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Abstract
Objective: Persistent postural perceptual dizziness (PPPD) is a common vestibular disorder of persistent dizziness and unsteadiness, exacerbated by upright posture, self-motion, and exposure to complex or moving visual stimuli.  Previous functional magnetic resonance imaging (fMRI) studies found dysfunctional activity in the visual-vestibular cortices in patients with PPPD. Clinical studies showed that the anxiety-related personality traits of neuroticism and introversion may predispose individuals to PPPD.  However, the effects of these traits on brain function in patients with PPPD versus healthy controls (HCs) have not been studied. 
Methods: To investigate potential differential effects of neuroticism and introversion on functioning of their visuo-vestibular networks, 15 patients with PPPD and 15 HCs matched for demographics and motion sickness susceptibility underwent fMRI during virtual reality simulation of a rollercoaster ride in vertical and horizontal directions.
Results: Neuroticism positively correlated with activity in the inferior frontal gyrus (IFg), and enhanced connectivity between the IFg and occipital regions in patients with PPPD relative to HCs during vertical versus horizontal motion comparison.
Conclusions: In patients with PPPD, neuroticism was associated with increased activity and connectivity of neural networks that mediate attention to visual motion cues during vertical motion, potentially altering the processing of visual inputs related to balance control. 

Introduction
Persistent postural-perceptual dizziness (PPPD) is a chronic functional vestibular disorder that manifests with 3 or more months of dizziness, unsteadiness, and swaying or rocking (non-spinning) vertigo that wax and wane throughout the day [1,2].  These symptoms are exacerbated by upright posture, active or passive self-motion and exposure to environments with complex or moving visual stimuli [3,4].  
PPPD can be triggered by illnesses that cause vestibular symptoms such as vertigo or dizziness [5]. The most common precipitants are acute peripheral vestibular conditions such as vestibular neuritis or benign paroxysmal positional vertigo, although non-vestibular conditions like panic attacks and orthostatic hypotension have also been described as antecedents of PPPD [5,6]. In patients who develop PPPD, persistent dizziness typically emerges as the acute episode resolves.
In the nomenclature of the Bárány Society [1], the term “functional” identifies disorders in which changes in physiological functioning, not visible structural lesions, of neurotologic systems are presumed to be the principal pathophysiological mechanism of illness.  Two specific changes in physiological functioning have been proposed to underlie PPPD. The first is a high-demand (i.e., stiffened) strategy for controlling posture and locomotion akin to that observed in normal individuals when traversing elevated or insecure surfaces [7–9]. The second is represented by visual dependence, defined as greater reliance on visual than vestibular inputs for determining spatial orientation with respect to gravity [10–12]. 
The anxiety-related personality traits of neuroticism and introversion have been consistently linked to an increased risk of developing PPPD in three independent studies conducted on three continents [13–15]. In contrast, resilient personality traits may be protective [16].  Previous neuroimaging investigations suggested a neural mechanism by which this may occur. In healthy individuals exposed to sound-evoked vestibular stimulation, functional magnetic resonance imaging (fMRI) showed that neuroticism correlated positively with activity in the para-striate visual cortex and vestibulo-cerebellum, but negatively with activity in the right vestibular cortex [17]. Neuroticism also correlated positively with connectivity among several vestibular-visual-anxiety regions in the cortex, cerebellum, and brainstem [17].  In healthy individuals exposed to the visual motion stimulus of a virtual reality rollercoaster ride, neuroticism correlated with activity during vertical periods of simulated ego-motion (compared to horizontal periods) in the left vestibular cortex and with connectivity between the left vestibular cortex and right amygdala [18].  Thus, in healthy individuals neuroticism modulates brain function in a manner that enhances connectivity between visual-vestibular cortical areas, prefrontal regulatory regions, and limbic emotional centers in a manner that may include a functional shift to favor visual over vestibular inputs.
The first fMRI studies of patients with PPPD  identified altered activity and connectivity patterns in similar regions [19–21]. Compared to healthy controls, patients with PPPD had reduced activation in response to sound-evoked vestibular stimulation in vestibular cortical areas (right posterior insula and adjacent superior temporal gyrus), visuo-spatial subcortical areas (bilateral hippocampi), and prefrontal regulatory regions (left anterior insula extending into the left IFg) [19]. Relative to controls, patient with PPPD also had reduced connectivity in response to vestibular stimulation between the IFg and vestibular cortical areas, IFg and visual areas (right middle occipital cortex), and hippocampus and vestibular cortex [19]. In response to a visual motion stimulus (rollercoaster during vertical compared to horizontal simulated ego-motion), PPPD was associated with reduced activity in a vestibular cortical region (right middle insula), but activity in the visual cortex correlated positively with the severity of dizziness [20].  Furthermore, a structural MRI study found reduced cortical folding in patients with PPPD in posterior perisylvian regions [22]. Patients with PPPD in these studies were comparable to healthy controls  on measures of state anxiety, depression, and personality traits; thus, the alterations in brain function were relatively independent of those psychological variables. A resting state fMRI study comparing 38 patients with PPPD to 38 healthy controls found increased connectivity between the middle frontal gyrus and the lateral occipital cortex [21].  After controlling for state anxiety and depression, this increased connectivity was no longer significant [21].  In contrast, widespread reductions in connectivity were observed between the hippocampi (left more than right) and frontal, vestibular, and visual cortical regions bilaterally [21]. This suggests that increased state anxiety, which is common in patients with PPPD [1], may mediate increased connectivity patterns in areas that subserve visual dependence, whereas reduced connectivity unrelated to state anxiety may affect the functioning of brain networks that process space and motion information more generally.  
One pathophysiological model of PPPD suggests that neuroticism is a risk factor for the development of PPPD because it is associated with a subtle tendency to favor visual over vestibular information processing and that state anxiety promotes the disorder by amplifying visual dependence in the setting of incident vestibular symptoms [2,4]. However, there are important knowledge gaps that prevent one from reaching a firm conclusion about the validity of this model or translating it into clinical interventions. 
For example, it is not yet known if neuroticism or other anxiety-related personality traits like introversion mediate brain activity and functional connectivity patterns in patients with PPPD and if their effects differ between patients with PPPD and healthy individuals. The specific aim of the current study was thus to test the hypothesis that neuroticism and introversion differentially modify activity and connectivity patterns in patients with PPPD relative to controls in those brain regions previously identified as integral parts of the pathophysiologic mechanisms of PPPD.


