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Abstract
Postural sensitivity to moving visual environments in patients with anxiety disorders was studied.
We hypothesized that patients with anxiety disorders would have greater sway in response to a
moving visual environment compared to healthy adults, especially if they have space and motion
discomfort (SMD). Twenty one patients with generalized anxiety without panic (NPA), and 38
patients with panic and agoraphobia (PAG) were compared to 22 healthy controls. SMD was
evaluated in all subjects via questionnaire. Subjects stood on a force platform that was either fixed
or rotating with the subject (i.e. sway referenced) during exposure to a sinusoidally moving visual
surround. Center of Pressure (COP) data were computed from force transducers in the platform as a
measure of sway. Results showed that patients swayed significantly more in response to the moving
visual scene compared to control subjects, with no differences between the NPA and PAG groups.
SMD was a predictor of sway response in the patients: patients with high SMD swayed significantly
more than both Controls and anxiety patients with low SMD. These results indicate that patients with
anxiety disorders, particularly those with SMD, are more visually dependent for balance. This
subgroup of patients may be amenable to treatment used for patients with balance disorders (i.e.
vestibular rehabilitation) that focuses on sensory re-integration processes that address visual
sensitivity.
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Introduction
Anxiety is highly prevalent in patients with balance disorders. About 30 percent of patients
with vestibular disorders report persistent panic and agoraphobic symptoms or generalized
anxiety (Eagger, et al., 1992;Stein, et al., 1994;Sullivan, et al., 1993;Clark, et al., 1994).
Conversely, vestibular dysfunction is common among patients with anxiety disorders (Jacob,
Moller, et al, 1985;Sklare, et al., 1990;Hoffman, et al, 1994;Jacob Furman, Durrant, et al,
1996;Yardley, 1994,1995;Perna, et al, 2001).

While many anxious patients have symptoms of imbalance and/or dizziness, few have a
syndromal vestibular disorder (Furman & Jacob, 2001). For example, balance symptoms in
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agoraphobics only rarely include rotational vertigo (Jacob, Lillenfeld, et al., 1989). However,
many patients with anxiety complain of discomfort in situations that are challenging for patients
with balance disorders. These situationally specific symptoms include “supermarket
syndrome” (Rudge and Chambers, 1982) “space phobia” (Marks, 1981), “visual
vertigo” (Bronstein, 1995), and “height vertigo” (Brandt, et al, 1980). We have labeled this
patterns of situationally specific symptom elicitation “Space and Motion Discomfort” (SMD)
and developed a questionnaire to detect this condition (Jacob, Woody et al, 1993). SMD is
commonly seen in patients with balance disorders, suggesting that it may be possible to identify
a select group of patients with anxiety that has vestibular dysfunction.

Vestibular dysfunction can give rise to situational discomfort, i.e., SMD because three sensory
channels (vision, proprioception and vestibular) are involved in balance control. When sensory
conflict arises, the postural control system normally adjusts the sensory integration process
toward an appropriate sensory channel or away from the channel providing misleading
information. Thus, normal healthy adults, when exposed to misleading balance information,
downweight information from the misleading sensory channel and upweight information from
channels that provide correct information. Patients with vestibular disorders are prone to
develop SMD because they become unusually dependent on information from non-vestibular
channels and thus become sensitive to misleading information in these channels (Redfern and
Yardley, 2001). For example, a person who is visually dependent due to vestibular dysfunction
would be expected to experience particularly high levels of “height vertigo.” Visual
information is degraded due to the absence of motion parallax and reduction of retinal slip
resulting from the long visual distances characteristic of height and a lack of a reliable vestibular
channel.

