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Abstract
Background Persistent postural perceptual dizziness (PPPD) is a common and disabling functional neuro-vestibular disorder. 
We aimed to determine the feasibility and acceptability of conducting a randomised controlled trial of cognitive-behavioural 
therapy informed vestibular rehabilitation (INVEST intervention) designed for persistent dizziness.
Methods A two-armed parallel groups randomised feasibility study of INVEST vs. a time-matched gold standard vestibular 
rehabilitation (VRT) control. Participants with PPPD were recruited from a specialist vestibular clinic in London, UK. Par-
ticipants were individually randomised using a minimisation procedure with allocation concealment. Measures of feasibility 
and clinical outcome were collected and assessed at 4 months.
Results Forty adults with PPPD were randomised to six sessions of INVEST (n = 20) or gold standard VRT (n = 20). Overall, 
59% of patients screened met the inclusion criteria, of which 80% enrolled. Acceptability of INVEST, as assessed against the 
theoretical framework of acceptability (TFA), was excellent and 80% adhered to all 6 sessions. There were small to moder-
ate treatment effects in favour of INVEST across all measures, including dizziness handicap, negative illness perceptions, 
symptom focussing, fear avoidance, and distress (standardised mean difference  [SMD]g = 0.45;  SMDg = 0.77;  SMDg = 0.56; 
 SMDg = 0.50, respectively). No intervention-related serious adverse events were reported.
Conclusions The study results give strong support for the feasibility of a full-scale trial. Both arms had high rates of recruit-
ment, retention, and acceptability. There was promising support of the benefits of integrated cognitive-behavioural therapy-
based vestibular rehabilitation compared to gold standard vestibular rehabilitation. The study fulfilled all the a-priori criteria 
to advance to a full-scale efficacy trial.
Trial registration number ISRCTN10420559.
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Introduction

Persistent Postural Perceptual Dizziness (PPPD) is a com-
plex functional neuro-vestibular disorder characterised by 
persistent dizziness, non-spinning vertigo and/or unsteadi-
ness [37]. It is thought to be a long-term maladaptation to 
neuro-otological, neurological or medical illness, and/or 
psychological distress. Since its international classification 
by the Bárány Society [37], PPPD is increasingly recog-
nised as the single most common vestibular syndrome in 
specialised outpatient clinics [38] and likely represents the 
vast majority of patients referred to vestibular rehabilita-
tion [36]. People living with PPPD have poor quality of life, 
severe dizziness handicap and an elevated risk of anxiety 
and depression [3, 40].
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Tailored treatment strategies have been recommended, 
including pharmacotherapy with selective serotonin reup-
take inhibitors (SSRI), physiotherapy (vestibular rehabilita-
tion) and cognitive-behavioural therapy (CBT), but there is a 
lack of prospective, randomised controlled trials or informa-
tion on prognosis or outcomes [30]. Vestibular rehabilitation 
therapy (VRT) is an established exercise-based treatment for 
people with structural vestibular disorders [26] that is usu-
ally recommended for people with PPPD [27, 41]. However, 
the exercises must be carefully graded to avoid intolerable 
symptom provocation and psychological factors are known 
to negatively affect outcome [42]. There is limited evidence 
in favour of CBT in PPPD [10], although one study reported 
short-term relief [20]. However, there are better results when 
CBT is adapted to target illness-specific factors such as anx-
iety-related postural behaviour [5]. There are also promising 
multidisciplinary programs [2, 25], but these can be costly 
and difficult to replicate. Due to their similarities, there has 
been a desire to combine CBT and VRT for a long time [4, 
36, 44], but no theory-driven, evidence-based intervention 
with a standardised treatment manual currently exists. To 
date there are only a few case reports and pilot studies [1, 
22–24, 31]. Moreover, previous trials do not test interven-
tions against current best practice.

To address this gap, we developed a combined CBT-VRT 
intervention based on existing research data and theoreti-
cal modelling of the psychological factors that contribute 
to dizziness handicap [17, 18]. Based on those findings 
and working in partnership with patient representatives, 
we developed a patient manual. We believe there is a better 
chance of acceptability and success when the intervention 
can remediate specific perpetuators of dizziness and be inte-
grated within a physiotherapy programme.

The aim of this study was to evaluate the feasibility and 
acceptability of the integrated CBT and VRT (INVEST) 
intervention and trial methodology, for people with PPPD, as 
part of the preparation for a full-scale randomized controlled 
trial. Specific objectives were to determine the recruitment 
and retention rate, to test the utility of a range of outcome 
measures, levels of acceptability, assess adherence and to 
collect outcome data to explore treatment effects and esti-
mate key elements that would inform a large-scale trial. For 
a breakdown of the detailed study objectives and predefined 
progression criteria, please see the published protocol [16].

Methods

Design

Two-armed parallel groups randomised controlled 
single centre feasibility trial with online assessment 
before randomisation (T0) and at follow-up four months 

post-randomisation (T1). Participants in the INVEST arm 
were also invited to participate in a qualitative interview 
after T1 (results will be reported elsewhere). There were 
no changes from the published research protocol, which 
contains more detailed methods and intervention specif-
ics [16].

Setting

An outpatient tertiary (specialist) setting at St George’s 
University NHS Foundation Trust in urban London, United 
Kingdom. Recruitment was between November 2020 and 
August 2021 but was discontinuous due to the status of clin-
ics during the COVID-19 pandemic.

Participants

Adults (aged 18 or older) with persistent movement trig-
gered dizziness for ≥ 3 months due to a vestibular diagnosis 
(according to the international classification of vestibular 
disorders), scoring ≥ 40 on the Dizziness Handicap Inven-
tory (DHI), able to read and speak English, and willing and 
able to take part in the study were eligible.

