ABSTRACT

Background. Falls are prevalent
in older persons and can have serious
consequences.

Methods. Data from the Longi-
tudinal Study on Aging were ana-
lyzed to study the relationship be-
tween falls and both mortality and
functional status in 4270 respondents
age 70 and over. The effects of de-
mographic traits, chronic conditions,
and disability present at baseline
were controlled for by means of mul-
tivariable analyses.

Results. Risk of death within 2
years was greater for both single fall-
ers (crude odds ratio [OR], 1.5; 95%
confidence interval [CI}, 1.1-2.0) and
multiple fallers (crude OR, 2.2; 95%
Cl, 1.7-2.8). This excess risk was dis-
sipated when selected covariates
were added to the model. No crude
or adjusted association was evident
between single falls and functional
impairment; however, multiple falls
were an independent risk factor
(adjusted OR, 1.6; 95% CI, 1.2-2.0).

Conclusions. Multiple falls in
older persons increase risk of func-
tional impairment and may indicate
underlying conditions that increase
risk of death. (4m J Public Health.
1992;82:395-400)
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Introduction

Falls are prevalent in older persons,
and the incidence of falls increases with
age. Twenty-eight percent to 33% of those
aged 65 and older report having fallen over
a l-year period, and the rates approach
50% in those over 80.!-3

Falls can have serious consequences
in older persons. People over the age of 65
have the highest mortality rate from inju-
ries, and the largest single cause of injury
mortality in this group is falls.* A study
using the Major Trauma Outcome Study
database found an 11.7% case fatality rate
for falls in geriatric patients,> and recent
data from the Dade County, Fla, commu-
nity-based Study to Assess Falls Among
the Elderly® found 2.2 deaths per 100 fall
injury events that came to medical atten-
tion, not including deaths that occurred
after discharge from the hospital. There is
some indication that longer-term out-
comes of falls may be even more scrious
than the short-term outcome statistics
would indicate. A British study of 125 pco-
ple aged 65 and older who fell in the home
reported a 1-year mortality rate of 26%,
compared with 6% in a control group, al-
though none of the deaths in those who fell
were reported as being from fall-related
causes.” Nonfatal falls can also have sc-
vere consequences in the aged: the Dade
County study® found that about half of the
fall injury events occurring at home and
requiring hospitalization resulted in dis-
charge to a nursing home.

These findings raise several ques-
tions: Are falls in older persons related to
increased mortality and disability? If so, to
what extent are these adverse outcomes
due directly to falls, rather than to factors
associated with both falling and mortality
or disability outcomes?

Several studics'-3-% show the rela-
tionship between falling and mobility dis-
orders, diseases, sensory losses, medica-
tion use, and limitations in activities of
daily living (ADLs). It has been argued
that the clevated mortality associated with
falling is caused by conditions that predis-
pose toward falling, rather than from re-
sulting trauma.” Also, it has been sug-
gested that a person who may already
have compromised gait and balance sys-
tems may fall when a new illness or con-
dition, even one that seems minor or un-
related to falling per se, occurs.” Tinetti!*
showed that a fall risk score, derived from
the number of chronic diseases present,
predicted risk of falling in older persons
better than did a mobility score alone. She
concluded that falling ““appears to result
from the accumulated effect of multiple
specific debilities.”

Researchers have found that those
who experience repeated falls differ in
some respects from those who have single
or occasional falls. Risk factors for single
falls appear to be less robust than those for
multiple falls.® One suggestion is that oc-
casional falls result primarily from extrin-
sic factors, such as environmental haz-
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TABLE 1—Covariates Used in Logistic Regression Analyses
Demographic Chronic Condition Disability
Age (1984) Osteoporosisthip fracture Difficulty in
Sex Arthritis Bathing
Marital status Hypertension Dressing
Education Heart disease Eating
Stroke Transferring
Vascular disease Walking
Diabetes Going out
Cancer Toileting
Visual deficit
Hearing deficit
Thinness

ards, while repeated falls are the result of
intrinsic factors, such as demographic fac-
tors, chronic disease, and disability.®

