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Abstract
Objective—Examine the relationship between frailty and falls.

Methods—A total of 847 Mexican-Americans from the Hispanic Established Population for the
Epidemiological Study of the Elderly were evaluated. The outcome variable was fall occurrence.
Some predictor variables included were frailty, sociodemographic variables, functional and health
status and prior falls.

Results—Those who fell were more likely to be women, not married, had prior falls, more
functional problems and poorer health. The incidence-rate-ratio (IRR) for falls was 1.9 for non-
frail individuals and 3.2 for frail individuals. Pre-frail individuals had 1.36 higher-odds of falls
(95% CI 1.11-1.67), individuals with prior falls had 1.26 higher-odds of falls (95% CI 1.15-1.37),
and those with poor balance had 1.49 higher-odds of falls (95% CI 1.15-1.95) over the two years
(p<0.01).

Discussion—Frailty increases the odds of falls in older Mexican-Americans. Interventions
tailored to reduce fall incidence and improve health-care quality for older Mexican-Americans are
needed.
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INTRODUCTION

Despite the lack of consensus on its definition, frailty is an important research topic and
clinical concept in aging (Abellan, Rolland, Morley, & Vellas, 2008; Bergman, Hogan, &
Karunananthan, 2008). There are several validated ways of measuring frailty and different
authors have proposed indices in an attempt to operationalize the concept and facilitate
detection of frailty for research and intervention purposes (Fried LP et al., 2001; Rockwood
etal., 1999).

The frailty measure proposed by Fried and colleagues, using data from the Cardiovascular
Health Study, has been widely used and validated in different populations (Espinoza &
Hazuda, 2008; Fried LP et al., 2001; Ottenbacher KJ et al., 2005). Studies using this index
have shown that it is associated with multiple adverse outcomes including falls,
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hospitalization, nursing home placement, disability and death (Abellan et al., 2008; Al Snih
et al., 2009; Ensrud et al., 2007; Fried LP et al., 2001).

Frailty is a dynamic process where different conditions interact to produce various levels or
stages of frailty (Gill, Gahbauer, Allore, & Han, 2006; Ottenbacher et al., 2009). In a recent
review, Nowak and Hubbard conceptualize the frail older person as a complex system on the
threshold of collapse (Nowak & Hubbard, 2009). In this framework, falls also result from a
complex system failure.

Researchers have shown that both frailty and falls are related yet distinct syndromes. Both
frailty and falls share risk factors and both result in common adverse events. Additionally,
frailty and falls share pathophysiologic mechanisms (Inouye, Studenski, Tinetti, & Kuchel,
2007). They are also considered geriatric syndromes and as geriatric syndromes they are
“multifactorial health conditions that occur when the accumulated effects of impairments in
multiple systems render [an older] person vulnerable to situational changes.”( Tinetti,
Inouye, Gill, & Doucette, 1995) Several of the risk factors that have been identified for falls
(older age, functional impairment, low activity level, musculoskeletal alterations and
undernutrition) are part of the cycle of frailty proposed by Fried and colleagues (Fried LP et
al., 2001; Inouye et al., 2007; Shumway-Cook et al., 2009; Tinetti & Kumar, 2010).
Identification of pathways that lead from frailty to falls as well as from falls to frailty are
therefore important to advance aging research.

To our knowledge there are no studies that address the relationship between frailty and falls
in the older Mexican Americans. The purpose of this study is to analyze the relationship
between frailty and falls in a well defined sample of older Mexican Americans. We
hypothesize that risk factors for falls will differ from commonly accepted risk factors for
other populations. We also hypothesize that being non-frail, pre-frail or frail imposes a
different risk profile for falls among this population.

