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Abstract
Falls among older adults are common, often resulting in serious injury. Previous studies
suggest that fall risk is lower among members of minority populations compared with
members of white populations. These studies were primarily conducted among older
women or were retrospective in design. Consequently, the descriptive epidemiology of
falls among older community dwelling men is lacking. To better quantify fall risk among
men by race/ethnicity, we conducted a prospective study in the Osteoporotic Fractures
in Men (MrOS) Study, a cohort of community-dwelling U.S. men aged 65 years and older
from 6 regions of the U.S. Baseline information was obtained from self-reported
questionnaires and standardized measures. Incident falls over 12 months were reported
on tri-annual mailed questionnaires. Among the 5914 men in the analysis, 5353 (90.5%)
were defined as non-Hispanic white, 244 (4.1%) as non-Hispanic African American, 191
(3.2%) as non-Hispanic Asian, and 126 (2.1%) as Hispanic. The crude 12-month fall
cumulative incidence estimates were 25.4% among whites, 26.3% among African
American, 23.7% among Asian, and 24.2% among Hispanic men. We observed no
significant differences in fall risk according to race or Hispanic ethnicity in age-adjusted
or multivariate analyses controlling for potential fall risk factors. The multivariate risk
ratios and 95% confidence intervals (Cl) in each group compared with whites were 1.01
(95% CI: 0.73-1.40) for African American, 0.92 (95% ClI: 0.64-1.34) for Asian, and 1.03
(95% CI: 0.65-1.62) for Hispanic. Factors associated with fall risk in previous studies
such as fall history, neuromuscular performance and use of certain medications were
also related to fall risk in this study but did not contribute to variation in fall risk by race or
ethnicity. This study demonstrated that previous reports of reduced fall risk among non-
white men is likely spurious due to differences in 12-month recall of falls according to
race and ethnicity. We observed no disparity in 12-month fall risk ascertained at 4-month

intervals according to race or Hispanic ethnicity in this cohort of older men.



Chapter 1

INTRODUCTION

Falls are a major public health concern among older persons. Falls are reported by 30-
50% of older adults living in the community and 25% of all falls in this population result in
serious injury (Blake et al., 1988; O'Loughlin et al., 1993). Falls are associated with 90%
of all hip fractures (Grisso et al., 1991; Varney et al., 1992, Melton et al., 1993; Marks et
al., 2003) and hip fractures are associated with greater mortality, disability and medical
costs than all other osteoporotic fractures combined (Phillips et al., 1986: Chrischilles et

al., 1991).

The economic implications of fractures are also great; fractures in the United
States may cost as much as 20 billion dollars per year, with hip fractures
accounting for over a third of the total (Praemer et al., 1992). Although most falls
do not result in a fracture, falling is a serious problem tha;[ may result in emotional
distress, fear of falling, activity limitations and loss of independence (Vellas et al.,
1987; Tinetti et al., 1988). Thus, prevention of falls becomes a major objective in
lowering morbidity and enhancing the quality of life of the population ages 65

years and older.

Gender and hip fracture risk

Higher fracture risk in women has led to a focus on female study populations.
Consequently, few studies have investigated osteoporosis, falls and fractures among
men. Although osteoporotic fracture rates are greatest among older U.S. women,
approximately 30% of all hip fractures occur in men (Poor et al., 1995). As the elderly

population and longevity increases, it is estimated that 6.8 million men will experience a



hip fracture by 2050 (Poor et al., 1995). Hip fractures account for the greatest morbidity
and mortality of all fractures, especially in men and African Americans (Cooper et al.,
1992; Jacobsen et al., 1992). One study observed that 1-year mortality after a hip
fracture was 31% in men compared with 17% in women who had experienced a hip

fracture (Forsen et al., 1999).

Race, ethnicity and hip fracture risk

Whites experience higher hip fracture rates than non-white populations (Melton et al.,
1996; Baron et al., 1996) with a two to three times higher incidence in white compared
with nonwhite women (Gallagher et al., 1980). Japanese men and women have lower
risk of hip fracture despite a lower average bone mass than whites. This suggests that
Japanese would be at higher risk for fractures, when actually the incidence of hip
fractures is half that among whites (Ross et al., 1991a). Since Japanese have lower risk
of hip fractures despite their lower bone mass, it has been hypothesized that iower fall

frequency may account for this discrepancy (Ross et al., 1991b).

As African American and Hispanic women also have lower risk of hip fracture compared
to white women (Bauer 1988), it is of interest to know if differences in fall risk explain
differences in hip fracture risk among various race and ethnic groups. Previous research
has supported this hypothesis as fall frequency has generally been reported to be higher
among whites (Nevitt et al., 1989; Davis et al., 1997; Aoyagi et al., 1998; Hanlon et al.,

2002).

Fall risk factors
Over 400 potential risk factors for falls have been identified (Masud et al., 2001). Risk

factors are classified as intrinsic (individual) or extrinsic (environmental). Intrinsic risk



factors are generally accepted to play a predominant role in the etiology of falls and are
believed to be the best predictors of falls among the elderly (Honeycutt et al., 2002).
Known intrinsic risk factors are visual and cognitive impairments, stroke or degenerative
disease, use of certain medications or a combination of medications, postural
hypotension and poor neuromuscular performance. Additionally, intrinsic risk factors are
of particular interest because most are modifiable. Neuromuscular fithess components
such as gait, balance and strength have been found to be strong predictors of falls
(Nevitt et al., 1989; Lord et al., 1994) and these factors have received particular attention
due to the potential to develop interventions targeting these factors in order to prevent

falls.