Patients were excluded if they had another active condi-
tion which could interfere with their ability to participate in 
physiotherapy, including ≥ 3 headache/migraines a month, 
severe mental health disorder, another neurological disorder, 
acute orthopaedic disorders affecting balance and gait, and 
active Meniere’s disease or benign paroxysmal positional 
vertigo (BPPV). We also excluded patients with central 
(such as strokes, intracranial tumours, degenerative disor-
ders and metabolic conditions, but not including functional 
dizziness/PPPD or vestibular migraine) [7] or bilateral ves-
tibulopathy (according to Barany criteria [39]).

Participants were identified by audio-vestibular physi-
cians and/or on referral to the vestibular physiotherapy 
department. Pre-screening excluded patients with active 
BPPV or unrelated audio-vestibular disorders that do not 
require vestibular physiotherapy. Potential participants were 
screened for eligibility via telephone and sent a participant 
information sheet by email or post according to their prefer-
ence. Participants enrolled by completing an online consent 
form. No compensation was provided for taking part.

Sample size determination

The intended sample size was 40 assuming participation 
rates of 33% and drop-out rates of 20%, to estimate 95% 
confidence intervals for the participation and drop-out rates 
within a maximum interval of ± 9% and ± 16% respectively.
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Randomisation

The random allocation sequence was generated using a 
minimisation procedure with a probability of 0.8 to assure 
similar distribution of selected participant factors between 
trial groups, which included three dichotomous outcomes: 
gender (male/female), age (18–60/over 60) and dizziness 
handicap (DHI score 40–59/ ≥ 60). Participants were ran-
domized consecutively in the order in which they were 
referred to the study, and all staff and patients were blinded 
to allocation sequence. Randomisation was implemented 
independently by King’s Clinical Trials Unit via an online 
electronic system.

Interventions

The interventions are detailed in the protocol [16]. Each arm 
was delivered by a different senior specialist grade physi-
otherapist (DH and KF).

INVEST

In brief, INVEST included six-sessions of individual CBT-
informed VRT aimed specifically at dizziness (not depres-
sion or anxiety) with a patient manual and therapist support. 
The initial session was 60 min, follow-up appointments were 
30 min, and all were led by the same physiotherapist (author 
DH) who had additional training in CBT. There was a focus 
on transparency in communication which started with a 
shared cognitive-behavioural formulation and psychoedu-
cation. Exercises were customised and focussed on normal-
ising any maladaptive postural strategies (e.g., ‘high-threat’ 
postural control) early on, and habituation. Exercises were 
performed in clinic and at home. Other techniques included 
goal setting, activity planning and graded exercise, atten-
tion allocation and relaxation techniques, cognitive therapy 
focussed on illness beliefs, exposure in-vivo with behav-
ioural experiments for dizziness related fear, relapse man-
agement and prevention.

Vestibular rehabilitation (control) The six-sessions of 
individual VRT were time-matched to the INVEST proto-
col. The VRT represented ‘gold standard’ treatment based 
on evidence-based Clinical Practice Guidelines [14] and 
recommendations for people with PPPD [30] to promote 
graded habituation to movement and visual stimuli. Partici-
pants were provided with a customised exercise programme, 
performed in clinic and at home, which included a range of 
general exercises (e.g., walking programmes) and more spe-
cific adaptation, habituation, visual desensitisation, static 
and dynamic balance exercises.

Measures

Sociodemographic and clinical data

Self-reported sociodemographic data were collected at base-
line. Clinical data were extracted from medical records at 
T0 and T1. A diagnosis of PPPD was based on the latest 
Barany classification [37]. Since it is common for people 
with PPPD to have other vestibular disorders or conditions 
which provoke dizziness, relevant co-existing conditions 
were extracted from each participant’s medical records. 
Results of any vestibular laboratory function testing were 
also extracted and interpreted according to their respective 
normative values.

Feasibility outcomes

Numbers of eligible people recruited, willingness to be 
randomised and retention rates were collected. Acceptabil-
ity was evaluated at follow-up using an eight-item scale to 
assess the constructs in the theoretical framework of accept-
ability [33].

Self‑report outcomes

Participants completed all self-report measures online at 
T0 and T1 independently at home including measures of 
Dizziness Handicap (DHI) [21], visually induced dizziness 
(Visual Vertigo Analogue Scale [VVAS]) [8], dizziness 
interference (percentage of time symptoms interfere with 
life [%TSI]) [13] and health status (European Quality of Life 
questionnaire [EQ5D]) [12]. All scales are previously well-
validated in people with chronic dizziness (see protocol for 
details) [16].

Putative process variables measured included negative 
dizziness specific illness perceptions (Brief Illness Per-
ception Questionnaire [B-IPQ]) [6], cognitive and behav-
ioural responses to dizziness (Cognitive and Behavioural 
Responses to Symptoms Questionnaire [CBRQ]) [29], 
depression (Patient Health Questionnaire-9 [PHQ-9]) [34], 
anxiety (Generalized Anxiety Disorders-7 [GAD-7]) [35] 
and combined distress (Patient Health Questionnaire Anxi-
ety and Depression Scale [PHQ-ADS]) [19]. Internal con-
sistency for all outcome measures was acceptable (Cronbach 
alpha all ≥ 0.7).

At T1, participants were asked to self-report any other 
new treatments started during the study and a record of any 
adverse events was updated throughout.

Balance

All participants completed either the mini–Balance Evalua-
tion Systems Test (mini-BESTest) [11] or a hybrid balance 
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assessment if conducted virtually at T0 and T1. The hybrid 
balance assessment consisted of the Mini-BESTest exclud-
ing those items that were not possible to conduct virtually. 
The most difficult item to measure was reactive postural 
control since this requires a therapist to provide an external 
perturbation. To account for this missing data, patients were 
dichotomised as demonstrating either normal or abnormal 
balance control based on the available data and therapist 
judgement.