SMD is observed not only in patients with balance disorders, but also in individuals unable to
flexibly adjust the above-mentioned inter-sensory integration process, e.g., those who are
visually dependent or surface dependent. Some patients with anxiety disorders, particularly
those with panic disorder and agoraphobia (Jacob,Lilienfeld et al 1989,Jacob Woody et al
1993) seem especially prone to developing SMD. In a previous study, we found that anxious
patients with SMD swayed more in response to moving visual environments than did healthy
adults. That is, they seemed to be visually dependent. (Jacob, Redfern, et al, 1995). That study
however, did not include a non-SMD control group. Since it has been found that anxious
patients in general are sensitive to visuo-vestibular sensory conflict (Viaud-Delmon, et al,
2000), we wanted to directly compare anxious patients with SMD to anxious patients without
SMD. The motivation for this study was: (1) to investigate the central integration of visual
information for balance (visual dependence) in an anxious population to determine if this
mechanism was different in patients with anxiety as compared with healthy adults; and 2) to
investigate if this mechanism was linked to phenomenological variables, such as the presence
or absence of panic attacks, height phobia and SMD. In a previous study, we had shown that
patients with panic disorder with agoraphobia were surface dependent, i.e., unusually sensitive
to a sway referenced support surface. (Jacob et al. 1997). In that study, we also assessed visual
dependence but used a different technique, i.e., sway-referencing the Equitest™ visual
surround. Because this stimulus may have been too weak an intervention, we modified the
Equitest™ balance test protocol for the present study to include an externally imposed motion
of the visual surround.

We hypothesized that patients with anxiety disorders would have greater sway in response to
a moving visual environment compared to healthy adults, especially in patients with SMD.
There were two secondary analyses. The first examined the difference between two types of
anxiety disorders; non-panic anxiety (NPA) and panic disorder and agoraphobia (PAG). Based
on previous findings (Jacob, Furman et al 1997), we hypothesized that PAG patients would
have greater visual dependence for balance and thus have greater sway in response to moving
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environments. The second supplementary analysis examined the role of height phobia in visual
balance sensitivity. We suspected that visual dependence for balance may play a role in height
phobia. Because it proved difficult to find patients with PAG who were completely free from
fear of heights, this analysis was limited to anxiety patients in the NPA group. We hypothesized
that patients with comorbid height phobia would have greater sway in response to optic flow
environments.

Methods
Subjects

Subjects between ages 18-55 were recruited either as normal volunteers or from psychiatric
outpatients. All subjects provided informed consent to participate in this study, and the
experimental protocol was approved by the Institutional Review Board at the University of
Pittsburgh. Subjects included 59 patients with anxiety disorders (48 female; 53 Caucasian) and
22 healthy controls (19 female; 19 Caucasian). Twenty one patients had panic and agoraphobia
(PAG) and 38 patients had non-panic anxiety (NPA). Of the NPA patients, 19 had comorbid
height phobia and 19 did not have height phobia. Nineteen of the 21 PAG patients had comorbid
height phobia. Assessment of Height phobia status (absent vs present) was based on: 1)
clinician-rated fear of height on a scale of 0-8 (“no fear” to “very severe fear”), and 2)
clinicianrated avoidance of heights on a scale of 0-8 (“no avoidance” to “always avoid”) from
the “Specific Phobia” section of the ADIS (Brown, DiNardo and Barlow, 1994). To be accepted
as a normal control, individuals had to have zero ratings on both fear and avoidance of heights.
For the analysis of height, anxiety patients with fear and avoidance ratings indicating a mild
severity level (3 or less on both scales) (N=5) were omitted. Descriptively, for the remaining
NPA height phobic subjects, median fear rating was 6, indicating “severe fear”, and median
avoidance rating was also 6 (corresponding to “often avoid”). For the PAG height phobic
subjects, median fear was 7 and median avoidance was 8.

Patients were recruited from the outpatient clinic of the Western Psychiatric Institute and Clinic
(WPIC) of the University of Pittsburgh Medical Center. The patients were recruited after an
initial clinical diagnostic evaluation identified that the patient had an anxiety disorder (either
panic disorder, with or without agoraphobia, generalized anxiety disorder, social phobia, or
specific phobia). Patients with a history of drug or alcohol abuse, head injury, obsessive
compulsive disorder, or psychotic disorder were excluded, as were patients with history of
migraine headaches or orthopedic problems. Patients could not be taking benzodiazepines but
were permitted to remain on antidepressant medications. Antidepressant use in the patients
was 18.1 % and 38.1 % for the NPA and PAG groups, respectively. No Control subjects were
taking antidepressants. Final diagnosis was based on a structured research interview using the
Anxiety Disorders Interview Schedule (Brown & DiNardo, 1994) As part of their research
assessment the patients filled out a battery of questionnaires that included the Situational
Characteristics Questionnaire (Jacob, Woody 1993). Normal subjects were recruited from the
community via flyers or word of mouth. Preference was given to individuals whose age (+/- 5
years), race and gender matched those same variables of a participant in the PAG group. The
normal control subjects received the same structured interview as the patients.

