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The Treatment of Vertigo With a Digital 
 Health App
Findings of the Prospective Randomized Controlled GEVE-I Trial
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Anne Ruck, Hubert Löwenheim, Walter Lehmacher, Stephan Wolpert

D izziness and vertigo are common reasons for medical 
consultations (1, 2). Among adults, the lifetime preva-

lence of dizziness of any type is estimated at 23.2% (3) and 
the lifetime prevalence of vestibular vertigo severe 
enough to interfere with daily activities is 7.8% (1). The 
clinical standard of care for chronic vestibular vertigo 
 includes balance-improving exercise therapy (4).

The digital health app used in this study (VH90D) 
 involves a sensorimotor, multimodal vertigo treatment 
program for use at home. The major therapeutic principle 
of the app comprises diagnosis-adjusted sensorimotor 
vestibular exercise programs: the Adaptive Balance Eye 
and Vision (ABEV) exercises (5, 6). The performance of 
these exercises stimulates the sensory organs and there-
fore the brain. This sensorimotor brain stimulation, the 
principal mechanism of action of the app’s ABEV pro-
gram, is intended to induce central vestibular compen-
sation (CVC), i.e., a neuronal learning process (4, 7, 8). 
Thus, as long as central vestibular compensation is 
achieved, the app may be effective irrespective of the 
underlying peripheral disease. The app includes:∙  Specific cognitive behavioral therapy interventions 

for coping with vertigo-associated stress, vertigo-
 induced sleep disorders, and vertigo-related anxiety
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∙ Health education providing adequate in-
formation about the underlying disease 
models, with the aim of improving ther-
apy adherence∙ Relaxation techniques such as progres -
sive muscle relaxation and autogenic 
training to reduce unwanted somatosen-
sory responses∙ The Otago Exercise Program (9) as a 
training option in muscle atrophy of the 
lower extremities

The training program of the digital app is 
adapted to the underlying disease, e.g., in pa-
tients with benign paroxysmal positional vertigo. 

To investigate the clinical efficacy and 
safety of the digital app, the present German 
Vertigo trial (GEVE I) was designed as a con-
firmative, prospective, single-blinded, rando-
mized, group-controlled, single-center, 
 two-arm trial with active safety surveillance. 

Materials and methods
The Vertidisan app (VH90D-1.0.2) was pro-
vided by the manufacturer (Digitineers, 

Background: Vestibular vertigo is common and frequently leads to 
inability to work. We studied the clinical efficacy and safety of a 
digital health app (VH90D) for the treatment of vestibular vertigo.

Methods: We conducted a confirmatory, prospective, single-
blinded, randomized, group-controlled, single-center, two-arm 
 superiority trial (n = 212). The 106 patients in the intervention group 
were treated with the app, and the other 106 received treatment as 
usual (TAU) with standard physiotherapy. The primary endpoint was 
the vertigo symptom score (VSS-sf-VER) at 12 weeks. The trial was 
registered in the German Clinical Trials Register (DRKS00024188).

Results: The mean intergroup difference in the change of VSS-
 sf-VER score from baseline to week 12 was −7.9 points (95% confi-
dence interval [−9.5; −6.2]; Cohen’s d 1.55). The vertigo intensity 
score fell by an average of 12.7 points (clinically important differ-

ence [CID] −5 points; [−14.1; −11.2]) in the interven-
tion group and 2.7 points (CID −5 points; [−3.7; 
−1.7]) in the TAU group (physiotherapy).

Conclusion: The digital health app VH90D markedly 
reduced vertigo, with greater efficacy than the medi-
an of six 20-minute physiotherapy sessions. 
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 Tübingen, Germany). The clinical  investigation plan was 
approved by the ethics committee of the Medical Associ-
ation of the Federal State of Baden-Württemberg, under 
the appraisal number F-2021–157. The study was regis-
tered at the German Registry for Clinical Studies 
(DRKS00024188, https://www.drks.de/search/de/trial/
DRKS00024188) where the clinical investigation plan, in-
cluding the statistical analysis plan, was  deposited. 