Recently published guidelines by the American Geriatrics Society rank the top 4 risk
factors for falls as 1) muscle weakness, 2) history of falls, 3) gait deficit, and 4) balance
deficit (American Geriatrics Society 2001). Diminished strength in the elderly is
predominantly due to lower muscle mass (Newman et al., 2003) and declines in muscle
mass, leg strength and power and stability are each associated with a greater fall risk in
older persons (Blake et al., 1988; Campbell et al., 1989; Nevitt et al., 1989; Lord et al,,
2001). Power, defined as the rate at which muscle force does mechanical work, is a
major determinant of muscle functional ability and may surpass strength as an important
determinant of mobility and neuromuscular function in older adults (Bassey et al., 1992;
Foldvari et al., 2000; Bean et al., 2003). However, muscle power in relation to fall risk

has not been studied.

Postural stability, as indicated by measures of either static or dynamic balance, is lower
among those who fall than among those who do not. It is particularly low among those

who fall frequently (Gehlsen et al., 1990; Lord et al., 1994; Maki et al., 1994; Dargent-



Molina et al., 1996). Higher body mass and specifically higher fat mass is associated
with poorer stability that may increase fall risk (Winters et al., 2000). Regular physical

activity has been demonstrated to significantly reduce fall risk (Carter et al., 2001).

Impaired vision, specifically, inadequate depth perception and poor contrast sensitivity
are each independently associated with increased fall risk (Lord et al., 1991; Turano et
al., 1994). The association between poor vision and instability is well documented (Lord
et al., 2000; Brooke-Wavell et al., 2002) and numerous studies have established
impaired vision as an independent risk factor for falls (Tinetti et al., 1988; Nevitt et al.,

1989; Lord et al., 1991; Lord et al., 2001).

Several prevalent medical conditions and diseases have been shown to increase fall risk
such as urinary incontinence (de Rekeneire et al., 2003), diabetes (Schwartz et al.,
2002), dizziness (Graafmans et al., 1996), arthritis, chronic obstructive pulmonary
disease and Parkinsons disease (Nevitt et al., 1989; Lawlor et al., 2003). Central
nervous system active medication use, particularly benzodiazepine use, has repeatedly
been shown to be a risk factor for falls as use may impair neuromuscular function and
cognition and may cause sedation, dizziness and postural disturbances (Ensrud et al.,

2002).

Gender and fall frequency

Falls have been established to be a major risk factor for fracture in women and data has
suggested a similar relationship in men, but the relationship is not adequately described.
Sex differences such as lower extremity strength may influence or affect the nature of
falls in men, yet studies of large cohorts of men to confirm this are lacking. One cross-

sectional study of falls observed that in men, the mid quintile of leg muscle strength was



protective for falls while no relationship between falls and leg muscle strength was seen
in women (de Rekeneire et al., 2003). Previous studies have reported higher frequency
of falls in women compared with men. One study observed 24.1% of women compared
to 18.3% of men reported a fall (de Rekeneire et al., 2003). In native Japanese, 19% of
women and 9% of men reported one or more falls during the previous year while 17% of
Japanese American women reported one or more falls compared to 11% of Japanese
American men (Aoyagi et al., 1998). Another study of Japanese American men and
women living in Hawaii observed higher incidence rates for falls in women (267 per 1000

person-years) compared with men (139 per 1000 person-years) (Davis et al., 1997).

Race, ethnicity and fall frequency

While there have been numerous investigations of falls and associated risk
factors in the elderly, there is limited information, however, about the association
between falls and race or ethnic origin. Recent publications suggest racial
differences in fall incidence may exist, however, these studies contain limitations,

especially for determining racial differences in men.

Previous studies examining fall risk in Asian populations suggest a reduced risk
of falls compared to whites. In the Hawaii Osteoporosis Study (HOS), fall
incidence among community-dwelling women in Japan was lower compared with
fall incidence in Caucasian women in the Study of Osteoporosis Fractures (SOF).
Falls in both studies were assessed by mailed questionnaire at 4-month intervals.
In age-adjusted analyses, white women were almost twice as likely to fall

compared to the Japanese women (OR 1.8; 95% Cl: 1.6-2.0) (Davis et al., 1999).



In a similar analysis, fall incidence of older, independent Japanese Americans
participating in the HOS Study were lower compared with age-adjusted fall
incidence rates for predominately white populations in other published studies
from Finland, Canada and New Zealand. Age-adjusted rate ratios of falls for
predominantly white populations compared with the Japanese participants
ranged from 1.8 to 2.3 for women and from 2.6 to 4.7 for men. Aside from the
lower incidence of falls observed in the Japanese, risk of injuries from falls was

similar for the Japanese and white populations (Davis et al., 1997).

In community-dwelling older persons, similar prevalence of falls during the
previous year was reported in native Japanese and Japanese Americans and the
prevalence was half the fall prevalence for both male and female Caucasians
observed in other studies (Aoyagi et al., 1998). A small prospective analysis of
male and female nursing home residents both in Japan and in the United States
observed nearly a 4-fold higher fall risk in Americans compared to the Japanese

residents (Lipsitz et al., 1994).

Previous studies have observed a similar or lower fall risk in African Americans
compared with whites. In a retrospective study of mobility, balance and falls
among elderly women, African Americans reported similar fall frequencies during
the previous 12 months before study entry (32.8%) compared to whites (32.2%)
(Means et al., 2000). In a small prospective study with weekly follow-up for 1
year, Nevitt et al. (1989) observed that whites were 2.3 times more likely to report
a single fall compared to blacks. White race was also a significant predictor of

two or more falls.



