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Background: Patients with diabetic peripheral neuropathy (DPN) demonstrate gait
alterations compared with their nonneuropathic counterparts, which may place them at
increased risk for falling. However, it is uncertain whether patients with DPN also have a
greater fear of falling.

Methods: A voluntary group of older adults with diabetes was asked to complete a
validated fear of falling questionnaire (Falls Efficacy Scale International [FES-I]) and
instructed to walk 20 m in their habitual shoes at their habitual speed. Spatiotemporal
parameters of gait (eg, stride velocity and gait speed variability) were collected using a
validated body-worn sensor technology. Balance during walking was also assessed
using sacral motion in the mediolateral and anteroposterior directions. The level of DPN
was quantified using vibration perception threshold from the great toe.

Results: Thirty-four diabetic patients (mean = SD: age, 67.6 = 9.2 years; body mass
index, 30.9 *£ 5.7; hemoglobin Ai., 7.9% = 2.3%) with varying levels of neuropathy
(mean = SD vibration perception threshold, 34.6 = 22.9 V) were recruited. Most
participants (28 of 34, 82%) demonstrated moderate to high concern about falling based
on their FES-I score. Age (r= 0.6), hemoglobin A,; level (r= 0.39), number of steps
required to reach steady-state walking (ie, gait initiation) (r = 0.4), and duration of
double support (r=0.44) were each positively correlated with neuropathy severity (P <
.05). Participants with a greater fear of falling also walked with slower stride velocities
and shorter stride lengths (r = —0.3 for both, P < .05). However, no correlation was
observed between level of DPN and the participant’s actual concern about falling.

Conclusions: Fear of falling is prevalent in older adults with diabetes mellitus but is
unrelated to level of neuropathy. (J Am Podiatr Med Assoc 103(6): 480-488, 2013)

Recent work has demonstrated an association falls in individuals older than 65 years with diabetes
between diabetes mellitus and increased risk of mellitus may be nearly 40%. Acquired neuromuscu-
falling.! One of the best examples of this is the lar deficits, foot and body pain, and use of
finding by Tilling et al® that the annual incidence of psychotropic medications and specialty footwear
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are just a few of the reasons that individuals with
diabetes mellitus are at increased risk for falling.!
However, there is no single factor believed to
adversely affect fall risk in this population more
than diabetic peripheral neuropathy (DPN)?%; DPN
allows sensory and motor deficits to occur in the
feet and lower extremities.*® These deficits produce
alterations in gait and balance performance, which,
particularly in older and elderly adults, increases
the likelihood of experiencing a fall event.>”

In many respects, the psychological impairment
associated with fear of falling can be just as
burdensome as the physical harm experienced after
an actual fall event. Concern about falling, for
example, commonly leads to loss of confidence,
higher levels of anxiety, social withdrawal, and
restrictions in physical activity.®!3 Fear of falling
may be widespread among older adults, affecting 26%
to 61% of individuals, depending on the setting and
type of population surveyed (ie, community-dwelling
versus rehabilitation patients, previous fallers versus
overall).8 However, it is unclear whether older adults
with DPN have any greater fear of falling than their
nonneuropathic counterparts.

There is limited information regarding how DPN
influences concern about falling. Powell et al4
recently reported a reduced fear of falling in a
sample of patients who had improved sensation in
their feet after being treated for DPN with mono-
chromatic near-infrared photoenergy. Similarly,
Lalli et al'® also found that patients with painful
DPN reported a greater fear of falling compared
with those without neuropathy. However, neither
study used a validated measure to assess their
patients’ fear of falling. Therefore, the aim of the
present study was to determine whether DPN is
associated with greater concern about falling in
older adults using a validated instrument and a
cross-sectional study design. As a secondary aim,
we assessed whether DPN and fear of falling might
also be associated with increased fall risk in this
population by studying their association with
typical spatiotemporal parameters of gait.