Statistical analysis

Questionnaires were completed online and there was no 
question item missing data. Descriptive statistics were used 
to summarise the number of patients approached, screened, 
eligible, consented, and randomised. Reasons for non-con-
sent, exclusion, and drop-out, at each stage of the study, were 
recorded. Similarly, descriptive statistics were computed to 
report adherence to the intervention.

Internal consistency of the measures was assessed using 
the Cronbach alpha coefficient at both T0 and T1. The 
EQ5D health state utility score was calculated from indi-
vidual health profiles using the value set for England [9]. 
Mean and standard deviations (SD) are provided for all 
self-report outcomes by visit and by treatment. Estimates of 
treatment effect at T1 were based on an analysis of covari-
ance (ANCOVA) to estimate the postintervention mean dif-
ference. The analysis adjusted for the baseline level of the 
outcome variable, baseline DHI, age and sex. Group allo-
cation was included as an indicator variable following the 
intention-to-treat principle. Given the feasibility nature of 
the trial, with a small sample size not powered to detect 
between group differences, the statistical significance of 
any post-randomisation group differences was not assessed; 
instead, effect sizes were calculated as standardised mean 
differences using Hedge’s g (SMDg) applying the small sam-
ple bias correction factor [15].

Results

Participant flow and feasibility outcomes

Participant flow is shown in Fig. 1. After a pre-screen con-
ducted by the medical team, 85 people were approached and 
35 (41%; 95% CI 31%–52%) excluded due to ineligibility 
(reasons in Fig. 1). Seven (14%; 95% CI 6%–26%) eligible 
patients did not want to be randomised, three (6%) because 
of concern about being in a trial. Another three patients 
were not recruited as they were untraceable or unavailable 
after initial screening. Forty out of 50 eligible participants 
(80% enrolment rate; 95% CI 66–90%) were recruited and 

randomly assigned to the INVEST intervention (n = 20) or 
gold standard VRT (control; n = 20).

Drop-out rate from INVEST was 15% (95% CI 3–38%) 
and 20% for VRT (6–44%). One participant lost to follow-up 
did not complete the follow-up questionnaires (trial drop-out 
2.5%; 95% CI < 1 to 13%).

Baseline characteristics

Table 1 shows baseline characteristics by group. The groups 
were equally distributed for age, sex, sociodemographic, 
clinical (including dizziness handicap), and psychological 
characteristics at baseline. The mean age was 44.5 years 
(SD = 17, range 19–79) and 32/40 (80%) were women. 
Median symptom duration was 2 years (IQR 46.5 months; 
range 5 months to 21 years).

Acceptability

Figure 2 shows responses to the acceptability questionnaire. 
More than 80% of participants in both arms rated ‘agree’ or 
‘strongly agree’ in favour for each domain. Participants in 
the INVEST arm tended to have slightly stronger positive 
opinions compared to the control arm.

Outcomes

Twelve participants (60%; 95% CI 36–81%) in the interven-
tion compared to seven (35%; 95% CI 15–59%) in the con-
trol group achieved a reliable improvement according to the 
dizziness handicap (> 18 point reduction). Nine participants 
(45%; 95% CI 23–68%) in the intervention had a ‘reliable 
recovery’ as defined by a DHI score below 30, compared to 
one (5%; 95% CI < 1 to 25%) in the control group.

Table 2 provides prescores and postcores for the self-
report questionnaires and estimates of treatment effect at 
T1 adjusted for baseline levels, dizziness handicap, age, 
and sex. Figure 3 shows a forest plot with confidence inter-
vals to visualise the estimates of the treatment effects and 
their uncertainty. On average, all outcomes improved from 
baseline for both groups. Between-group differences at T1, 
adjusting for baseline level, typically demonstrated small to 
moderate effects in favour of INVEST for all dizziness and 
qualtiy of life related outcomes. In terms of putative mecha-
nisms, reductions in negative illness perceptions showed the 
largest effect (SMDg 0.77) with moderate effects on distress 
and almost all symptom interpretation variables suggested 
greater reductions in catastrophising, beliefs that symp-
toms cause damage, and embarresment and fear avoidance. 
INVEST did not appear to have greater benefit for all-or-
nothing behaviour (SMDg 0.04).

At baseline (T0), 16 participants (80%; 95% CI 56–94%) 
in the intervention group and 17 participants (85%; 95% 
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CI 62–97%) in the control group were identified to have a 
abnormal balance scores. At follow-up only one participant 
(5%; 95% CI < 1 to 25%) in the intervention group and five 
participants (25%; 95% CI 9–49%) in the control group were 
identified to still have abnormal balance. Thirty-three par-
ticipants completed the mini-Bestest at baseline (interven-
tion mean 23.1, SD 3.57; control mean 24, SD 3.56) and 25 
participants completed it at T1 (intervention mean 27.6, SD 
1.12; control mean 26.9, SD 1.85).

Adherence to INVEST

All participants completed the first two sessions. Eighty per-
cent (n = 16; 95% CI 56–94%) completed all six sessions. 
One participant missed session six due to other commit-
ments. Two dropped out after the second session and one 
dropped out after 3 sessions. Seventy-five percent of ses-
sions were conducted in person and 25% remotely. Most 
sessions adhered to the prescribed duration except for 
exposure in-vivo (usually session 3) which usually lasted 
45 min. One participant from each group had a relapse of 
BPPV (benign paroxysmal positional vertigo) which was 

successfully treated with a single canalith repositioning pro-
cedure. Table 3 lists other treatments started during the trial.

Adverse events

Table 3 lists adverse events for each group. One participant 
from each group had exacerbation of migraines which could 
reasonably be attributed to exercise. Otherwise, participants 
did not attribute any other adverse incident to intervention-
related activity.

