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Objective. Studies have looked at the individual associations of sensory impairment on balance, but no
population-based studies have examined their combined association on balance and difficulty with falls. Thus,
the purpose of this study was to examine both the independent associations and combined associations of visual
impairment, peripheral neuropathy, and self-reported hearing loss with the odds of reporting difficulty with falls
and functional balance.

Methods.Data from the 2003–2004 National Health and Nutrition Examination Surveywere used. Vision and
peripheral neuropathy were objectively measured, and hearing was self-reported. Balance testing consisted of a
modified Romberg test. After exclusions, 1662 (40–85 years of age) participants provided complete data on the
study variables.

Results. Sensory impairment was associated with perceived difficulty of falls and functional balance. Partici-
pants who presented a single sensory impairment had 29% reduced odds of having functional balance (95%
CI = 0.54–0.93, p = 0.01) and increased odds of reporting difficulty with falls by 61% (95% CI = 0.99–2.60,
p = 0.05). Moreover, our multisensory models showed some evidence of a dose–response relationship, in
that sensory impairment of multiple sensory systems was associated with worse balance (OR =0.59, CI =
0.35–1.00, p = 0.05) and perceived difficulty of falls (OR =5.02, 95% CI = 1.99–12.66, p = 0.002) when com-
pared to those with less sensory impairment.

Conclusion. Multiple sensory impairment is associated with significantly higher odds of both reporting
difficulty with falls and balance dysfunction, which may lead to a subsequent fall, ultimately compromising the
individual's health.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Behind poisoning and motor vehicle incidents, falls are the third
leading cause of overall unintentional death in homes and communities
in the United States, and the leading cause of unintentional injuries and
death among adults aged 65 and older, accounting for 27,800 fatalities
in 2012 (National Safety Council [NSC], 2014). Increased fall risk with
age is associatedwith declines in function of sensory andmotor systems
(Lord and Clark, 1996). However, the control of posture, an important
contributor to fall risk, involvesmany different underlying physiological
systems such as visual acuity (Jack et al., 1995), somatosensory and ves-
tibular function (Viljanen et al., 2009), as well as additional factors such
as physical activity level (PA) (Loprinzi and Brosky, 2014), sex
(Campbell et al., 1990), race-ethnicity (Nevitt et al., 1989), medication
use (Ray et al., 2000), the presence of comorbidities such as circulatory
disease, chronic obstructive pulmonary disease, depression and arthritis
(Lawlor et al., 2003), and fear of falling. Alterations to any of the under-
lying physiological factors such as visual impairment, sensory
neuropathy, or hearing loss may result in different, context-specific in-
stabilities. Thus, assessing an individual's risk for future falls should em-
ploy a multifaceted approach considering sensory, motor, and
psychological impairments (Horak, 2006; Lord et al., 1994; Tinetti
et al., 1995a, 1995b).

Previous population-based studies have examined the independent
associations of hearing loss and vestibular dysfunction (Agrawal et al.,
2009; Lin and Ferrucci, 2012), visual impairment (Willis et al., 2013),
physical activity (Loprinzi and Brosky, 2014), and balance performance
(Agrawal et al., 2011) on the odds of participants reporting difficulty
with falling. Higher odds of reporting difficulty with falling may reflect
a greater fear of falling, which has been linked to restricted activity, a
decline in social interactions, depression and an increased incidence
of falling (Friedman et al., 2002). However, to our knowledge, no
population-based studies have examined these psycho-social-sensory
parameters collectively to examine which has the greatest association
with reported odds of difficultywith falling independently, or in combi-
nation. Thus, the associations between single and/or multiple sensory
impairments with reported difficulty with falls lack generalizability at
the population level. Due to the major health and economic burdens
that come with falls in the elderly, prevention and early diagnostics of
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these falls are of major significance to clinicians and public health pro-
fessionals. However, there is a paucity of knowledge on how multi-
ple sensory impairments affect fall risk and perception of fall risk,
which may aid clinicians in prescribing early preventive measures,
should patients present with these impairments. Therefore, the primary
purpose of this studywas to examine on a population level, both the inde-
pendent associations, and combined associations of visual impairment,
peripheral neuropathy, and self-reported hearing loss with the odds of
reporting difficulty with falls. We hypothesize that those with multiple
sensory impairments will have increased odds of reporting problems
with falls, and subsequently, have higher odds of dysfunctional balance.
2. Methods