We have used data from the Longi-
tudinal Study on Aging (LSOA) to exam-
ine the relationship between falls, chronic
disease, disability, and mortality; the
LSOA population is a larger and more di-
verse sample population than has been ex-
amined in previous studies of falling. Spe-
cifically, we determined the following:

1. Crude 2-year mortality rates in
those who had and those who had not
fallen in the year prior to the baseline
(1984) LSOA survey

2. The extent to which history of fall-
ing in the past year predicts subsequent
mortality, when demographic factors,
chronic conditions, and functional disabil-
ities present at baseline are controlled for

3. The extent to which history of fall-
ing predicts decreased functional ability
after 2 years, when demographic vari-
ables, chronic conditions, and disabilities
present at baseline are controlled for.

Methods

The LSOA Population

For this analysis we used data from
the 1986 longitudinal follow-up of persons
70 years of age and older from the Sup-
plement on Aging to the 1984 National
Health Interview Survey (NHIS) con-
ducted by the National Center for Health
Statistics. The purpose and design of this
survey is described elsewhere.11-12

Of the persons selected for reinter-
view in 1986, 4270 met our criteria: they
had had a follow-up interview or their vital
status was known, and complete informa-
tion was available for them on variables
germane to this study.

Those who had died prior to fol-
low-up and those who were missing per-
tinent follow-up information were deleted
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from disability outcome analyses; thus the
sample size for this outcome was 3706.

The 1984 baseline interview included
self-reported data on demographic vari-
ables, health conditions (including history
of falls in the past year), and functional
status; the 1986 follow-up reported vital
status and functional status but did not
obtain additional information about health
conditions or falls.

Outcome Variables

Mortality. Mortality at follow-up was
defined as death validated through a
match with the National Death Index
(NDI), or report of death for those for
whom no NDI match was found. Five
hundred twenty-five of the 4270 individu-
als usedin this analysis had died during the
2-year follow-up period; cause of death
was not available at the time of this anal-
ysis.
Disability. Functional disability at
both baseline and follow-up was deter-
mined by reported difficulty with a modi-
fied selection of ADLs: bathing, dressing,
eating, transferring from bed or chair,
walking, going out, and toileting. Individ-
uals were coded as having difficulty with
an activity if they responded ‘“yes’ when
asked if they had difficulty accomplishing
that activity. Missing responses were de-
leted, as were those from individuals who
reported that they did not perform the ac-
tivity for reasons unrelated to health or
physical ability. “Don’t do”” responses
constituted less than 0.5% of responses for
each individual ADL.

The dichotomous disability outcome
variable was defined as having difficulty
with a greater number of ADLs in 1986
than in 1984. Individuals having difficulty
with fewer ADLs at follow-up (884, or
20.7%), as well as those whose functional
ability had not changed, were defined as
not having decreased functional ability.

Further multivariate analysis of the
association of falls and subsequent disabil-
ity was carried out with a categorical dis-
ability outcome variable: the number of
ADL:s reported at follow-up.

Exposure Variables

Respondents to the 1984 interview
were asked if they had fallen in the past 12
months. If they answered ‘‘yes” they
were asked if they had fallen once, or
more than once; 401 individuals reported
one fall and 405 reported more than one.
Single and multiple fallers were compared
separately to the reference group (those
who had not fallen). In the multivariable
analyses this comparison was accom-
plished with two dummy variables.

Covariates

Covariates used in the multivariable
logistic regression models are listed in Ta-
ble 1.

Because 14% of the baseline re-
sponses and 33% of the follow-up re-
sponses were completed by proxy respon-
dents, and proxy status was significantly
associated with multiple falls at baseline, a
variable was included in each multivari-
able model to indicate proxy status of the
respondent.

Other covariates were included in the
models if they had been shown to be as-
sociated with falls in the LSOA population
or in previous studies or (2) if they had
been shown to be associated with mortal-
ity or disability in the LSOA population or
in previous studies, and (3) if, in addition,
the variable had sufficient responses for
meaningful analysis.