A prospective study with an over-sampled population of African Americans
observed a 23% reduced risk for African Americans recalling falls in the previous
12 months compared to their Caucasian counterparts. Race was not a significant
predictor of multiple falls (Hanlon et al., 2002). In a cross-sectional analysis of
falls in both sexes, white men were 1.4 times more likely to fall compared to
black men. This association was not observed in women (de Rekeneire et al.,

2003).

Less information is known about fall risk in Hispanic or Latino populations. In a small
prospective study of community-dwelling Mexican-American women, fall frequency
among the participants was similar or slightly higher than in similar studies among
Caucasian women (Schwartz et al., 1999). Information on fall frequency among Hispanic

men has not been reported in the literature.

Comparison of fall risk factors by race/ethnicity

A few of the previous studies examining differences in fall frequency by race observed
variability for some established risk factors for falls. It is possible that these differences
cause a modifying effect of race on known risk factors for falls, which explain any

differences found in fall frequency.

Nursing home residents in Japan and the United States demonstrated significant
differences in quadriceps strength, gait speed, current medications and mobility. The
U.S. residents were observed to have a lower risk of falling with increasing leg muscle
strength while no relationship between falls and muscle strength was observed in
Japanese residents. The Japanese men and women also demonstrated slower gait

speeds than their American counterparts. The investigators suggest that the relationship



between falls and muscle weakness may be modified by characteristics of the

individuals, their culture and their environment (Lipsitz et al., 1994).

Compared to white women in the Study of Osteoporotic Fractures, Japanese
women in the Hawaiian Osteoporosis Study differed substantially in their
neuromuscular performance. The white women demonstrated greater quadriceps
strength and faster hand and foot reaction times while the Japanese women
demonstrated better functioning on the neuromuscular performance and balance
tests. In age-adjusted analyses, white women were nearly twice as likely to fall
compared with Japanese women (OR 1.8; 95% ClI: 1.6-2.0). After adjustment for
neuromuscular test performance and the number of functional disabilities, the
odds ratio for fall risk remained essentially the same (OR 1.8: 95%Cl 1.5, 2.1).
Thus, adjustment for these factors did not explain the differing risk of falls (Davis

et al., 1999).

Hanlon et al. (2002) observed that fall frequency was 23% lower among African
Americans compared to whites. Due to design constraints, the study was not able to
examine muscle strength or balance differences between the groups and thus was not

able to speculate on factors that may have mediated or contributed to these differences.

Hispanic and Caucasian women may have more similar risk factors for falls. In one small
study of Hispanic women, fall frequency and identified risk factors for falls were similar to
previously established risk factors among non-Hispanic Caucasian women (Schwartz et

al., 1999). Data on risk factors for falls among Hispanic men have not been reported.



Given the importance of falls in independent functioning of the elderly and the limited
information on the association between race and falls particularly in men, a large
prospective study on race, ethnicity and fall incidence in older men is needed to
accurately describe the patterns of falls across different racial categories. Performance-
based characteristics may be responsible for differences in fracture risk between
populations (Aoyagi et al., 2001) yet there are few studies comparing neuromuscular

function in relation to falls among race and ethnic groups.

Previous studies have observed varying fall frequency within the same study
populations. Cummings et al. (1988) observed higher fall frequency when follow-up for
falls was performed weekly compared with recall of falls during the preceding 3,6, or 12
months. Lachenbruch et al. (1991) observed a larger number of falls were reported in
participants’ diary and weekly follow-up compared with falls that had been reported in
the same population during a previous study in which falls were collected every 3
months by a quarterly questionnaire. These studies suggest that the manner in which
falls are ascertained and the period of time participants are asked to remember falling

influences the frequency of falls reported.

The objectives of this study were 1) to estimate the cumulative incidence of falls among
older men, 2) to examine fall risk for variation by race or Hispanic ethnicity, and 3) to
assess fall recall period and accuracy of fall reporting by race and ethnicity. We
hypothesized that there would be a difference in cumulative incidence among race and
Hispanic ethnicity in our study population of community-dwelling older men and variance

in risk factors for falls may explain the racial fall patterns.



Chapter 2

METHODS
Participants
This analysis is part of the Osteoporotic Fractures in Men (MrOS) Study, a multi-center
prospective cohort study that will provide essential information about osteoporosis and
associated issues of aging in men. A total of 5995 community-dwelling men ages 65
years or older were recruited from the general population in six geographic regions
across the United States: Birmingham, Alabama; Minneapolis, Minnesota; Palo Alto,
California; Pittsburgh, Pennsylvania; Portland, Oregon and San Diego, California. These
sites were chosen to assure geographic and ethnic diversity in the overall study
population. Enroliment began in April 2000 and was completed in April 2002. The
recruitment method of each site was through mass mailings to male community-
members ages 65 or older, although each metropolitan area did have the flexibility to

use the most appropriate strategy to recruit locally.

Participants were considered ineligible if they met any of the following exclusion criteria:
1) unable to walk without the assistance of another person, 2) have had a bilateral hip
replacement, 3) not competent to give informed consent, 4) not expected to reside near
the clinical site for the duration of the study, or 5) have medical conditions (in the
judgment of the study physicians) which make it unlikely that they would survive the

duration of the study.

