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Purpose: The main purpose of the study was to establish a gait speed cut-off value to
predict foot pain and the risk of falls among community-dwelling older adults.

Patients and Methods: In this cross-sectional study, one-hundred and twenty White older
women speaking Croatian (mean + SD age 71.02 + 6.78 years, height 161.77 + 6.23 cm,
weight 70.29 + 12.97 kg, body mass index 26.79 + 4.42 kg/m?) were recruited. The
prevalence of foot pain was assessed by a single-item question and the risk of falls by the
Downtown Fall Risk Index with a proposed cut-off value of “low risk” (<3 points) vs “high
risk” (=3 points) of falls. Self-selected gait speed (the independent variable) was estimated
with a pressure platform (Zebris Company, Munich, Germany).

Results: Mean gait speed was 0.95 m/s. Of the total sample, 53.30% and 33.30% reported
foot pain and had higher risk of falls. For foot pain and the risk of falls, gait speed cut-off
values were 0.88 m/s and 0.85 m/s (area under the curve = 0.80 and 0.83, standard error =
0.043 and 0.043, p < 0.001). Sensitivity for foot pain and the risk of falls was 66.20% and
85.90% and specificity was 84.80% and 69.00%. Slower gait speed was associated with
higher prevalence of foot pain (OR = 10.92, 95% CI 4.28 to 27.89, p < 0.001) and higher risk
of falls (OR = 13.59, 95% CI 5.45 to 33.87, p < 0.001).

Conclusion: Proposed gait speed values of 0.88 m/s and 0.85 m/s may be used in clinical
settings to predict foot pain and the risk of falls among community-dwelling older women.
Keywords: velocity, discomfort, elderly, risk, falls

Introduction

Foot problems are common in older people.! The structure of the foot becomes
more widened and flattened with the fat padding beneath the foot exhibiting greater
stiffness.” Among numerous risk factors associated with foot problems,' foot pain
represents a leading cause of mobility limitations and lower quality of life in older
individuals.>* It is estimated that approximately 1/4 of adults suffer from foot
pain,’ increasing the costs of health care service.® Frequent foot pain also doubles
the risk of falling,” which often leads to early institutionalization in nursery homes
and premature death.® It has been well-documented that foot pain is a significant

7.9:10 and these two factors often coexist.’

predictor of falls in older adults

In older adults, the most common way to engage in regular physical activity is
by walking.!' Walking speed significantly decreases by age, steadily affecting the
gait biomechanics and leading to all-cause mortality.'” Previous evidence has

shown that gait speed is a clinically meaningful tool for testing neuromotor control
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of mobility and overall physical performance.®'? Although
the associations between gait speed, foot pain and the risk

of falls have been well established,™'*>

indicating that
slower gait speed increases the aforementioned risks, little
evidence has been provided regarding the establishment of
relevant gait speed cut-off values to predict foot pain and
the risk of falls.'"®*"*** Specifically, a study by Beauchet
et al*! has shown that gait speed cut-off values for those
with no history, history and recurrent history of falls are
documented as 0.75 m/s, 0.73 m/s and 0.59 m/s. Another
study showed that gait speed <0.56 m/s predicted falls in
older men with both sensitivity and specificity of
70.00%.%*> To the best of the authors’ knowledge, no
study to date has systematically established a cut-off
value for gait speed in predicting foot pain. Despite the
effort of using gait speed as a screening tool to predict the
risk of falls,"®?!*? evidence suggests that the discrimina-
tion and predictive validity of gait speed in classifying
older adults who are more prone to falling is yet to be
established.'® Since both foot pain and falls are major risk
factors for hospitalization and premature death in older
adults,”® it is necessary to investigate screening properties
of gait speed in detecting those individuals at higher risk
of foot pain and the risk of falls.

Therefore, the main purpose of the study was to deter-
mine clinically significant gait speed cut-off values to
predict foot pain and the risk of falls among community-
dwelling older adults.