Discussion

This study aimed to establish the feasibility and acceptabil-
ity of a large RCT and potential benefits of a theory-based 
CBT-informed VRT intervention when compared to current 
gold-standard VRT for people with PPPD. The study met 
all the a-priori criteria to progress to a full-scale efficacy 
trial, including 80% of eligible patients participating (pre-
defined criteria > 70%), 15% therapy and 2.5% trial drop-out 
rates (criteria < 20%), comparable acceptability ratings to 

Fig. 1  Participant flow diagram. 
DHI dizziness handicap inven-
tory
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current gold standard VRT, and 80% adherence to sessions 
(criteria > 60%). Fifty-nine percent of patients screened met 
the selection criteria and the enrolment rate was 80%. This 
translates to roughly two patients screened for every one 
participant. Given the high prevalence of PPPD in audio-
vestibular, neuro-otology, and VRT clinics there are suffi-
cient patients to run a fully powered RCT. High rates of 

recruitment and retention point to an INVEST RCT being 
acceptable.

According to the acceptability survey and explora-
tory treatment effect sizes, the intervention appeared to 
be both acceptable and beneficial. All treatment effects 
favoured the INVEST intervention. Treatment effects for 
dizziness handicap were clinically meaningful and a larger 

Table 1  Baseline characteristics

SD standard deviation, IQR inter-quartile range, BPPV benign paroxysmal positional vertigo, SSRI selec-
tive serotonin reuptake inhibitors, SNRI serotonin-norepinephrine reuptake inhibitor, VRT vestibular reha-
bilitation

Group allocation

INVEST VRT

Age (mean, SD) 44.60 (16.96) 44.30 (17.44)
Sex (n, %)
 Female 16 (80%) 16 (80%)
 Male 4 (20%) 4 (20%)

Ethnicity (n, %)
 White 13 (65%) 15 (75%)
 Mixed or multiple ethnic groups 1 (5%) 1 (5%)
 Asian or Asian British 2 (10%) 2 (10%)
 Black, African, Caribbean, or Black British 4 (20%) 1 (5%)
 Other ethnic group 0 (0%) 1 (5%)

Education (n, %)
 Higher education 13 (65%) 12 (60%)
 College, vocational level 3, and equivalents 3 (15%) 5 (25%)
 High school, vocational level 2, and equivalents 0 (0%) 2 (10%)
 Qualifications at level 1 and below 1 (5%) 0 (0%)
 Other qualifications: level unknown 1 (5%) 0 (0%)
 No qualifications 2 (10%) 1 (5%)

Employment status (n, %)
 Employed 13 (65%) 10 (50%)
 Unemployed 4 (20%) 7 (35%)
 Student 1 (5%) 2 (10%)
 Retired 2 (10%) 1 (5%)

Clinical variables
 Diagnosis (n, %)
  Persistent postural perceptual dizziness 20 (100%) 20(100%)

 Illness duration, months (median, IQR) 24 (95) 21 (32)
 Another related condition/trigger (n, %)
  Vestibular migraine 9 (45%) 8 (40%)
  Clinical features of anxiety 9 (45%) 5 (25%)
  Unilateral peripheral vestibulopathy 5 (25%) 8 (40%)
  BPPV 2 (10%) 6 (30%)
  Meniere’s/migraine overlap 0 (0%) 1 (5%)
  Meniere’s disease 1 (5%) 0 (0%)

 Vestibular testing abnormalities (n, %)
  Unilateral vestibular dysfunction 6 (30%) 2 (10%)

 Normal vestibular function testing 11 (55%) 11 (55%)
 On SSRI/SNRI medication (n, %) 1 (5%) 2 (10%)
 Dizziness handicap Inventory (mean, SD) 63.80 (17.84) 65.10 (14.76)
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proportion of the intervention group achieved a reliable 
improvement (60%) vs. the control group (35%). Although 
these treatment effects cannot be taken as evidence for effi-
cacy, they compare favourably to similar published stud-
ies [1, 22–24, 31]. However, given the small sample size 
uncertainty in these estimates was considerable. The find-
ings still provide a strong signal for efficacy that supports 
the justification for a full-scale efficacy study. Participants 
in this current study had a high level of dizziness handicap 
and a median illness duration of 2 years, which is usually 
associated with a poor prognosis [42], indicating that these 
may be important factors to consider as treatment effect 
modifiers in a full-scale trial. Since treatment effects were 
not universal, we believe there is further scope for the 
intervention to be improved. Suggestions for some of the 
improvements will be presented in the detailed qualitative 
analysis to follow.

Between-group comparison for putative process variables 
suggests that INVEST is changing the proposed mechanisms 
of action as intended. This is particularly true for negative 
beliefs about dizziness and the way in which patients attend 
to and appraise dizziness as threatening or embarrassing. 
Reductions in avoidance and resting in response to symp-
toms was also greater in INVEST. It was surprising that 
all-or-nothing behaviour did not show a larger treatment 
effect, since our previous prospective data found this to be a 
strong predictor and was a predominant feature of INVEST 
[17, 18]. Both groups improved so this may also reflect 

similarities between the interventions in terms of pacing 
and graded exercise.

The gait and balance outcome measures were sometimes 
difficult to execute when completed over video. The Mini-
BESTest was suboptimal since it is only validated for face-
to-face evaluation. Further, many people with PPPD exhibit 
features of ‘functional gait disorder’ [32]. As discussed by 
Nicholson et al. [28], the unique clinical aspects of func-
tional disorders means that the usual prioritization of ‘objec-
tive’ or ‘subjective’ measures may not be appropriate when 
it comes to measuring balance and gait. For example, due 
to temporal variability in balance performance, objective 
snapshot tests such as gait speed may not accurately reflect 
the general state of the disorder. Likewise, since attention, 
and therefore clinical examination, can modify gait perfor-
mance in people with PPPD, clinical assessment may not 
reflect actual performance outside of this context. Objec-
tive measures such as posturography have shown merit in 
PPPD although again this requires face-to-face evaluation, 
and the cost is a significant barrier. The advent of wear-
able motion sensors may be a useful compromise and other 
clinical tests of dynamic gait performance may be more 
practical. INVEST did appear to simultaneously improve 
postural control, and a dichotomised outcome has been 
adopted in other studies [31], but the lack of blinding and 
validity is a limitation. Improvements in balance observed in 
the INVEST group could be because the balance exercises 
were focussed on allocating attention away from consciously 
controlling balance and fear driven adaptations to balance 
control [43], so a measure that could reliably evaluate this 
would be preferable.