Sample and procedures

Data were from the Hispanic Established Population for the Epidemiological Study of the
Elderly (H-EPESE), a longitudinal study of Mexican Americans aged 65 and over, residing
in five Southwestern states in the US. The sample and its characteristics are described
elsewhere (Markides KS, Stroup-Benham CA, &, 1999). The sampling procedure assured a
sample that could be generalized to approximately 500,000 older community dwelling
Mexican Americans living in the Southwest at baseline. In the first wave of the Hispanic
EPESE (1993-1994), 3,050 participants were interviewed. Participants were followed
approximately every two years for 14 years. After waves 5 and 6, data to assess frailty were
collected to examine the relationship of disability and frailty in this group of older adults. A
sample of 1013 older Mexican Americans were selected from wave 5 of the Hispanic
EPESE and re-interviewed in 2006 using a comprehensive battery of physical function tests.
All components necessary to compute Fried’s frailty index were included as part of the
evaluation (see description below). The same individuals were re-evaluated in 2009.

For our study we selected participants from the second and third interviews that had
complete information on frailty and falls. Of the initial 1,013 subjects, 102 died before
follow-up interview, and 64 did not have complete information on falls or one of the
components of the frailty index. Thus, the final sample consisted of 847 participants who
had complete information on the measures described below.
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Frailty—Frailty was assessed according to criteria developed by Fried and colleagues(Fried
LP et al., 2001). Their frailty index ranged from 0 to 5 and included weight loss, exhaustion,
walking speed, grip strength, and physical activity (Fried LP et al., 2001). The original
frailty index used the short version of the Minnesota Leisure Time Activity questionnaire to
determine physical activity level (Fried LP et al., 2001). We used the Physical Activity Scale
for the Elderly (PASE) (Washburn RA, Smith KW, Jette AM, & Janney CA, 1993).
Participants who scored in the lowest quintile of PASE, adjusted by gender, were
categorized as positive for low physical activity criterion (score=1). The other components
of the frailty index were used following the criteria established by Fried at al. and validated
in this population group(Fried LP et al., 2001; Ottenbacher KJ et al., 2005). Each component
of the fraily index was scored as 0 or 1 resulting in a summary score of 0 to 5. The specific
criteria for scoring each of the frailty components are described elsewhere (Ottenbacher KJ
et al., 2005).

Participants who scored 0 on the summary frailty index were categorized as not-frail.
Participants scoring 1 or 2 were considered pre-frail, and those scoring 3 or greater were
categorized as frail. The original index has been widely used in the aging research literature.
The modified version of the index using the PASE was validated for Mexican American
older adults in previous research(Ottenbacher KJ et al., 2005; Ottenbacher et al., 2009).

Falls—Prevalence of falls at baseline (2006) and follow-up (2009) interviews was assessed
using the following question: “During the last 12 months, how many times did you fall and

land on the floor or ground?” Fall status was dichotomized as having no falls versus having
one or more falls.

Covariates—Sociodemographic variables included were age (continuous), gender, marital
status (dichotomous) and years of formal education (continuous). To assess health status,
medical conditions previously reported to increased risk of falls in older Mexican Americans
were included. Participants were asked if they had ever been told by a doctor that they had:
diabetes, arthritis, hypertension, heart attack, stroke, or urinary incontinence. Answers were
dichotomized as either yes or no. Visual problems were assessed by asking individuals:
“Can you see well enough to recognize a friend or a family member who is at an arm’s
length away?” Urinary incontinence was evaluated with the question: “In the past month,
how often have you had difficulty holding your urine until you could get to the toilet?”
Answers were coded in five categories: never, hardly ever, some of the time, most of the
time, or all of the time. Answers different from “never” were considered urinary
incontinence.

Body mass index (BMI) was computed as weight in kilograms divided by height in meters
squared. Anthropometric measurements were collected in the home using the methods and
instructions similar to those employed in other EPESE studies. Height was measured using a
tape placed against the wall and weight was established using a Metro 9800 scale.