Baseline Questionnaire
At enroliment, each MrOS participant completed a comprehensive questionnaire. ltems
regarding demographic characteristics, medical history, current medication prescription

and over-the-counter medication use, lifetime tobacco smoking, current alcohol use, and

10



recent physical activity were ascertained. Urinary symptom index was determined

according to the American Urologicail Association (Barry et al., 1992).

Participants reported race and ethnicity as African American, American Indian, Alaska
Native, Asian, Pacific Islander, Hispanic or Latino, or White. Men were permitted to
indicate multiple categories on the questionnaire. In this analysis, men were included if
they reported a single race and no ethnicity or if they indicated Hispanic ethnicity
regardless of race category marked. We excluded 71 men either because they reported
more than 1 race or reported a race that in total had small numbers. For example, only 7
men reported race as American Indian, therefore that group was not included in the final
analysis. Ten participants were excluded because they died or terminated before the first
follow-up questionnaire and thus did not contribute any information on falls during follow-
up. Of the 5914 men in the final analysis, 5353 (90.5%) were white non-Hispanic, 244
(4.1%) were African American non-Hispanic, 191 (3.2%) were Asian non-Hispanic and
126 (2.1%) were Hispanic. We took this approach in order to classify the participants
according to accepted demographic practice but also because there was little overlap

between the racial categories and Hispanic ethnicity.

Physical activity in the past seven days was quantified using the Physical Activity Scale
for the Elderly (PASE) (Washburn et al., 1993), a test designed to capture leisure
activities such as gardening and quantify them into a reliable measurement of physical
activity. The reliability of the PASE instrument administered by mail is high (r=0.84 for
test-retest reliability over 3-7 days) (Washburn et al., 1993). A total PASE score and
scores for each activity domain are computed according to published information

(Washburn et al., 1993). In order to specifically determine daily walking status, as part of

11



the baseline questionnaire, participants were asked, “Do you take walks for exercise,

daily or almost everyday?”

Body Composition

Total lean mass and total body fat mass were obtained by dual energy x-ray
absorptiometry (DXA). All study sites used the same model of fan beam scanner (QDR
Model 4500W, Hologic Inc., Waltham, MA) for consistency between measures. All
measures were obtained and analyzed using the manufacturer’s specifications. Scans
were analyzed at the clinical sites and the results transmitted to the Coordinating Center
(University of California at San Francisco) for quality assurance and collation. Height
was obtained using a stadiometer. Weight was measured by the use of a standard scale.

Body mass index (BMI) was calculated as weight (kg)/height (m)?.

Visual Function

Measures of visual acuity, contrast sensitivity and depth perception were obtained with
standard assessments. Visual acuity was measured using Bailey-Lovie letter charts
(Bailey and Lovie, 1976) at a distance of 10 feet with uniform illumination and the use of
any corrective eyewear. If a participant was unable to read the chart at the standard
distance of 10 feet, the test was readministered at 5 feet. To account for this, the visual
acuity score was adjusted for these participants by subtracting 15 from the score
recorded in the raw data file to account for the alternative distance. A VISTECH VCTS
6500 wall chart (Vision Contrast Test System, Vistech Consultants Incorporation Dayton,
OH, USA), and light meter was used to measure contrast sensitivity for the Pelli-Robson
test (Pelli et al., 1988). A score of 2.0 indicates normal contrast sensitivity of 100

percent. Scores less than 2.0 signify poorer contrast sensitivity. Depth perception was

12



measured using the Frisby Stereo Test (Richmond Products, Boca Raton, FL) (Frisby

1980). Higher scores on the Frisby Stereo Test indicate poorer depth perception.

Neuromuscular performance
Participants completed an array of standardized performance-based tests. These

include power, grip strength, leg power, walking speed, narrow walk and chair stands.

Grip strength was ascertained with a Jamar Hydraulic Hand Dynamometer
(Bolingbrook, IL) for two trials in each hand while the participant was seated.
The dynamometer registers maximum grip force in kilograms. Grip strength is
classified as the average grip strength of all trials. Leg power was ascertained in
each leg with a Nottingham Power Rig (University of Nottingham, Nottingham
UK) (Bassey et al., 1992) for nine trials while the participant was seated on the
device. The Nottingham Power Rig registers maximum leg extension power in
watts. Leg power is classified as the average of the maximum value of the nine
trials for each leg. Chair stand time was measured as the time to stand up from a
seated position in a chair 5 times without use of the arms. Walking speed was
calculated from the time required for the participants to walk their usual pace
over a 6-meter course. Usual walking speed was calculated as the average of
two trials. The narrow walk was assessed by the timing and evaluation of the
subject’s ability to walk within two lines spaced 20 centimeters apart, for a length
of 20 meters. Deviations were defined as not staying within the lines by stepping
on or over the lines. The number of deviations was recorded. For any trial, 3 or
more deviations resulted in an invalid trial. The test was performed up to three

times or until 2 valid times were obtained.

13



For the grip strength, leg power, chair stand and narrow walk tests, participants were
classified as physically unable to perform the test if the men met any of the specific
exclusion criteria for any test or if participants attempted but could not complete the test.
After recoding the missing neuromuscular test measures according to this criterion, we
were unable to categorize 494 men missing leg power measures. Therefore, we created
a missing category for the leg power test in order not to exclude data for these

participants in subsequent analyses.