There were no reported serious adverse incidents attrib-
uted to the intervention. The risk profile appears similar 
to standard vestibular rehabilitation. There was a single 
mental health-related adverse event in both groups, which 
both patients attributed to external factors rather than to 
trial interventions. There were no adverse reactions to any 
behavioural experiment. Other social external traumatic 
events occurred, which may reflect the presence of social 
risk factors associated with persistent functional symptoms. 
Interestingly, one participant from each group also had a 
reoccurrence of BPPV. This provides another benefit of 
such an intervention being delivered by a physiotherapist 
or multidisciplinary team, because such conditions can be 
easily identified and treated quickly, minimising the impact 
of symptom relapse.

Other limitations in our study must be noted. This was a 
single site RCT, and the first author, who led the INVEST 
development, was the physiotherapist delivering it in this 
trial. To try and counteract this, the person delivering the 
standard VRT arm was also a senior physiotherapist spe-
cialising in VRT. A full-scale multi-centre efficacy trial 
will need to consider the level of training and supervision 

Fig. 2  Likert scale acceptability data according to group allocation. 
INVEST integrated intervention, VRT gold standard vestibular reha-
bilitation
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Table 2  Means of outcome measures at each assessment and post-randomisation treatment effects

VRT vestibular rehabilitation, DHI dizziness handicap inventory, VVAS visual vertigo analogue scale, %TSI Percentage time symptoms interfere 
with normal activities, EG-5D-5L European quality of life questionnaire (EuroQol), EQ VAS EuroQol visual analogue scale, B-IPQ brief illness 
perceptions questionnaire, CBRQ cognitive behavioural responses to symptoms questionnaire, PHQ9 patient health questionnaire 9 item scale, 
GAD7 generalised anxiety disorders 7 item scale, PHQ-ADS patient health questionnaire-anxiety and depression scale
a Adjustment for multiple comparisons: Bonferroni

Outcome 
measure

INVEST intervention VRT physiotherapy control Adjusted mean  differencea

Baseline 
(n = 20)
Mean (SD)

Follow-up 
(n = 19)
Mean (SD)

Baseline 
(n = 20)
Mean (SD)

Follow-up 
(n = 20)
Mean (SD)

Mean difference 
(SE)

95% CI for dif-
ference

Hedge’s g (95% 
CI)

Dizziness handicap
 DHI 63.80 (17.84) 37.16 (23.84) 65.10 (14.76) 48.80 (19.44) 10.04 (6.48) − 3.14 to 23.21 0.45 (− 0.12, 

1.02)
Visually induced dizziness
 VVAS 54.33 (20.97) 30.41 (24.29) 54.44 (20.47) 38.33 (22.45) 5.45 (5.90) − 6.557 to 17.46 0.23 (− 0.26, 

0.71)
Dizziness interference
 %TSI 57.00 (29.80) 29.32 (26.08) 65.50 (27.32) 39.70 (27.64) 8.05 (9.12) − 10.50 to 26.60 0.29 (− 0.36, 

0.95)
Health state
 EQ-5D-5L 

index value
0.52 (0.25) 0.67 (0.27) 0.50 (0.26) 0.58 (0.25) − 0.06 (0.06) − 0.19 to 0.07 0.23 (− 0.22, 

0.67)
 EQ VAS 47.75 (23.33) 57.79 (24.30) 48.90 (26.58) 50.45 (24.57) − 6.85 (6.71) − 20.50 to 6.80 0.27 (− 0.25, 

0.80)
Negative dizziness perceptions
 B-IPQ 55.75 (10.78) 32.79 (15.39) 57.40 (7.37) 46.20 (14.27) 11.73 (4.75) 2.07 to 21.39 0.77 (0.16, 1.39)

CBRQ domains
 Fear avoidance 14.45 (4.37) 8.74 (4.59) 15.35 (4.67) 11.55 (4.51) 2.34 (1.21) − 0.13 to 4.81 0.50 (− 0.01, 

1.01)
 Catastrophis-

ing
9.30 (3.25) 5.42 (4.25) 10.30 (3.26) 7.60 (3.41) 1.30 (1.11) − 0.955 to 3.56 0.33 (− 0.22, 

0.88)
 Damage 

beliefs
11.95 (3.32) 7.53 (4.77) 12.15 (3.28) 9.80 (3.59) 2.07 (1.01) 0.14 to 4.13 0.48 (0.02, 0.94)

 Embarrass-
ment avoid-
ance

14.65 (5.48) 8.58 (6.70) 14.05 (5.35) 10.80 (4.80) 2.82 (1.60) − 0.44 to 6.07 0.47 (− 0.05, 
1.00)

 Symptom 
focussing

16.40 (4.86) 10.84 (5.47) 17.80 (4.46) 14.70 (4.79) 2.95 (1.41) 0.08 to 5.81 0.56 (0.04, 1.09)

 All-or-nothing 
behaviour

8.50 (4.40) 6.53 (4.41) 7.85 (4.90) 6.45 (4.17) 0.17 (1.14) − 2.14 to 2.48 0.04 (− 0.47, 
0.55)

 Rest/Avoid-
ance behav-
iour

14.75 (6.79) 8.16 (5.96) 13.25 (6.63) 10.35 (5.02) 3.08 (1.56) − 0.10 to 6.26 0.55 (0.00, 1.09)

