] Med 1995;333:1184-1189.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ware J, Sherborne C. The MOS 36-item short-form health survey (SF-36).
Med Care 1992;30:473-483.

Tinetti ME, Speechley M, Ginter SE. Risk factors for falls among elderly
persons living in the community. N Engl ] Med 1988;319:1701-1707.
Nevitt MC. Ascertainment and description of falls among older persons by
self-report. In: Weindruch R, Hadley EC, Ory MG, eds. Reducing Frailty
and Falls in Older Persons. Springfield, IL: Charles C. Thomas Publisher, 1991,
pp 476-49S.

Mahoney J, Palta M, Johnson ] et al. Temporal association between hospi-
talization and rate of falls after discharge. Arch Intern Med 2000;160:2788—
2795S.

Kellogg International Work Group on the Prevention of Falls in the Elderly.
The prevention of falls in later life. Dan Med Bull 1987;34(Suppl 4):1-24.
Robertson MC, Devlin N, Gardner MM et al. Effectiveness and economic
evaluation of a nurse delivered home exercise programme to prevent falls. 1:
Randomised controlled trial. BMJ 2001;322:697-701.

Province MA, Hadley EC, Honrbrook MC et al. The effects of exercise on falls
in elderly patients: A preplanned meta-analysis of the FICSIT Trials. JAMA
1995;273:1341-1347.

Shaw FE, Bond J, Richardson DA et al. Multifactorial intervention after a fall
in older people with cognitive impairment and dementia presenting to the
accident and emergency department: Randomized controlled trial. BM]J
2003;326:73-75.

Buckner DM, Larson EB. Falls and fractures in patients with Alzheimer-type
dementia. JAMA 1987;257:1492-1495.

Stuck AE, Egger M, Hammer A et al. Home visits to prevent nursing home
admission and functional decline in elderly people: Systematic review and
meta-regression analysis. JAMA 2002;287:1022-1028.

Matt GE, Garcia M, Primicias WW et al. Exploring biases in self-reported
exercising behavior heuristics based on recency, frequency, and preference.
Percep Motor Skills 1999;88:126-128.

Early Treatment Diabetic Retinopathy Study Coordinating Center Manual
of Operations. Baltimore, MD: Diabetic Retinopathy Study Coordinating
Center, 1985.

Lundin-Olsson L, Nyberg L, Gustafson Y. Attention, frailty, and falls:
The effect of a manual task on basic mobility. J] Am Geriatr Soc 1998;46:
758-761.