Methods
	The current work reports secondary analyses of an fMRI study of brain functioning in patients with PPPD exposed to visual motion stimuli simulating rollercoaster rides [20].  These secondary analyses were undertaken specifically to investigate the hypothesis stated above that the anxiety-related personality traits of neuroticism and introversion differentially affect brain activity and connectivity patterns in patients with PPPD versus healthy controls (HCs).  For a complete description of study participants, characteristics of the fMRI task and data acquisition refer to [20]. 
In brief, 15 patients with PPPD and 15 HCs matched for demographics and motion sickness susceptibility viewed videos that simulated rollercoaster rides in vertical and horizontal directions and stationary (no motion) periods at the train station while undergoing fMRI. All participants gave written informed consent to participate in the study, which was approved by the Local Ethics Committee, according to the Helsinki declaration. The personality traits of the five Factor Model (neuroticism, extraversion, openness, agreeableness, conscientiousness), were measured with a computerized version of the Italian translation of the Revised NEO Personality Inventory (NEO-PI-R) [23]. Susceptibility of all participants to motion sickness was assessed using the Motion Sickness Susceptibility Questionnaire (MSSQ) [24]. We used the Generalized Anxiety Disorder questionnaire (GAD-7) [25] and  Patient Health Questionnaire (PHQ-9) [26] to assess severity of state anxiety and depression, respectively.
Neuroimaging data were acquired on a 3 Tesla Unit using an 8-channel head coil (Discovery MR-750, General Electric, Milwaukee, WI, USA). Data pre-processing with SPM8 (http://www.fil.ion.ucl.ac.uk/spm/) was described previously [20]. Heart rate and head movement parameters were included as covariates of no interest in the image pre-processing models to remove any potentially confounding effects of these variables.
The main effects of interest were the contrasts between: (1) vertical versus horizontal motion and (2) all motion versus no motion periods, and each of these contrasts was examined in relation to personality scores and group membership of participants. By design, the vertical condition was associated with expectations about the effects of the gravity force on the kinematics of movement.  It has been shown that dynamic visual cues about direction of the gravitational field are relevant for balance control [27].
Thus, the first contrast addressed the relationship between balance control, specifically with regard to visual inputs about orientation relative to gravity, and neurotic and introverted personality in patients with PPPD relative to HCs. The second contrast investigated whether the sensitivity of patients with PPPD to visual motion stimuli, in general, depended on neuroticism and introversion.
To test the hypothesis that neuroticism and introversion influence brain activity patterns in patients with PPPD relative to HCs, we determined the significance of group by personality score interactions for the two main contrasts in our general linear models of brain responses in key brain regions. More specifically, in this new analysis, we constructed separate general linear models for each of these contrasts that included two group regressors (HC and PPPD) as well as neuroticism and extraversion scores for the two groups of participants as covariates, and motion sickness susceptibility (MSS) scores  as a covariate of no interest.
To test the hypothesis that neuroticism and introversion modify brain connectivity patterns in patients with PPPD relative to HCs, we also conducted higher-order psycho-physiological interaction analyses (PPIs) between seed region that showed altered brain activity in the general linear models described in the last paragraph  (i.e., the inferior frontal gyrus, see fMRI Results) and the rest of the brain as a function of the vertical versus horizontal motion contrast [18].  PPI analyses used the same approach just described for regional analyses.
All of the analyses were restricted to a-priori regions of interest (ROIs). For consistency with our previous studies, we selected the same ROIs as before [20]. The choice of these ROIs was motivated to include areas that respond to vestibular and visual stimulation and those that process or regulate emotion. They, therefore, included components of the multimodal vestibular cortex, hippocampus, amygdala, frontal regulatory regions, and visual areas. As done in the previous work [20], a single brain anatomical mask was created including the insula, Rolandic opercula, inferior frontal gyri and opercula, hippocampi, amygdalae, anterior cingulate gyri, calcarine cortices, lingual gyri, middle temporal and middle occipital gyri bilaterally as defined via the Automated Anatomical Labeling (AAL) template [28]. The choice of the AAL atlas, which is based on sulcal and gyral landmarks, is a compromise between whole brain analyses and the use of specific cyto-architectonic atlases. As we did not have nuanced hypotheses on specific anatomical regions, but rather on larger visual-vestibular-emotional networks, the AAL atlas was suitable for this purpose. 
Cluster level family wise error (FWE) corrections were determined by Monte Carlo simulations implemented in the SPM RESTplus software package v1.8 (http://restfmri.net/forum/index.php) [29]. This method iteratively generates noise images, creates clusters in these images by choosing a cluster defining threshold (CDT), and calculates the probability distribution for cluster size. Rejection of the null hypothesis at p<0.05 is determined by the calculation of a minimum cluster size corresponding to the 0.05 cut-off of the cluster size distribution. For each analysis we performed 10,000 iterations within the mask including 50,532 voxels at CDT = 0.001. Finally, we performed the analysis within a whole brain mask (191,872 voxels) at CDT = 0.001, and reported these results only when statistically significant (p<0.05).

