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Introduction
Approximately one third of adults

aged 65 years or older fall each year,'-3
implicating environmental factors in one
third to one half of their falls.4"5 While the
entire spectrum of elderly persons suffer
falls and their sequelac, the relative
contribution of intrinsic characteristics
and the environment may differ according
to the person's functional level.69 In this
paper we report the relationships be-
tween the presence of self-identified home
hazards and fall risk in both vigorous and
frail elderly persons.

Methods
Persons aged 60 years or older who

reported falling at least once in the
previous 12 months were recruited from
senior centers, scnior residences, churches,
and university-affiliated outpatient medi-
cal clinics in San Francisco, Calif. Those
unable to walk without the assistance of
another person, unable to answer the
interview questions, or living in a nursing
home were excluded. In all, 325 persons
(266 women and 59 men) were enrolled in
the study.

Baseline Assessments

All eligible participants underwent a
three-part baseline examination at the
study center. This consisted of a question-
naire administered by a trained inter-
viewer; a physical examination conducted
by an internist; and tests of neuromuscu-
lar performance. visual function, and
mental status carried out by trained lay
examiners. In addition, all participants
completed a take-home environmental
checklist that assessed home features that
potentially contributed to falls. Details of
these instruments have been previously

published"'"; summaries and descrip-
tions of selected variables are provided
here.

The standardized structured ques-
tionnaire included qucstions about demo-
graphic characteristics, falls over the past
12 months, and health and physical
functioning. Functional status was mea-
sured by a respondent's answers to ques-
tions concerning his or her ability to
perform six activities of daily living with-
out assistance from another person or the
use of special aids or equipment.

Following a standard interview by a
trained lay examiner regarding each per-
son's medical conditions and medication
use, a board-certified internist performed
a cardiovascular, neurological, and muscu-
loskeletal physical examination. A written
protocol based on standard techniques
was used.'2

Qualitative abnormalities of gait (e.g.,
stepping asymmetrv and arrvthmicity,
weaving, staggering, shuffling, and re-
duced arm swing)'3 were noted whilc the
participant walked 5 m at normal pace,
and the number of abnormalities present
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was recorded. Static balance was tested by
measuring the time a person could stand
on one leg. If the participant could not
perform a given task, the lowest possible
score was assigned.

Corrected visual acuity was mea-
sured by letter charts using a method
described by Bailey and Lovie.14 The
Mini-Mental State Examination,15 in which
participants are asked basic orientation
and recall questions, was used to assess
mental status. Depression was measured
by the Geriatric Depression Scale16 (15-
item version, adjusted for unanswered
items so that the variable analyzed was the
frequency of depressed responses per the
number of questions answered).

Participants were given a take-home
questionnaire that asked about features
of their residence that might contribute to
falls and about their safety behavior at
home. The questionnaire guided the
participants through their homes and
instructed them to look for and record
specific items, including the condition of
the floors, the presence of tripping haz-
ards, and the degree of lighting in the
hallways and passageways; conditions that
make it difficult or unsafe to use the
kitchen (e.g., cabinets that are too high or
too low); and the presence of grab bars
and nonslip surfaces in the bathroom. A
nurse practitioner used the same instru-
ment to survey 72 participants' homes to
obtain a measure of reliability.

Follow-Up Period
For the purposes of this study, a fall

was defined as "falling all the way to the
floor or ground, or falling and hitting an
object such as a chair or stair." This
definition was explained to all participants
and was printed on a postcard holder
containing 52 dated and postage-paid
postcards (one for each week of follow-
up). Participants were instructed to report
whether they had fallen in the previous
week and to mail the card immediately. If
a postcard was not received within 10 days
of the designated mailing date, the partici-
pant was contacted by telephone.

As soon as possible after each re-
ported fall, a nurse practitioner inter-
viewed the participant at home. She
reviewed the circumstances of the inci-
dent and determined whether the re-
ported fall met the study definition of
a fall.