Subjects were categorized as having abnormally high SMD if their score on part I of the
Situational Characteristics Questionnaire was greater than or equal to 6.5. Note that for this
study, all negative scores on individual questions on the Situational Characteristics
Questionnaire were rescored as zero. The cutoff of 6.5 was based upon the normal subject data.
No normal subject had an SMD score exceeding 6.5. For the NPA patients, 17 patients were
abnormal for SMD and 21 patients were normal for SMD. For the PAG patients, 9 patients
were abnormal for SMD and 13 patients were normal. Table 1 shows the characteristics of the
subject populations examined in the study.
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All subjects underwent a vestibular examination including Computerized Dynamic
Posturography (Equitest™, Neurocom Inc), Earth Vertical Axis Rotational Testing, Ocular
Motor Screening, Positional Testing, and Caloric Testing. Results of these examinations are
reported elsewhere. (Jacob, et al., 2006).

Protocol for visual dependence
Subjects stood on an Equitest™ posture platform in either a fixed or sway referenced platform
condition during sinusoidal movement of the visual surround in the anterior-posterior direction.
The visual surround filled the subject’s full field of view, with the front and sides of the surround
about 1 m from the subject extending upwards 2 m from the floor. This scene is connected to
a computer controlled rotary motor with its axis collinear with the subject’s ankle. Thus, the
scene motion was a rotation about the subject’s ankle. The visual surround motion conditions
were: no motion, 0.10 Hz sinusoid, or 0.30 Hz sinusoid. The magnitude of the motion was 10
degrees peak-to-peak about the ankle of the subject. The scene was modified from the standard
clinical surround to include a “bullseye” pattern of six alternating black-and-white concentric
rings (with each ring occupying 5° of visual arc), surrounded by a checkerboard of black-and-
white squares (15cm per side). Previous studies have utilized similar patterns in moving visual
environment paradigms to evoke postural responses in both healthy and patient populations
(Redfern and Furman, 1994;Peterka and Benolken, 1995). Each trial consisted of 30 s of no
scene movement, 60 s of optic flow, and 30 s of post-flow no scene movement. Thus, subjects
were exposed to the flow conditions in the middle 60 s of the 120 s in each trial. The presentation
order of the 6 trials for each subject was randomized. Center of Pressure (COP) data were
computed from the force transducers in the support surface and recorded for each trial. Only
the 60 s of COP data during the optic flow exposure were analyzed.

Data Processing and Statistical Analyses
The sway of the subjects was quantified by processing the COP data in two ways. First, the
root-mean-square (RMS) of the COP time series for each trial was calculated to obtain an
overall measure of movement response to the visual condition. Second, a power analysis of
the COP was performed to investigate the amount of movement obtained in response to a
particular frequency of the scene movement. COP power within the frequency band of the
scene movement was calculated via power spectrum techniques. Power within the frequency
band from 0.05-0.15 Hz was computed for 0.10 Hz scene movements. For the 0.3 Hz scene
movement, COP power was calculated within the 0.25-0.35 Hz frequency band. This technique
measures sway in response to the scene movement (entrainment) and not generalized
destabilization (Redfern & Furman, 1994;Loughlin & Redfern, 1996).