Measurement and analysis of potential confounds
To exclude the possibility that our results were influenced by artefactual head movements during the fMRI acquisition,  we calculated the mean and maximum head displacement and compared these measures between groups (t-test) [30]. We also tested for significant correlations between head movements parameters and neuroticism scores (Pearson’s linear correlation) as well as for group by neuroticism interaction of head displacement (generalized linear mixed effects model analyses). 
We recorded eye movements and photo-plethysmographic signals from the index finger in all participants while they were performing the fMRI task in the scanner. From these data, we calculated the mean number of saccadic eye movement lasting >100 ms and mean heart rate for each portion of the simulated ride as measures of inability to hold attention and autonomic arousal, respectively [20]. We used repeated measures of analyses of variance (ANOVA) to compare differences in these parameters by group, motion direction (vertical versus horizontal segments), motion kinematics (moving versus stationary), and their interactions. The analyses were performed with the SPSS software R16 (https://www.ibm.com/analytics/data-science/predictive-analytics/spss-statistical-software).

Results
Demographics and behavioral variables
Participants’ age, sex, GAD-7 and PHQ-9 average scores, NEO-PI-R personality average scores, and MSSQ average scores are summarized in Table 1.  There were no meaningful differences between groups in demographics, state anxiety, depression, motion sickness susceptibility, or personality traits. The statistically significant difference between patients and HCs on the personality trait of openness had little clinical significance as the mean scores for both groups fell within the population norm of 45-55.  At the end of experiment, we asked all participants to report any perception of motion (vection illusion).  None reported this effect.  