2.1. Design and participants

Data from the 2003–2004 National Health and Nutrition Examina-
tion Survey (NHANES) were used for the present study. This NHANES
cycle was used because this is the only available cycle with the evaluat-
ed sensory impairment data and objectively-measured physical activity
data. The NHANES uses a complex, multistage probability design in a
representative sample of noninstitutionalized US civilians. Briefly, par-
ticipants were interviewed in their homes and then were subsequently
examined in mobile examination centers. Further information regard-
ing NHANES data collection techniques can be found on their website
(http://www.cdc.gov/nchs/nhanes.htm). The NHANES is conducted by
the National Center for Health Statistics, and all the procedures for
data collection were approved by the National Center for Health Statis-
tics Ethics Review Board. All the participants providedwritten informed
consent before data collection. Participants ranged in age from 40 to
85 years; this age range was used because the NHANES examination
of lower extremity disease (peripheral neuropathy), Romberg testing,
and qualitative balance assessment (difficulty with falls) did not begin
until participants reached 40 years of age.
2.2. Balance

Balance testing consisted of using the modified Romberg Test of
Standing Balance on firm and compliant support surfaces (Weber and
Cass, 1993). This test evaluated the participants' ability to stand
unassisted under 4 different conditions (ordering in increasing levels
of difficulty) designed to test sensory inputs from the vestibular system,
vision, and proprioception: test 1—eyes open, firm surface; test 2—eyes
closed, firm surface; test 3—eyes open, compliant surface; and test
4—eyes closed, compliant surface. Participants were allowed 2 trials
for each condition. For all tests, balance was scored as pass or fail.
With tests 1 and 2 lasting 15 s and tests 3 and 4 lasting 30 s, test failure
was defined as the participants needing to open their eyes,moving their
arms or feet to increase stability, or beginning to fall or requiring assis-
tance tomaintain balance. For this study, and similar to others (Agrawal
et al., 2011; Loprinzi and Brosky, 2014), participants were classified as
having dysfunctional balance if they failed any of the 4 test conditions.
Functional balance, in contrast, was operationally defined as successful
completion of all 4 of the test conditions. Difficulty with falls was
assessed via balance questionnaire and participants were asked “during
the past 12 months, have you had difficulty with falling”? This method
has been used previously when analyzing NHANES fall data (Agrawal
et al., 2009) and further information regarding these methods can be
found at the NHANES website (http://www.cdc.gov/nchs/nhanes.
htm). Although we acknowledge the limitation of this subjective pa-
rameter, this specific ‘fall risk’ variable is consistent with other studies
using prospective designs that demonstrate an association between
perceived fall risk and fall incidence (Baloh et al., 2003; Friedman
et al., 2002; Lopez et al., 2011; Viljanen et al., 2009).
2.3. Visual acuity

Presenting visual acuity was assessed for each eye. In eyes with a
presenting visual acuity of 20/30 or worse, corrected lenses were
removed (if worn) and objective refraction was measured using an
autorefractor (ARK-760; Marco) in the mobile examination center.
Visual acuity of the better-seeing eye was used to classify partici-
pants given that sight in the better eye is the most relevant to
disability in numerous visual disorders (Richman et al., 2010;
Scilley et al., 2002). Participantswith presenting better-eye visual acuity
of 20/40 or betterwere considered to have normal sight. Participantswith
presenting visual acuityworse than 20/40 but postrefraction visual acuity
in either eye of 20/40 or better were considered to have uncorrected re-
fractive error. Participants with visual acuity worse than 20/40 after
autorefraction or who self-reported not being able to see light with both
eyes open were considered to have vision impairment. Participants with
missing data for presenting acuity in both eyes or with visual acuity
worse than 20/40 in both eyes with no autorefraction in either eye
were excluded from the analysis because they were considered to have
incomplete visual acuity data. Thus, a 3-level visual acuity variable was
created, including normal vision, uncorrected refractive error and visual
impairment.

