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Abstract

Objective—Previous research suggested that panic disorder with agoraphobia is associated with 

abnormalities on vestibular and balance function tests. The purpose of this study was to further 

examine psychiatric correlates of vestibular/balance dysfunction in patients with anxiety disorders 

and the specific nature of the correlated vestibular abnormalities. The psychiatric variables 

considered included anxiety disorder versus normal control status, panic disorder versus non-panic 

anxiety disorder diagnosis, presence or absence of comorbid fear of heights, and degree of space 

and motion discomfort (SMD). The role of anxiety responses to vestibular testing was also re-

examined.

Methods—104 subjects were recruited: 29 psychiatrically normal individuals and 75 psychiatric 

patients with anxiety disorders. Anxiety patients were assigned to four subgroups depending on 

whether or not they had panic disorder and comorbid fear of heights. SMD and anxiety responses 

were measured by questionnaires. Subjects were examined for abnormal unilateral vestibular 

hypofunction on caloric testing indicative of peripheral vestibular dysfunction, asymmetric 

responses on rotational testing as an indicator of an ongoing vestibular imbalance and balance 

function using Equitest dynamic posturography as an indicator of balance control. Logistic 

regression was used to establish the association between the psychiatric variables and vestibular or 

balance test abnormalities.

Results—Rotational test results were not significantly related to any of the psychiatric variables. 

The presence of either panic attacks or fear of heights increased the probability of having caloric 

hypofunction in a non-additive fashion. SMD and anxiety responses were independently 

associated with abnormal balance. Among specific posturography conditions, the association with 
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SMD was significant for a condition that involved the balance platform tilting codirectionally with 

body sway, suggesting an abnormal dependence on somatosensory cues in the control of balance.

Conclusion—In patients with anxiety disorders, higher SMD is indicative of somatosensory 

dependence in the control of balance. The absence of both panic and fear of heights reduces the 

probability of having peripheral vestibular dysfunction. Future research should examine if 

vestibular rehabilitation can be of value for patients with anxiety disorders complicated by SMD.

Patients with vestibular or balance disorders often have symptoms of anxiety, and 

conversely, patients with anxiety disorders often have abnormalities on clinical balance or 

vestibular function tests.
12

 The vestibular abnormalities that have most consistently been 

found are those reflecting altered vestibulospinal or balance function,
3–5

 but caloric 

abnormalities, indicative of vestibulo-ocular and peripheral vestibular dysfunction, have also 

been observed.
6–8

 Furthermore, vestibular or balance abnormalities appear to be particularly 

common in panic disorder with agoraphobia.
3–6

 However, it is not known if these 

abnormalities are linked to specific psychiatric diagnoses, for example panic disorder, or to 

symptom phenotypes independent of diagnosis. The present study aimed to determine which 

aspects of anxiety disorder phenomenology would be predictive of vestibular or balance 

dysfunction, and which specific aspects of vestibular or balance function would be affected.

An aspect of anxiety phenomenology of interest for balance control is fear of heights. 

Vestibular abnormalities have long been suspected in height phobia,
9
 and patients with fear 

of heights are often dizzy.
1011

 Among patients with primary vestibular disorders, fear of 

heights is common.
1213

 In a study conducted in a dizziness clinic, it was found that patients 

whose vestibular symptoms preceded their anxiety symptoms had situational phobias, 

including phobia of heights.
14

 The situation of heights is also of theoretical interest. 

Exposure to heights reflexively increases body sway in normal subjects.
1516

 This is due to 

the prevailing long visual distances that for geometric reasons reduce visual feedback to 

body sway,
15

 and the associated absence of motion parallax.
17

 Height phobics at height 

sway even more than normal subjects.
18

 One hypothesis for the present study was that fear 

of heights and vestibular/balance abnormalities would be associated regardless of a 

concomitant diagnosis of panic disorder.