Covariates were categorized as de-
mographic, chronic condition, or disabil-
ity variables. To examine the effect of spe-
cific covariates, we added all variables in
a given category to the model as a block.
Additionally, because our primary inter-
est was to examine the effect of controlling
for multiple chronic conditions and dis-
abilities rather than to examine the effects
of specific covariates upon the outcomes,
we created two ordinal variables to rep-
resent the numbers of reported chronic
conditions (0-11) and disabilities (0-7).

Demographic covariates were age in
1984, sex, marital status, and education
(two dummy variables were used to de-
scribe “low”” and ““high”” education, com-
pared with the reference category of 9-12
years). Those missing data for education
were assigned mean values (9.56 years for
males, 9.99 for females). Education was
included both as a surrogate for socioeco-
nomic status (because 20% of the respon-
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dents had not answered the question
about income) and because there appears
to be an inverse relation between educa-
tional attainment and mortality in middle-
aged and older Americans.3

Chronic condition variables included
osteoporosis/hip fracture, arthritis, hyper-
tension, heart disease (myocardial infarc-
tion, rheumatic heart disease, coronary
heart disease, and ““other heart attack”),
stroke, diabetes, vascular disease, cancer,
visual deficits, hearing deficits, and thin-
ness (body mass index < 21 kg/m?). Low
body mass index was included because
the body weight at which minimal mortal-
ity occurs increases with advancing age!*
and the curve of mortality risk versus de-
clining body mass index rises steeply for
body mass indexes of 21 and less in mid-
dle-aged and older females.1s

Disability covariates consisted of re-
ported difficulty with individual ADLs at
baseline (1984), as described above.

Analytical Methods

Our analytic strategy was to deter-
mine risks for 2-year mortality and func-
tional decline in those with and without a
history of falling, and then to examine the
same questions in multivariable models,
controlling for demographic characteris-
tics, preexisting health conditions, and
disabilities that could be related to an in-
dividual’s propensity to fall as well as to
risk of death or future disability.

Statistical analyses were performed
with the SAS package.1¢ All univariate
and multivariate analyses were weighted;
the results are thus applicable to the US
population age 70 and over.

Multiple logistic regressions were
performed with the LOGIST procedure.!?
The RTILOGIT procedure!® was used
with mortality and dichotomous disability
outcome models to generate variances in-
corporating the weighting system used to
compensate for the complex sampling de-
sign of the survey. RTILOGIT could not
be used in models with an ordinal outcome
variable; however, because the weighted
variances generated in the dichotomous
outcome model were so close to those ob-
tained with the LOGIST procedure (with-
in .0001 in all cases), we used standard
deviations generated from the LOGIST
procedure to calculate confidence inter-
vals for the ordinal outcome models. Be-
fore ordinal outcome regressions were
run, the partial proportional odds model*
was used to test for nonproportionality of
increasing response (number of ADLs)
with exposure (falls); because this was
nonsignificant, proportionality, or a com-
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mon odds ratio between any dichotomous
division in the outcome variable scale,
could be assumed.

Allmultivariable models included the
block of demographic covariates and a
variable indicating the proxy status of the
respondent.

Results

Descriptive and Cross-sectional
Statistics

Unweighted descriptive statistics for
the LSOA subpopulation used in this
analysis are shown in Table 2. The extent
to which the covariates used in the mul-
tivariable analyses are associated with
having fallen is shown in Table 3. Com-
pared with those who had not fallen,
those who had fallen once in the year
prior to baseline interview were signifi-
cantly more likely to be female, age 80 or
over, thin (BMI < 21), and unmarried,
and to report the presence of visual or
hearing difficulties, osteoporosis/hip frac-
ture, arthritis, vascular disease, and dif-
ficulty with each of the ADLs. Those who
had fallen more than once had character-
istics similar to those listed above, and in
addition were more likely to have less
than 9 years of formal education, to have
had the baseline questionnaire completed
by a proxy, and to report the presence of
hypertension, heart disease, stroke, dia-
betes, and cancer.