Cognitive status was evaluated with the Mini Mental State Exam (MMSE), both English and
Spanish versions (Folstein MF, Folstein SE, & McHugh PR, 1975). The total score ranges
from 0-30 where higher scores indicate better cognitive function; the total score was used as
a continuous variable. Depressive symptoms were measured using the Center for
Epidemiological Study-Depression (CES-D) scale (Radloff LS, 1977). The total score
ranges from 0-60 with higher scores indicating more depressive symptoms. The total score
was used as a continuous variable.
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Physical functioning was ascertained with activities of daily living (ADL) and instrumental
activities of daily living (IADL). Respondents were asked if they needed help doing seven
ADL tasks: walking across a small room, bathing, grooming, dressing, eating, transferring
from bed to chair, and toileting. Respondents who indicated they needed help or were unable
to do any ADL were coded as 1 for ADL disability, those with no difficulty were coded as 0
for ADL disability. For the IADL items, respondents were asked if they were able to do 10
activities: using a telephone, driving, shopping, preparing meals, performing light
housework, taking medications, handling money, doing heavy housework, walking up and
down stairs, and walking half a mile. Respondents able to perform all IADLs were coded as
0 for IADL disability and those with difficulties in any IADL were coded as 1 for IADL
disability. Use of a walking aid was also considered. Participants were asked if they used a
walking aid, answers were dichotomized as yes or no.

We also examined balance with the standing balance component of the Short Physical
Performance Battery (SPPB) (Guralnik, Ferrucci, Simonsick, Salive, & Wallace, 1995).
Using previously established criteria, performance on standing balance was classified on a
scale ranging from 0—4. Participants unable to perform the task were given a score of 0; all
other participants were given a score between 1 and 4 depending on their performance.

Statistical analysis

RESULTS

To determine if there were differences in prevalence of falls by frailty status, incident rate
ratios (IRR) were initially calculated. The sample was divided between those with falls and
those without falls and incident risk as well as rate of falls and no falls was used to calculate
IRR. Then, all covariates were compared by fall status. To identify predictors of falls in this
population between baseline and follow-up, zero-inflated Poisson regression models were
created due to the distribution of the dependent variable, where a significant percentage of
individuals reported no falls. Variables included in the Poisson models were age, gender,
frailty status, arthritis, urinary incontinence, vision, depression, disability, use of walking
aid, previous falls, BMI, cognitive function and balance. All of these variables have been
reported to be related to higher risk of falls among older Mexican Americans. All analyses
were performed using the SAS system for windows, version 9.2 (SAS Institute, Inc., Cary,
NC).

Figure 1 shows the unadjusted IRR of falls by frailty categories. Non-frail individuals
presented the lowest rates of falls (IRR 1.9), followed by pre-frail individuals (IRR 2.6) and
finally frail individuals (IRR 3.2) with the highest rates.

Table 1 shows the characteristics of the sample by fall status at baseline (2006). In the group
that fell, the percentage of pre-frail and frail individuals was higher compared to the group
that didn’t fall (52.0% vs. 46.6% for pre-frail and 14.5% vs. 10.6% for frail respectively).
Individuals that fell were older (82.2 years), more likely to be women (70.4%), had lower
education (4.8 years), were less likely to be married (36.0%), had higher rates of depressive
symptoms (21.9%) and lower cognitive function (20.9 in mean total MMSE). They also had
higher prevalence of disability (as seen with the ADIs and IADLS), had higher prevalence of
medical conditions overall, more reported using a walking aid and people who fell had
problems with balance compared to those that didn’t fall.

Table 2 shows the Poisson regression model analyzing predictors of falls at follow-up.
Individuals considered pre-frail, those with history of previous falls and those with poor
balance, had significantly increased likelihood of falls at follow-up (p<.01). The odds of
falling for pre-frail individuals were 1.36 higher compared to non-frail (95% CI 1.11-1.67),
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for those with a history of falls the odds were 1.26 higher (95% CI 1.15-1.37) and for those
with poor balance the odds were 1.50 higher (95% CI 1.15-1.95) compared to those with
good bhalance. Individuals with arthritis had 1.22 higher odds of falling (95% CI 1.00-1.49),
however, the odds were not statistically significant (p=.05). Having a better MMSE score
was a protective factor against falls (OR 0.98) however it was not statistically significant
(p=.05). None of the other covariates significantly affected the likelihood of falling at
follow-up.