Materials and Methods

Participants

Community-dwelling participants (45 years and
older) were recruited between April 1, 2012, and
July 31, 2012, from the Rosalind Franklin University
Health System (North Chicago, Illinois) and from an
8-hour-long diabetes exposition (sponsored by the
American Diabetes Association) held on April 14,

2012, at McCormick Place in Chicago, Illinois.
Eligible participants had to have a medical diagnosis
of type 1 or type 2 diabetes mellitus according to the
American Diabetes Association criteria and be able
to walk greater than 20 m without the assistance of a
walking aid. Individuals were excluded if they had
neurologic conditions other than DPN or established
orthopedic conditions involving the lower extremity
that might influence gait (eg, lower-extremity ampu-
tation and knee replacement surgery). Institutional
review board approval was obtained for this work
through Rosalind Franklin University of Medicine
and Science, and all of the participants provided
informed consent.

Measurement Protocol

Peripheral neuropathy was assessed via vibration
perception threshold (VPT) testing as described by
Young et al.'® The presence of moderate to severe
neuropathy was determined by a VPT of at least 25
V, whereas those with a VPT less than 25 V were
classified as having only mild or no neuropathy.
With eyes closed in a seated position, participants
were asked to identify when they perceived a
vibratory sensation on the great toe (biothesiom-
eter; Xilas Medical, San Antonio, Texas). The VPT
values were recorded as continuous variables
within a range of 1 to 100 V. An average of the
values obtained at the right and left great toe was
used for analysis. When VPT values were not
available (one participant), results of the 10-g
monofilament test were used to establish DPN.
Fear of falling was assessed using the Falls
Efficacy Scale International (FES-I) questionnaire.!”
This scale was developed and validated by the
Prevention of Falls Network Europe and has
become a widely accepted tool for assessing
concern about falling.!”18 The instrument has also
been validated across different cultures and lan-
guages.!? In this scale, scores are treated as
continuous variables ranging from 16 to 64, where
16 indicates no concern and 64 indicates severe
concern about falling. Participants in this study
were further classified as having had low concern
(score of 16-19), moderate concern (score of 20-
27), or high concern (score >28) about falling
according to the previous work of Delbaere et al.>®
Glucose control was determined using hemoglo-
bin A,;. levels recorded within the past 3 months.
Age, height, weight, and body mass index (calculat-
ed as weight in kilograms divided by height in
meters squared) were also obtained for each
participant. Finally, all of the participants under-
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went a structured foot examination that included
10-g monofilament testing, evaluation of peripheral
pulses, and documentation of plantar calluses and
structural deformities (eg, bunions and hammer-
toes).

Gait assessment was performed in the partici-
pant’s natural environment with validated?'?® wear-
able sensor technology (LEGSys; BioSensics LLC,
Cambridge, Massachusetts). The inertial sensors
were attached to the participant’s anterior shins,
thighs, and lower back (Fig. 1). Each sensor
measured the velocity of the angular rotation per
segment around the coronal axis (flexion-exten-
sion). Participants were asked to walk at their
habitual speed on a 20-m pathway during the shod
condition. Multiple spatiotemporal gait parameters
were assessed, including stride velocity, stride
length, stride time, double stance, intercycle gait
speed variability, and steps required to reach
steady-state walking (ie, gait initiation).23?* In
addition, knee range of motion and balance during
walking were also assessed; the latter was quanti-
fied using the range of sacral motion in the
mediolateral and anteroposterior directions. Be-
cause parameters were collected from both legs,
average values from the right and left extremities
(eg, right and left knee range of motion) were used
for statistical analysis. The beginning of steady-state
gait was identified using the statistical intercycle

LEGSys Gaft Analyzer System

Based on Five Body-Worn Sensors |

Figure 1. LEGSys portable wearable gait analyzer
system with sensors attached via straps.

