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/Abstract )

Background: Gait disturbances are common in psychiatric population and in patients with anxiety. Even though people with
anxiety show slower walking velocity, the effect of the biophysical factors on their gait characteristics has not been examined.
This study examines whether pain, balance, muscle strength and general joint hypermobility (GJH) mediate the relationship
between anxiety and gait.

Methods: A sub-analysis was conducted on a recent one-year observational study, which was conducted at a psychiatric outpa-
tient unit, in a large Israeli general hospital.

Results: Pain and static balance were found to mediate the relationship between anxiety and gait velocity and step length. The
relationship between anxiety and step length was also mediated by GJH. The findings suggest that both pain, balance and GJH
affect gait velocity and step length in people with anxiety.

Limitations: The study did not randomize subjects into groups nor enlisted a blind procedure for the researcher or the partici-
pants.

Conclusions: It is thus recommended to consider these components, specifically pain, and balance when planning a physical gait
assessment and intervention for people with anxiety.

. J
GJH, pain and balance mediate the relationship between anx-
iety and step length.

Keywords: Pain; Balance; General joint hypermobility (GJH);
Gait velocity; Step length; Mental health.

Highlights

*  Biophysical elements influence gait characteristics in people
with anxiety.

*  Balance and pain are major mediators that effects the relation-
ship between anxiety and gait.

Introduction

Human gait is a fundamental function that enables us to

e Pain and balance mediate the relationship between anxie o
P R move from one place to another. In healthy individuals, the most

and gait velocity.
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influential factors on gait velocity include pain, balance, muscle
strength, and GJH [1-6]. Asymmetrical gait pattern and slow gait
velocity were found in individuals suffering from musculoskeletal
pain [7-10]; Patients with balance dysfunction often demonstrate
gait disturbances and slow gait velocity, thus suggesting that bal-
ance plays a major role in maintaining normal walking speed [11-
13]; weak lower limb and trunk muscles can lead to slow walking
velocity [6,14,15]; and Generalized Joint Hypermobility (GJH) is
associated with slower walking velocity and increased incidence of
musculoskeletal injury [1,16], probably as a result of pain and joint
instability that is more common in individuals with GJH [5,17].

Gait disturbances are common in the psychiatric population
and were recently reported in patients with anxiety [18-22]. These
disturbances are thought to reflect impaired cortical and subcorti-
cal function [23,24].

Although a number of studies have examined gait in the con-
text of anxiety disorder [18,19,21,25,26], and the biophysical com-
ponents affecting walking speed in humans is well documented
[2,4,6,27,28], to the best of our knowledge, no study examined the
biophysical factors that influence gait characteristics in patients
with anxiety.

Therefore, the current study aims to evaluate which biophys-
ical components (pain, balance, muscle strength and GJH) affect
gait characteristics (velocity, step length and cadence) in a group
of people with anxiety. To do so, we will (a) assess group differ-
ences in gait and biophysical parameters between people with anx-
iety and healthy individuals; (b) examine the relationship between
biophysical components (pain, balance, GJH, and muscle strength)
and gait characteristics; and (c) evaluate whether these biophysi-
cal components mediate the relationship between anxiety and gait
characteristics.

Method
Study Setting, Design and Population

This is a sub-analysis of a former observational study from
our lab (Feldman et al., 2019), where we examined a group of
individuals suffering from anxiety symptoms (rather than a diag-
nosed anxiety disorder) and a healthy control group of individuals
without anxiety. The study was approved by the hospital’s IRB
(Approval number 0447-16-TLV). A total of 93 participants were
divided into two groups: An anxiety group consisting of 48 partici-
pants (27 female, 21 male), who were being treated and examined
at the Tel Aviv Sourasky Medical Center’s psychiatric outpatient
clinic, and a control group of 45 participants (25 female, 20 male),
who were under examination at the Department of Anatomy and
Anthropology, Sackler Faculty of Medicine at Tel-Aviv Universi-
ty. Both groups consisted of various ages and mixed genders. The
observations and data collection were conducted between January
2017 and May 2018. For further information on study participants,
please see Feldman et al., (2019) [21].