DISCUSSION

In this study the risk of falling is lowest for those individuals deemed not frail, followed by
those labeled pre-frail and then those identified as frail. Individuals that fell during the two-
year period are more likely to be women, are older, have less education, have higher
prevalence of diseases, higher prevalence of disability and are likely to be frail. Statistically
significant predictors of falls for this sample are pre-frail status, prior history of falls, and
poor balance.

Forty percent of our sample reported having falls at follow-up. Previous studies on Mexican
American populations have reported lower rates of falls (Reyes-Ortiz, Al Snih, Loera, Ray,
& Markides, 2004; Schwartz et al., 1999). The rates we report are also higher compared to
other Hispanic populations (Reyes-Ortiz, Al Snih, & Markides, 2005). These differences are
probably related to the unique characteristics of the Mexican American population that have
been previously reported (Markides & Eschbach, 2005).

A recent publication reports that the five strongest risk factors for falls in older adults are:
previous falls, muscle weakness, gait alterations, balance problems and polypharmacy
(Tinetti & Kumar, 2010). Previous falls and balance problems are significant predictors of
falls in our study. Muscle weakness and gait alterations are part of the frailty index we used
and being pre-frail is also a risk factor for falls in our study. However, unlike other
population groups, commonly accepted risk factors for falls such as female gender, age,
visual impairment and disability(Shumway-Cook et al., 2009; Tinetti, 2003), among others,
were not significant in our multivariable analysis.

Several authors suggest that older Mexican Americans are a unique population with a
special morbidity and mortality profile (Markides & Eschbach, 2005). Other authors show
that in addition to this profile, older Mexican Americans have high rates of disability (Al
Snih et al., 2009; Ottenbacher et al., 2009; Peek, Ottenbacher, Markides, & Ostir, 2003).
Another alternative is that the disability rates observed at baseline among those who fell,
along with the high prevalence of medical conditions and lower quality of health care,
contribute to the different fall risk profile observed in our sample.

Our study demonstrated that pre-frail individuals have higher risk of falls. One possibility is
that despite alterations that place them in the pre-frail category, they are still independent
and more mobile than frail individuals putting them at higher risk for falling. Researchers
have shown that pre-frail individuals are less likely to be disabled and have fewer
comorbidities compared to frail individuals(Gill et al., 2006; Ottenbacher et al., 2009),
making them more mobile and more likely to engage in activities where falls can occur.
Another option is that frail individuals, because of their underlying medical condition and
how family members and healthcare providers perceive their health, may have more social
support compared to pre-frail individuals. Data supports that higher social support is related
to fewer falls (LaPlante, Kaye, Kang, & Harrington, 2004; Peel, McClure, & Hendrikz,
2007). Additionally, social support has been proposed as one of the factors contributing to
health advantages in older Mexican Americans (Markides & Coreil, 1986).
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In this study, more than 65% of older Mexican Americans reported IADL disability and
more than 30% reported ADL disability regardless of their fall status (Table 1). These
numbers are higher than previously reported in other ethnic groups (Dunlop, Song,
Manheim, Daviglus, & Chang, 2007). High disability rates increase the risk of falls (Reyes-
Ortiz et al., 2005; Shumway-Cook et al., 2009). Similarly, more than 30% of our sample
reported having diabetes, more than 55% reported having arthritis, greater than 50%
reported having hypertension and more than 35% reported having urinary incontinence.
These large percentages suggest that our sample has poor health. Poor health is also an
important predictor of falls (Tinetti et al., 1995). Finally, it is reported that Mexican
Americans have lower quality of healthcare compared to other populations (Higashi et al.,
2005).

Falls are proposed as a quality of care indicator for older adults (Higashi et al., 2005). In our
study a history of falls is a significant predictor of falls. A history of falls, in addition to high
prevalence of medical conditions suggests that quality of care is poor for our group and
provides a plausible explanation for some of our findings.