Briefly, this study was a randomized controlled trial 
(RCT) with treatment as usual (TAU; physiotherapy) in the 
control group and 12 weeks’ treatment with the app 
(VH90D) in the experimental group. Patients in the TAU 
group received physical therapy/physiotherapy (at least 
six individual sessions, 20 minutes each, corresponding to 
the usual number of exercise units per prescription for 
 patients with statutory health insurance in Germany) and 
were offered the app after 12 weeks. No influence was 
 exerted on timing, possible waiting time or additional 
physiotherapy sessions. Patients could go to the physio-
therapist of their choice, so the physiotherapists’ previous 
experience of treating vestibular disorders was not con-
trolled for. Figure 1 shows the overall study design and 
procedures. The principal steps included enrolment, allo-
cation, and follow-up. The patients were recruited via 
 advertisements in local newspaper and by informing local 
physicians’ offices. The single-center study was per -
formed at the clinical study center Tübingen Kelternturm 
(Tübingen, Germany) and was conducted from 10 
 October 2022 to 22 March 2023. A CONSORT 2025 (10) 
checklist on the trial is provided in eTable 1.

Randomization and blinding are described in the 
 eMethods. 

A total of 326 individuals were screened based on inclu-
sion and exclusion criteria. The main inclusion criteria 
were benign paroxysmal positional vertigo (BPPV), laby-
rinthine trauma, labyrinthitis, persistent postural-
 perceptual dizziness (PPPD), tumors of the skull base and 
cerebellopontine angle, presbyvestibulopathy, Menière’s 
disease, vestibular migraine, superior semicircular canal 
dehiscence syndrome, acute vestibular syndrome, ves-
tibular neuritis, vestibular paroxysmia, unilateral or bilat-
eral vestibulopathy, sudden hearing loss with vestibular 
involvement, toxic vestibulopathy, and idiopathic vertigo.

 The clinical variables were vertigo, stress, autonomic 
responses/anxiety, and quality of life (QoL). The primary 
efficacy variable was the score on the German version of 
the Vertigo Symptom subscale, VSS-sf-VER (11, 12) after 
12 weeks (T3). The primary objective was the intergroup 
comparison of the changes from T0 to T3. The secondary 
endpoints were evaluated in a predetermined confir -
matory test sequence (eMethods). This article focuses on 
the primary outcome, i.e., analysis of the VSS-sf-VER 
 results. 

The primary evaluation was conducted as an 
 intention-to-treat (ITT) analysis. Dropouts were firstly 
 replaced by reference-based multiple imputations (jump 
to reference [JTR]). Other substitution methods were 
 applied for sensitivity analyses (e.g., last observation car-
ried forward, baseline carried forward, and total mean 
 replacement). 

Analysis of covariance (ANCOVA) was performed, with 
baseline value as covariate and treatment group as factor. 

Figure 1

Flowchart of patient allocation 
APP, intervention with the digital health app; ITT, intention to treat; PP per protocol; TAU, 
treatment as usual (physiotherapy) 

Screening for eligibility 
N = 326

T0 (baseline) 
N = 212

Randomization 
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APP group 
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Wilcoxon–Mann–Whitney tests were performed for sensi-
tivity analysis. All primary endpoints were analyzed using 
two-sided tests, with α = 5%. All other statistical analyses 
were performed exploratorily with descriptive interpre-
tation of p-values and 95% confidence intervals; for sub-
groups the separate effects are described by means of 95% 
confidence intervals.

Demographic results 
Our analysis included all 212 ITT patients (100 men and 
112 women). The TAU group was older (64.7 years) than 
the APP group (61.6 years) (eTable 2). The largest diagnosis 
groups were patients with unilateral or bilateral vestibulo-
pathy (N = 77, 36%), BPPV (N = 34, 16%), PPPD (N = 29, 
14%), vestibular migraine (N = 27, 13%), vestibular neu -
ropathy (N = 23, 11%), presbyvestibulopathy (N = 22, 10%) 
and Menière’s disease (N = 12, 6%). The baseline demo-
graphics did not differ meaningfully between the 
 per-protocol (PP) population and the ITT population. 

Efficacy results
Vertigo intensity was measured using the German version 
of the validated Vertigo Symptom Subscale, VSS-sf-VER. A 
change of five points (15% of the total range of 32, cf. 
IQWIG 2022) (13) was defined as a clinically important dif-
ference (CID) in the VSS score. Thus, a score difference of 
five or more points indicates a clinically relevant change. 
Using JTR imputations, the statistical efficacy comparison 
of the two ITT groups resulted in a least-square mean dif-
ference (adjusted by ANCOVA) between the groups of –7.9 
([−9.5; –6.2]; Cohen’s d: 1.55) points. 