Inclusion Criteria

The following criteria served as a prerequisite to participation in
the study:

Research group: Patients (men and women, 18-65 years of age)
at a psychiatric outpatient clinic who displayed anxiety symptoms
(>14 on the Hamilton Anxiety Rating Scale) and possessed suf-
ficient knowledge of the Hebrew language (needed to comprehend
and complete the research questionnaires).

Control group: Volunteers (men and women, 18-65 years of age)
without anxiety symptoms (<5 on the Hamilton Anxiety Rating
Scale), recruited from Tel-Aviv University, who possessed suffi-
cient knowledge of the Hebrew language (needed to comprehend
and complete the research questionnaires).

Exclusion Criteria

The following exclusionary criteria were enforced: Any pre-
existing psychotic condition, any major affective condition (either
mania or depression), a neurological or neuropsychological dis-
order (e.g., head injury), an orthopedic disorder that causes gait
difficulties, vestibular issues or dizziness, cardiovascular disease,
inability to comprehend questions on the research instruments, fe-
ver at the time of participation or trauma that may cause pain. No
one was excluded based on the HAM-A score. Exclusion criteria
for the anxiety group were decided upon according to their medi-
cal records, and the group was kept under the control and super-
vision of the head of the psychiatric outpatient clinic at Tel Aviv
Sourasky Medical Center, whereas the exclusion criteria for the
control group were based on self-report.

Procedure

Participants were asked to fill a consent form, and then answer the
following three questionnaires:

* A socio-demographic and medical questionnaire (see Table
1);

e The Hamilton Anxiety Rating Scale (HAM-A) [29]. The top
cut-off point in the scale is 14 points and the bottom cut-off
point is 5. A score greater than or equal to 14 suggests clinical
anxiety, which classifies the participant in the anxiety group.
A score lower than or equal to 5 classifies the participant as
healthy. A score between 5 and 14 suggests that the person has
partial and nonclinical anxiety symptoms.

e Pain intensity was rated on the numeric rating scale (NRS)
with a score range between 0 (no pain) and 10 (high-intensity
pain) [30,31].

Participants underwent a series of physical examinations follow-
ing the questionnaire.
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Variables Control group (N =45) Anxiety group (NV=48) P
Gender (M/F) 25/20 27/21 0.95
Age (years) 40.8 (12.62) 40.3 (12.84) 0.85
Weight (kg) 67.3 (14.95) 72.5(22.01) 0.19
Height (m) 1.6 (0.09) 1.7 (0.14) 0.65
BMI (Kg/m?) 23.9 (4.17) 24.9 (5.95) 0.60
Education (years) 13.3(1.82) 12.4 (1.77) 0.14
HAM-A (score) 2.2(1.75) 35.9(11.92) <0.001
Hand dominance (RT/LT) 39/6 44/4 0.32
Frequencies and descriptive statistics of study participants. The first six variables are presented as means, with standard deviations provided in
parentheses. The last two variables (hand dominance) are presented as frequencies (n). Kg — Kilogram; BMI — Body Mass Index; HAM-A — Ham-
ilton Anxiety Rating Scale; Hand Dominance: RT — Right; LT — Left.

Table 1: Baseline participant characteristics.

Physical examination

The principal researcher, a certified physiotherapist, conducted the
physical assessment.

A 10 MWT (10-meter walking test) was used to measure
spatiotemporal gait parameters. The test was conducted in a
20-meter long corridor and consisted of a 14-meter path. Partici-
pants were asked to walk 10 meters, with an added 2 meters for
acceleration and another 2 for deceleration. Four points along the
course were marked with adhesive tape, denoting the two ends of
the 10-meter walkway, and the acceleration and deceleration point.
The acceleration and deceleration points were disregarded in the
data collection. Verbal instructions (in Hebrew) were given before
the test: “I will say: ready, set, go. When I say ‘go’, walk as safely
as you can in your normal, comfortable speed until I say stop.”
Time was measured with a stopwatch from the moment the par-
ticipants crossed the starting line, up to the moment they passed
the 10-meter mark, completing a 10-meter walk at a comfortable
pace. Walking time and the number of steps were used to deter-
mine spatiotemporal gait parameters. The average time and num-
ber of steps in three paths were documented [32-36]. Eventually,
mean gait velocity (m/sec), step length (m) and cadence (steps/sec)
were calculated for each participant.