Analysis
Outcome variables. Falls that oc-

curred because of loss of consciousness
(syncope or seizure) or sudden paralysis

were excluded. First and second falls at
home during follow-up were initially exam-
ined separately as outcome events, but the
number of second falls was too small for
meaningful interpretation. Therefore, the
sole endpoint presented in this paper is
first nonsyncopal falls at home during
follow-up. Rate ratios (RRs) for selected
predictor variables (such as environmen-
tal hazards) were calculated using the Cox
proportional hazards model available in
the EGRET statistical package.7'18 All
multivariate Cox models were adjusted
for age, sex, and race (White vs non-
White).

Several questions from the postfall
assessment were useful in determining
whether there was an environmental
contribution to the fall. This determina-
tion included whether the person re-
ported (1) that a specific hazard caused
the fall; (2) that he or she tripped or
slipped over a particular item; or (3) that
the fall occurred on stairs, steps, a curb, or
another change of level. If the response
was yes to any of these items, the fall was
classified as environmental; all other falls
were considered nonenvironmental.

Environmental scales formation. Prin-
cipal components analysis19 was used to
examine intercorrelations between items
on the home hazard checklist and to
devise meaningful scales of home safety.
Robust factor scores were computed by
counting endorsements of items that had
relatively large loadings on a given factor.
The actual magnitude of the loading was
not used in these calculations.20 The SAS
procedure PROC FACTOR, Methods =

Principal21 was used along with several
variations.

Values beyond +0.5 or -0.5 were
initially considered to make a meaningful
contribution to the principal component;
the variance explained and the plausibility
of item groupings were also used to decide
how many factors to retain. Home hazard
scales were created by adding the scores
on each of the component variables
(either 0 or 1) in the environmental
factors of interest. Higher scores translate
into poorer safety design or a more
hazardous condition in the home.

Frailty scaleformation. Principal com-
ponents analysis was again used. Baseline
items from the structured interview, the
physician's examination, and the tests of
neuromuscular performance, vision, and
mental status were used to help create an
index of frailty in older persons. Items
contained in the factors of interest (i.e.,
those with loadings beyond +0.5 or -0.5)
were then scaled so that all the items were

scored similarly ("0" for least disability,
"1" for most disability).

Next, the scaled scores on each of the
component items in the selected frailty
factors were added together to create a
composite measure of frailty. Higher
scores translate into frailer participants.

Associations between baseline home
hazard scales and environmental (and
nonenvironmental) falls during follow-up.
Polytomous logistic regression was used to
determine whether the presence of home
hazards at baseline predicted environmen-
tal (and nonenvironmental) falls during
follow-up. All logistic regression models
were fitted iteratively by maximum likeli-
hood estimation with the SYSTAT
LOGIT program.22 From these models,
odds ratios were obtained as estimates of
risk ratios.

Results
Descriptive Characteristics

During follow-up, 91 (34.2%) of the
women and 18 (30.5%) of the men
experienced one or more nonsyncopal
falls at home. Another 75 participants
(23.1%) fell at least once, but only away
from home. Six individuals died and three
dropped out prior to completing all 52
weeks of follow-up. These nine individu-
als contributed person-years of experi-
ence to the Cox models up until the time
they were censored.

In total, 252 nonsyncopal falls at
home were reported during the study: 196
for women and 56 for men. Table 1
provides the age-specific fall rates ob-
tained by dividing the total number of
nonsyncopal falls at home in each age and
sex group by the corresponding number of
person-years of follow-up. (The number
of non-Whites [n = 59] was too small to
consider separately.) Little age gradient is
apparent except for the oldest age groups
(. 80 years for women and > 75 years
for men).

When we stratified the falls accord-
ing to the order in which they occurred,
we found that first falls were more likely
to have had an environmental component
than later falls. The percentage of falls
classified as environmental according to
our definition was 46.8% for first falls,
44.6% for second falls, 34.6% for third
falls, 35.3% for fourth falls, and 18.2% for
fifth through twentieth falls during
follow-up.