2.4. Hearing loss

For hearing assessment, participantswere askedwhether their hear-
ing was good, a little trouble, a lot of trouble, or deaf. For our analyses,
we dichotomized this hearing variable into good hearing or a little
trouble or worse. Although a limitation of this study, we chose not to
utilize the objectively-measured audiometry data in our analyses be-
cause the audiometry assessments were conducted on a limited sample
of 2003–2004 NHANES participants (i.e., only one-half of the sample of
those between 20 and 69 years). This self-report hearing variable has,
however, demonstrated someevidence of convergent validity by associ-
ating with depression symptoms and mobility function (Loprinzi et al.,
2013a). Moreover, while it has been suggested that self-report hearing
loss may underestimate prevalence of hearing disorders in aging popu-
lations (Agrawal et al., 2008), themost widely cited national estimate of
hearing loss prevalence is based on self-report (National Institute on
Deafness and Other Communication Disorders [NIDCD], 1989).

2.5. Peripheral neuropathy

Participants aged 40 years and older completed the peripheral
neuropathy exam except when they refused testing or met one of the
following exclusion criteria: (1) bilateral amputation, (2) weight over
400 lb, (3) presence of conditions (e.g., casts) that interfered with test-
ing, or (4) inability to understand the test instructions. Detailed proce-
dures of the peripheral neuropathy exam performed in the NHANES
2003–2004 cycle are available in other reports (Loprinzi et al., 2014;
NHANES, 2005). Briefly, participants assumed supine position on an
exam table while a trained health technician applied slight pressure
(approximately 10-g filament force) to the bottom of each foot while
using a standard monofilament (5.07 Semmes-Weinstein nylon mono-
filament). In a non-sequential order, pressure was applied at three sites
on each foot: the plantar-first metatarsal head, the plantar-fifth meta-
tarsal head, and the plantar hallux. A site was considered insensate
if the participant incorrectly determined when the monofilament was
applied to the foot on at least two of the three applications (Gregg
et al., 2004). Participants were defined as having peripheral neuropathy
if the examination determined at least 1 insensate area in either foot
(Gregg et al., 2004) based on prior work showing that this level of sen-
sory loss is predictive of ulcers and amputations and has demonstrated
high sensitivity and specificity (Abbott et al., 2002; Mayfield and
Sugarman, 2000).

http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/nchs/nhanes.htm


Table 1
Weighted characteristics of the analyzed participants (N = 1662), NHANES 2003–2004.

Mean/proportion (95% CI)

Analyzed sample

Age (years) 56.46 (55.56–57.35)
Male sex (%) 47.86 (44.27–51.45)
Race-ethnicity (%)

Mexican-American 4.59 (1.09–8.10)
Other-Hispanic 2.48 (1.30–3.66)
Non-Hispanic White 79.23 (72.19–86.28)
Non-Hispanic Black 9.10 (5.53–12.68)
Multi-race 4.57 (2.74–6.39)

A1C (%) 5.60 (5.53–5.68)
Waist circumference (cm) 98.37 (97.74–98.99)
Balance problems from medication

% Yes 3.75 (2.16–5.33)
% No 96.24 (94.66–97.83)

Hearing
% Good 68.06 (64.30–71.83)
% A little trouble or worse 31.93 (28.16–35.69)

Vision
% Normal 94.30 (93.20–95.40)
% URE 4.30 (3.20–5.30)
% VI 1.39 (0.78–1.99)