Mortality Outcome

Of those who reported no falls in the
year prior to their 1984 interview, 11.9%
were deceased by 1986, compared with
18% of those reporting one fall and 25.4%
of those reporting two or more falls. The
corresponding crude odds ratios were 1.5
(95% confidence interval [CI], 1.1-2.0) for
single falls and 2.2 (95% CI, 1.7-2.8) for
multiple falls (Table 4).

In the multivariable analysis, the
odds ratios for single and multiple falls de-
creased slightly in magnitude, to 1.4 and
2.0, respectively, but remained significant
at P < .05 when demographic variables
and proxy status were controlled for (Ta-
ble 5). When the block of chronic condi-
tions was added to the model, the mortal-
ity odds ratios decreased further. With
disability at baseline added to the model
with demographic and proxy variables,
the odds ratio for death decreased even
more, losing significance for single falls,
and when chronic conditions and disabil-
ities were added together, the mortality
odds ratios for single and multiple falls

Mortality, Disability, and Falls in Older Persons

TABLE 2—Characteristics of the
Study Population
n %

Agein 1984, y

70-74 1497 35.1

75-79 1082 253

80-84 1040 244

85+ 651 152
Sex

Female 2715 636

Male 1555 36.4
Race

White 3799 888

Non-White 471 11.2
Marital status

Unmarried 2286 535

Married 1984 465
Education, y

0-8 1733 406

9-12 1788 419

13+ 749 175
Body mass index (kg/m?)

<21 843 19.7

21-29 2986 69.9

30+ 441 103
Falls in year prior to 1984

None 3288 77.0

One 473 11.1

Two or more 508 119
Chronic conditions in 1984

None 338 78

1-2 1782 41.7

34 1604 37.6

5+ 546 12.8
ADL difficulties in 1984

None 3111 729

i-2 682 16.0

3-4 263 6.2

5+ 214 50
ADL difficulties in 1986

None 2226 60.1

1.2 828 223

34 325 88

5+ 327 88
Vital status in 1986

Alive 3745 87.7

Deceased 525 123
Change in number of ADL difficulties
19841986

Decrease 884 20.7

No change 2251 52.7

Increase 1135 26.6
Note. ADLs = activities of daily living.

converged at 1.3 (95% Cls, 0.9-1.7 and
0.9-1.8, respectively). Substituting num-
ber of chronic conditions or disabilities for
the individual conditions had almost no
effect on these results.

Significant covariates in the full
model (containing demographics, proxy
status, individual chronic conditions, and
individual disabilities) were age, male sex,
high education (protective), thinness, ar-
thritis (protective), stroke, cancer, diffi-
culty bathing, and difficulty toileting. In
the model with number of chronic condi-

American Journal of Public Health 397



Dunn et al.

TABLE 3—Weighted Cross-sectional Associations of Demographic Variables,
Chronic Conditions, and Activities of Daily Living with Falis

OR, One Fall OR, Two or
vs No Falls More Falis vs No
(95% ClI) Falls (95% ClI)
{n = 3762) (n = 3797)
Demographics
Age (80+ vs 70-79) 1.7 (1.4-21) 22(1.8-26)
Sex (male vs female) 0.6 (0.5-0.8) 0.7 (0609
Marital status (Marmried vs unmarried) 0.6 (0.5-0.7) 0.6 (05-0.8)
Education
(<9 vs =9 years) 1.1 (0.8-1.3) 14(12-1.7)
(>12 vs <12 years) 1.1(08-14) 08(0.7-12)
Chronic Conditions
Body mass index (<21 vs >21) 15(1.2-19) 1.4(1.1-18)
Visual deficit 15(1.2-1.8) 24(1.9-28)
Hearing deficit 13(1.1-16) 20(1.7-2.4)
Osteoporosis/hip fracture 1.8(1.3-25) 16(1.1-22)
Arthritis 1.6(1.3-1.9 241929
Hypertension 1.2(1.0-1.5) 1.6(1.3-1.9)
Heart disease 1.0 (0.8-1.3) 23(1.8-28)
Stroke 1.4(1.0-2.1) 362847
Vascular disease 15(1.1-1.9) 20(1.5-26)
Diabetes 1.1(08-15) 21(16-27)
Cancer 1.1 (0.8-1.5) 1.9 (1.5-25)
Disabilities
Difficulty bathing 22(1.7-29) 4939 86.1)
Difficulty dressing 20(1.4-28) 47 (36-6.1)
Difficulty eating 35(1.8867) 9.8 (6.4-15.0)
Difficulty walking 21(1.6-26) 48(3.958)
Difficulty transferring 23(1.7-31) 45(3557)
Difficufty going out 21(1628) 5.2(4.2-6.4)
Difficulty toileting 21(14-32) 45(33-6.1)
Self vs proxy 09(06-1.2) 14(1.1-1.8)