The situational phobias in balance disorders may be part of a situational profile called space 

and motion discomfort (SMD).
1920

 SMD is elicited by a multitude of situational stimuli, 

including moving crowds, supermarkets, repetitive geometric wall patterns, spiral staircases, 

heights, or vibrating or moving floors.
19–22

 SMD may be related to specific modes of 

sensory integration that help maintain balance. This integration involves three sensory 

channels: the vestibular, somatosensory and visual. SMD may be related to strategies fixated 

on vision or somatosensation called “visual dependence” and “somatosensory dependence,” 

respectively. The visual component of SMD also has been called “visual vertigo,”
23

 a 

construct that is measured similarly to SMD.
2425

Somatosensory dependence with respect to balance control can be assessed as increased 

sway when somatosensory feedback to body sway is reduced, for example by vibratory 

stimulation of the calf muscles,
26

 or “sway-referencing” the support surface.
27

 Sway-

referencing is accomplished by having the platform on which the subject is standing tilt 
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forward when the subject sways in the forward direction and vice versa. Somatosensory 

dependence has been observed in vestibular disorders,
2829

 and panic disorder and 

agoraphobia, particularly in the presence of fear of heights or high SMD.
3

Visual dependence with respect to balance control can be assessed by looking for increased 

sway when the visual surround moves in full-field motion (“optic flow”).
30

 In this case, 

visual cues are erroneous and lead to increased sway, especially in visually dependent 

persons. This has been observed in patients with primary vestibular disorders,
31

 and in 

patients with anxiety disorders and excessive SMD.
32

 Visual dependence can also be 

assessed by visual sway referencing, that is, by having the visual surround move in phase 

with the patient’s anterior–posterior body sway.

The Equitest protocol of computerised dynamic posturography used in the present study 

incorporates both a sway-referenced support surface to assess somatosensory dependence 

and a sway-referenced visual surround to assess visual dependence, in isolation or in 

combination.
3334

 We hypothesised that SMD would show specific associations with Equitest 

conditions reflecting surface dependence and visual dependence.

The present study addresses the association between indices of vestibular/balance 

dysfunction and anxiety or panic disorder diagnosis, fear of heights and SMD. Indicators of 

vestibular/balance dysfunction include unilateral hypofunction on the caloric test, to identify 

peripheral vestibular lesions, rotational testing as an indicator of ongoing vestibular 

imbalance, and increased sway on computerised dynamic posturography, to identify 

abnormal balance control. Anxiety or arousal increases the gain of the vestibulo-ocular 

reflex,
3536

 changes the direction of the beating field of nystagmus
37

 and induces a postural 

“stiffening up” response.
183839

 Therefore, vestibular test results might be affected by anxiety 

responses to the testing itself. Such effects were deemed unlikely in a previous study
6
 but 

were nonetheless reconsidered in this study.

CLINICAL MATERIALS AND METHODS

Subject characteristics

One hundred and thirty-nine subjects were recruited over 4 years. Of these, 104 subjects 

received at least one vestibular test and are the focus of the study. These included 29 

psychiatrically normal control subjects and 75 patients with an anxiety disorder. Of the 

anxiety patients, 25 had panic disorder; 19 with fear of heights (PH+) and six without (PH

−). The remaining 50 anxiety patients had a non-panic anxiety disorder (NPA, typically 

Generalised Anxiety Disorder or Social Phobia); 28 with fear of heights (NPAH+) and 22 

without (NPAH−). Table A1 (Appendix 1) summarises the subject characteristics. The 

gender distribution was 80% female, which is higher than the known female predominance 

of anxiety disorders in population surveys (eg, 62%),
40

 perhaps reflecting the higher 

propensity for females to seek psychiatric treatment.
41

 The average age was 31.6 years 

(range 18–55). Thirty-one per cent of the patients were using psychiatric medications, 

particularly antidepressants (25% of the patients), mostly selective serotonin-reuptake 

inhibitors (21% of the patients).
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Psychiatric and questionnaire assessments

Patients were assessed in a 2 h structured interview, the Anxiety Disorders Interview 

Schedule for DSM-IV (ADIS),
4243

 which established their DSM-IV diagnosis, and 

completed several questionnaires. SMD was measured with the “SMD-1” subscale of the 

Situational Characteristics Questionnaire Woody (Appendix 2).
20

 Although SMD was a 

continuous measure, to further illustrate some of the results, “high SMD” was defined as an 

SMD score of 6 or higher. This cut-off was chosen a priori based on an inspection of the 

distribution of SMD scores among fear of heights patients, which appeared to be bimodal 

with a trough at 6.0 (see fig 1).

The Spielberger State Anxiety Inventory (Form X)
44

 was completed upon arrival to the 

vestibular laboratory, after each vestibular/balance test, and before leaving the laboratory. 