We also asked about the room in the
residence where the fall occurred. First
falls during follow-up took place in vari-
ous settings (e.g., bedroom, 25%; kitchen,
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TABLE 1-Age-Specific Rates per
Person-Year of
Nonsyncopal Falls
at Home for Women
and Men over the
Follow-Up Year

Nonsyncopal
Falls

at Home
Person-

Age (y) Years Annual
at of Fall

Baseline Follow-Up No. Ratea

Women

60-64 46.2 29 0.63
65-69 55.0 38 0.69
70-74 65.7 37 0.56
75-79 46.0 27 0.59
80 52.0 65 1.25
Total 264.9 196 0.74

Men

60-64 8.7 1 0.11
65-69 9.2 5 0.54
70-74 12.5 2 0.16
75-79 12.6 16 1.27
80 13.8 32 2.32
Total 56.8 56 0.99

aRates were obtained by dividing the total
number of falls over the follow-up year in
each age and sex group by the corre-
sponding number of person-years at
risk.

8%; dining room, 22%) whereas later
(i.e., fourth and subsequent) falls were

largely confined to the bedroom.

Environmental Checklist Reliability

Good to excellent agreement was

found between the ratings of the nurse

and the study participants for items from
the environmental self-assessment having
to dowith structural hazards (e.g., K = 0.81
for "no grab bar in bathtub"); less
agreement was found for tripping and
slipping hazards (e.g., K= 0.46 for "can
make hallway small rugs move by pushing
with foot"). Agreement was poorer, as

expected, for hazards that are easily
moved or variable (e.g., K = 0.07 for
"obstacles on floor").

IndividualHome Hazards

Nine of 49 single items examined
from the baseline environmental survey
were significantly associated either posi-
tively or negatively with first nonsyncopal
falls at home during follow-up (Table 2).
While only two subjects (0.6%) reported
having loose grab bars, those who did
experienced markedly and significantly
increased rates of falls compared with

those who did not have such hazards.
Items asked about and not found to be
associated with nonsyncopal falls at home
included the numbers of floors and rooms

in the residence and the need to walk
through dark areas at night before turning
on a light.

Environmental Scales
After examining the results of all

principal components analyses, we se-

lected the first eight factors for further
inspection since these grouped items
shared common themes and their rotated
loadings were quite high (i.e., beyond
-0.5 or +0.5). The Appendix provides an

ordered listing of the environmental fac-
tors along with their constituent items.
(Factor loadings are available upon re-

quest from the corresponding author;
detailed analyses are provided else-
where.23)

Not all the factors composed of items
from the environmental survey proved
suitable for examining relations with falls
or represented home hazards per se. For
example, the underlying theme shared by
all three items reported as "problems in
transfer" (factor 5) may be intrinsic
characteristics of the individuals rather
than the design of the furniture. Consider-
ation was also given to the proper form of
the scale (dichotomized or ordinal) for
use in subsequent analyses.

Next, relationships between environ-
mental scales and falls were examined in

the study group as a whole (Table 3).
Clutter and small rug problems were

associated with slightly increased fall
frequency. Individuals who had trouble
rising from a chair or bed or walking
across a room without leaning on furni-
ture for support experienced a signifi-
cantly higher fall rate than older persons

without such difficulties.
The absence of grab bars and non-

skid rugs in the bathroom was somewhat
unexpectedly associated with fewer falls
during follow-up. A likely explanation
(based on retrospective data collected at
baseline) is that bathroom safety features
are markers for multiple prior falls. Those
individuals who expressed the "need" for
grab bars in the bathroom experienced a

slightly increased (although not statisti-
cally significant) fall frequency during
follow-up. Storage problems were not
associated with falls in the group as

a whole.

Frailty Scale

A priori categorizations of frailty
based on participants' balance and gait
scores or on other single measures were

not as useful as a composite score incorpo-
rating items from several different instru-
ments. Although many different varia-
tions were tried, results from principal
components analysis were most interpret-
able when (1) items similar to those used
in a previous report8 were included; (2)
the original (vs dichotomized) forms of
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TABLE 2-Associations between Individual Items from the Baseline Home
Hazard Checklist and First Nonsyncopal Falls during Follow-Up

First Falls
Individual Environmental % of Subjects

Survey Itema Exposedb RR 95% Clc

Bathrooms
No grab bar for toilet 84.7 0.45 0.29, 0.70
Loose or wobbly grab bars 0.6 7.83 1.91, 32.1