Both the APP group and the TAU group (physiotherapy) 
exhibited a statistically significant improvement in the 
VSS-sf-VER score from baseline to week 12 in the ITT 
population. From baseline to week 12 (Figure 2a, eTable 1) 
the VSS-sf-VER score decreased by a mean of –12.7 points 
(-66.2%, [−14.1; –11.2]; p < 0.001) in the APP group and by a 
mean of –2.7 points in the TAU (physiotherapy) group 
(−16.9%; [−3.7 to –1.7]; p = 0.001). The APP group, but not 
the physiotherapy group (TAU), reached CID status 
(Table).

In the responder analysis of ITT (JTR) patients (Figure 
3), 93 (87.7%) of the app users were responders after 
12 weeks. Responders were defined as patients who 
achieved the above-mentioned CID, i.e., improvement of 
the VSS score by 5 points. In the TAU group (physiother-
apy), 27 participants (25.5%) were responders. The group 
comparison demonstrated differences between the APP 
group and the TAU group (physiotherapy) (response rate 
difference 62.3% [51.9; 72.6]; p < 0.001) (Figure 3).

Furthermore, a difference was found between the abso-
lute VSS-sf-VER scores of the two groups after 12 weeks. 
Within the APP intervention group (ITT, JTR), the scores 
exhibited a mean end value of 6.47 (SD 6.18) and a median 
of 4.48 points. The mean and median values in the TAU 
group were 13.30 (SD 5.67) and 13.50, respectively, after 
the 12-week period.

Moreover, a higher number of completed digital app 
sessions seemed to contribute to an increased efficacy of 
the app, as depicted in Figure 2b. In a post-hoc analysis 
after 12 weeks, patients who had completed 1–30 sessions 
with the app showed an average improvement of 9.93 

Figure 2

Change in vertigo intensity during the study. 
VSS-sf-VER score (score range: 0–32); the bars indicate the confidence interval (95% CI). 
a) Average score improvement in the APP and TAU groups. Vertigo intensity change (delta) 

indicated by VSS-sf-VER score. At T3, the final group difference (ANCOVA) is indicated, 
which is the primary efficacy variable of the study. Confirmatory group comparison re-
veals a statistically significant mean treatment difference (least squares [LS] means) 
 between the APP group and the TAU group (p < 0.001). Ordinate: delta of absolute VSS 
score. Rectangles: intragroup deltas of the APP group; points: intragroup deltas of the 
TAU group. 

b) Average vertigo improvement depending on the number of treatment sessions (APP 
group).The reduction in VSS-sf-VER score was dose dependent. Number of patients/indi-
cation provided in eTable 6.

APP, Intervention with the digital health app; TAU, treatment as usual (physiotherapy)
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points on the VSS-sf-VER scale. For patients who used the 
app 31–60 times and 61–90 times, respectively, this 
 improvement increased to 11.40 points and 13.63 points. 

In a subgroup analysis of underlying diseases, the app 
showed clinical efficacy in different peripheral vertigo dis-
eases. Figure 4 shows the forest plot of the group compari-
son of T0–T3 changes for different subgroup analyses. The 
diagnoses investigated included BPPV, bilateral and uni-
lateral vestibulopathy, vestibular neuropathy, and ves-
tibular migraine, as well as PPPD as comorbidity. 
 Furthermore, sex, a pretreatment tendency towards 
 falling, duration of illness, paroxysmal or persistent forms 
of dizziness type as well as permitted occasional 
 adjunctive treatment by means of physiotherapy (in the 
experimental group) or permitted occasional use of medi-
cations had no major influence on the efficacy of the app 
(eFigure). 

To investigate safety, we performed active surveillance 
of adverse events (AE). Among 29 patients of the APP 
group, we observed the following reversible adverse 
events: dizziness, nausea, balance problems, neck pain, 
headache, blurred vision, tunnel vision, tinnitus, muscu-
loskeletal pain, back tension, muscle tension, fatigue, 
knee pain, and loss of appetite. In the physiotherapy 
group, 20 participants exhibited similar reversible AE as in 
the APP group. Participants in the physiotherapy group 
(TAU) experienced two additional permanent AE, namely 
sudden hearing loss and tinnitus, which were categorized 
as physiotherapy-induced serious AE.