Statistical analyses were performed using ANOVA with a split-plot design. Subject was
considered a random effect within each subject group. Subjects with anxiety (PAG and NPA)
were grouped together and compared to healthy controls. Subsequent analyses were performed
to compare the PAG and NPA patients. An analysis of sway responses comparing height phobia
versus no height phobia in the NPA subjects was also performed. ANOVA’s were performed
for each floor condition (fixed and sway referenced) separately. Data were log transformed to
normalize the variance prior to analysis when necessary.

The relationship between SMD and sway responses to optic flow in patients was evaluated
using ANOVA with the three groups being Controls, SMD-Abnormal, and SMD-Normal. Post
hoc pair-wise comparisons were made to look at differences among the groups.
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Results
Anxiety Patients versus Healthy Controls

RMS sway was significantly different between the anxiety patients and healthy controls for
the fixed platform condition, but not in the sway referenced condition. (Figure 1) For the fixed
platform condition, significant frequency of optic flow (FREQ) (p<.001; F(2,156)=64.4),
Group (p=.02; F(1,78)=5.57), and FREQ*Group (p=.01; F(2,156)=4.42) effects were found.
Post hoc pair-wise t-test comparisons showed there were no differences between the groups
for the no-flow condition; however, the patient group swayed significantly more than the
controls in response to moving scenes at both the 0.10 Hz (p=.01) and the 0.30 Hz (p<.01)
frequencies. A separate analysis of the fixed platform condition comparing the two patient
populations (NPA, versus PAG) showed no significant difference in sway response for any
stimulus frequency (F(1,57)=.061; p>.80).

For the sway referenced condition, there was a significant FREQ effect (p<.001; F(2,114)
=30.8), but no significant Group (F(1,57)=1.76; p=.19) nor Group*FREQ (F(2,114)=2.70; p=.
08) effects. Post hoc t-test comparisons confirmed that there were no significant group effects
within any of the three flow conditions during sway referenced conditions. Thus, on fixed
platform, anxiety patients swayed more in response to optic flow compared to healthy controls;
and, there were no differences in sway response between the two patient groups (NAP versus
PAG).

Analyses of the sway power in response to optic flow conditions confirmed the RMS analysis.
During the fixed platform condition, patients swayed more than controls in response to optic
flow stimuli at .10 Hz (F(1,78)=6.0; p=.02) and .30 Hz (F(1,78)=6.1; p=.01). (Figure 2) This
was not true for the sway referenced condition, where anxiety patients did not respond
differently than the controls for the stimuli at 0.1 Hz (F(1,78)=0.02; p=.89) or at 0.3 Hz (F
(1,78)=0.35; p=.55). There were no differences between the sway power responses of the two
patient groups (NPA vs PAG) for either optic flow stimulus in the fixed or sway referenced
platform conditions.

Sway responses did not significantly vary between anxiety patients with height phobia and
patients without height phobia. ANOVA for the fixed and the sway referenced platform
conditions did not reveal any significant effect of height phobia. An analysis of the NPA group
only, where about half of the subjects (19 out of 38) were height phobic, also did not reveal
any differences in sway response between the height phobic patients and non-height patients.
Thus, height phobia was not found to be related to differences in postural response to optic
flow.

SMD Group Analyses
RMS sway was found to be significantly different among the three groups and post-hoc
comparisons showed a significant difference between the two SMD categorized patient groups
for fixed and sway referenced platform conditions. (Figure 3) For the fixed platform condition,
significant FREQ (p<.001; F(2,153)=90.5) and Group (p=.002; F(2,78)=7.09) effects and a
non-significant FREQ*Group (p=.06; F(4,153)=2.35) effect were found. Post hoc comparisons
showed significant differences between the SMD-Abnormal and both the SMD-Normal and
Control groups for each stimulus condition (p≤.001 in all comparisons). Note that this effect
includes the NONE stimulus condition, which is quiet sway with eyes open and a fixed visual
environment. Thus, patients with abnormal SMD have increased quiet sway responses as well
as increased responses to optic flow. There were no significant differences between the SMD-
Normal and Control groups (p>.10 in all comparisons).
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Results for the sway referenced surface condition were similar to those for the fixed platform
condition, with increased RMS sway found in the SMD-Abnormal patients. ANOVA results
showed a significant FREQ (p<.001; F(2,156)=56.9) and Group (p=.002; F(2,78)=6.7) effect,
but no significant Group*FREQ effect (p=.71; F(4,156)=.53). Post hoc pairwise t-test
comparisons showed significant differences between the SMD-Abnormal and both the SMD-
Normal and Control groups for each stimulus condition (p≤.02 in all comparisons). There were
no significant differences between the SMD-Normal and Control groups (p>.78 in all
comparisons). As in the fixed platform condition, sway was greater in the SMD-Abnormal
subjects in the quiet sway (none) condition as well as in the optic flow conditions.