Quality control analysis of potential confounds
Mean and maximum head displacement during scanning did not differ between groups (mean ± sd displacement: 0.4 ± 0.2 mm in controls and 0.5 ± 0.2 mm in patients with PPPD, t = -1.1, p = 0.4; average maximum ± sd displacement: 1.4 ± 0.7 mm in controls and 1.8 ± 0.9 mm in patients with PPPD, t = -1.3, p = 0.3). Mean and maximum head displacement also did not correlate with neuroticism scores in controls and PPPD patients (r = -0.09, p = 0.6; r = -0.04, p = 0.8, respectively). The mixed effect analysis did not show any significant relationships between head displacement and group, neuroticism, or their interaction (mean displacement: effect of group F(1,26) = 0.053, p = 0.82, effect of neuroticism F(1,26) = 0.10 p = 0.75, effect of group by neuroticism interaction F(1,26) = 0.19, p = 0.66; for maximum displacement: effect of group F(1,26) = 0.33, p = 0.57, effect of neuroticism F(1,26) = 0.34 p = 0.56, effect of group by neuroticism interaction F(1,26) = 0.56 p = 0.46).
Reduced capacity to hold attention, as measured by saccadic eye movements, as well as autonomic arousal, as measured by mean heart rates, did not differ by group, motion direction, motion kinematics, or their interactions (all Fs<1.88, all ps>0.10).

fMRI Results
Quality control analysis of visual stimulus (Main effect of all visual motion vs no motion)
To compare activation elicited by our visual stimulation with that produced by ego-motion compatible stimuli reported in the literature [31–33], we analyzed the contrast “all visual motion vs no motion”. Consistent with previous results, we found activations in the occipital cortex  (MT/V5+, V3, V6), cingulate visual region (CSv), hippocampus, para-hippocampal cortex, premotor cortex (BA6), and cerebellum (whole brain FWE corrected p < 0.05, minimum cluster size to achieve significance of 420 voxels, CDT = 0.001). These findings confirmed that the rollercoaster stimulation significantly activated a network of brain areas that have been repeatedly implicated in processing ego-motion compatible stimuli.

Comparisons between groups
Effect of personality traits on brain activity
The slope of the linear regression between neuroticism and brain activation during the vertical versus horizontal contrast was significantly more positive in patients with PPPD relative to HCs in a region encompassing the inferior frontal gyrus pars triangularis (IFg xyz (mm) = -46 28 16, zscore = 4.22, cluster size = 124 voxels, minimum cluster size = 59 voxels, CDT = 0.001, cluster-wise corrected threshold of p < 0.05 within the ROI mask).  This finding of a statistically significant neuroticism by group interaction indicates that neuroticism had a significantly stronger positive effect on IFg activation in patients with PPPD than HCs (Figure 1).
	No significant differences were identified between groups in terms of the association between introversion and brain activity for the vertical versus horizontal contrast. Furthermore, no significant differences were found between groups in the association of either personality trait and brain activity for the all motion versus no motion contrast.

Effect of personality traits on brain connectivity patterns
The area identified in the regional analyses (i.e., left IFg), was used as a ‘seed’ for the PPI analysis exploring influences of personality traits on functional connectivity patterns in PPPD patients relative to HCs. During vertical vs horizontal motion, in patients with PPPD relative to HCs, neuroticism was more positively associated with connectivity changes between the left IFg ‘seed’ region and visual areas bilaterally, specifically the right V2/V3 [xyz (mm) = 22 -90 -14,  zscore = 4.44, cluster size = 766, whole-brain level correction with minimum cluster size = 243] and left middle occipital gyrus [xyz (mm) = -32 -72 28, zscore = 3.96, cluster size = 178 voxels;   xyz (mm) = -20 -94 6,  zscore = 3.79 cluster size = 233 voxels; ROI mask analysis with minimum cluster size = 63 voxels].  In other words, the more neurotic the PPPD patients, the more the connectivity increased between IFg and visual areas in the vertical vs horizontal comparison (Figure 2). The opposite held for healthy individuals (Figure 2).