Follow-up procedures

Follow-up for incident falls during the 12-months after baseline was conducted with self-
reported tri-annual questionnaires. The questionnaires are mailed on March 1, July 1
and November 1 of each study year. All of these tri-annual questionnaires assess
number of falls during the previous 4-month period. Participants are asked to indicate
yes or no if they have fallen during this time. If they mark yes, they are further asked to
mark the number of falls (1, 2, 3, 4, or 5 or more falls). All participants are to return the 4-
month questionnaire even if they have no fall or fracture outcome to report. Those who
do not respond to any questionnaire are contacted by telephone by a research assistant.
Inbonsistencies on returned questionnaires are followed with a telephone calli to the
subject for clarification. Mortality assessment was initiated primarily through queries from
unreturned questionnaires. Other methods such as review of obituary columns in local

newspapers were used.

Fall ascertainment
The participants were followed through three tri-annual questionnaire cycles (12
months). Participants were not followed during the same calendar period since the

enroliment period spanned two years. Instead, follow-up was during the first 12 months

14



from the date of enroliment for each participant. The primary analysis dichotomized the
outcome into those who reported a fall and those who did not over the 12-month follow-
up period. We also classified the outcome as no falls, one fall and > 2 falls. This analysis
is restricted to follow-up of one year in order to estimate the one-year cumulative

incidence of falls and to make comparisons.

Data Collection and Management
Detailed protocol training and certification of staff and a computer-based process of data
quality review was implemented to minimize variability and errors in data collection at the

multiple sites.

All data were recorded on ‘teleforms’ with ‘bubbles’ that are filled in for the appropriate
response to all questions. When a questionnaire from a participant was received at the

study site, it was reviewed for completeness and consistency by study personnel.

All completed questionnaires were faxed to the Coordinating Center by study personnel
at each site on a dedicated fax line. The information was transferred directly into a
computer file. Data validity checks (range, logic) were performed automatically on the
computer using programs that ran as data were received. This process produced a file
that was posted on a secure website indicating which questions on a particular
questionnaire needed to be edited by study personnel at the site. These edits were also
manually reviewed by Coordinating Center staff to ensure that any edit requests were

legitimate.

15



Statistical Analysis

We first examined the frequency and distribution of all possible risk factors for falls.
Second, we examined these fall risk factors by race and ethnic group. We used
Pearson’s chi-square test for categorical variables and one-way analysis of variance for
continuous measures in order to determine if there were significant differences by race
or ethnicity. Third, we examined the characteristics of interest according to fall
cumulative incidence. Fall cumulative incidence was computed as the number of men
who reported a fall during the 12-month follow-up period divided by the size of the study
population for analysis. We determined a characteristic was associated with falls by
assessment of the risk ratio (RR), 95% confidence interval (95% Cl) and p-values for the

univariate logistic regression analysis.

We estimated crude and age-adjusted RR according to race/ethnicity. Multivariate
logistic regression was used to estimate fall risk for each race and Hispanic ethnicity. We
estimated the odds ratio for falling to approximate the risk ratios for each group after
adjusting for age, study site and other potential confounding factors described below.
Potential confounding variables were analyzed for their association with race/ethnic
groups and for their relation with incident falls. Results are presented as risk ratios and

95% confidence intervals.

The multivariate model was manually constructed in two stages (Figure 1). First, five
subgroups of potential confounding variables were independently analyzed:
demographic/lifestyle traits, visual function, neuromuscular performance, body
composition and prevalent medical conditions. Subgroups were created to manage the
large number of correlated variables and limit potential autocorrelation problems. Within

each subgroup, variables were ranked according to the age-adjusted relation to falls.

16



The ordered variables were sequentially fit into the model with age and race/ethnicity
starting with the variables demonstrating the strongest association with the outcome.
Age-adjusted associations were used in place of unadjusted associations, as age
confounded the relation between falls and most characteristics. With each addition of a
variable, two criteria were considered: 1) Is the variable associated with falls
(assessment of RR, 95% Cl and p-values)?, and 2) Does addition of the variable change

the RR for any race variable by 10% or more?

Once a “best model” was determined for each subgroup, these models were combined
by sequential addition to the largest subgroup (medical history). With each addition, the
variables were reassessed for significance in the combined model using the criteria
listed above. Once all variables from the best subgroup models were added, any
variable not meeting the inclusion criteria of a p-value < 0.10 was sequentially removed
from the combined model, beginning with the variable with the highest p-value. To
ensure that no variables were erroneously disregarded, each variable not in the final
model was re-entered into the final model and reassessed for significance. We also
performed sensitivity analyses with the neuromuscular function variables and body
composition variables such as replacing chair stands with grip strength or other similar
measures, to determine if one or the other variable improved model fit or affected the

race/ethnicity risk ratios.

The Hosmer and Lemeshow Goodness of Fit Test was used to assess model! fit
(Hosmer and Lemeshow, 1980). Model discrimination was assessed using the area
under the Receiver Operating (ROC) curve (Hanley and McNeil, 1982). Individual
components of the model were examined by plotting of the Pearson Residuals and the

Deviance Residuals.
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In order to assess the influence of fall recall on our results, we utilized fall data collected
on the midstudy questionnaire. This questionnaire is mailed to participants between July
2002 and June 2004, depending on the date of enroliment. On this questionnaire, men
self-reported whether they had experienced a fall during the previous 12 months. The
12-month period queried at midstudy covered approximately the same 12-month period

from enroliment used in the main analyses.

Statistical analyses were performed using SAS version 8.1 software (SAS Institute,

Cary, NC, USA).
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Chapter 3

RESULTS

The distribution of possible fall risk factors assessed at baseline according to race/ethnic
group are presented in Table 1. At enroliment, white men reported the highest
prevalence of having a fall in the previous 12 months, reported the highest proportion of
daily walkers and demonstrated the fastest narrow walk speed and 2™ fastest 6-meter
walk speed averages. This group reported the highest prevalence of cancer,

osteoporosis, and low thyroid and the lowest prevalence of diabetes and hypertension.