The Unipedal Stance Test (UST) was used to assess static
balance. Participants were asked to stand barefoot on one foot,
cross their arms over their chest, then raise their other leg toward
the ankle of their weight-bearing leg without touching it. The par-
ticipants were asked to focus on a spot on the wall in front of them,
at eye level. A stopwatch was used to measure the duration of time
the participant was able to stand on one foot, from the moment the
participant raised their foot off the floor until the moment the par-
ticipant either: (1) used their arms (i.e., uncrossed them); (2) used
their raised foot (moved it toward or away from the standing leg or

touched the floor); (3) moved the weight-bearing foot to maintain
balance (i.e., rotated foot on the ground); or (4) a maximum of 45
seconds had elapsed. The process was repeated three times. The
average duration of all three trials was recorded [37,38].

GJH was evaluated using the Beighton Criteria, a standard
assessment tool employed in clinical settings that was used in mul-
tiple studies in the evaluation of joint hypermobility presence. It
assesses participants’ ability to perform nine maneuvers, which
helps evaluate the joint range of motion at five separate areas in
the body: right and left passive dorsiflexion of the pinky toe at 90°
or more; right and left passive opposition of the thumb to the flexor
aspect of the forearm; right and left elbow hyperextension at 10° or
more; right and left knee hyperextension at 10° or more; and for-
ward flexion of the torso, with knees extended and both palms laid
flat on the floor. Points were allocated for completion of each ma-
neuver, with the maximum score being 9 (successful completion of
all 9 items) and the minimum being 0 [5,39]. A Beighton score of
4 or higher signified GJH [5,39-41], and was therefore used as the
cutoff point according to which outcomes were assessed.

JAMAR Hand Grip Dynamometer was used to evaluate
muscle strength. It should be acknowledged that hand grip, an
instrumental muscle strength measure, can be used as a tool for
the rapid indication of general body muscle strength [42,43]. Par-
ticipants were asked to sit with their shoulders adducted and neu-
trally rotated, elbow flexed at 90°, forearm in a neutral position,
and wrist between 0° and 30° dorsiflexion and between 0° and 15
ulnar deviation. Once properly positioned, the participants were
given specific verbal instructions (in Hebrew): “Squeeze as hard as
you can, harder! Harder! And relax.” The score of three successive
trials for each hand was recorded. The average score of the three
trials compared to the normative data was measured in kg [42—45].
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Statistical Analysis

The statistical analysis was conducted using SPSS v24 (IBM
Corp., Armonk, NY, USA), with a p-value of <0.05 defined as sta-
tistically significant. Normality of distribution was assessed using
the Kolmogorov-Smirnov test. Step length and all distributions of
the biophysical parameters were not normal. Differences between
study groups in terms of socio-demographic and anthropomet-
ric variables and in-study variables were explored using t, %> and
Mann-Whitney tests, according to variables’ scales and normality.
Linear relationships between gait characteristics and biophysical
parameters were evaluated using Spearman correlations. Media-
tion models were tested using Process command [46] Model 4.
Process command estimates the 95% confidence interval (CI) of
the indirect effect of the independent variable (IV) (i.e., anxiety) on
the dependent variable (DV) (i.e., gait characteristics), by compar-
ing the observed indirect effect against a bootstrapped distribution
constructed from 1,000 parallel data sets. Each simulated parallel
data set was constructed by randomly sampling from the observed
data set with replacement. If the CI does not include zero, the in-

direct (mediated) effect is significantly different than zero [46,47].
Results

The results presented here include our new findings regard-
ing pain, GJH, correlations and mediation effect combined with
our previous findings regarding gait, balance, and muscle strength
(see: Feldman et al., 2019) [21]. No significant differences were
found between the two groups in terms of socio-demographic and
anthropometric variables (Table 1). Furthermore, as expected, the
anxiety group scored significantly higher on the Hamilton Anxiety
Rating Scale than the control group (p<.001) (Table 1).