Bedroom
Trouble getting in/out of bed 12.1 2.26 1.40, 3.64

Trouble due to "other"d 10.2 2.46 1.50, 4.04

Living/family room
Difficulty with chairs/sofas 27.5 2.51 1.70, 3.69

Chairs/sofas too low 12.9 2.04 1.28, 3.26
Chairs/sofas too soft 8.0 2.37 1.37, 4.09
Difficulty due to "other"e 12.6 2.00 1.24, 3.23

Use of furniture for support 15.9 2.13 1.38, 3.31

altems from the environmental survey do not necessarily represent home hazards but were part of
the self-administered home survey.

bTotals may vary owing to missing numbers.
cRate ratios (RRs) and 95% confidence intervals (Cis) were estimated by the Cox proportional

hazards model using first fall as the dependent varable.
dThe most frequent responses were bad back, stiffness, arthritis, pain, and need support.
eThe most frequent responses were bad back, arthritis, nonspecffic difficulty, too weak, and

stiffness.
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the items were used; (3) the demographic
variables of age, sex, and race were

eliminated from the analysis; (4) the
number of factors was restricted to two;
and (5) orthogonal rotation was used.

Five items met our criterion for
inclusion in factor 1 ("neurologic and
muscular impairment") by having load-
ings larger than +0.5 or -0.5: Mini-
Mental State Examination score, balance
test score, number of gait abnormalities,
number of activities of daily living with

which subject needed help, and low knee
muscle tone). By contrast, only two
variables were included in factor 2 ("gets
out and about"): how often the partici-
pant went out of his or her house or

apartment in good weather, and how
often the participant left his or her
neighborhood. (Factor loadings are avail-
able upon request from the corresponding
author.)

Frailty scales were derived by adding
each of the scaled scores on the items

identified as important in factor 1 and
factor 2, separately. Cox models were

evaluated using the frailty scales derived
from the five factor 1 items and the two
factor 2 items (alone and in combination),
the home hazard scales of interest, and
interaction terms between the frailty and
home hazard scales. Results showed that
factor 1-"neurologic and muscular im-
pairment"-was important in determin-
ing fall rates in the presence of environ-
mental hazards, whereas factor 2-"gets
out and about"-was not. Because factor
2 showed no interaction with environmen-
tal hazards, we focused attention on

factor 1 when assessing frailty in further
analyses.

Next, participants were divided into
"vigorous" and "frail" groups based on

their scores on the selected frailty scale. A
cutoff point of 1.2 was selected using
stratified analyses and probability plots24
to look for homogeneous groups with
respect to fall experience, giving us twice
as many participants in the vigorous
(n = 215) as in the frail group (n = 108).
Two participants had missing values for
items that made up this frailty scale. Using
the dichotomous form of the frailty scale,
frail participants were more than twice as

likely as vigorous participants to experi-
ence one or more falls at home during
follow-up (RR = 2.24; 95% confidence
interval [CI] = 1.54,3.27).

Assessment ofInteraction

The relationships between the cre-

ated home hazard scales and falls during
follow-up in both vigorous and frail
participants are provided in Table 4.
Results show that storage problems, clut-
ter, hall rug problems, and small rug

problems are associated with somewhat
elevated fall rates in healthy, active
individuals. Hence, we combined storage
problems, clutter, and hall rug problems
into a composite home hazard scale.
(Since "small rug problems" is partially
redundant with "hall rug problems" and
represents a dichotomized scale, it was

not included.) While higher scores on this
scale were not strongly associated with an
increased fall rate in the group as a whole
(RR = 1.11; 95% CI = 0.98, 1.26 for each
additional problem recorded), more home
hazards were associated with an increased
fall rate among vigorous participants. For
example, a score of "4" on the composite
scale (meaning that four home hazards
included in this scale were reported)
compared with a score of "0" (no hazards

reported) yields a rate ratio of 2.01 (95%
CI = 1.01, 3.98) among vigorous partici-
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TABLE 3-Associations between Each Unit Increase in Environmental Scales
and First Nonsyncopal Fall during Follow-Up