Discussion
The clinical standard of care for vertigo may include 
 medication, physiotherapy, psychotherapy, and, rarely, 

surgery. In chronic vertigo, however, evidence-based drug 
treatment is frequently not available. In the acute phase of 
peripheral vertigo, physicians regularly prescribe corti-
sone or antivertigo drugs that interact with histamine, 
muscarinic, dopamine, serotonin, and/or GABA receptors 
(14). Many of these drugs should only be given for a 
 limited period of time (4). In the chronic treatment sce -
nario, drug therapy is often based purely on a physician’s 
personal experience, as there is often no published scien-
tific evidence (4, 15–18). In addition, medication may be 
 limited by AE (14).

Here we present the results of a single-center, rando-
mized, clinical trial using a digital health app to treat 
 patients suffering from peripheral vertigo. We found that 
87.7% of the app users were responders, compared with 
25.5% in the physiotherapy group. 

The amelioration of vertigo symptoms was similar 
 irrespective of the underlying peripheral vertigo diag-
nosis. This may be explained by the expected central ver-
tigo compensation mechanism of action in the brain (4, 
19), which may be similar in peripheral vestibular dis-
eases. In terms of age, there is a tendency towards lower 
effectiveness in older patients, which can be explained by 
the expected delayed central compensation at advanced 
age. Furthermore, 34 patients (16%) with BPPV were 
 included in the study. Instruction in the positional 
 maneuvers was therefore possible via the app we used, 
but not verification of the correct performance of the exer-
cises. In the event of doubt about proper execution of the 
exercises, additional physiotherapy or verification of com-
pliance by the treating physician may be beneficial. 

One potential reason for the poorer efficacy of physio-
therapy in comparison with the app is the brevity of the 
treatment, from six to 20 individual sessions of 20 minutes 
each, compared with 20 minutes’ treatment daily for 90 
days with the app. In this study, performance of exercises 
at home by patients in the physiotherapy group was not 
documented and the suitability of the physiotherapy exer-
cises was not monitored. Patients could visit a physio-
therapist of their own choice irrespective of the latter’s 
 expertise in treating vestibular disorders, reflecting rou-
tine clinical care in Germany. Moreover, only 51.4% of 
 patients had started with physiotherapy at T1 (after 2 
weeks), again mirroring the routine care situation in Ger-
many. Specialized (and daily) physiotherapy or daily non-
digital treatment from day 1 as control may have been 
more effective than the physiotherapy in this study. 
 Indeed, a Cochrane review reported a statistically signifi-
cant effect of vestibular exercises on rehabilitation (odds 
ratio (OR) 2.67, [1.85; 3.86; four studies, 565 participants) 
(20). The study therefore does not per se prove that the 
app is more efficacious than a non-digital standardized 
daily multimodal vestibular rehabilitation therapy for 90 
days, which was not performed in the TAU (physiother-
apy) group—and on practical as well as economic grounds 
is not routinely carried out in Germany. Another potential 
reason for the difference in results between the APP group 
and the TAU group (physiotherapy) is the differing dis-
tribution of vestibular disorders in the two groups. There 
were higher proportions of patients with bilateral vestibu-
lopathy (26% vs 17%) and idiopathic vertigo (12% vs 3%) in 
the TAU (physiotherapy) than in the APP group, and both 

Figure 3

Percentages of responders and non-responders. 
 Responders were predefined as exhibiting improvement of at least 15% on the VSS-sf-VER 
scale (or at least 5 points).
APP, Intervention with the digital health app; TAU, treatment as usual (physiotherapy)
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are more difficult to treat with physiotherapy alone than, 
for example, BPPV. In addition, the patients that used the 
app were slightly younger (mean 62 vs. 65 years) with a 
potentially faster rate of recovery. 

In addition, this study compared the multimodal 
 approach of the app with physiotherapy alone, rather 
than with multimodal treatment. Another bias of the pres-
ent study is the single blinding, a double-blind design 

being methodologically infeasible. Potential further 
sources of bias are the higher baseline values of the pri-
mary variable in the APP group and the above-mentioned 
differing distribution of the vertigo diagnoses in the two 
groups. However, these two factors cannot fully explain 
the difference seen between the groups. Moreover, selec-
tion bias could confound the results in the APP group, 
since 32% of patients completed 60 sessions or fewer. 