fluctuation of gait velocity, as described in previous
publications.?42>

Statistical Analysis

The Kolmogorov-Smirnov test was used for testing
normal distribution. For normally distributed pa-
rameters, between-group comparison was per-
formed using independent-samples Kruskal-Wallis
1-way analysis of variance. Post hoc analyses for
significance (P < .05) of main effects or interactions
were performed using a Sidak adjustment when
more than two values were compared, and an
independent ¢ test was administered when compar-
ing only two values. For parameters that were not
normally distributed, an independent-samples
Mann-Whitney U test was used. Between-group
comparison for categorical variables (eg, sex) was
performed using the crosstab y? test. A linear
regression model (stepwise) was applied to deter-
mine which gait parameters were independently
associated with neuropathy severity (dependent
variable: continuous VPT values). One participant
with a missing VPT value was not included in this
model. Only gait parameters with P < .2 in bivariate
testing were included in the multivariable analysis.
A similar linear regression model was used to
evaluate which variables were associated with
concern about falling using continuous FES-I
scores. Forward logistic regression was used to
determine which parameters were most useful in
discriminating between the DPN (VPT >25 V)16 and
non-DPN groups. The Spearman correlation coeffi-
cient was used to assess the associations among
neuropathy severity, FES-I scores, and the various
gait parameters. Statistical analyses were per-
formed with a statistical software program (SPSS,
version 20; SPSS Inc, Chicago, Illinois). An o = 0.05
was used to determine significance.

Results

Study Demographics

Thirty-four patients (44% male) were recruited
(mean = SD: age, 67.6 = 9.2 years; body mass
index, 30.9 = 5.7). All of the participants were
diagnosed as having type 2 diabetes mellitus with a
mean + SD duration of 15 + 12 years and a mean
*= SD hemoglobin A;. level of 7.9% = 2.3%. The
mean = SD VPT (n = 33, 1 missing) was 34.6 =
22.9V, and 47% of the patients could be classified as
having had DPN (VPT >25 V) using previously
described criteria.'6
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Table 1. Demographic and Gait Characteristics for Diabetic Participants with and Without Neuropathy

Non-DPN Group DPN Group Difference

Characteristic (n=18) (n=16) (% Difference) 95% CI P Value
Age (years) 62 =7 73 8 11.9 (19) 7to 17 <.0012
BMI 31.2 £59 30.6 £ 5.7 -0.7 (-2) -5t03 .73
Sex (% male) 28 63 35 (125) NA .042
Duration of diabetes (years) 13 = 13 17 = 11 3.5 (27) -51to0 12 .39
Hemoglobin A (%) 72*+16 8.9 27 1.7 (24) 0to 3.4 .052
FES-I score 31.7 £ 149 30.2 = 11.4 -1.5 (-5) -11t0 8 74
Concern about falling (%)

Low 17 19 2 (12) NA .6

Moderate 44 31 -13 (—30) NA 3

High 39 50 11 (28) NA 3
VPT (V) 18.3 = 4.5 49.7 £ 21.9 31 (169) 23 to 45 <.0012
Stride velocity (m/sec) 0.92 = 0.13 0.89 = 0.23 —-0.03 (-3) -0.2 t0 0.1 .63
Stride length (m) 1.09 = 0.13 1.08 = 0.22 -0.01 (—1) -1t 0.1 .83
Stride time (sec) 1.20 = 0.09 1.25 + 0.16 0.05 (4) -0.0to 0.1 22
Double stance (%) 227 £ 4.2 276 £ 74 4.9 (22) 0.7t0 9 .022
Knee range of motion (°) 58 =+ 8 55+ 9 -3 (5) -9t 3 .34
COMwm (%) 44 +14 46 +1.6 0.2 (5) -0.8to0 1 74
COMgpp (°) 47 1.4 46 +14 -0.1 (-2) -1to1 .83
CV(SV) (%) 5.9 + 3.2 8.0 + 48 2 (34) 0.8to5 15
Gait initiation (steps) 27 =11 3.9 21 1.2 (44) 0.0to 2.4 .042

Note: Data are given as mean *= SD except where indicated otherwise.

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); Cl, confidence
interval; COMy. and COMjp, sacral motion in the mediolateral and anteroposterior directions; CV(SV), coefficient of variation in
stride velocity (aka gait variability); DPN, diabetic peripheral neuropathy; FES-I, Falls Efficacy Scale International; NA, not applicable;

VPT, vibration perception threshold.
aStatistically significant.