African Americans were younger on average than their other cohort members with 44%
of men in the lowest age group (65-69 years old). African American men reported the
highest percent of men in the lowest education category, with fair/poor/very poor health
status, current smokers and being unmarried. As a group, African Americans reported
the lowest average PASE‘scores and had the highest percentage of men with a body
mass index greater than or equal to 30 kg/m? and highest average total body lean mass.
This group demonstrated the highest leg power and grip strength averages, the longest
average time to complete 5 chair stands and slowest average speeds on the 6-meter
and narrow walk tests. African Americans reported the greatest percentage of central
nervous system medication use and walking aid use. This group also reported the
highest prevalence of several medical conditions including more severe urinary
symptoms, history of dizziness, arthritis, diabetes, stroke, angina, congestive heart

failure and hypertension.

Asian men in this cohort had the greatest percentage of men in the highest education

level, reported the highest percentage of non-drinkers, non-smokers and married men.
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This group reported the lowest frequency of falls in the preceding year. Notable physical
attributes included the greatest proportion of men with a BMI less than 25 kg/m?, the
shortest average height, lowest total body fat mass and total body lean mass. This group
demonstrated the lowest leg power and grip strength averages yet had the shortest

average time to complete 5 chair stands.

Hispanic men reported the highest percentage of men reporting excellent health, the
highest average alcohol intake and the highest total body fat mass. This group
performed the fastest average 6-meter walk speed and were tied with African Americans
for the highest grip strength average. The greatest percentage of high thyroid/Graves
disease was reported in this group along with the lowest percentage of men reporting a

history of dizziness or stroke.

Multiple falls during the 12-month follow-up period were reported by 693 men (Table 2).
Because of small numbers of non-white men reporting greater than 2 falls, all
subsequent analyses were conducted with falls dichotomized as 0 or 1+ falls. During the
12-month follow-up period, at least one incident fall was reported by 1483 (25.4%) men.
Of those reporting falls, the 12-month cumulative incidence estimates were 25.4%
among white, 26.3% among African American, 23.7% among Asian and 24.2% among

Hispanic men. These frequencies were not significantly different (p=.92).

The distribution of possible fall risk factors assessed at baseline according to fall status
are presented in Table 3. Age, study site, self-reported health status, alcohol intake, fall
history, daily walkers, and physical activity were significantly associated with falling.

Demographic characteristics not associated with falls were race/ethnicity, marital status

and smoking status.
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Increasing body mass index, height and whole body lean mass were not related to falls
while greater whole body total fat was associated with one or more falls. Poor contrast

sensitivity, visual acuity and depth perception were all associated with falls.

Decreasing grip strength, lower extremity power, 6-meter walk speed and narrow walk
speed were strongly related to falls (all p<.0001). Increasing time to complete 5 chair
stands was also strongly associated with falling (p<.0001). Central nervous system
(CNS) medication use, walking aid use, a urinary symptom index of moderate/severe,
history of dizziness, stroke, Parkinsons Disease, angina, cancer, osteoporosis, arthritis,
diabetes, prostatitis, high thyroid/Graves disease, congestive heart failure, chronic
obstructive pulmonary disease and heart attack were associated with one or more falls

while hypertension and low thyroid levels were not related to falls.

In age-adjusted analyses, we observed no significant differences in fall risk according to
race or Hispanic ethnicity. Risk ratios and 95% Cl in each group compared with white
men were 1.14, 95%CI: 0.84-1.53 for African American, 0.95, 95%ClI: 0.67-1.34 for

Asian, and 1.01, 95%Cl: 0.66-1.53 for Hispanic.

Multivariate logistic regression was used to estimate fall risk for each race and Hispanic
ethnicity while controlling for potential fall risk factors. The final multivariate model
included age, study site, CNS medication use, education level, grip strength, narrow
walk speed, daily walking status, history of falls, dizziness, walking aid use, Parkinsons

disease, history of high thyroid/Graves disease, arthritis and urinary symptom index.
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The RR for each variable in the multivariate model is presented in Figure 2. Fall risk did
not differ by race or ethnic group. RR and 95% Cl in each group compared with white
men were 1.01, 95%Cl: 0.73-1.40 for African American, 0.92, 95%CI 0.64-1.34 for
Asian, and 1.03, 95%CI: 0.65-1.62 for Hispanic. CNS medication use, higher education
level, reduced grip strength, slower narrow walk speed, walking aid use, history of falls,
dizziness, arthritis, Parkinsons disease and greater urinary symptom index were
significantly associated with increased fall risk while self-reported daily walking was
associated with reduced risk. These variables remained in the model as a result of the

analytic process described above.

For the final multivariate model, the area under the ROC curve was 0.69, which indicates
good ability of the model to discriminate between fallers and non-fallers. The Hosmer
and Lemeshow goodness-of-fit test (p=.69) demonstrates good fit and shows the data

do not deviate significantly from the logistic regression model.