Discussion
In this study, we found that higher levels of neuroticism in PPPD patients but not healthy controls were associated with increased activity in the IFg and enhanced connectivity between the IFg and extra-striate visual regions when comparing vertical versus horizontal motion.
	The IFg is considered to play a fundamental  role in directing attention toward salient internal and external stimuli, and in working memory, particularly selecting goal-relevant information for controlling actions [34,35]. The IFg has modest direct anatomic connections to the occipital cortex, particularly with V5/MT+ and the medio-ventral occipital cortex [36]. However, connectivity detected on fMRI identifies brain regions that have correlated functional activity, which does not necessarily reflect direct anatomical links. All in all, in patients with PPPD (but not controls), neuroticism appears to modulate activity and connectivity patterns in a prefrontal/visual network in a manner that may increase attention to visual motion stimuli compatible with ego-motion in vertical versus horizontal directions. These effects were only detected when studying the interaction term between the diagnostic groups (i.e., PPPD patients versus controls). By definition, the interaction analysis considered the difference in the slopes of the regression between groups rather than the slopes of each group individually. Interaction terms may be significant when the individual group terms are not as was this case this study.  This does not undermine the validity of interaction analyses themselves, or their interpretability in terms of functional neuroanatomy. Our result indicated that the variability in neuroticism scores within each group did not affect brain activation, but rather that the relationship between neuroticism and brain activation differed between the groups. 
	Our data have two important implications. First, they offer a possible neural link between neuroticism (a risk factor for PPPD) and core symptoms of the disorder.  Patients with PPPD experience increased dizziness or unsteadiness during upright posture, when proper perception of verticality is essential.  The fact that, in patients with high neuroticism levels, the brain responses were significantly increased in the vertical versus horizontal motion contrast suggests a particularly heightened reactivity to visual stimuli that carry information about verticality in PPPD.  Indeed, neurotic healthy volunteers showed increased activity and connectivity in an insular region thought to encode an internal model of gravity [20,32,37,38] in response to the vertical vs horizontal visual motion conditions [18]. fMRI studies on healthy volunteers also showed that a network comprising the insula, IFg, inferior parietal cortex and anterior visual areas (posterior inferior temporal gyrus) is involved in processing ego-motion in the vertical direction [32,39]. However, patients with PPPD showed decreased middle insular response to the vertical vs horizontal motion comparison independently of neuroticism [20] as well as decreased cortical folding and reduced activity and functional connectivity to sound-evoked vestibular in posterior peri-sylvian regions [19,22]. The functional connectivity abnormalities in PPPD thus depend on the type of stimuli used to probe the visuo-vestibular system and on variability in key personality traits (e.g., neuroticism) linked to the PPPD diathesis. Previously, decreased functional connectivity in patients with PPPD versus HCs was found across vestibular regions during a task employing sound-evoked vestibular stimulation but not during one that involved processing self-motion visual cues [19,20], regardless of personality differences. In contrast in this study, increased connectivity in patients with PPPD versus HCs was identified in visuo-vestibular networks during a task employing visual self-motion stimuli, mediated by neuroticism. These task- and personality-driven connectivity effects may be explained by the possibility that patients with PPPD orient themselves to vertical motion stimuli processed by frontal-occipital networks mediated by neuroticism and state anxiety [21] (i.e., an instinctive fear-related process best suited to instantaneous action), rather than networks through the insula that process visually orienting cues using a priori knowledge about natural movement in the field of gravity (i.e., a non-fear related mechanism best suited to day-in-day-out control of locomotion). 
	This interpretation is consistent with recent theoretical advances regarding functional neurological disorders in general that posit a mismatch between bottom-up and top-down systems in the brain that monitor and regulate behavior and visual processing [40]. When applied to PPPD [41,42], the increased activity and connectivity that we identified here may reflect greater neuroticism-mediated attentional inputs in order to detect and react to errors between expected and actual movements in response to excessively precise demands of top-down (prefrontal) predictions of motion (i.e., lesser tolerances for error in a priori Bayesian estimates of movements of self or objects in the environment). An older formulation of this concept was posited as a mechanism underlying phobic postural vertigo, one of the precursors of PPPD [3].
	Our results also identify potential brain mechanisms connecting neuroticism to alterations in physiological functioning that may be key mechanisms in PPPD, namely visual dependence and stiffened postural control [7–12]. Healthy people employ these processes transiently under conditions of increased postural threat such as standing at heights or walking across slippery surfaces [43,44]. Patients who develop PPPD continue to use these strategies unnecessarily, even after disruptions to balance function have abated.  The results of this study suggest that high neuroticism confers increased risk for these shifts in physiological functioning due to heightened sensitivity of prefrontal/visual networks that mediate selective attention to visual motion stimuli. If confirmed by replication studies in additional patient cohorts, they will support an important component of current pathophysiological models of PPPD [2,4].
	This study was limited by its small sample size and by the fact that it was a secondary analysis of an investigation designed primarily to examine brain responses of patients with PPPD to visual motion stimuli. Nevertheless, participants in the original investigation were selected and matched in terms of key psychological variables including anxiety, depression, and personality traits which might have confounded the main analyses. 
	In conclusion, this study interrogated for the first time the neural mechanisms underlying the effect of neuroticism (a risk factor for PPPD) on brain regional activity and connectivity patterns that mediate attention to visual motion cues in patients with PPPD relative to HCs. Our findings clearly showed that neuroticism potentiated activity and connectivity of neural networks sub-serving attention to visual motion cues, which may be a compensative mechanism to overcome difficulties using visual data to discern the effects of gravity on self-motion.
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Figure Legends