Neuropathy
% No PN 87.37 (85.09–89.64)
% PN 12.62 (10.35–14.90)

Sensory impairment
% No impairment 60.25 (56.69–63.81)
% Single impairment 33.74 (30.45–37.03)
% Multiple impairment 6.00 (4.42–7.58)

Functional balance
% Dysfunction 40.95 (36.73–45.17)
% Functional 59.04 (54.82–63.26)

Difficulty with falls
% No 96.00 (94.84–97.16)
% Yes 3.99 (2.83–5.15)

NHANES = National Health and Nutrition Examination Survey; PN = peripheral
neuropathy; URE = uncorrected refractive error; VI = visual impairment.

Table 2
Multivariableweighted logistic regression examining the association between sensory im-
pairment and the odds of havingdifficultywith falls in the past 12months, NHANES 2003–
2004 (N= 1662).

Odds ratio (95% CI) for having
difficulty with falling in past
12 monthsa

Odds ratio (95% CI)

Sensory impairment
A little trouble or more vs. good hearing 2.10 (1.44–3.06)
URE vs. normal sight 0.52 (0.11–2.46)
VI vs. normal sight 5.59 (0.98–31.99)
PN vs no PN 1.30 (0.47–3.60)

Covariates
Age

One year increase 1.00 (0.96–1.03)
Women vs men 2.09 (0.92–4.77)
Race-ethnicity vs Mexican American

Other-Hispanic 0.61 (0.06–5.93)
Non-Hispanic White 1.41 (0.60–3.30)
Non-Hispanic Black 1.18 (0.38–3.67)
Multi-race 1.26 (0.11–13.39)

A1C, 1% increase 0.84 (0.63–1.11)
Waist circumference, 1 cm increase 1.00 (0.98–1.01)
Balance problems from medication

No vs. yes 0.14 (0.06–0.34)
MVPAb 0.61 (0.38–0.97)

MVPA=moderate-to-vigorous physical activity; NHANES=National Health and Nutrition
Examination Survey; URE = uncorrected refractive error; VI = visual impairment; PN =
peripheral neuropathy.

a Reference group had no difficulty with falling.
b MVPA log-transformed to improve normality and expressed as a 1-min/day, log-

transformed interval change.
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2.6. Covariates

Several covariates were selected based on previous literature
reporting associations between reported difficulty with falls and/or
sensory impairment (Campbell et al., 1990; Loprinzi and Brosky, 2014;
Nevitt et al., 1989; Ray et al., 2000). Covariates included were age
(continuous; years), gender, race-ethnicity (Mexican American, other
Hispanic, non-Hispanic white, non-Hispanic black, and multi-racial),
glycosylated hemoglobin (A1C) levels (continuous; %), measured
waist circumference (continuous; cm), self-reported balance prob-
lems from medications (yes/no), and accelerometer-assessed
moderate-to-vigorous physical activity (MVPA) with a cut point of
2020 cpm used to define MVPA. Further, only those with at least
4 days of 10+ h/day of monitoring data were included in the anal-
yses (Loprinzi and Brosky, 2014).

2.7. Data analyses

Statistical analyses were performed using sample survey data
procedures in Stata, version 12.0 (College Station, TX), in order to
account for the complex survey design used in NHANES. Multivari-
able logistic regression models were used to examine the association
between sensory impairment (independent variable) and reported dif-
ficulty with falls (dependent variable). Four models were computed for
analysis.

Model 1 (Table 2) examined the independent associations of sensory
impairment on the odds of having difficulty with falls in the past
12 months (outcome variable). In addition to the covariates (age,
gender, race-ethnicity, A1C, waist circumference, medication and
MVPA), visual acuity, hearing sensitivity and peripheral neuropathy
were included in the model.