To assess if previous fall history modified the relation of race/ethnicity with subsequent
falls, we stratified men by whether or not they reported at baseline falling the previous
year. First, we limited the participants to men not reporting a previous fall (n=4661). We
then performed the muitivariate model and observed RR and 95% Cl in each group
compared with white men of 0.95, 95%ClI: 0.64-1.39 for African American, 0.96, 95%CI
0.63-1.46 for Asian, and 0.87, 95%CI: 0.49-1.56 for Hispanic. Second, we limited the
participants to men reporting a previous fall at baseline (n=1253). Again, we performed
the multivariate model and observed RR and 95% Cl in each group compared with white
men of 1.33, 95%CI: 0.67-2.62 for African American, 0.89, 95%Cl 0.39-2.02 for Asian,

and 1.40, 95%Cl: 0.62-3.19 for Hispanic. These results suggest that African American
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and Hispanic men who have fallen previously may have a greater risk of subsequent

falls, whereas report of previous falls did not appear to influence risk among Asian men.

Seventy-three participants did not report fall data on one or more of the tri-annual
questionnaires and thus were not included in the final multivariate analysis. Follow-up
data were missing from 1.1% of white men, 3.3% of African American men, 2.6% of
Asian men and 1.6% of Hispanic men (Table 4). These differences by group in loss to
follow-up were statistically significant (p=0.01). To examine whether missing fall
information could have affected our results, we performed the multivariate analysis after
recoding the fall information for each participant in two ways. First, we classified each
participant with missing fall data as having fallen during 12 months of follow-up. Second,
we classified each participant with missing fall data as not having fallen during the
follow-up period. When missing fall data were recoded as a fall, RR and 95% Cl in each
group compared with white men were 1.12, 95%ClI: 0.82-1.53 for African American,
0.96, 95%CI 0.67-1.38 for Asian, and 1.05, 95%Cl: 0.67-1.63 for Hispanic. Missing fall
data recoded as not falling produced RR and 95% Cl in each group compared with white
men of 0.98, 95%ClI: 0.71-1.35 for African American, 0.92, 95%CI 0.63-1.33 for Asian,
and 1.03, 95%Cl: 0.66-1.62 for Hispanic. These results indicate that loss to follow-up
among race/ethnic groups does not account for our observation of no difference in fall

risk among groups.

We performed similar analyses on missing data for the baseline tests of grip strength
and the narrow walk (n=51). We classified each participant with missing fall data as
having first the highest and then the lowest possible measures and reran the multivariate

model each time. These analyses did not produce any significant differences in fall risk
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by race/ethnic group and indicate that the lack of significance between race/ethnic

groups was not due to missing baseline measures.

To examine whether the use of data on falls recalled in the past 12 months would
produce a different association, we reran analyses using fall data collected on the mid-
study questionnaire. Of the 5914 men in our analysis, 5617 men had also completed the
midstudy questionnaire. The results are presented in Table 5. Unlike our primary fall
outcome assessed with the tri-annual questionnaires, the midstudy fall outcome was

significantly different by race and ethnic group (p=.03).

When recall of falls in the past 12 months was used as the outcome for the multivariate
logistic regression model instead of the fall outcome collected on the tri-annual
questionnaires, we observed that Asian men were significantly less likely to report falls in
the past 12 months compared with whites. African Americans also appeared to have a

reduced risk of falls compared with whites based on this assessment.
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Chapter 4

DISCUSSION

In this prospective investigation among community-dwelling U.S. men ages 65 years and
older, we observed no differences in the 12-month cumulative incidence of falls
according to race or ethnicity. During the 12-month follow-up period, 25% of the study
population reported at least one fall. Among white, African American, Asian and Hispanic
men this estimate was 25.4%, 26.3%, 23.7% and 24.2%, respectively. Although several
fall risk factors varied significantly, these differences did not contribute to a variation in
fall risk among race or ethnic groups. An important observation from this study is the
discrepancy between fall risk estimated with information from different lengths of fall

recall periods.

This analysis does have limitations. The tri-annual questionnaire did not collect detailed
information about falls, such as how the fall occurred or if any injury (other than a
fracture) occurred as a result of the fall. It has been suggested that individuals are more
likely to remember a fall if it results in a serious injury (Cummings et al., 1988;
Lachenbruch et al., 1991). It is possible that less severe falls not associated with an
injury were not reported which would result in an underestimation of fall frequency. We

were not able to determine if such an occurrence affected the results in our study.

Although MrOS is a large cohort, the number of men from minority populations was
small. We can see this by the relatively wide confidence intervals around the risk ratios
for each group. It is possible that we did not have enough men to detect a difference,

although previous research cohducted in smaller study populations did observe racial
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differences in fall risk. However, many of these studies included men and women

together (Nevitt et al., 1989; Hanlon et al., 2002; de Rekeneire et al., 2003).

We were not able to differentiate between one-time and recurrent fallers due to the small
number of multiple falls in non-whites. Previous research suggests there may be a
notable difference between one-time fallers and recurrent fallers as one-time fallers may
be characteristically more closely related to non-fallers (Masud et al., 2001). Itis
possible that fall risk varies by race only in recurrent fallers. This pattern was apparent in
this study. When we stratified by report of previous falls at baseline, we observed that
the risk ratios for falls in the follow-up period were higher among African Americans and

Hispanic men with previous falls.

The study population is a volunteer cohort and may possess qualities that differentiate
the participants from the general population. Overall, the MrOS participants were
generally healthy for their age and we might have observed fewer falls than if we had
studies less healthy individuals. However, racial differences in fall frequency have been
observed in a healthy elderly population (de Rekeneire et al., 2003). In addition, the
distribution of nonwhite men differed greatly by geographic region and recruiting

methods are known to differ by region as well.