Figure 4

Forest plot of APP treatment effect for VSS-sf-VER subgroups (ITT): Adjusted LS mean and 95% confidence intervals of APP treatment effect as deter-
mined by group comparison of changes from T0 to T3. The black square indicates the mean value of the observed treatment effect. The horizontal line 
 represents the 95% confidence interval. The vertical line (no-effect line, right) marks the point at which there is no treatment effect on the measured end 
point for the respective subgroup. With the exception of the subgroups female/male, all presented subgroup analyses were planned a priori. A forest plot 
 depicting additional subgroups can be found in the eFigure.
APP, Intervention with the digital health app; BPPV, benign paroxysmal positional vertigo; ITT, intention to treat; LS, least squares; VSS-sf-VER, Vertigo 
Symptom Scale–Short Form vertigo

PPPD
Vestibular migraine

Vestibular neuritis 
Unilateral vestibulopathy

Bilateral vestibulopathy
BPPV

Age > 65
Age ≤ 65

Female
Male
Total

−18 −16 −14 −12 −10 −8 −6 −4 −2 0

Table

Analysis of vertigo on the basis of the score on the Vertigo Symptom Scale–Short Form vertigo (VSS-sf-VER)*1

 *1 n = 106; ITT; *2 intergroup comparison
Change from baseline: post-baseline values minus baseline values. Adjusted LS means and p values from ANCOVA with group and baseline value as 
 covariate, imputations by jump to reference (JTR).
APP, Digital health app Vertidisan (VH90D); CI, confidence interval; ITT, intention to treat; LS, least square; SD, standard deviation; SE, standard error; 
TAU, treatment as usual
The VSS-sf-VER scores at the individual time points are presented in eTable 5 together with the changes relative to baseline.

Treatment

Change from baseline to week 2 

APP 

TAU

Change from baseline to week 6

APP 

TAU

Change from baseline to week 12 

APP 

TAU

Cohen’s d for change from baseline to week 12

Mean

−7.83

−1.43

−11.33

−3.60

−12.65

−2.68

SD

6.50

5.36

7.02

5.27

7.29

5.39

Median

−8.00

−1.00

−12.00

−4.00

−13.36

−2.00

Range

(−27 to 11)

(−19 to 11)

(−30 to 9)

(−18 to 9)

(−31 to 9)

(−19 to 14)

LS Mean Difference

SE

−4.9 ( 0.8)

−5.6 ( 0.8)

−7.9 ( 0.9)

d = 1.55

[95% CI]

[−6.5; −3.3]

[−7.2; −4.0]

[−9.5; −6.2]

p-value*2 

< 0.001

< 0.001

< 0.001
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 Furthermore, the study was limited to 3 months’ follow-
up, with no data on longer-term effects. 
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eMaterials and Methods
Randomization and blinding
Block randomization was utilized to minimize allocation 
bias. Blinding was achieved by the use of envelopes, as 
 described by Doig and Simpson (e1). Sustained blinding 
of the patients was not feasible. Investigators collecting 
the clinical study endpoints were blinded to the patient 
group. For ethical and practical reasons, a separate safety/
technology group was established. For active adverse 
event (AE) surveillance, participants were asked about 
such events, using an AE checklist, at T1–T3.

Secondary endpoints
The secondary endpoints were evaluated in the following 
predetermined confirmatory test sequence and will be 
published elsewhere:
Intergroup comparison of the changes from T0–T3:∙ In the Dizziness Handicap Inventory (DHI) (e2)∙ In the Clinical Global Impression scores (e3) CGI-I 

(improvement) and CGI-S (severity)∙ In the distress thermometer (e4)∙ In the vertigo autonomic responses–anxiety score 
(VSS-sf-AA) (e5, e6)∙ In the quality of life (QoL) score SF-36 (e7). 

Results
Adherence was defined as completion of a session or exer-
cise (correctly or otherwise), compliance as correct execu-
tion of the exercise.