First Falls

Environmental Scale Rangea Adjusted RR 95% Clb

Ordinal scales
Storage problems 0-3 1.03 0.83,1.29
Clutter 0-2 1.24 0.89,1.71
Hall rug problems 0-2 1.31 1.02,1.69
Problems in transfer 0-3 1.53 1.28,1.82
Lack of safety features in bathroom 0-3 0.78 0.64, 0.96

Cutpoint

Dichotomized scales
Small rug problems 0 vs 1-4 1.42 0.92, 2.19
Need grab bars in bathroom 0 vs 1-2 1.32 0.86, 2.04

aPermitted values are whole integers between and including the listed ranges; each unit increase
corresponds to an additional home hazard reported by the subject (see text for items included in
each of the given scales).

bAdjusted rate ratios (RRs) and 95% confidence intervals (Cis) were estimated by the Cox
proportional hazards model for each additional home hazard reported for ordinal variables and
the presence of "any" hazard vs "none" for dichotomized variables, and controlled for age, sex,
and race. The first fall during follow-up was the dependent variable.

TABLE 4-Associations between Environmental Scales and First Nonsyncopal
Falls at Home during Follow-Up, by Subjects' Frailty Status

Vigorous Subjects Frail Subjects
(n = 215)b (n = 108)b

Environmental Scalea RR 95% Clc RR 95% Clc

Ordinal scales
Storage problems 1.17 0.89,1.54 0.83 0.56,1.24
Clutter 1.23 0.78,1.96 1.21 0.76,1.93
Hall rug problems 1.50 1.07, 2.11 1.03 0.70,1.52
Problems in transfer 1.48 1.14,1.94 1.38 1.07, 1.77
Lack of safety features in bathroom 0.90 0.66,1.22 0.72 0.53,0.97
Composite home hazard scale 1.19 1.00,1.41 1.02 0.83,1.26

Dichotomized scales
Small rug problems 1.94 1.04,3.60 0.95 0.52,1.73
Need grab bars in bathroom 1.33 0.70, 2.52 1.04 0.56,1.92

aComposite home hazard scale was composed of storage problems, clutter, and hall rug problems
(see text for individual items included in each of the other scales).

bTotals may vary owing to missing data.
CAdjusted rate ratios (RRs) and 95% confidence intervals (Cis) were estimated by the Cox

proportional hazards model for each additional home hazard reported for ordinal variables and
the presence of "any" hazard vs "none" for dichotomized variables, and controlled for age, sex,
and race. The first fall during follow-up was the dependent variable.
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pants but of only 1.11 (95% CI = 0.48,
2.54) among frail participants.

The relationships between reported
difficulties rising from chairs or beds or

walking across a room without leaning on
furniture for support and increased fall
rates were significant among both vigor-
ous and frail participants, although some-

what less so in the latter. In contrast, the
presence of safety features in the bath-
room was associated with an increased
risk for falls only among frail individuals.
Finally, needing grab bars in the bath-
room was associated with a slightly higher
(although not statistically significant) fall
frequency in both vigorous and frail
individuals.

When interactions were examined by
including product terms with the home
hazard of interest and the continuous
frailty scale in the Cox proportional
hazards model, findings were consistent
with the stratified results in Table 4.

Associations between Baseline Home
Hazard Scales and Environmental
(and Nonenvironmental) Falls
during Follow-Up

Finally, we examined relationships in
vigorous and frail participants between
the baseline environmental scales and
falls with an environmental component
(environmental falls) and, for the sake of
completeness, falls without an environ-
mental component (nonenvironmental
falls) that occurred during follow-up in
order to determine whether the presence

of environmental hazards predicted envi-
ronmental falls per se. Vigorous partici-
pants living with more home hazards (as
assessed by the composite home hazard
scale) were more likely than those living
with fewer home hazards to experience
environmental falls during follow-up
(Table 5). Among frail participants, how-
ever, the effect of living with more home
hazards was small.