Group differences were found in all three-gait characteris-
tics and three out of four biophysical components (Table 2). In the
anxiety group, gait velocity and cadence were lower, step length
was shorter, the pain was stronger, and the UST score was lower
(indicating shorter time spent standing on one leg), Beighton score
was higher (indicating GJH), compared to the control group. The
groups did not differ in muscle strength in either right or left hands
(Table 2).

Control group (N=45) Anxiety group (N=48)
M SD M SD Group difference
Gait velocity 1.42 0.13 1.12 0.17 %(91)=9.48""
Step length 0.69 0.08 0.63 0.08 U=664.50""
Cadence 124.56 10.67 106.93 9.7 t(91)=8.34""
Pain 0.64 1.82 5.85 3.44 U=261.00""
UST 44.23 23 28.18 14.48 U=367.00""
GJH 1.6 1.56 4.52 2.21 U=322.50""
Hand grip RT 29.49 10.60 26.93 12.87 U=919.00
Hand grip LT 27.35 10.97 25.21 12.46 U=950.00
UST — Unipedal Stance Test; GJH — Generalized Joint Hypermobility; RT — Right; LT — Left; **p<.001.

Table 2: Group differences in gait and biophysical parameters.

Table 3 presents the relationships between gait characteristics and biophysical parameters. As can be seen in the table, in the en-
tire sample, biophysical parameters were significantly correlated to gait characteristics, with one exception: The correlations between

muscle strength measures and cadence were insignificant.

Gait velocity Step length Cadence
Pain -.67 -43™ =527
UST .66™" 527 47
GJH =527 -.33™ =35
Hand grip RT .30™ .64 -.13
Hand grip LT .30™ .66 -.14
UST — Unipedal Stance Test; GTH — Generalized Joint Hypermobility; RT — Right; LT — Left; “p<.005, *"p<.001.

Table 3: Correlations between gait and biophysical parameters.
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Mediation effects of biophysical parameters on the relationship between anxiety and gait characteristics were explored using Pro-
cess command, model 4, on SPSS. The basic mediation model is presented in Figure 1. The unstandardized path coefficients indicating
the effects of anxiety on the mediators — biophysical parameters (path a), the effects of the mediators on gait characteristics (path b) and
the direct effect of anxiety on gait characteristics (path c) are presented in Table 4. The estimations of the indirect effects, including the
bootstrapping Cls, are also presented in Table 4.

Indirect effect
Path a Path b Path ¢
(bootstrapping)
DV Mediator B (SE) T B (SE) t B (SE) t B (SE) 95% CI
Gait velocity
Pain 5.19 (0.58) 8.91™ | -0.02 (0.00) | -3.44™ | -0.20(0.04) | -4.85" | -0.10(0.03) -0.17; -0.05
UST -16.05 (2.19) | -7.34™" | 0.00(0.00) | 3.05™ -0.23 (0.04) | -5.98™" | -0.07 (0.02) -0.12; -0.02
GJH 2.92 (0.40) 732" | -0.01(0.01) -1.34 -0.27 (0.04) | -6.74™" | -0.03 (0.03) -0.11; 0.02
Hand grip RT | -2.56 (2.45) -1.04 0.00 (0.00) | 3.91™ -0.29 (0.03) | -9.71™ | -0.01 (0.01) -0.05; 0.01
Hand grip LT | -2.15(2.44) -0.88 0.01 (0.00) | 4.15™ -0.29 (0.03) | -9.86™" | -0.01 (0.01) -0.04; 0.01
Step length
Pain 5.19 (0.58) 8.91™ | -0.01(0.00) | -2.95" -0.01 (0.02) -0.72 -0.04 (0.01) -0.08; -0.02
UST -16.05 (2.19) | -7.34™ | 0.00 (0.00) 2.79™ -0.02 (0.02) -1.27 -0.03 (0.01) -0.05; -0.01
GJH 2.92 (0.40) 732" | -0.01(0.00) | -2.127 -0.03 (0.02) -1.63 -0.03 (0.01) -0.06; -0.01
Hand grip RT | -2.56 (2.45) -1.04 0.00 (0.00) | 7.02" -0.05 (0.01) | -3.68™" | -0.01 (0.01) -0.03; 0.01
Hand grip LT | -2.15(2.44) -0.88 0.00 (0.00) | 7.69™ -0.05 (0.01) | -3.90"" | -0.01(0.01) -0.03; 0.01
Cadence
Pain 5.19 (0.58) 8.91™ | -0.33(0.39) -0.85 -15.76 (2.93) | -5.38"" | -1.71 (2.06) -5.75;2.32
UST -16.05 (2.19) | -7.34™ | 0.06 (0.10) 0.6 -16.65 (2.68) | -6.22"" | -0.98 (1.49) -3.60; 2.34
GJH 2.92 (0.40) 732" | 0.51(0.56) 0.92 -19.12 (2.66) | -7.18™ | 1.50(1.79) -2.34;4.94
Hand grip RT | -2.56 (2.45) -1.04 -0.22 (0.09) | -2.49™ | -18.18 (2.07) | -8.80"" | 0.56 (0.69) -0.36; 2.41
Hand grip LT | -2.15(2.44) -0.88 -0.24 (0.09) | -2.71" | -18.14(2.05) | -8.84™ | 0.51(0.71) -0.49; 2.32