Patients and Methods
Study Participants

In this cross-sectional study, we recruited older women
from the city of Zagreb. More detailed description of the
sample size, study methodology and inclusion criteria can
be found elsewhere.”** The inclusion criteria were: 1)
being >60 years old; 2) living independently in the com-
munity; 3) passing the Short Portable Mental Status
Questionnaire; 4) being able to ambulate for at least
10 m with or without an aid; 5) being free from neurolo-
gical diseases; and 6) could arrange their own transport to
a testing venue in their community. In brief, we
approached five neighborhoods of estimated population
of older adults aged > 60 years to be =~1500. We set the
confidence level of 95% and marginal error of 10% to get
an appropriate sample size of 110. After spreading the
main information about the project, 210 volunteers agreed
to take part in the study. Of these, 17 could not be part of

the study due to personal issues and 73 failed to provide
full data. Finally, our analyses were based on 120 older
women. Before the study began, all participants had given
a written informed consent to participate and were able to
leave the study on their own. All procedures performed in
this study were anonymous (the participants only provided
the data regarding basic sociodemographic characteristics
and no names were recorded) and we followed the recom-
The Ethical
Committee of the Faculty of Kinesiology, University of

mendations of Declaration of Helsinki.

Zagreb, Croatia approved the study (Ethics code number:
2019).

Foot Pain

To assess the prevalence of foot pain, we asked the parti-
cipants the following question: “On most days do you
have pain, aching or stiffness in either of your feet” with
the following responses: 1) “No”; 2) “Yes, left foot only”;
3) “Yes, right foot only”; 4) “Yes, both feet”; 5) “Yes, not
sure what side”; and 6) “Unknown”.?> The outcome mea-
sure was having “no foot pain” (“No” response) vs “foot
pain” (“Yes, left foot only”, “Yes, right foot only”, “Yes,
both feet” and “Yes, not sure what side””). None of the

participants responded with “Unknown” answer.

The Risk of Falls

The risk of falls was estimated using the reliable and valid
Downtown Fall Risk Index,?® a questionnaire consisting of
five questions: 1) Known previous falls (“No”, “Yes”); 2)
Using medication (“None”, “Tranquillizers/sedatives”,

“Diuretics”,  “Antihypertensives”,  “Antiparkinsonian
drugs”, “Antidepressants” and “Other medications”); 3)
Having sensory deficits (“None”, “Visual impairment”,
“Hearing impairment” “Limb impairment”); 4)
Mental state status (“Oriented” and “Confused”); and 5)
Gait characteristics (“Normal”, “Safe with walking aids”,
“Unsafe” and “Unable”). When completed, the final score

ranges from 0 to 11, where a higher score indicates

and

a higher risk of falls. For the purpose of the study, the
outcome measure was dichotomized as “low” risk (<3
points scored) vs “high risk” (>3 points scored).”® The
agreement level between questions in the questionnaire
was satisfactory (Cronbach’s a = 0.72).

Gait Speed

To estimate gait speed, we used a pressure platform
(Zebris Company, FDM, GmbH, Munich, Germany; num-
ber of sensors 11.264; sampling rate 100 Hz; sensor area
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149 cm x 54.2 cm). More detailed information about the

protocol and data collection has been described
previously.?*~* In brief, the walkway was 10.5 m in length
(1.5-m platform and 4.5-m custom-designed dense mate-
rial before and after the platform). The protocol consisted
of a set of instructions for participants to walk at
a preferred speed and to look straight forward across the
platform being barefoot and without targeting the plat-
form. When the participants finished walking across
a 10.5-m walkway, they needed to turn around for 180°
and continued to walk again over the platform until they
reach the end of the walkway. The aforementioned proto-
col was repeated once again with a total of 4 trials across
the platform. Having 35 trials has shown greater reliabil-
ity in non-healthy older adults.”’ If we detected obvious
gait deviations, we discarded the trials and we repeated the
protocol. Finally, software generated spatial and temporal

data, including gait speed in m/s.

Data Analysis

Basic descriptive statistics are presented as mean £ SD for
numerical variables and as frequency (%) for nominal
variables. The receiver operating curve was created using
a non-parametrical Mann—Whitney method with the area
under the curve value to determine the accuracy of gait
speed to predict foot pain and the risk of falls. Of note, an
area under the curve > 0.5 was considered to have diag-
nostic value. Of note, the outcome measures for foot pain
and the risk of falls were having “no foot pain” (“No”
response) vs “foot pain” (“Yes, left foot only”, “Yes, right
foot only”, “Yes, both feet” and “Yes, not sure what side”)
and <3 points (“low risk™) vs >3 points scored on a scale
(“high risk™). A set of cross-tabulation matrices were run
to estimate sensitivity (the true positive rate) and specifi-
city (the true negative rate) rates. The level of agreement
between gait speed, foot pain and the risk of falls was
calculated with kappa (x) statistics with the following
magnitudes: 1) 0.00-0.20: none; 2) 0.21-0.39: minimal,
3) 0.40-0.59: fair; 4) 0.60—0.79: moderate; 5) 0.80-0.90:
strong; and 6) >0.90: almost perfect.”® Logistic regression
analyses were used to calculate the associations between
newly proposed gait-speed cut-off values to predict the
presence of foot pain and the risk of falls. The results of
logistic regressions are presented as the odds ratio (OR)
with 95% confidence interval (95% CI). Of note, age was
not significantly correlated with gait speed, foot pain and
the risk of falls in our sample (» = —0.17-0.09, p > 0.05),
so we dropped out age-specific analyses. All analyses were