Figure1. Group differences in neuroticism association with brain activation during vertical versus horizontal condition. Neuroticism scores were more positively associated in patients with PPPD than HCs with brain responses in a cluster encompassing inferior frontal gyrus (IFg). These results survived a cluster-wise corrected threshold of p<0.05 after Monte Carlo simulation within the brain mask including the regions of interest (CDT p = 0.001). The coordinates (X, Y, Z) are in the Montreal Neurological Institute (MNI) space. Color bars represent T-statistics. In the scatterplot, each dot represents individual mean BOLD responses within the cluster, while lines represent the regression lines. Blue and red dots and lines represent HCs and patients with PPPD, respectively. BOLD: blood oxygenation level dependent. A.U. – arbitrary unit. Only for visualization purposes results are reported at CDT p = 0.005.

Figure 2. Group differences in neuroticism association with brain functional connectivity during vertical versus horizontal condition. Neuroticism scores were more positively associated in patients with PPPD than HCs with the functional connectivity between the left IFg (“seed” region), and bilateral visual regions. These results survived a cluster-wise corrected threshold of p<0.05 after Monte Carlo simulation within the brain mask including the regions of interest (CDT p = 0.001). The coordinates (X, Y, Z) are in the Montreal Neurological Institute (MNI) space. Color bars represent T-statistics. In the scatterplot, each dot represents individual mean BOLD responses within the cluster, while lines represent the regression lines. Blue and red dots and lines represent HCs and patients with PPPD, respectively. BOLD: blood oxygenation level dependent. A.U. – arbitrary unit. Only for visualization purposes results are reported at CDT p = 0.005.



Table 1. Demographic and clinical characteristics in patients with PPPD and healthy controls
	
	Healthy controls
(N=15)
	Patients with PPPD
(N=15)
	Group differences

	
	Mean±SD
	Mean±SD
	t, χ2, p values

	Sex
	7 M, 8 F
	9 M, 6 F
	χ2=0.54, p=0.46

	Age
	30.13±5.67
	33.4±12.45
	t=-0.92, p=0.36

	GAD-7 (state-anxiety)
	7.47±4.55
	8.87±4.81
	t=-0.82, p=0.42

	PHQ-9 (depression)
	5.67±5.07
	8.67±5.25
	t=-1.59, p=0.12

	NEO-PI-R Personality Factors
	
	
	

	     Neuroticism
	55.08±9.82
	56.24±10.73
	t=-0.31, p=0.76

	     Extraversion
	53.37±10.23
	51.16±7.92
	t=0.66, p=0.51

	     Openness
	53.01±10.14
	45.30±10.47
	t=2.05, p=0.05

	     Agreeableness
	47.53±8.43
	43.48±8.42
	t=1.32, p=0.20

	     Conscientiousness
	49.64±9.24
	49.75±8.73
	t=-0.03, p=0.97

	Motion Sickness Susceptibility 
	14.17±11.84
	14.25±11.63
	t=-0.02, p=0.99


PPPD, persistent postural-perceptual dizziness; GAD-7, Generalized Anxiety Disorder questionnaire; PHQ-9, Patient Health Questionnaire; NEO-PI-R, NEO Personality Inventory, revised.
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