Discussion
The results from this research pro-

vide evidence that (1) frail older persons

experience more falls overall than do
vigorous older persons, and (2) the pres-

ence of certain home hazards (e.g., stor-
age problems, clutter, and hall rug prob-
lems) is more important in predicting falls
at home among vigorous than among frail
older persons.

This research has several strengths.
The study was prospective and had nearly
complete follow-up.25A multifaceted base-
line assessment provided self-report, phy-

sician examination, and performance-
based data with which to score the health
and functioning of the study participants.
Analytic techniques to devise scales of
home safety and of frailty were con-

structed to provide more power. Finally,
two measures of home safety were avail-
able: the environmental survey and the
postfall assessment.

On the other hand, certain limita-
tions of this study should be noted. The
nature of the environmental survey made
it necessary for us to make assumptions
regarding an individual's exposure to
several hazards. For instance, participants
too weak to prepare their own meals
would probably not report poor lighting
over work areas in the kitchen, nor would
they expose themselves to the potential
risks involved in preparing meals, such as

climbing on chairs to get to items that are

out of reach. For purposes of these
analyses, it would have been better to
determine if participants were in fact
exposed to certain items before we asked
them about hazardous conditions.

Furthermore, our assessment of
whether a fall was environmental based
on the participant's responses to the
postfall assessment also had shortcom-
ings. Noting that a hazard was involved
does not allow assessment of how this
effect is modified by functional abilities or
of whether potential hazards interact to
cause falls.26 While other approaches to
classifying falls have also relied largely on
self-report,27'28 this information is not
likely to be completely accurate and may
be affected by the seriousness of the fall.25
Other limitations of this study include the
lack of generalizability to all older persons

(especially those living in nursing homes
or with cognitive impairment2930), the
lack of repeated measures on baseline
items that may have changed over the
course of the study, and the relatively
small sample size.

Previous investigators have exam-

ined relationships between environmental
hazards and falls in older persons accord-
ing to functional ability. Lipsitz et al.
prospectively followed ambulatory frail
nursing home residents and found that
environmental hazards were rarely impli-
cated as primary causes of falls (only 4 of
70 recurrent fallers stated that environ-
mental hazards contributed directly to
their index fall).28 Speechley and Tinetti
were able to separate elderly participants
into different functional groups (frail,
transitional, and vigorous) and examine
the frequency and circumstances of falls
within each.8 While not statistically signifi-
cant, their trends indicate a greater role of
environmental factors in falls among

vigorous participants. The present find-
ings confirm and extend this research by
suggesting that vigorous participants liv-
ing with home hazards are specifically at
increased risk for falls involving home
hazards but are not at increased risk for
falls where no home hazard is involved.
The utility of environmental modifica-
tions to reduce fall rates in this active
group of older persons should therefore
be investigated.

Since falls tend to occur where
people spend the most time, home-
oriented prevention strategies may be
most effective in reducing fall rates in

older persons.5'6 Education and aware-

ness should accompany efforts to make
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TABLE 5-Associations between the Derived Environmental Scale from the
Baseline Assessment and Nonenvironmental (No Home Hazard
Involved) and Environmental (Any Home Hazard Involved) First Falls
at Home during Follow-Up, by Subjects' Frailty Status

Vigorous Participants (n = 215) Frail Participants (n = 108)

Nonenviron- Environ- Nonenviron- Environ-
mental mental mental mental

First Falls First Falls First Falls First Falls
Composite Home (n = 25)a (n = 31)a (n = 33)a (n = 20)a
Hazard Scale
(Range of 0-7) OR 95% Clib OR 95% Clb OR 95% Cl b OR 95% CIb

One-unitincrease 1.10 0.82,1.47 1.32 1.04,1.68 0.98 0.68,1.40 1.17 0.79,1.73
Four-unitincrease 1.45 0.45,4.70 3.03 1.16,7.88 0.92 0.22,3.78 1.87 0.39,8.88

aTotals may vary owing to missing data.
bOdds ratios (ORs) and 95% confidence intervals (Cls) were estimated by multinomial logistic

regression. The dependent variable was one or more falls dunng follow-up.
CComposite home hazard scale was composed of storage problems, clutter, and hall rug problems

(see "Methods" for individual iems included).
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the home environment safer.31'32 Espe-
cially critical are studies that examine
home-based behaviors and activities that
predispose to falls. It is also of interest to
know whether home hazards contribute
to injuries from falls.