Table | Basic Descriptive Statistics of the Study Participants
(N = 120)

Study Variables Mean * SD Min-Max
Age (years) 71.01 + 6.77 60.00-86.00
Height (m) 161.78 + 6.22 148.10-182.40
Weight (kg) 70.29 + 12.97 47.00-114.00
Body mass index (kg/mz) 26.79 + 442 18.83—45.09
Gait speed (m/s) 0.95 + 0.24 0.39-1.50
Foot pain (% of “Yes”)* 53.30% /

The risk of falls (23, %)* 33.30% /

Notes: *Denotes using percentage (%), p < 0.05.

calculated using the Statistical Packages for Social
Sciences (SPSS Inc., Chicago, IL, USA) program with
a statistical significance of p < 0.05.

Results
Basic descriptive statistics are presented in Table 1.
Average gait speed was slightly below 1 m/s. More than
half of the participants reported experiencing foot pain and
approximately 1/3 of them were at higher risk of falls.
Table 2 shows the receiver operating curve values for
gait speed as the test variable and foot pain and the risk of
falls as state variables. The gait speed cut-off values for
foot pain and the risk of falls were 0.88 m/s and 0.85 m/s.
Sensitivity and specificity values for the obtained gait
speed cut-offs are presented in Table 3 (foot pain) and
Table 4 (the risk of falls). Specifically, sensitivity and
specificity of gait speed < 88 m/s to correctly predict
foot pain were 66.20% and 84.80%. Sensitivity and speci-
ficity of gait speed < 85 m/s to correctly predict the risk of
falls were 85.90% and 69.00%. The level of agreement
between newly proposed gait speed cut-offs, foot pain and
the risk of falls was fair (x = —-0.49 and —0.45, p < 0.001).
Participants who walked <0.88 m/s and <0.85 m/s were
almost 11 times more likely to report foot pain (OR =
10.92, 95% CI 4.28 to 27.89, p < 0.001) and were approxi-
mately 13.5 times more likely to have higher risk of falls

Table 2 Area Under the Curve of Gait Speed Specified for Foot
Pain and the Risk of Falls in the Study Participants (N = 120)

Outcome | Area Standard | p-value | 95% CI
Variables Under Error*

the Curve
Foot pain 0.80 0.043 <0.001 0.72 to 0.88
The risk of | 0.83 0.043 <0.001 0.75 to 0.91
falls

Notes: *Denotes standard error under the non-parametric assumption, p < 0.05.
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Table 3 Cross-Tabulation Matrix of Gait Speed Cut-Off Value
and Foot Pain in the Study Participants (N = 120)

Gait Speed Cut- Foot Pain K Statistics
Off Value (p-value)

No Foot | Foot

Pain Pain
<0.88 m/s 7 (15.20)* | 49 (66.20) | —0.49 (<0.001)
>0.88 m/s 39 (84.80) | 25 (33.80)

Notes: *Denotes using frequency and percentage (%).

Table 4 Cross-Tabulation Matrix of Gait Speed Cut-Off Value
and the Risk of Falls in the Study Participants (N = 120)

Gait Speed Cut- The Risk of Falls K Statistics
Off Value K . . (p-value)
Low Risk | High Risk
(<3) @3)
<0.85 m/s 13 (31.00)* | 67 (85.90) | —0.45 (<0.001)
>0.85 m/s 29 (69.00) Il (14.10)

Note: *Denotes using frequency and percentage (%).

(OR = 13.59, 95% CI 5.45 to 33.87, p < 0.001). Of note,
when we put gait speed as a continuous variable, partici-
pants were 85.0 and 74.0 times more likely to suffer from
foot pain and had higher risk of falls. Similar associations
remained after adjusting for age and body mass index. Of
note, the correlation between foot pain and the risk of falls
was fair (x = 0.35, p < 0.001).

Discussion

The main purpose of the study was to determine clinically
significant gait speed cut-off values to predict foot pain
and the risk of falls among community-dwelling older
adults.