Depression
 PHQ9 10.35 (6.10) 5.37 (5.06) 12.50 (8.07) 9.65 (7.32) 2.62 (1.70) − 0.84 to 6.08 0.41 (− 0.11, 

0.93)
Anxiety
 GAD7 7.10 (4.95) 4.47 (4.12) 10.40 (6.992) 8.30 (6.58) 2.02 (1.64) − 1.32 to 5.35 0.36 (− 0.21, 

0.93)
Distress
 PHQ-ADS 17.45 (10.39) 9.84 (8.90) 22.90 (14.47) 17.95 (13.47) 4.52 (3.24) − 2.08 to 11.11 0.39 (− 0.16, 

0.93)
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required for a range of physiotherapists to deliver it success-
fully. We did not use a standardised diagnostic schedule to 
ascertain clinically significant psychiatric comorbidity as a 
basis for study exclusion. This may have led to inclusion 
of inappropriate patients, particularly people with post-
traumatic stress disorder who require specialist CBT pro-
grammes. For practical purposes during the pandemic, we 
allowed flexibility in the mode of delivery between face-to-
face and virtual appointments. Whilst this likely reflects the 
way services will continue to operate, there is a lack of evi-
dence to say if this affects outcomes and some participants 
had a strong perception that face-to -face was better. There-
fore, future studies may need to control for delivery mode. 

Our control group represented current gold VRT, although 
we suspect there may have also been some treatment con-
tamination as both therapists worked in the same depart-
ment. Future trials will need to consider ways to reduce such 
contamination, such as cluster randomisation, or spatially 
separating trial arms. As with all behavioural trials, par-
ticipants and therapists could not be blinded to treatment 
group, which may have introduced bias. However, the trial 
information provided made it clear both were treatments for 
PPPD with no expectation that one was better than the other. 
Likewise, it is difficult to tightly control the therapy being 
delivered when the treatment requires a tailored approach. 
Using the patient manual was one such approach, although 
digitalising aspects of the intervention remains an option in 
the future. Sessions were also audiotaped for supervision 
and fidelity purposes. More work is needed to ensure fidel-
ity of the standard care arm in a larger trial. Most outcomes 
were subjective patient-reported outcomes completed online, 
which may be influenced by many factors, including lack of 
blinding. However, we argue that it is impractical and illogi-
cal to construct a placebo therapy which would contain the 
same characteristics as the treatment for which it serves as 
a control. Instead, as was a strength of this study, compari-
son to a current gold standard therapy should be used when 
evaluating treatment efficacy and that the only person that 
needs to be blinded is the statistician.

Conclusions

Preliminary trial findings support the acceptability and 
feasibility of INVEST, a CBT-informed VRT intervention 
aimed at dizziness for people with PPPD. Estimates support 
medium treatment effects and potential benefits compared 
to gold standard VRT in a small group of patients that have 
high levels of dizziness related disability and a poor prog-
nosis with the current available treatment. Findings strongly 
support the need for a multicentre randomised trial of the 
INVEST intervention.

Acknowledgements This study is funded by the National Institute for 
Health Research (NIHR) (Clinical Doctoral Research Fellowship [ICA-
CDRF-2015-01-079]). The views expressed are those of the author(s) 
and not necessarily those of the NIHR or the Department of Health 
and Social Care. This study was supported by the United Kingdom 
Clinical Research Collaboration-registered King's Clinical Trials Unit 
at King's Health Partners, which is part funded by the NIHR Biomedi-
cal Research Centre for Mental Health at South London and Mauds-
ley NHS Foundation Trust and King's College London and the NIHR 
Evaluation, Trials and Studies Coordinating Centre. We would like 
to thank to staff and patients in the audio-vestibular department at St 
George’s Hospital.

Author contributions DH conceptualization, data curation, formal 
analysis, investigation, funding acquisition, methodology, writing—
original draft. SN formal analysis. LM methodology, writing—review 

Fig. 3  Treatment effect sizes and confidence intervals

Table 3  Other treatments started during the trial and any adverse 
events

VRT gold-standard vestibular rehabilitation

INVEST VRT

Other treatments started during trial (n)
 Amitriptyline/nortriptyline 0 2
 SSRI/SNRI 1 1
 Talking therapies 0 2
 Betahistine 0 1
 Fertility treatment 1 0
 Pelvic adhesiolysis 1 0
 Physiotherapy for pain condition 1 1
 Herbal supplements 1 0

Adverse events (n)
 BPPV relapse 1 1
 Migraine flare 1 1
 Mental illness 1 1
 Injurious fall, not related to exercise 1 0
 Traumatic family event 1 0
 Victim of domestic abuse 0 1
 Hospital admission, unrelated condition 0 1



4762 Journal of Neurology (2022) 269:4753–4763

1 3

and editing, supervision. KF investigation, data curation. MP method-
ology, writing—review and editing, supervision. RM-M conceptualiza-
tion, methodology, writing—review and editing, supervision.

Funding National Institute for Health Research (NIHR) (Governmen-
tal organisation) (Award number: ICA-CDRF-2015-01-079) provided 
financial support for the study.

Data availability Data will be made available upon reasonable request 
to the corresponding author.

Declarations 

Conflict of interest None.

Trial registration ISRCTN10420559.

Study protocol location https:// doi. org/ 10. 1186/ s40814- 021- 00896.