DV- Dependent Variable (gait velocity, step length, cadence); UST — Unipedal Stance Test; GJH — Generalized Joint Hypermobility; RT — Right; LT
— Left; p<.05, "p<.01, ™"p<.001, #p=.06. Path a= effect of anxiety on the mediator; Path b= effect of the mediator on the DV; Path c= direct effect

of anxiety on the DV. The coefficients are unstandardized.

Table 4: Single mediation models for the relationship between anxiety and gait characteristics.

Biophysical

/. [ Components }\
/ a b
[ Anxiety J c [ Gait Characteristics ]

Figure 1: Mediation model; Path a= effect of anxiety on the mediator; Path b= effect of the mediator on dependent variables (DV); Path
c= direct effect of anxiety on the DV.
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Anxiety had a direct effect on all gait characteristics, i.e. ve-
locity, cadence and step length (path ¢). On top of that, as can be
seen in Table 4, pain and UST mediated the relationship between
anxiety and gait velocity, and the relationship between anxiety and
step length (Figure 2a+b). The relationship between anxiety and
step length was also mediated by GJH (Figure 2b). Thus, anxiety
was related to higher levels of pain and GJH, and lower levels
of balance, which in turn were related to lower gait velocity and
step length (Table 4). Cadence was not mediated by biophysical

parameters.
\

Anxiety c

GJH, Pain and
Balance

Anxiety [

Gait Velocity

Step Length

I iy
\
5'/ =
ol

Figure 2: Mediation models for the relationship between anxie-
ty and gait characteristics; a. Gait velocity model, b. Step length
model.

Discussion

While the previous study demonstrated the differences in
gait characteristics between people with anxiety to healthy indi-
viduals [21], the current study reveals the biophysical parameters
that contribute to these differences. Our findings indicate that anxi-
ety is related to higher levels of pain and GJH, and lower levels of
balance, which in turn are related to lower gait velocity and step
length. Specifically, the significant components that influence gait
velocity were pain and balance; and the significant components
that influence step length were pain, balance and GJH. Cadence
was only affected directly by anxiety, with no mediation of bio-
physical components. Therefore, the differences in gait velocity
and step length between healthy individuals and people with anxi-
ety stem from a combination of the anxiety itself and poor balance,
higher level of pain and higher levels of GJH found in these pa-
tients. This should not come as a surprise to us, since balance, pain
and GJH are known to influence gait characteristics in healthy in-
dividuals. On the other hand, while in healthy individuals muscle

strength has an important role in gait velocity, we found no such
relationship in people with anxiety.

Balance is a dominant factor that influences gait in people
with anxiety, as a deficit in balance is expressed in slow walking
speed and short step length. This is in agreement with previous
studies, which showed that balance impairment may lead to walk-
ing speed declines and shorter steps [2,11-13,48-51]. It is also in
agreement with studies that showed a strong relationship between
balance disorders and anxiety in a number of young and adult
populations [11,52-54]. Anxiety can, directly and indirectly, influ-
ence balance control, either by producing an ineffective balance
response or by masking or modifying underlying balance deficits.