Our main findings are: 1) gait speed cut-off values of
0.88 m/s and 0.85 m/s predict foot pain and the risk of
falls; 2) those individuals who walk at <0.88 m/s and
<0.85 m/s are more likely to report foot pain and be at
higher risk of falls; and 3) the aforementioned gait speed
cut-off values can predict 20.25% and 24.01% of foot pain
and the risk of falls.

This is the first study defining specific gait speed cut-off
values in predicting foot pain and the risk of falls in older
women simultaneously. Previous studies have shown that
gait speeds of 0.59 m/s, 0.73 m/s and 0.75 m/s predict
recurrent, history and no history of falls among older adults
in residential homes.”?' Another study conducted among
older men showed that gait speed < 0.56 m/s predicted
higher risk of falls.”* The discrepancy between the findings

may be explained by different characteristics of the partici-
pants (living in residential homes and being >75 years of
age;”' only male veterans included™), compared to free-
living older women in our study. Also, we assessed gait
speed using a Zebris pressure platform, while other studies
used a 10-m straight walk test’’ and permanent markers
attached with masking tape to the back of the heel on
a 6-m brown paper walkway.> Finally, the risk of falls

2122 while

was assessed by the past year history of falls,
we used the Downtown Fall Risk Index questionnaire,*®
which might have led to different fall perception and cut-
off values. Other studies reported no cut-off values indicat-
ing higher risk of falls.'® The majority of the studies aiming
to explore the associations between gait speed and the risk
of falls have shown that slower gait speed (<0.60 m/s) is
associated with higher prevalence of falls, compared to
intermediate (0.60 m/s—1.00 m/s), normal (1.00 m/s—
1.30 m/s) and fast (>1.30 m/s) gait speed.'® However,
another study showed a U-shaped association between gait
speed and the risk of falls, pointing out that slow and fast
performers were at higher risk of falls, compared to older
adults with normal gait speed (<1.3 m/s)."”> Of note, we
classified our participants as being slow (<0.60 m/s), inter-
mediate/normal (0.60 m/s—1.30 m/s) and fast (>1.30 m/s)
showed that those
<0.60 m/s were 15 times more likely to have higher risk
of falls (OR = 15.00, 95% CI 1.79 to 125.62, p = 0.013),
while those being categorized as fast walkers were 73.9%
less likely to have higher risk of falls (OR = 0.26, 95% CI
0.10 to 0.66, p = 0.004). This means that slow gait speed
may be more important for screening the risk of falls,

walkers and individuals walking

compared to fast gait speed.

Our study also shows that older women walking
<0.88 m/s are more likely to report foot problems, with
sensitivity and specificity of 66.20% and 84.80%. To the
best of our knowledge, this is the first study establishing
a cut-off value of gait speed to predict foot pain in older
individuals. Evidence shows that pain may disrupt
mobility*® and gait limitations, due to arthritic back and
joint changes.*® A few previous studies have examined the
association between pain and gait speed.®*'~*? In general,
findings are consistent and show that both pain severity
and multisite pain are associated with slow gait speed,
even after adjusting for potential confounders. It has
been documented that the most common location of foot
pain is in the toe region, often associated with toe defor-
mities (claw or hammer toe) and reported by almost
50.00% of older individuals.” Since foot pain and the
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risk of falls often coexist,” it is not surprising that slower
gait speed is associated with both foot pain and the risk of
falls in our study. Moreover, a new gait speed cut-off value
of <0.88 m/s can be used by health-related professionals as
a diagnostic tool in detecting a “risky” group of older
women, who may be more vulnerable for having foot pain.

This study is not without limitations. First, our analyses
are based on a cross-sectional design, and causal associa-
tions cannot be drawn. Second, a relatively small sample
might have underpowered the associations. Third, we
based our findings on older women, so we cannot make
the generalizability to men >60 years of age. Fourth, we
included apparently healthy older adults and we can only
speculate that gait speed cut-off values may have been
different in less healthy individuals. Finally, we did not
collect the additional data regarding health conditions,
which might have also led to different cut-off values and
discriminative ability. Therefore, future studies aiming to
determine optimal cut-off points should be population-
based in a followup design, in addition adjusted for poten-
tial confounding variables.

Conclusions

Our study shows that gait speed cut-off values of 0.88 m/s
and 0.85 m/s significantly predict foot pain and the risk of
falls in older women. Slower gait speed may contribute to
foot pain and higher prevalence of falls. By using the
proposed cut-off values, individuals who walk slower
should be a target population for special interventions
that improve foot biomechanics and reducing both foot
pain and future risk of falls.
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