Analyses of the sway power in response to optic flow condition for the different SMD groups
generally confirmed the RMS analysis. (Figure 4) During the fixed platform condition, there
was a significant SMD group effect in response to optic flow stimuli at 0.10 Hz (F(2,78)=5.8;
p<.01) and in response to flow at 0.30 Hz (F(2,78)=4.42; p=.02). Post hoc pair-wise t-test
comparisons showed significant differences for the 0.1 Hz stimulus between the SMD-
Abnormal patients and Controls (p=.001) and between the SMD-Abnormal and SMD-Normal
patients (p=.03). A significant difference between the SMD-Abnormal patients and Controls
for the 0.3 Hz stimulus was also found (p=.002). For the sway referenced support surface
condition, there was a significant SMD group effect in response to optic flow stimuli at .10 Hz
(F(2,78)=3.0; p=.05), and at .30 Hz (F(2,78)=4.05; p=.02). Post hoc analyses did not show
significant differences between the SMD-Abnormal patients and Controls for the 0.1 Hz (p=.
22), but did show a significant difference between the SMD-Abnormal patients and the SMD-
Normal patients (p=.03). Sway power for the 0.3 Hz condition was significantly higher for the
SMD-Abnormal patients compared with the Controls (p=.008) and for the SMD-Abnormal
patients compared to the SMD-Normal patients (p=.03).

4. Discussion
We found that anxiety patients responded differently than did control subjects when exposed
to visual sensory conflict. When the platform was fixed, anxiety patients had increased sway
responses to optic flow compared to healthy controls. Specifically, their baseline sway was
normal; however, when optic flow was introduced, anxiety patients swayed more than did the
control subjects. The increase in sway was not the result of a general destabilization; it was an
‘entrainment’ effect in which subjects swayed synchronously with the optic flow stimulus. It
appears that the anxiety patients were less capable of ignoring (downweighting) the misleading
visual information, i.e. they were more visually dependent. Alternatively, they may have been
“attracted” to the optic flow stimuli as an effect of increased vigilance. However, increased
sway was not observed in the sway referenced floor condition, when both vision and
proprioception provided misleading information. The reason for the lack of an effect in the
sway referenced condition may be related to a ‘dosing’ effect combined with a ceiling effect;
given enough misleading spatial information even healthy controls show significant increases
in sway.

Among specific anxiety symptoms previously identified as potential predictors of visual
dependence, (i.e. SMD, Panic, and Height phobia) only SMD proved to be associated with
imbalance. The increased sway in patients with abnormally high SMD was observed as a main
effect across all conditions, both with and without sway-referencing. This SMD result is
consistent with a companion study of the same patients on a standard clinical Equitest™
posturography protocol (Jacob, et al., 2006), where abnormal SMD was found to be associated
with abnormal performance on Condition III, which consists of a sway referenced visual scene
with a fixed platform surface and Condition IV, which consists of a fixed visual scene and a
sway referenced support surface but not Conditions I and II (no sway referencing). Thus, both
in the present study and the companion study abnormal sensory environments increased
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postural sway, presumably as a result of an inability to downweight the visual or somatosensory
channels and/or upweight the vestibular channel. In light of these findings, our results with
optic flow suggest that patients with SMD have deficiencies with the sensory integration
process. We hypothesize that these patients have an inability to properly upweight
somatosensation and/or vestibular information during inappropriate visual stimuli (i.e. optic
flow) and downweight somatosensation during inappropriate support surface stimuli (i.e. sway
referencing). We also found that patients with abnormal SMD had excessive sway when
standing on a fixed platform with a stationary visual scene (see Figure 3a). The finding of
differences in sway even in the absence of optic flow was unexpected. This finding may suggest
a generalized balance abnormality in patients with excessive SMD rather than a problem
limited to sensory integration in situations involving \sensory conflict.