Results Stratified by DPN and Non-DPN Groups

Table 1 summarizes the demographic and gait
characteristics of the DPN and non-DPN groups.
In this sample, male participants were more likely
to have DPN than were female participants (DPN
versus non-DPN: 63% versus 28%, P = .04). On
average, patients with DPN were 11.9 years (19%)
older (P < .001, 95% confidence interval [CI], 7-17
years) and hemoglobin A;. values were 24% higher
(P = .05; difference, 1.7%; 95% CI, 0%-3.4%) than in
the non-DPN group. No other between-group
differences were observed for demographic infor-
mation.

Overall, gait performance was relatively worse in
participants with DPN compared with nonneuro-
pathic individuals. For example, participants with
DPN showed nonsignificant trends toward greater
intercycle gait speed variability (P = .15), longer
stride times (P = .22), and less knee range of
motion (P =.34). However, only steps taken during
gait initiation and double-support percentage

achieved statistical significance during bivariate
testing. Patients with DPN demonstrated a 22%
longer double-stance phase (P = .02; difference,
4.9%; 95% CI, 0.7%-9%) and a 44% increase in the
number of steps needed to reach steady-state
walking (P = .04; difference, 1.2 steps; 95%
confidence interval, 0-2.4 steps) compared with
patients without DPN. Logistic regression analysis
also confirmed double-stance percentage and gait
initiation steps were significantly related to DPN
status (Cox & Snell 72 = 0.34), being the only two
significant gait variables in the multivariable
analysis. Finally, balance during walking assessed
using sacral motion in the mediolateral and
anteroposterior directions was not different in the
DPN and non-DPN groups (P > .05).

When evaluating neuropathy on a continuous
scale, age (r=0.6, P < .001), hemoglobin A, level
(r=0.39, P =.04), gait initiation steps (r=0.4, P =
.03), and double-support percentage (v = 0.44, P =
.01) were each positively correlated with neuropa-
thy severity (Fig. 2). However, only double-support
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Figure 2. Associations between neuropathy severity quantified by the vibration perception threshold and age
(A), hemoglobin A (HbA;c) level (B), number of steps required to achieve steady-state walking (C), and

double support (D).

percentage (fp=2.1, SE = 0.6, P < .001) was found
to be associated with neuropathy severity (> =
0.58, SE = 19) during multivariable linear regression
analysis.

The DPN and non-DPN groups had almost the
same level of concern about falling based on their
mean *= SD FES-I scores (30.2 £ 11.4 versus 31.7 =
14.9, P = .74). Furthermore, there was no associa-
tion (P =.5) between VPT values and FES-I scores
(Fig. 3).

Results Stratified by Concern About Falling

Most participants in the study demonstrated mod-
erate (38.2%) to high (44.2%) concern about falling.

484 November/December 2013 « Vol 103

Table 2 summarizes the demographic and gait
characteristics of participants stratified by low,
moderate, and high concern about falling. There
were no between-group differences observed for the
measured demographic information.
Nonsignificant trends were again observed
across most gait parameters, suggesting poorer
gait performance as the concern about falling
increased. More specifically, participants with the
greatest fear of falling generally exhibited slower
stride velocity (P = .08), shorter stride length (P =
.2), longer stride time (P = .2), longer double-
support percentage (P = .3), and higher gait
variability (P = .1) and required a greater number
of steps to reach steady-state walking (P = .3).
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Figure 3. Scatterplot demonstrating the lack of
association between fear of falling (Falls Efficacy
Scale International [FES-I] scores) and vibration
perception threshold values (level of neuropathy).
The shaded area identifies participants in the
diabetic peripheral neuropathy (DPN) group.

However, none of these observations achieved
statistical significance during bivariate analysis.
Multivariable logistic regression analysis, however,
did identify stride velocity (B =25, SE =12, P =
.03) as a significant correlate with fear of falling,
with participants again in the higher concern about
falling categories exhibiting slower stride veloci-
ties. Finally, balance during walking quantified by
the sway of sacral motion in the mediolateral and
anteroposterior directions did not differ significant-
ly between the groups (P > .05).