The anxiety response (R) to a vestibular test was defined as the difference between the 

subject’s baseline score and that following the vestibular test, the baseline being calculated 

as the average of the anxiety levels recorded upon arrival on the second vestibular test day 

and just prior to leaving the laboratory on that day.

Vestibular and balance tests

The clinical vestibular tests were those performed routinely in the clinical assessment of 

patients with dizziness or balance disorders and included rotational testing, caloric testing, 

and Equitest computerised dynamic posturography.
33

 Unilateral caloric hypofunction was 

diagnosed as a side difference exceeding 24% according to the Jongkees formula (see 

Appendix 1 for further details).

Statistical analysis

Correlation coefficients (Phi, point biserial and Pearson product moment)
4546

 were used as 

indicators of the effect size of an association. Confirmatory analyses involved logistic 

regression modelling
47–49

 of associations between a binary “dependent” variable, that is, 

abnormal versus normal vestibular/balance test result, and one or more categorical or 

continuous “independent” variables. Because of covariation among the independent 

variables and because of missing data, not all of the independent variables could be included 

simultaneously in one model. Therefore, a core set of four models was run for each 

vestibular test. An initial model (Model 1) simply examined the effect of having an anxiety 

disorder (A), that is, patient versus control status. Model 2, “the Panic/Height model,” was 

built on Model 1 by adding the predictor variables of Panic Disorder Diagnosis (P), Fear of 

Height (H), and their interaction (P×H). Model 3, the “SMD model,” assessed the effect of 

adding SMD to Model 1. Model 4, the “Anxiety Response model,” tested the effect adding 

anxiety response (R) and its interaction with patient status (R×A) to Model 1. Follow-on 

models, reported in the Results section and designated as “exploratory,” were performed as 

suggested by significant findings on these core models. Target significance level was 

estimated according to Curran-Everett
50

 at p<0.022, corresponding to an overall “false 

discovery rate” of 5% among 30 statistical tests.
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RESULTS

There were no effects of race, gender, age or use of antidepressant medication on the 

vestibular/balance test results. Table 1 shows the overall abnormality rate for rotational 

testing, caloric testing and posturography. For rotational test abnormalities, none of the 

relations with the psychiatric variables (Models 1–4) was significant. The rotational test was 

also used to explore evidence for central vestibular compensation; these results are presented 

in Appendix 1.

Caloric test: unilateral reduced response

Model 2, testing the effects of adding panic (P), fear of height (H) and their interaction 

(P×H) as predictors was statistically significant (table 2; p = 0.019). Models 1, 3 and 4 were 

not statistically significant. Follow-up testing of the findings for panic and fear of heights in 

Model 2 indicated that, of its three components, only the P×H interaction was independently 

significant (p = 0.017). There was no significant difference in the prevalence of 

abnormalities among the PH+, PH− and NPAH+ groups (average of 36%; χ2 = 1.39, df = 2, 

p = 0.50); however, the 5% rate in the group with neither panic nor fear of heights, NPAH–, 

was significantly lower (Fisher exact probability test, p = 0.008 two-tailed). Thus, when 

neither panic nor fear of heights was present, caloric test results were more likely to be 

normal than when either P or H or both were present. An exploratory model focusing on this 

“P or H effect” was associated with p = 0.003 (table 2).

Dynamic posturography

In Model 1, testing the effect of patient-versus-control status, there was a trend for anxiety 

patients to have an increased prevalence of abnormalities (table 3: p = 0.033>target level of p 

= 0.022), reflecting the prevalence rates of 31% compared with 11% in table 1. In Model 2, 

there were no significant independent effects of panic, fear of heights, or their interaction (p 

= 0.18). Model 3 showed a significant effect of SMD independent of patient-versus-control 

status (p = 0.00133). Patients with SMD⩾6 had an abnormality rate of 52%, whereas those 

with SMD<6 had an abnormality rate of 20% (table 1).

The average anxiety response (R) during posturography was negligible (mean = 0.0, SD = 

7.0 scale units for the patients, mean decrease = 0.7, SD = 5 units for normal subjects). 