There are potential limitations in the study. Inherent in any study that did not recruit randomly
from the community is that of recruitment bias. For example, the proportion of female
participants seems higher than population norms. This may suggest that the participants were
not quite representative of anxiety patients in the community. However, the female
predominance may be a consequence of the exclusion criterion of history of alcohol or drug
abuse, which is more common in males. Another limitation applies to the negative finding
concerning height phobia. Height phobia was only a comorbid condition and not the patient’s
primary diagnosis. It is possible that the results would have been different in patients who have
height phobia as their primary complaint. Further research on such individuals is needed.

Recent basic science studies have suggested a possible neuroanatomical / neurophysiological
basis for the results found in the current study. Relationships between the vestibular system
and circuitry involved in anxiety and panic disorders include: (1) connections between the
locus coeruleus and the lateral vestibular nucleus (Scheurger and Balaban, 1993; (2) vestibular
inputs to the raphae nuclei (Yates, Goto et al., 1993), (3) serotonergic effects on vestibular
processes (Licata et al, 1993), and (4) vestibular-respiratory connections (Yates, Jakus, et al,
1993;Miller et al., 1995). Also, the nucleus parabrachialis receives vestibular and visceral input
and is connected with the limbic system, including the central nucleus of the amygdala
(Balaban, 1996). The amygdala and other parts of the limbic system are essential for the
conditioning of fear responses (LeDoux, 1994). Of particular interest is the potential for these
various connections to interact specifically with the lateral vestibular nuclei, which are known
to have strong projections to the vestibulospinal system. Clearly, further work is required to
further explore this potential mechanism for links between the vestibular and neural circuits
involved in anxiety.

Finally, an interesting finding was that patients with normal SMD were not significantly
different from control subjects in their optic flow responses. Under all conditions, it appears
that SMD categorization captures those anxiety patients who are sensitive to optic flow. Thus,
there may be a subgroup of anxious patients that has postural control abnormalities that are
identifiable through assessing SMD. This subgroup of anxious patients with excessive SMD
may be amenable to novel treatment not commonly considered for anxious patients, i.e.
vestibular rehabilitation, perhaps in combination with cognitive behavioral therapy.
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Figure 1.
RMS sway for the Control subjects and Anxiety patients for each stimulus condition during:
a) fixed platform and b) sway referenced platform conditions. (Error bars are one standard
deviation across subjects.) Stars represent a significant difference (p<.05) between the patient
group and the control group. Note that Anxiety patients sway significantly more than Controls
during optic flow for the fixed platform, but not for the sway referenced platform.
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Figure 2.
Sway power within the frequency band in response to the optic flow stimulus at that frequency.
Note significant differences between the control subjects and patients during the fixed platform
condition (denoted by the stars), but not for the sway referenced platform condition.
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Figure 3.
RMS sway for the Control group, Patients with Normal SMD, and Patients with Abnormal
SMD for each stimulus condition during a) fixed platform and b) sway referenced platform
conditions. (Error bars are one standard deviation across subjects.) Stars represent a significant
difference (p<.05) between the Abnormal SMD patient groups and Control group. Note that
patients with Abnormal SMD sway more than Controls and more than patients with Normal
SMD under all conditions.
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Figure 4.
Sway power for the SMD groups within the frequency band in response to the optic flow
stimulus at that frequency. Significant differences (p<.05) between the SMD Abnormal
patients and the Controls within optic flow conditions are noted by stars.
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Table 1
Characteristics of subjects

Normal SMD Abnormal SMD
Controls 22 0
NPA 21 (8 w/ height phobia) 17 (11 w/ height phobia)
PAG 12 (10 w/ height phobia) 9 (9 w/ height phobia)
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