When considering fear of falling on a continuous
scale, stride velocity and stride length (both » =
—0.3, P = .05) demonstrated a mild negative
correlation with FES-I scores (Fig. 4). These
variables were also retained in the mutivariable
linear regression analysis (both P < .05). None of
the participant demographic features (eg, age and
body mass index) or clinical information (eg,
hemoglobin A;. level and duration of diabetes)
was found to be associated with fear of falling.

Discussion

We found that fear of falling was remarkably
prevalent in this sample of older individuals with

Table 2. Demographic and Gait Characteristics of Participants with Low, Moderate, and High Concern About Falling

Concern About Falling

Characteristic Low (n = 6) Moderate (n = 13) High (n = 15) P Value
Age (years) 66.5 £ 11.5 67.8 = 9.9 66.8 = 8.5 .9
BMI 289 £ 55 30.6 £ 6.5 320 £52 .5
Sex (% male) 33 46 47 .8
Duration of diabetes (years) 15.3 = 9.1 15.8 =+ 13.3 13.9 =+ 11.7 9
Hemoglobin A+; (%) 7115 81+23 8327 .6
FES-I score (range, 16—-64) 172 £1.2 23.8 = 2.7 427 = 11.2 <.0012
VPT (V) (range, 1-100 V) 30.2 = 15.9 346 +17.3 36.4 + 29.4 8

% DPN 50 46 47 .9
Stride velocity (m/sec) 1.02 = 0.43 0.93 = 0.16 0.83 = 0.20 .08
Stride length (m) 1.16 = 0.11 1.11 = 0.18 1.03 = 0.18 2
Stride time (sec) 1.15 = 0.11 1.20 = 0.08 1.26 = 0.13 2
Double stance (%) 22.3 = 3.1 24.3 = 5.0 26.7 = 8.0 3
Knee range of motion (°) 59.5 = 10.1 57.5 = 91 55.1 = 8.08 .5
COMy (°) 44 +1.0 50+ 1.4 41 +1.2 3
COMgpp (9) 47 +1.0 47 + 1.4 46+15 9
CV(SV) (%) 55+ 23 71 + 6.4 8.0 + 4.4 A
Gait initiation (steps) 25 +0.8 32*+15 3.7 22 3

Note: Data are given as mean * SD except where indicated otherwise.

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); COMy,_ and
COMap, sacral motion in the mediolateral and anteroposterior directions; CV(SV), coefficient of variation in stride velocity (aka gait
variability); DPN, diabetic peripheral neuropathy; FES-I, Falls Efficacy Scale International; VPT, vibration perception threshold.

aStatistically significant.
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Figure 4. Associations between fear of falling (Falls Efficacy Scale International [FES-I] scores) and stride

velocity (A) and stride length (B).

diabetes mellitus. In fact, 82% of those surveyed
were classified as having had moderate to high
concern about falling. Furthermore, we learned that
individuals with DPN were not any more fearful of
falling than their non-DPN counterparts and that
level of peripheral neuropathy did not correlate well
with concern about falling (Fig. 3).

These findings are important because, until now,
it has not been clear whether diabetes confers any
greater fear of falling in older adults. Previous work
using the FES-I questionnaire in healthy older adult
populations place most of their participants at the
low end of moderate concern about falling (mean
FES-I score of ~21), whereas the present sample,
which consisted of older diabetic patients with
largely mild to moderate neuropathy (average VPT
of 35 V), demonstrated moderate to high concern
about falling (mean FES-I score of 31). Health-care
providers who are cognizant of this new information
may be better equipped to help older adults with
diabetes who present with unexplained anxiety,
depression, and generalized withdrawal or lack of
engagement. Moreover, these findings suggest that
there is an apparent mismatch between perceived
risk of falling and actual risk of falling in older
adults with diabetes mellitus. This is important
because gait performance declines with DPN?26:27
and places individuals with DPN at greater risk for
fall events.?%3% However, our work suggests, wors-
ening gait performance is not always accompanied
by a greater fear of falling. Therefore, health-care
providers should not rely on older patients with
diabetes, who are perhaps at the greatest risk for