However, Model 4, assessing anxiety response during testing (R) and its interaction with 

patient status (A×R), was statistically significant (p = 0.006). The A×R interaction was such 

that, unlike the normal controls, the patients who experienced a higher anxiety response 

were more likely to have abnormal posturography. To see if the effects of SMD and A×R 

were independent from each other, an exploratory model was tested that included SMD and 

the A×R interaction while controlling for A and R. It showed that both SMD and A×R were 

independently associated with posturographic abnormalities (for SMD, p = 0.0013; for A×R, 

p = 0.0057; table 3).

Individual posturography conditions

To simplify the statistics, these analyses were conducted for the anxiety patients only. On 

each of the individual posturography conditions, abnormalities tended to be more common 
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in patients who had become more anxious and in patients with higher levels of SMD (table 

4). The correlation with SMD was the highest for Condition IV (sway referenced platform 

testing somatosensory dependence), whereas that for Anxiety Response (R) was highest for 

Condition VI (both visual surround and platform sway referenced). An exploratory model 

predicting abnormal results from R and SMD was run for each of Conditions III–IV (table 

5). It was statistically significant (p<0.022) for Conditions III, IV and VI. Anxiety response 

(R) independently predicted abnormal findings on Condition VI (p = 0.011). SMD was 

independently associated with abnormalities on Conditions IV (p = 0.0001) and showed a 

trend for Condition III (p = 0.035).

DISCUSSION

This study yielded both negative and positive findings that were noteworthy. One noteworthy 

negative finding concerns the lack of a relationship between SMD and unilateral caloric 

hypofunction. This, along with further analyses including the rotational test (Appendix 1), 

suggests that SMD is not related to peripheral vestibular dysfunction, compensated or 

uncompensated. Rotational test abnormalities by themselves were unrelated to the 

psychiatric predictor variables. Elsewhere, we report similar negative results for off-vertical 

axis rotational testing, the latter as a test of otolith function.
51

Another negative finding was the absence of main effects of panic disorder diagnosis or fear 

of height. Rather, the absence of both of these was especially indicative of normal peripheral 

vestibulo-ocular function. This pattern seems inconsistent with a specific linkage between 

peripheral vestibular lesions and panic disorder diagnosis or fear of height but does suggest 

that peripheral vestibular lesions complicate the phenomenology of anxiety disorders.

The main positive result of the study concerned the relationship between SMD and abnormal 

balance. This type of result seems to be the most robust finding across studies from our 

laboratory.
632

 The association between SMD and abnormal balance was specific for 

somatosensory dependence (Condition IV). The evidence for visual dependence (Condition 

III) was inconclusive; however, in a test for visual dependence that used an independently 

moving visual surround rather than just sway referencing, we found increased sway 

responses in the anxiety patients, particularly if high in SMD.
52

The posturography pattern associated with SMD was different from the typical “vestibular 

pattern” observed in patients with vestibular disorders, in which Conditions V (sway-

referenced surface and eyes closed) and VI (both vision and support sway-referenced) are 

primarily affected.
28

 The pattern observed indicates that SMD identifies an abnormal 

intersensory integration pattern that is different from that typical for vestibular disorders. 

The absence of association with peripheral vestibular dysfunction suggests that SMD 

expresses a centrally medicated process. At the cortical level, the visual and vestibular 

sensory modalities inhibit one another;
53

 vestibular stimulation also inhibits somatosensory 

cortical areas.
54

 Normally, information from a channel yielding erroneous information is 

quickly downweighted.
55

 High SMD could result from a lack of flexibility in selecting the 

appropriate sensory cues for the situation at hand.
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SMD is related to fear of heights in a way that suggests the existence of a subgroup of height 

phobia characterised by high SMD (fig 1) that may be particularly prone to imbalance at 

high elevations.
56

 A reflexive increase in sway at height could be experienced as urges to 

jump or fly, a common cognition in height phobia.
57

 Sensitivity and specificity analysis of 

the relationship between posturography and SMD (Appendix 1) suggest that measures of 

SMD could be used to identify anxiety patients likely to have altered balance control.

The presence of altered balance control in patients with anxiety disorders and SMD may 

have implications for treatment. Specific vestibular rehabilitation techniques have been 

developed for SMD in patients with balance disorders.
58

 Such techniques may also find a 

clinical role in the treatment of patients with anxiety disorders complicated by SMD.
59

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Frequency distribution of SMD-1 scores for anxiety patients with fear of heights (black bars) 

and without fear of heights (gery bars). The bimodal distribution suggests two fear-of-height 

subgroups, those with and without SMD.
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