Note. OR = odds ratio; Cl = confidence interval.

e e e e I e e S R R LN N S
TABLE 4—Mortality Rates and Crude Mortality Odds Ratios

Alive in Deceased in
Falls in 1984 1986 1986 (%) Qdds Ratio (95% Cl)
None 2939 350 (11.9) —
One (n = 3762) 401 72 (18.0) 15(1.1-20)
Two or more
(n = 3797) 405 103 (25.4) 22(1.7-28)

Note. Cl = confidence interval.

tions and disabilities, the same demo-
graphic covariates were significant, along
with the number of chronic conditions and
number of disabilities.

Disability Outcome

In the univariate analysis (Table 6),
single falls were not significantly associ-
ated with subsequent increased disability,
but those who had fallen more than once
were more than twice as likely to report
difficulty with additional ADLs as were
those who had fallen once.

Single falls did not predict increased
disability in any of the multivariate mod-
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els, whereas multiple falls were significant
predictors in all models, both dichoto-
mous and ordinal (Tables 7 and 8). As with
the mortality outcome models, the addi-
tion of successive groups of covariates
caused a decrease in the magnitude of the
disability odds ratios for multiple falls.
Substitution of numbers of chronic condi-
tions or ADL difficulties present at base-
line for the groups of individual conditions
had little effect on the odds ratios.

A similar trend was seen in the cate-
gorical outcome models, with the disabil-
ity odds ratio for multiple falls decreasing
in magnitude but remaining significantly

greater than 1.0 as successive blocks of
covariates were added (Table 8).

Significant covariates in the categor-
ical full model with individual chronic con-
ditions were age, being married (protec-
tive), osteoporosisthip fracture, arthritis,
hypertension, heart disease, stroke, dia-
betes, proxy status, and number of func-
tional disabilities at baseline. In the model
with number of chronic conditions rather
than individual chronic conditions, there
was a significant association between this
variable and decreased functional ability.
Discussion

Although the univariate analysis
demonstrated a significant association be-
tween falls and 2-year mortality in this na-
tionally representative population, the re-
sults of the multivariable analyses support
the hypothesis that elevated mortality as-
sociated with falling in older persons is
largely due to the presence of multiple
chronic diseases and disabilities in those
who are prone to fall. Falling is not an
independent predictor of mortality when
chronic disease and functional disability
are controlled for, but it tends to be asso-
ciated with these conditions in our base-
line data. Our findings are consistent with
other studies implicating underlying dis-
ease and disability as possible causal fac-
tors in falling.

Single falls do not appear to be asso-
ciated with increased functional disability
over a 2-year follow-up, but multiple falls
are, and they remain significant, if not in-
dependent, predictors even when chronic
conditions and functional disabilities pre-
sent at baseline are controlled for. This
could be due to injuries not included in the
model, to other chronic diseases associ-
ated with both falls and disability that we
were not able to control for (e.g., parkin-
sonism, Alzheimer’s disease), or to these
and other chronic diseases that might be
undiagnosed and thus unreported. It has
also been noted that fear of falling can
cause people to restrict their normal ac-
tivities8; it is possible that a repeat faller
might limit his or her activities to the point
where ADLs are affected. Although a rel-
atively small proportion of falls result in
serious injury (such as fractures or severe
soft tissue trauma), it is possible that less
serious injuries (as well as outcomes such
as anxiety about further falls and loss of
confidence) may disproportionately affect
older persons.