Model 2 (Table 3) examined the independent associations of sensory
impairment on the odds of having functional balance (outcome var-
iable). Included in this model were the covariates, visual acuity,
hearing sensitivity, and peripheral neuropathy.
Model 3 (Table 4) was computed to examine the effects of multiple
sensory impairment on the odds of having difficulty with falls in
the past 12 months (outcome variable). Included in this model
were the covariates, and a computed variable of combined sensory
impairments.
Model 4 (Table 5) was computed to examine the effects of multiple
sensory impairment on the odds of having functional balance
(outcome variable). For the multisensory impairment models
(Tables 4–5), we created a multisensory impairment variable by
summing the number of sensory impairments that the individuals
had. Given that too few participants had all 3 sensory impairments,
participants were classified as having 0, 1, or 2+ sensory impair-
ments, with sensory impairments including vision impairment, a little
hearing trouble or worse and peripheral neuropathy.

All covariates were entered into themodel at the same time as there
was no evidence of collinearity based on mean variance inflation factor
b 6 (observed mean 1.22) and individual variance inflation factors b 10
(highest observed 1.55). Statistical significance was established at
p ≤ 0.05.

3. Results

Weighted characteristics of the sample are shown in Table 1. The
multivariable logistic regression association between sensory impair-
ment and reported odds of having difficulty with falling are shown in
Table 2. After adjustments, those with a little hearing trouble had a
2.10-fold increased odds of reported difficulty with falls in the past



Table 4
Multivariable logistic regression examining the association between multiple sensory
impairment and the odds of having difficulty with falls in the past 12 months, NHANES
2003–2004 (n = 1662).

Odds ratio (95% CI) for having
difficulty with falling in past 12
monthsa

Odds ratio (95% CI)

Sensory impairmentb

Single sensory impairment 1.61 (0.99–2.60)
Multiple sensory impairment 5.02 (1.99–12.66)

Covariates
Age

One year increase 1.00 (0.96–1.04)
Women vs men 2.13 (0.89–5.07)
Race-ethnicity vs Mexican American

Other-Hispanic 0.64 (0.07–5.84)
Non-Hispanic White 1.44 (0.61–3.39)
Non-Hispanic Black 1.19 (0.36–3.91)
Multi-race 1.39 (0.14–13.45)

A1C, 1% increase 0.80 (0.57–1.11)
Waist circumference, 1 cm increase 0.99 (0.98–1.01)
Balance problems from medication

No vs. yes 0.13 (0.06–0.32)
MVPAc 0.61 (0.38–0.98)

MVPA=moderate-to-vigorous physical activity; NHANES=National Health and Nutrition
Examination Survey.

a Reference group had no difficulty with falling.
b Reference group has no sensory impairment.
c MVPA log-transformed to improve normality and expressed as a 1-unit, log-transformed

interval change.
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12 months (95% CI = 1.44–3.06, p = 0.001). Visual impairment (vs.
normal vision) was associated with a 5.59 increased odds of perceived
difficulty with falling (95% CI= 0.98–31.99, p=0.05). However, uncor-
rected refractive error (URE) (vs. normal sight) and peripheral neurop-
athy (vs. no peripheral neuropathy) were not associatedwith perceived
difficulty of falling.

In Table 3, the multivariable logistic regression association between
sensory impairment and odds of functional balance are reported. After
adjustments, participants who exhibited peripheral neuropathy (vs.
no peripheral neuropathy) had a 32% reduced odds of having functional
balance (95% CI = 0.50–0.93, p = 0.02). However, hearing, URE, and VI
were not associated with functional balance. Moreover, age was sig-
nificantly associated with dysfunctional balance. For every one year
increase in age, there was a 6% reduced odds of functional balance
(95% CI = 0.93–0.95, p b 0.0005). Finally, participants not taking medi-
cation for dizziness or balance problems (vs. those taking medication)
had 93% increased odds of having functional balance (95% CI = 1.10–
3.40, p = 0.02).