Strengths of our study include a well-defined and thoroughly analyzed cohort of older
Mexican Americans. We used a widely accepted and objective measure of frailty and
included several valid and reliable assessments of disability, functional status, and emotional
health (e.g., depressive symptoms) that have been used in previous EPESE studies.
However, our study has some limitations. First, we only have two data points, limiting our
ability to analyze trends in falls. Also, our short follow-up reduces our ability to analyze the
effect of different factors on falls over time. Finally, our sample size limits the power of
some of our sub-analyses. Also, given the dynamic nature of frailty, where individuals move
between frailty categories, we might not be identifying individuals that recover or get worse
due to the single follow-up period.

In conclusion, frailty, and more precisely pre-frailty are significant predictors of falls in
older Mexican Americans. Factors related to quality of care and disability were also
important predictors of falls in this sample. Given the catastrophic effects associated with
falls in older adults, future studies need to build on these findings and develop interventions
tailored to older Mexican Americans to help prevent falls and reduce disability and loss of
independence in this population.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Incident rate ratio of falls at follow-up by frailty status.
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Characteristics of the sample at baseline by fall status at follow-up (n=847)

Covariates Falls(n=392) No Falls (n=455)
n % n %
Age, mean (+SD) 82.2 (+4.5) 81.9 (+4.3)
Education, mean (£SD) 4.8 (£3.9) 5.2 (£3.8)
Gender (women) 276 70.4 272 59.8
Marital Status (married) 141 36.0 209 45.9
Diabetes 149 38.0 137 30.1
Arthritis 258 66.2 269 59.5
Hypertension 186 54.9 218 55.1
Heart Attack 12 31 13 2.9
Stroke 20 51 23 5.1
Urinary Incontinence 181  46.3 163 35.8
Near Vision 14 3.6 7 15
Depressive Symptoms 86 21.9 58 12.8
ADL disability 147 375 146 321
IADL disability 314 80.1 317 69.7
Uses Walking Aid 48 14.0 52 12.9
MMSE total, mean(+SD) ~ 20.9 (+4.4) 21.4 (+4.5)
Balance (From SPPB)
0(Unable) 88 226 91 20.1
1 56 144 29 6.4
2 64 16.4 60 13.3
3 41 10.5 57 12.6
4 141 36.2 216 47.7
Frailty Index
Not Frail 131 334 195 429
Pre-frail 204 52.0 212 46.6
Frail 57 14.5 48 10.6

Table 1

Page 10

SD= Standard Deviation; ADL = Activities of Daily Living; IADL = Instrumental Activities of Daily Living; MMSE = Mini Mental State Exam;

SPPB = Short Physical Performance Battery
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Poisson regressions predicting likelihood of falls between baseline and follow-up (n=847)

Parameter Estimate(f) SE  p-value
Age (years) 0.01 0.01 0.42
Gender (male) -0.16 0.11 0.13
Arthritis 0.20 0.10 0.05
Urinary Incontinence 0.09 0.09 0.37
Near Vision 0.37 0.26 0.16
Depressive Symptoms 0.00 0.13 0.99
ADL disability 0.10 0.11 0.39
IADL disability -0.02 0.13 0.91
Uses walking aid -0.28 0.17 0.09
Frailty Index
Not Frail 1.00 1.00 1.00
Pre Frail 0.31 0.11 0.003
Frail 0.32 0.17 0.06
History of Falls 0.23 0.04 <.0001
BMI 0.01 0.01 0.33
MMSE -0.02 0.01 0.05
Balance (From SPPB)
0 0.30 0.18 0.09
1 0.40 0.14  0.003
2 0.19 0.13 0.16
3 0.17 0.15 0.26
4 1.00 1.00 1.00

Table 2
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SE = Standard Error; ADL = Activities of Daily Living; IADL = Instrumental Activities of Daily Living; BMI = Body mass index; MMSE = Mini

Mental State Exam; SPPB = Short Physical Performance Battery
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