Frail older persons are especially
vulnerable to injury because of repeated
falls and compromised function; thus,
every effort should be made to determine
the circumstances and conditions under
which they fall.30,31 However, active older
persons should not be ignored in fall
prevention programs. Trials of environ-
mental interventions to reduce the risk of
falls at home should focus on less frail
elderly. Preventive strategies to reduce
falls in older persons may be more
effectively designed and targeted if consid-
eration is given to living environments and
the ability of individuals to function in
their homes. O

Acknowledgments
This study was supported by grant 7550 from
the Commonwealth Fund, New York, NY, and
grant AM20684 and bone training grant
5T32AR07468-09 from the National Institutes
of Health.

The authors wish to thank Bruce Levin
and Ming Tang for their statistical advice, and
Dan Wartenberg for his program to compute
probability plots.

References
1. Campbell A, Borrie MJ, Spears GF. Risk

factors for falls in a community-based
prospective study of people 70 years and
older. J Gerontol. 1989;44(4):112-117.

2. Josephson KR, Fabacher DA, Rubenstein
LZ. Home safety and fall prevention. CGn
GeriatrMed. 1991;7:707-731.

3. Nelson RC, Amin MA. Falls in the elderly.
EmergMed Clin NorthAm. 1990;8:309-324.

4. Kellogg International Work Group on the
Prevention of Falls by the Elderly. The
prevention of falls in later life. Dan Med
Bull 1987;34(4):1-24.

5. Rubenstein LZ, Robbins AS, Schulman
BL, Rosado J, Osterweil D, Josephson KR.
Falls and instability in the elderly. J Am
Geriatr Soc. 1988;36:266-278.

6. Nevitt MC. Falls in older persons: risk
factors and prevention. In: Institute of
Medicine. The Second Fifty: Promoting
Health and Preventing Disability. Washing-
ton, DC: National Academy Press; 1990;
chap 15.

7. Cwikel J, Fried AV, Galinsky D. Falls and
psychosocial factors among community-
dwelling elderly persons: a review and
integration of findings from Israel. Public
Health Rev. 1989/90;17:39-50.

8. Speechley M, Tinetti ME. Falls and inju-
ries in frail and vigorous community elderly
persons. JAm Geriatr Soc. 1991;39:46-52.

9. Tideiksaar R, Kay AD. What causes falls?
A logical diagnostic procedure. Geriatrics.
1986;41(12):32-50.

10. Nevitt MC, Cummings SR, Kidd S, Black
D. Risk factors for recurrent nonsyncopal
falls: a prospective study. JAMA. 1989;261:
2663-2668.

11. Nevitt MC, Cummings SR, Hudes ES. Risk
factors for injurious falls: a prospective
study. J Gerontol. 1991;46(5):M164-M170.

12. Bates B. A Guide to Physical Examination.
3rd ed. New York, NY: JB Lippincott;
1983.

13. Tinetti ME. Performance-oriented assess-
ment of mobility problems in the elderly. J
Am Geriatr Soc. 1986;34:119-126.

14. Bailey IL, Lovie JE. New design principles
for visual acuity letter charts. Am J Optom
Physiol Opt. 1976;11:740-745.

15. Folstein MF, Folstein SE. Mini-Mental
State: a practical method for grading the
cognitive state of patients for the clinician.
JPsychiatrRes. 1975;12:189-198.

16. Sheikh JI, Yesavage JA. Geriatric Depres-
sion Scale (GDS): recent evidence and
development of a shorter version. Clin
GerontoL 1986;5:165-173.

17. Cox DR. Regression models and life
tables.JR Stat Soc [B]. 1972;34:187-220.

18. Epidemiological Graphics, Estimation, and
Testing Package (EGRET). Data Defini-
tion File, Version 0.1&5; Analysis Module
(PECAN), Version 1.23.21; EPIXACT, Ver-
sion 0.02. Seattle, Wash: Statistics and

Epidemiology Research Corp and CYTEL
Software Corp; 1990.