The multivariable logistic regression association between multiple
sensory impairment and reported odds of having difficulty with falls
are shown in Table 4. After adjustments, the presence of a single sensory
impairment (vs. no sensory impairments) increased the odds of
reporting difficulty with falls by 61% (95% CI = 0.99–2.60, p =
0.05), while the presence of two or more sensory impairments (vs. no
sensory impairments) had a5.02-fold increasedodds of reportingdifficul-
ty with falls in the past 12 months (95% CI = 1.99–12.66, p = 0.002).
Participantswho engaged inmoremoderate-to-vigorous physical activity
had 39% reduced odds of reporting difficulty with falls (95% CI = 0.06–
0.34, p = 0.039) compared to those participants who engaged in less
MVPA.

Lastly, the association between multiple sensory impairment and
odds of having functional balance are shown in Table 5. Participants
with a single sensory impairment (vs. none) had 29% reduced odds
of having functional balance (95% CI = 0.54–0.93, p = 0.01), and
those with two or more sensory impairments had 41% reduced
odds of having functional balance (CI = 0.35–1.00, p = 0.05).
Table 3
Multivariableweighted logistic regression examining the association between sensory im-
pairment and the odds of having functional balance, NHANES 2003–2004 (n = 1662).

Odds ratio (95% CI) for having
functional balancea

Odds ratio (95% CI)

Sensory impairment
A little trouble or more vs. good hearing 0.76 (0.56–1.02)
URE vs. normal sight 0.82 (0.44–1.54)
VI vs. normal sight 1.13 (042–3.02)
PN vs no PN 0.68 (0.50–0.93)

Covariates
Age

One year increase 0.94 (0.93–0.95)
Women vs men 1.10 (083–1.47)
Race-ethnicity vs Mexican American

Other-Hispanic 0.62 (0.36–1.08)
Non-Hispanic White 1.21 (0.75–1.97)
Non-Hispanic Black 1.41 (0.73–2.71)
Multi-race 0.89 (0.47–1.71)

A1C, 1% increase 0.90 (0.78–1.04)
Waist circumference, 1 cm increase 1.00 (0.99–1.01)
Balance problems from medication

No vs. yes 1.93 (1.10–3.40)
MVPAb 1.18 (0.96–1.45)

MVPA = moderate-to-vigorous physical activity; NHANES = National Health and
Nutrition Examination Survey; URE=uncorrected refractive error; VI= visual impairment;
PN= peripheral neuropathy.

a Reference group had dysfunctional balance (i.e., failed one of the 4 test conditions).
b MVPA log-transformed to improvenormality and expressed as a 1-unit, log-transformed

interval change.
4. Discussion

The primary purpose of this studywas to examine both the indepen-
dent associations and combined associations of visual impairment,
peripheral neuropathy, and self-reported hearing loss with the odds of
reporting difficulty with falls in a nationally representative sample
of U.S. adults. Findings of this study confirm similar studies (Lin and
Ferrucci, 2012) in that participants with some level of hearing loss had
higher odds of reporting difficulty with falls. However, hearing loss in
Table 5
Multivariable logistic regression examining the association between multiple sensory
impairment and the odds of having functional balance, NHANES 2003–2004 (n = 1662).

Odds ratio (95% CI) for having
functional balancea

Odds ratio (95% CI)

Sensory impairmentb

Single sensory impairment 0.71 (0.54–0.93)
Multiple sensory impairment 0.59 (0.35–1.00)

Covariates
Age

One year increase 0.94 (0.93–0.95)
Women vs men 1.10 (083–1.46)
Race-ethnicity vs Mexican American

Other-Hispanic 0.62 (0.36–1.06)
Non-Hispanic White 1.22 (0.75–1.98)
Non-Hispanic Black 1.41 (0.73–2.73)
Multi-race 0.91 (0.48–1.74)

A1C, 1% increase 0.89 (0.76–1.04)
Waist circumference, 1 cm increase 1.00 (0.99–1.01)
Balance problems from medication

No vs. yes 1.92 (1.08–3.43)
MVPAc 1.18 (0.96–1.45)

MVPA=moderate-to-vigorous physical activity; NHANES=National Health and Nutrition
Examination Survey.

a Reference group had dysfunctional balance (i.e., failed one of the 4 test conditions).
b Reference group has no sensory impairment.
c MVPA log-transformed to improve normality and expressed as a 1-unit, log-transformed

interval change.