Ethics committee approval Approval was granted by: Wales Research 
Ethics Committee 4 (REC ref: 20/WA/0089)

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Andersson G, Asmundson GJ, Denev J, Nilsson J, Larsen HC 
(2006) A controlled trial of cognitive-behavior therapy combined 
with vestibular rehabilitation in the treatment of dizziness. Behav 
Res Ther 44:1265–1273

 2. Axer H, Finn S, Wassermann A, Guntinas-Lichius O, Klingner 
CM, Witte OW (2020) Multimodal treatment of persistent pos-
tural–perceptual dizziness. Brain Behav 10:e01864

 3. Azzi JL, Khoury M, Séguin J, Rourke R, Hogan D, Tse D, Lelli 
DA (2021) Characteristics of persistent postural perceptual dizzi-
ness patients in a multidisciplinary dizziness clinic. J Vestib Res. 
https:// doi. org/ 10. 3233/ VES- 190749

 4. Beidel DC, Horak FB (2001) Behavior therapy for vestibular reha-
bilitation. J Anxiety Disord 15:121–130

 5. Best C, Tschan R, Stieber N, Beutel ME, Eckhardt-Henn A, Diet-
erich M (2015) STEADFAST: psychotherapeutic intervention 
improves postural strategy of somatoform vertigo and dizziness. 
Behav Neurol 2015:456850

 6. Broadbent E, Petrie KJ, Main J, Weinman J (2006) The brief ill-
ness perception questionnaire. J Psychosom Res 60:631–637

 7. Choi JY, Kim JS (2017) Nystagmus and central vestibular disor-
ders. Curr Opin Neurol 30:98–106

 8. Dannenbaum E, Chilingaryan G, Fung J (2011) Visual vertigo 
analogue scale: an assessment questionnaire for visual vertigo. J 
Vestib Res 21:153–159

 9. Devlin NJ, Shah KK, Feng Y, Mulhern B, van Hout B (2018) 
Valuing health-related quality of life: an EQ-5D-5L value set for 
England. Health Econ 27:7–22

 10. Edelman S, Mahoney AEJ, Cremer PD (2012) Cognitive behavior 
therapy for chronic subjective dizziness a randomized, controlled 
trial. Am J Otolaryngol 33:395–401

 11. Franchignoni F, Horak F, Godi M, Nardone A, Giordano A (2010) 
Using psychometric techniques to improve the Balance Evaluation 
Systems Test: the mini-BESTest. J Rehabil Med 42:323–331

 12. Group E (1990) EuroQol -a new facility for the measurement of 
health-related quality of life. Health Policy 16:199–208

 13. Hall CD, Herdman SJ (2006) Reliability of clinical measures used 
to assess patients with peripheral vestibular disorders. J Neurol 
Phys Ther 30:74–81

 14. Hall CD, Herdman SJ, Whitney SL, Cass SP, Clendaniel RA, 
Fife TD, Furman JM, Getchius TS, Goebel JA, Shepard NT, 
Woodhouse SN (2016) Vestibular rehabilitation for peripheral 
vestibular hypofunction: an evidence-based clinical practice 
guideline: from the American physical therapy association 
neurology section. J Neurol Phys Ther 40:124–155

 15. Hedges LV, Olkin I (1985) Statistical methods for meta-analysis. 
Academic Press, San Diego

 16. Herdman D, Norton S, Pavlou M, Murdin L, Moss-Morris R 
(2021) Protocol for a randomised controlled feasibility study 
of psychologically informed vestibular rehabilitation for people 
with persistent dizziness: INVEST trial. Pilot Feasibility Stud 
7:156

 17. Herdman D, Norton S, Pavlou M, Murdin L, Moss-Morris R 
(2020) The role of prediagnosis audiovestibular dysfunction ver-
sus distress, illness-related cognitions, and behaviors in predicted 
ongoing dizziness handicap. Psychosom Med 82:787–795

 18. Herdman D, Norton S, Pavlou M, Murdin L, Moss-Morris R 
(2020) Vestibular deficits and psychological factors correlating 
to dizziness handicap and symptom severity. J Psychosom Res 
132:109969

 19. Herdman D, Picariello F, Moss-Morris R (2022) Validity of the 
patient health questionnaire anxiety and depression scale (PHQ-
ADS) in patients with dizziness. Otol Neurotol 43(3):e631–e367

 20. Holmberg J, Karlberg M, Harlacher U, Magnusson M (2007) One-
year follow-up of cognitive behavioral therapy for phobic postural 
vertigo. J Neurol 254:1189–1192

 21. Jacobson GP, Newman CW (1990) The development of the diz-
ziness handicap inventory. Arch Otolaryngol Head Neck Surg 
116:424–427

 22. Johansson M, Akerlund D, Larsen HC, Andersson G (2001) Rand-
omized controlled trial of vestibular rehabilitation combined with 
cognitive-behavioral therapy for dizziness in older people. Oto-
laryngol Head Neck Surg 125:151–156

 23. Kristiansen L, Magnussen LH, Juul-Kristensen B, Mæland S, Nor-
dahl SHG, Hovland A, Sjøbø T, Wilhelmsen KT (2019) Feasibil-
ity of integrating vestibular rehabilitation and cognitive behaviour 
therapy for people with persistent dizziness. Pilot Feasibility Stud 
5:69

 24. Kuwabara J, Kondo M, Kabaya K, Watanabe W, Shiraishi N, 
Sakai M, Toshishige Y, Ino K, Nakayama M, Iwasaki S, Akechi 
T (2020) Acceptance and commitment therapy combined with 
vestibular rehabilitation for persistent postural-perceptual dizzi-
ness: a pilot study. Am J Otolaryngol 41:102609

 25. Limburg K, Schmid-Muhlbauer G, Sattel H, Dinkel A, Radziej 
K, Gonzales M, Ronel J, Lahmann C (2019) Potential effects of 
multimodal psychosomatic inpatient treatment for patients with 
functional vertigo and dizziness symptoms—a pilot trial. Psychol 
Psychother Theory Res Pract 92:57–73

 26. McDonnell MN, Hillier SL (2015) Vestibular rehabilitation for 
unilateral peripheral vestibular dysfunction. Cochrane Database 
Syst Rev 1:CD005397

https://doi.org/10.1186/s40814-021-00896
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3233/VES-190749