19. Afifi AA, Clark V. Computer-Aided Multi-
variate Analysis. Belmont, Calif: Wads-
worth, Inc; 1984.

20. Shrout PE, Parides M. Conventional factor
analysis as an approximation to latent trait
models for dichotomous data. Int J Meth
PsychiatrRes. 1992;2:55-65.

21. Statistical Analysis System (SAS) Institute
Inc. SASISTAT User's Guide, Release 6.03
Edition. Cary, NC: SAS Institute Inc; 1988.

22. Steinberg D, Colla P.LOGIT:A Supplemen-
tary Module for SYSTAT. Evanston, Ill:
SYSTAT, Inc; 1991.

23. Northridge M. Home Hazards, Physical
Functioning, and Nonsyncopal Falls atHome
in Older Persons. New York, NY: Columbia
University; 1993. Thesis.

24. Wartenberg D, Northridge M. Defining
exposure in case-control studies: a new
approach.Am JEpidemiol. 1991;133:1058-
1071.

25. Cummings SR, Nevitt MC, Kidd S. Forget-
ting falls: the limited accuracy of recall of
falls in the elderly. J Am Genatr Soc.
1988;36:613-616.

26. Sattin RW, Lambert Huber DA, DeVito
CA, et al. The incidence of fall injury
events among the elderly in a defined
population.AmJEpidemiol. 1990;131:1028-
1037.

27. Lach HW, Reed AT, Arfken CL, et al.
Falls in the elderly: reliabilityof a classifica-
tion system. JAm Geriatr Soc. 1991;39:197-
202.

28. Lipsitz LA, Jonsson PV, Kelley MM,
Koestner JS. Causes and correlates of
recurrent falls in ambulatory frail elderly. J
Gerontot 1991;46:M114-M122.

29. Brody EM, Kleban MH, Moss MS, Kleban
F. Predictors of falls among institutional-
ized women with Alzheimer's disease. J
Am Geriatr Soc. 1984;32:877-882.

30. Buchner DM, Larson EB. Falls and frac-
tures in patients with Alzheimer's type
dementia.JAMA. 1987;257:1492-1495.

31. Tideiksaar R. Falls among the elderly: a
community prevention program. Am J
Public Health. 1992;82:892-893.

32. Tideiksaar R. Preventing falls: home haz-
ard checklists to help older patients protect
themselves. Geriatrics. 1986;41(5):26-28.

Continued

514 American Journal of Public Health April 1995, Vol. 85, No. 4



Home Hazards and Falls

American Journal of Public Health 515

APPENDIX-The First Eight Factors Derived from Principal Components
Analysis Using Responses from the Baseline Environmental Survey
and Their Constituent Items'

Factor 1 ("Storage problems")
"Cabinets too high"
"Cabinets too low"
"Not enough storage space in kitchen"

Factor 2 ("Clutter")
"Objects stored on floor, even temporarily"
"Have to turn to avoid furniture or objects"

Factor 3 ("Small rug problems")
"Some small rugs in hallways not secured to floor"
"Can make hallway small rugs move by pushing with foot"
"Small rugs in bathroom not slip resistant"
"Can make bathroom small rugs move by pushing with foot"

Factor 4 ("Poor lighting")
"Not enough light over work areas in kitchen"
"Not enough light in bathroom"
"Not enough light in bedroom"

Factor 5 ("Problems in transfer")
"Trouble getting in/out of bed"
"Difficulty getting in/out of chairs/sofas"
"Use furniture to support self when walking across room"

Factor 6 ("Lack of safety features in bathroom")
"Lack of nonslippery surfaces in bathtub"
"No grab bar in bathtub"
"No grab bar for toilet"

Factor 7 ("Climbing aids")
"Stand on a chair when things are out of reach"
"Have a step stool which is stable and in good repair"

Factor 8 ("Need grab bars in bathroom")
"Bath or shower needs grab bars"
"Toilet needs grab bars"

aThat is, those with rotated loadings greater than +0.5 or less than -0.5.
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