45S.J. Wilson et al. / Preventive Medicine 87 (2016) 41–46
the current study was not associated with dysfunctional balance. One
potential reason for this is the subjective assessment of the hearing
variable used in our analyses. If confirmed by future studies, this would
suggest that perceived hearing loss may influence one's subjective prob-
lems with falling, possibly before manifesting in observable balance
dysfunction.

Participants who presented with peripheral neuropathy had 32%
reduced odds of having functional balance, however, they showed no
significant increase in odds of reporting difficulty with falls. These re-
sults suggest that those participants with a proprioceptive impairment
may be at an increased risk of a loss of balance, and subsequent fall,
while subjectively perceiving themselves as not at risk of a fall. Previous
research has shown that in the event that one of the systems is degrad-
ed, the remaining systems tend to compensate to regain and maintain
postural stability (Shumway-Cook and Woollacott, 1995). This
could explain the difference in functional balance and perceived dif-
ficulty with falls, in that dysfunctional balance was observed when
participants had to utilize specific sensory systems during balance
testing which may be compensated for during activities of daily liv-
ing. While other studies have examined diabetic neuropathy and its
effects on balance (Agrawal et al., 2008), to our knowledge, this is
the first study to objectively examine the independent effects of pe-
ripheral neuropathy on reported difficulty with falls, or balance tests
at the population level.

Interestingly, participants who engaged in more moderate-to-
vigorous physical activity showed reduced odds for reporting difficulty
with falls, but this increase in physical activity was not significantly as-
sociatedwith odds of functional balance. It is possible that the increased
physical activity, and decreased reported fall difficulty may have con-
current decreases in a fear of falling through psychological factors
such as social interaction, decreased depression symptomology, or
through maintained muscular strength and autonomy in activities of
daily living (Friedman et al., 2002). Future research should seek to elu-
cidate the influence that physical activity levels have on both fear of fall-
ing and balance function.

As stated, sensory impairment was independently associated with
perceived difficulty of falls and functional balance. Further, our multi-
sensorymodels showed someevidence of a dose–response relationship,
in that sensory impairment of multiple sensory systems was associated
with worse balance and perceived difficulty of falls when compared to
those with less sensory impairment. Previous reports have suggested
that US adults with multiple sensory impairments are significantly less
physically active than thosewith a single impairment, or no sensory im-
pairments (Loprinzi et al., 2013a, 2013b). This may be clinically signifi-
cant because participants withmultiple sensory impairments who have
higher odds of reporting difficulty with falls, and possible dysfunctional
balance, may also be at risk of decreased levels of physical activity,
which may cause further fear of falling, and subsequent increased
incidence of falling.

In conclusion, the results of this study contribute to the existing
literature on the influence of sensory impairment on fall risk. To our
knowledge, this is the first study to examine the independent and com-
bined associations of multiple sensory impairments of vision, hearing,
and peripheral neuropathy on reported difficulty with falls and balance
dysfunction. Our findings that multiple sensory impairments are associ-
ated with significantly higher odds of both reporting difficultywith falls
and balance dysfunction is particularly important because perceived
difficulty with falling is associated with balance dysfunction, and poor
balance may lead to injurious falls, ultimately compromising the
individual's health. As a result, health care professionals should reg-
ularly evaluate and monitor their sensory-impaired (particularly
those with multiple sensory impairments) patient's balance and
physical activity behavior. Among these sensory-impaired individ-
uals, clinicians should promote safe forms of physical activity and
muscle strengthening activities in an attempt to mitigate further
fear of falling and minimize fall risk.
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