Pain had a significant correlation with all three gait char-
acteristics. It was therefore not surprising to find that pain was a
dominant mediator influencing the relationship between anxiety
and walking speed. Pain appears to be a unique domain as a cause
of disablement. Given the fundamental nature of walking and the
fact that it is an oft-prescribed activity for patients with anxiety
[55], it is important to have a better understanding of the effect of
pain on walking [4]. Just as the relationship between pain and spa-
tiotemporal gait parameters is well documented in chronic ortho-
pedic disorders [8,9,20,56], so is the relationship between pain and
anxiety [57,58]. Pain is an important domain in people with anxi-
ety [57], and is often overlooked by practitioners when it comes
to patients with mental disorders [59,60]. Our results suggest that
when aiming to improve gait in people with anxiety, pain should
be taken into consideration.

Studies propose a number of mechanisms that may explain
this relationship [58,61,62]. Hayashi et al. (2016) [20] suggest that
a vicious cycle of fear-avoidance may be initiated when the pain
prompts dysfunctional interpretations. Anxiety and avoidance of
activity lead to deteriorated muscle strength and, consequently,
limited activity, e.g., gait. Pain-related fear and anxiety-induced
responses (e.g., avoidance, hypervigilance, disuse, disability) may
in turn lower the threshold at which subsequent pain will be expe-
rienced. 2 Respectively, it can be assumed that people with anxi-
ety are more prone to pain disturbances, which in turn, influence
their gait characteristics, i.e., they tend to walk slower and have a
shorter step length.

The results of the study demonstrate a direct relationship
between anxiety and GJH, as measured by the Beighton score. A
moderate and significant positive correlation was found between
GJH and gait velocity, revealing a correlation between a high score
on the Beighton scale and slow gait in people with anxiety. Finally,
GHJ has a strong mediation effect on decreasing step length. These
results are consistent with previous studies that reported a strong
relationship between joint hypermobility syndrome and anxi-
ety disorders, from young children to older adults [63-67]. GJH
is associated with reduced trunk stability, slow walking velocity,
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higher joint moments during walking and increased incidence of
musculoskeletal injury and pain [1,5,16,68].

Although there is no definitive evidence in the literature of
the efficacy of a specific training regimen for people with GJH
[69], it has recently been found that an 8-week training program
that emphasizes spinal stabilization exercises is essential for pain
reduction, spinal stability, and increase the endurance of thoracic
strength among women with GJH [70]. Such an exercise regimen
could potentially be beneficial to people with anxiety.

In accordance with previous studies that support the notion
of muscle strength as a major biophysical component affecting
spatiotemporal gait characteristics in humans [6,14,71], we found
similar a relationship between muscle strength and gait character-
istics in our sample group. On the other hand, the results presented
here indicate that muscle strength has a negligible effect on gait
characteristics in people with anxiety. This gap can be explained
by the fact that the anxiety group had a large variance in muscle
strength scores compared to healthy individuals.

Limitations

It is important to note that the study was observational rather
than a randomized and clinically controlled study, and there was
no randomization of the subjects. Therefore, it did not allow to
examine whether a certain physical characteristic was the cause of
anxiety or the anxiety disorder was the cause of the physical defi-
ciency. Further clinical research on these topics, with emphasis on
gait and balance, and the relationship between these components
and mental illnesses, such as anxiety, is needed.

Conclusions

In conclusion, the results of this study highlight the major
biophysical components that mediate the relationship between gait
characteristics (walking speed and step length) and anxiety. While
there is a direct influence of anxiety on gait characteristics (pass c),
there is also a more complex route through mediation (pass a+b):
Pain and balance influence gait velocity, while GJH, pain and bal-
ance influence step length. Given that biophysical elements influ-
ence gait characteristics, clinicians are advised to consider these
biophysical components when assessing and treating a patient who
is suffering from anxiety. These mostly refer to pain, balance and
GJH, and a lesser extent to muscle force. When coupled with ap-
propriate treatment, proper identification and treatment of these
biophysical components can potentially contribute to improved
functioning and participation in people with anxiety.

Conflict of Interest: No conflicts of interest were encountered in
this study.
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