Due to the number of statistical assessments we performed, this study has an increased
likelihood of making a type | error. We recognized this limitation and took steps to try to
minimize the likelihood that we would make such errors. These steps included using

biologic hypotheses to guide variable selection and to analyze using variable subgroups.
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This study had important strengths as well. While previous research has been primarily
focused on women, MrOS is the first large prospective study to examine fall risk factors
exclusively in older men. We collected fall data prospectively, thereby limiting the
potential for recall bias to influence our results. The cohort was diverse; we were able to
examine multiple racial and ethnic classifications within the same cohort while previous
studies only examined one other group compared to whites within the same study
population (Hanlon et al., 2002; de Rekeneire et al., 2003) or compared a single racial or
ethnic group to published fall data for whites in other studies or populations (Aoyagi et

al., 1998; Schwarz et al., 1999; Davis et al., 1999).

Due to the design of MrOS, we were able to examine many of the established risk
factors for falls. We were able to determine that these risk factors did not confound the
relationship between race, ethnicity and falls. The risk ratio estimates for these other
risk factors were consistent with previously published research. Previous falls (Covinsky
et al., 2001; Stalenhoff et al., 2002), higher education level (Tromp et al., 2001; Stel et
al., 2003), lower physical activity (Tromp et al., 2001), reduced grip strength (Nevitt et
al., 1989; Tromp et al., 2001; Stel et al., 2003) reduced narrow walk performance (Nevitt
et al., 1989), CNS medication use (Ensrud et al., 2002), walking aid use (Stel et al.,
2003), dizziness (Graafmans et al., 1996) Parkinsons disease (Nevitt et al., 1989),
arthritis (Lawlor et al., 2003) and urinary symptoms (de Rekeneire et al., 2003) have all
previously been shown to be associated with falls. These factors were independently

associated with fall risk in the present study as well.

We observed an unequal distribution of neuromuscular performance between groups as
in previous studies (Davis et al., 1999; Aoyagi et al., 2001). Asian men performed the

best on chair stands yet displayed the lowest leg power and grip strength. Japanese
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women have shown similar performance in chair stands and balance tests over white
women while white women demonstrated greater grip and quadriceps strength (Davis et
al., 1999). In a similar study, Japanese and Japanese American women performed
better than white women on chair stand time and walking speed tests (Aoyagi et al.,
2001). American nursing home residents had reductions in fall risk with increasing
quadriceps strength while no relationship was observed for quadriceps strength and falls
in Japanese nursing home residents (Lipsitz et al., 1994). These results suggest that
Asians have some neuromuscular advantages compared with whites, although this did

not translate to a lower fall risk in Asian men in our study.

Less information is known about neuromuscular performance in other race/ethnic groups
compared with whites. In our cohort, African American men had higher mean leg power
and grip strength measures yet had the slowest mean speed on the 6-meter and narrow
walk tests. Our results suggest that like Asians, African Americans may have certain
advantages in neuromuscular performance over other races. Hispanic males had
neuromuscular performance more similar to the white men in our study, which-is
consistent with observations of chair stand performance in Mexican-American women
(Schwartz et al., 1999). However, the performance measures did not contribute to any

racial differences in fall risk in the present study.

Several potential risk factors for falls were not associated with the risk of falling in our

analysis. Most notably, visual function (acuity, depth perception and contrast sensitivity)
and total body fat mass were not independently associated with fall risk in this analysis.
While highly significant differences were observed between groups for all performance-

based tests, we found lower grip strength and slower narrow walk speed to be the most
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predictive of falls and were the only variables of this type to be included in the final

model.

Another strength of this study is our minimal loss to follow-up. Only 1.2% of participants
did not report fall status over the 12-month period. Consideration of missing fall data and
missing baseline characteristics in the analyses did not expose a potential explanation

for the lack of race/ethnic difference in fall risk.

Differences in measurement of falls may explain why results from this study differ from
previous reports of racial variation in fall risk. Many of the previous studies investigating
race and fall frequency did not prospectively collect fall data (Aoyagi et al., 1998; Means
et al., 2000; de Rekeneire et al., 2003) or relied on fall information recalled in the past
one year period (Hanlon et al., 2002). Long-term recall for ascertaining falls in the elderly
has shown limited accuracy (Cummings et al., 1988; Lachenbruch et al., 1991). Our
study examined whether the period over which falls were recalled contributed to racial
variation in fall risk. When we compared the 12-month cumulative incidence of falls
estimated from recall of 4 months assessed tri-annually with recall of 12 months for
approximately the same time period, we observed that white and Hispanic men recalled
a higher proportion of falls for the 12-month recall than the 4 month recall. African
Americans and Asian men, on the other hand, remembered falling less with the 12-
month recall than the 3 tri-annual questionnaires. These results demonstrate that lower
risk of falls observed among African Americans and Asian men using a single recall over
12 months are likely spurious owing to differences in recall. Thus, fall surveillance in
population-based studies should occur more frequently and assess a time period of a

few months.
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Chapter 5

Summary and Conclusions

In this prospective study over 12 months among men ages 65 years and older, 25%
reported falling. The potential for serious injury and other adverse consequences of falls
among U.S. men of this age is great. However, we observed no disparity in 12-month fall
risk according to race or Hispanic ethnicity in this cohort of older men utilizing recall of
falls from tri-annual questionnaires. This study demonstrated that previous reports of
reduced fall risk among non-white men is likely spurious due to differences in 12-month
recall of falls according to race and ethnicity. To estimate fall risk accurately, fall
surveillance in population-based studies should be assessed frequently with shortened
periods of recall. This analysis supports previous research in demonstrating that falls are

an important public health issue even among healthy older men.
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