falling, to openly relate a concern about falling
because they may not perceive it this way.
Previous studies have demonstrated that periph-
eral neuropathy and fear of falling are linked to
changes in gait performance,*2631-34 and the present
findings are in good agreement with these. Patients
with DPN, for example, are known to adopt a
conservative walking strategy, with a longer dou-
ble-support phase and generally slower stride veloc-
ities compared with patients without DPN. In the
present study, older participants with diabetes also
spent significantly greater time in double support
(bivariate association r = 0.44) as neuropathy
severity increased. Also consistent with previous
work, we found that patients with DPN demonstrat-
ed greater instability while walking, requiring more
steps during gait initiation (P =.04) and exhibiting a
tendency toward greater gait speed intercycle
variability (P = .15), gait alterations that have
recently been implicated in falls. Similarly, fearful
participants in this study demonstrated a stabilizing
adaptation to their gait, walking with slower stride
velocities and shorter stride lengths. This is a
characteristic gait pattern, first reported by Maki®!
and again by Chamberlin and colleagues, that
individuals who are fearful of falling often exhibit.
Powell et al'* and Lalli et al'® found that
worsening DPN was associated with a greater fear
of falling in their patients. At first glance, the
present results seem to be inconsistent with these
findings; however, neither study used a validated
measure of fear of falling, and both authors
described an association with painful peripheral
neuropathy and increased fear of falling. The
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present study, on the other hand, looked exclusively
at individuals with DPN, hypoesthesia, and lack of
feeling in their feet. Therefore, it is possible that
patients with DPN and neuritic foot pain (some-
times referred to as DPN with positive symptoms)
are actually more fearful of falling than are patients
with no DPN or insensitivity only, whereas those
with varying levels of insensitivity demonstrate
generally less overall variation in their concern
about falling. These assumptions, however, need to
be corroborated using validated measures of fear of
falling in a population with the full spectrum of
neuropathy severity and symptoms.

Although a patient’s level of apprehension may
not dictate fall risk, it is still important to recognize
when there are underlying psychological issues
affecting our patients that can be addressed.
Assuaging an individual’s concerns regarding their
fear of falling can empower them to become more
productive and engaged in basic and instrumental
activities of daily living. Formal physical therapy is
a viable option for those who demonstrate a lack of
confidence with ambulation regardless of their
actual risk of falls as weekly balance training has
been shown to significantly increase satisfaction
among diabetic patients.?®

The results of this study should be interpreted in
the context of several limitations. First, the patients
with DPN were older than those without DPN,
which may have accounted for some of the gait
deterioration seen in the DPN group during bivar-
iate analysis. Also, these results may have residual
confounding as we looked at only a select number
of demographic and clinical variables in our
participants. Furthermore, many of the comparisons
demonstrated nonsignificant trends, suggesting that
the study may have been underpowered to detect
important group differences. However, the main
findings of this work, namely, the high prevalence of
fearful walking in older patients with diabetes and
the apparent lack of association between fear of
falling and level of neuropathy, remain unaffected
by these shortcomings.

Despite patients with DPN exhibiting worse gait
and possibly being at increased risk for a fall event,
we found that DPN did not translate into a greater
fear of falling in older adults. Querying patients in
this group regarding their fear of falling may do little
to accurately assess fall risk. Instead, we need to be
aware of the threat that faces this population and
continually evaluate patients throughout the length
of their encounter for signs of gait and balance
deficits. When detected, health-care providers
should then be available to work with patients and

obtain the proper consultations to help mitigate the
risk of falling once it has been identified.

Conclusions

We conclude that older adults with diabetes are
generally fearful of falling. However, concern about
falling in this population does not appear to be
mediated via DPN. Therefore, fear of falling may be
an unreliable indicator of actual fall risk. Future
research should explore other candidate factors
that may contribute to fall concern.
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