4763Journal of Neurology (2022) 269:4753–4763 

1 3

 27. Nada EH, Ibraheem OA, Hassaan MR (2019) Vestibular reha-
bilitation therapy outcomes in patients with persistent postural-
perceptual dizziness. Ann Otol Rhinol Laryngol 128:323–329

 28. Nicholson TR, Carson A, Edwards MJ, Goldstein LH, Hallett 
M, Mildon B, Nielsen G, Nicholson C, Perez DL, Pick S, Stone 
J, Anderson D, Asadi-Pooya A, Aybek S, Baslet G, Bloem BR, 
Brown RJ, Chalder T, Damianova M, David AS, Epstein S, Espay 
AJ, Garcin B, Jankovic J, Joyce E, Kanaan RA, Kozlowska K, 
LaFaver K, LaFrance WC, Lang AE, Lehn A, Lidstone S, Maurer 
C, Morgante F, Myers L, Reuber M, Rommelfanger K, Schwin-
genshuh P, Serranova T, Shotbolt P, Stebbins G, Tijssen MAJ, 
Tinazzi M (2019) Outcome measures for functional neurological 
disorder: a review of the theoretical complexities. J Neuropsychia-
try Clin Neurosci 32:33–42

 29. Picariello F, Chilcot J, Chalder T, Herdman D, Moss-Morris R 
(2022) The cognitive and behavioural responses to symptoms 
questionnaire (CBRQ): development, reliability and validity 
across several long-term conditions. Health Psychology Depart-
ment, King's College London (manuscript submitted for 
publication)

 30. Popkirov S, Stone J, Holle-Lee D (2018) Treatment of persistent 
postural-perceptual dizziness (PPPD) and related disorders. Curr 
Treat Options Neurol 20:50

 31. Schmid DA, Allum JHJ, Sleptsova M, Gross S, Gaab J, Welge-
Lussen A, Schaefert R, Langewitz W (2018) Effects of a program 
of cognitive-behavioural group therapy, vestibular rehabilitation, 
and psychoeducational explanations on patients with dizziness and 
no quantified balance deficit, compared to patients with dizziness 
and a quantified balance deficit. J Psychosom Res 105:21–30

 32. Schniepp R, Wuehr M, Huth S, Pradhan C, Brandt T, Jahn K 
(2014) Gait characteristics of patients with phobic postural ver-
tigo: effects of fear of falling, attention, and visual input. J Neurol 
261:738–746

 33. Sekhon M, Cartwright M, Francis JJ (2017) Acceptability of 
healthcare interventions: an overview of reviews and develop-
ment of a theoretical framework. BMC Health Serv Res 17:88

 34. Spitzer RL, Kroenke K, Williams JB (1999) Validation and util-
ity of a self-report version of PRIME-MD: the PHQ primary care 

study. Primary care evaluation of mental disorders. Patient Health 
Questionnaire. JAMA 282:1737–1744

 35. Spitzer RL, Kroenke K, Williams JB, Löwe B (2006) A brief 
measure for assessing generalized anxiety disorder: the GAD-7. 
Arch Intern Med 166:1092–1097

 36. Staab JP (2011) Behavioral aspects of vestibular rehabilitation. 
NeuroRehabilitation 29:179–183

 37. Staab JP, Eckhardt-Henn A, Horii A, Jacob R, Strupp M, Brandt 
T, Bronstein A (2017) Diagnostic criteria for persistent postural-
perceptual dizziness (PPPD): consensus document of the com-
mittee for the Classification of Vestibular Disorders of the Barany 
Society. J Vestib Res 27:191–208

 38. Strupp M, Dlugaiczyk J, Ertl-Wagner BB, Rujescu D, Westhofen 
M, Dieterich M (2020) Vestibular disorders. Dtsch Arztebl Int 
117:300–310

 39. Strupp M, Kim JS, Murofushi T, Straumann D, Jen JC, Rosengren 
SM, Della Santina CC, Kingma H (2017) Bilateral vestibulopathy: 
diagnostic criteria consensus document of the Classification Com-
mittee of the Bárány Society. J Vestib Res 27:177–189

 40. Sui Lin CT, Prepageran N (2021) The impact of disease duration 
in persistent postural-perceptual dizziness (PPPD) on the quality 
of life, dizziness handicap and mental health. J Vestib Res. https:// 
doi. org/ 10. 3233/ VES- 210087

 41. Thompson KJ, Goetting JC, Staab JP, Shepard NT (2015) Retro-
spective review and telephone follow-up to evaluate a physical 
therapy protocol for treating persistent postural-perceptual dizzi-
ness: a pilot study. J Vestib Res 25:97–103 (quiz 103–104)

 42. Whitney SL, Sparto PJ, Furman JM (2020) Vestibular reha-
bilitation and factors that can affect outcome. Semin Neurol 
40:165–172

 43. Wuehr M, Brandt T, Schniepp R (2017) Distracting attention in 
phobic postural vertigo normalizes leg muscle activity and bal-
ance. Neurology 88:284

 44. Yardley L, Redfern MS (2001) Psychological factors influencing 
recovery from balance disorders. J Anxiety Disord 15:107–119

https://doi.org/10.3233/VES-210087
https://doi.org/10.3233/VES-210087

	The INVEST trial: a randomised feasibility trial of psychologically informed vestibular rehabilitation versus current gold standard physiotherapy for people with Persistent Postural Perceptual Dizziness
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration number 

	Introduction
	Methods
	Design
	Setting
	Participants
	Sample size determination
	Randomisation
	Interventions
	INVEST
	Vestibular rehabilitation (control) 


	Measures
	Sociodemographic and clinical data
	Feasibility outcomes
	Self-report outcomes
	Balance

	Statistical analysis

	Results
	Participant flow and feasibility outcomes
	Baseline characteristics
	Acceptability
	Outcomes
	Adherence to INVEST
	Adverse events

	Discussion
	Conclusions
	Acknowledgements 
	References