In light of Tinetti’s findings implicat-
ing number of conditions as one of the
most important risk factors for falls, it is
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TABLE 5—0Odds Ratios (and 95% Confidence Intervals) from Multiple Logistic Regression Analysis: Falls as Predictors of 2-Year
Mortality, when Demographic (DM), Chronic Condition (CC), and Disability (DB) Covariates Are Controlled For (n = 4270)

Mortality, Disability, and Falls in Older Persons

Covariates
Falls in 1984 DM DM, CC DM, DB DM, CC, DB DM, No. CC DM, No. DB DM, No. CC, No. DB
One 14 14 13 1.3 13 13 12
(1.1-19) (1.0-19) (0.9-1.8) (0.9-1.8) (1.0-1.8) (09-1.7) 0.9-1.7)
Two or more 2.0 16 14 13 16 14 13
{1.5-2.6) 1z21 1119 {09-1.7) (1221 (1.1-1.9) (1.0-1.7)

Note. Al models are weighted and control for proxy responses.

interesting that controlling for number of
chronic diseases or functional disabilities
present at baseline had an effect on the
mortality and disability odds ratios for falls
almost identical to the effect of controlling
for the individual conditions. An exami-
nation of this LSOA subpopulation sug-
gests a possible explanation with regard to
chronic condition variables in the mortal-
ity outcome models. As shown in Table 1,
the majority of individuals (nearty 80%)
reported having from one to four of the
chronic conditions we examined in our
models. The most prevalent chronic con-
ditions reported were arthritis (55.2%),
hypertension (46.1%), hearing deficits
(39.7%), and visual deficits (37.0%), none
of which was a significant risk factor for
mortality in the full model. An assumption
that the majority of people reporting
chronic conditions at baseline suffer from
more than one of these prevalent but non-
fatal conditions could explain the similar
effect of controlling for number of condi-
tions as opposed to individual conditions.
In support of this assumption, a recent
analysis of comorbidities in respondents
aged 60 and older to the National Health
Interview Survey and the Supplement on
Aging found that arthritis and hyperten-
sion were the most common comorbid
conditions, reported by 24.1% of that pop-
ulation, followed by arthritis and cataract
(11.7%).20

These data provide an interesting
note on the relationship between single
and multiple falls. Although the crude
mortality odds ratio was much higher for
multiple than for single falls, the difference
between the two decreased as covariates
representing ““intrinsic” characteristics
were added to the model. When demo-
graphic, chronic condition, and disability
variables were controlled for simultane-
ously, the odds ratios and test-based con-
fidence intervals were nearly identical for
single and multiple falls, and neither were
significant predictors of mortality. On the
other hand, multiple falls predicted in-
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TABLE 6—Functional Ability Status and Crude Disability Odds Ratios

No Additional Additional
Disability in Disability Qdds Ratio

Falls in 1984 19862 in 1986 {95% CI)
None 2090 819 —
One

{n = 33086) 271 126 1.2(0.9-1.5)
Two or more

{n = 3309) 210 190 22(1.8-27)

Note. Cl = confidence interval.

Ancludes those reporting difficulty with fewer activities of daily living {ADLs) in 1986 than in 1984.

creased disability and single falls did not,
even when all covariates were added to
the model. The most likely source of bias
in comparisons of single and multiple
falls—that a substantial number of single-
fallers had additional falls prior to follow-
up—would tend to obscure this differ-
ence. Perhaps there is a temporal
difference; those experiencing multiple
falls earlier in time may be more likely to
become disabled sooner.

There are also implications for care-
givers and clinicians in the interrelation-
ships of mortality, disability, chronic
conditions, and falls. As individuals ac-
cumulate larger numbers of chronic con-
ditions and disabilities—even those that
are individually relatively benign—their
potential for experiencing adverse out-
comes from falls increases substantially.
These individuals may be most in need of
interventions to reduce both the risk and
the severity of falls. Likewise, multiple
falls in older persons should be taken se-
riously by physicians and other caregiv-
ers as indicators of possible underlying
conditions that could increase risk for
functional dependency or death within
the next few years. O
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