Apart from the early dropouts (NAPP = 5; NTAU = 1) all 
APP group patients (N = 101/100%) had started the exer-
cises by visit T1 (2 weeks), whereas no more than 51.4% 
(54/105) of physiotherapy patients had started their treat-
ment by T1. At visit T3 (12 weeks) N = 3 patients in the 
physiotherapy group had not yet succeeded in starting 
physiotherapy. 

Adherence of APP patients to the 90 planned sessions 
with the app was 82.8% (eTable 4). Most patients used the 
app 7 days/week (52.69%). The mean was 5.26 days, the 
median 7 days (eTable 3). In the control group 94/97 
 patients received at least one therapy session, the majority 
of them six sessions (mean 5.74, median 6). Adherence to 
the physiotherapy was defined as the proportion of the 
planned total of 582 sessions (N = 97) represented by the 
557 sessions attended (N = 97), resulting in an adherence 
of 95.7% to the six planned sessions. 

Thirteen of 93 APP group patients did not perform all of 
the exercises precisely as prompted by the digital app. 
Consequently, in the APP group compliance of 86.0% was 
calculated: the relative number of patients who 
 performed the exercises exactly as proposed by the app 
(N = 80) compared with the total number of patients 
(N = 93, eTable 3). In the physiotherapy group 88/95 
 patients reported full compliance with their therapy plan 
including home exercises, resulting in a compliance rate 
of 92.63%.
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eTable 2

Demographic distribution

APP, Intervention with the digital health app; BMI, body mass index; mean, unadjusted arithmetic mean; N, sample size; n, 
number in category; SD, standard deviation; TAU, treatment as usual (physiotherapy)

Age
(years)

Height
(cm)

Weight
(kg)

BMI
(kg/m2)

Sex

Neuroleptics/antipsychotics or  
antivertigo medication at baseline

Physiotherapy at baseline

Psycho-/psychiatric therapy at baseline

Mean
SD
25% quartile
75% quartile

≤ 65

> 65

18–30

31–40

41–50

51–60

61–70

71–80

81–90

90+

Mean
SD
25% quartile
75% quartile

Mean
SD
25% quartile
75% quartile

Mean
SD
25% quartile
75% quartile

Male

Female

n

n

n

n (%)

n (%)

APP
(N = 106)

61.63
14.55
54.0
72.0

63 (59.43)

43 (40.57)

4 (3.77)

5 (4.72)

12 (11.32)

23 (21.70)

28 (26.42)

26 (24.53)

8 (7.55)

0 (0.00)

172.26
7.97

167.0
178.0

79.94
15.42
70.0
90.0

26.95
5.11

23.29
29.70

51 (48.11)

55 (51.89)

0

0

0

TAU
(N = 106)

64.68
16.25
56.5
76.0

42 (39.62)

64 (60.38)

6 (5.66)

6 (5.66)

6 (5.66)

15 (14.15)

22 (20.75)

40 (37.74)

10 (9.43)

1 (0.94)

171.00
7.88

166.0
175.0

75.16
15.01
65.0
82.0

25.60
4.26

22.49
28.13

49 (46.23)

57 (53.77)

0

0

0

Total 
(N = 212)

63.16
15.46
55.0
75.0

105 (49.53)

107 (50.47)

10 (4.72)

11 (5.19)

18 (8.49)

38 (17.92)

50 (23.58)

66 (31.13)

18 (8.49)

1 (0.47)

171.63
7.93

166.0
176.0

77.55
15.37
67.0
87.0

26.28
4.74

22.95
28.70

100 (47.17)

112 (52.83)

0

0

0
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eFigure

Exhaustive forest plot (cf. Figure 4) of APP treatment effect for VSS-sf-VER subgroups -(ITT): 
 Adjusted LS mean and 95% confidence intervals of app treatment effect determined by group comparison of T0-T3 changes. Dose-dependent response: 
days. Physiotherapy/pharmacotherapy: i.e., additional physiotherapy/pharmacotherapy. The black square indicates the mean value of the observed treat-
ment effect. The horizontal line depicts the 95% CI. The vertical line (no-effect line) marks the point at which there is no treatment effect on the measured 
end point for the respective subgroup. With the exception of the subgroups female/male, all presented subgroup analyses were planned a priori. Selected 
subgroups of the forest plot are shown in Figure 4.
APP, Intervention with the digital health app; ITT, intention to treat; PPPD, persistent postural-perceptual dizziness; TAU, treatment as usual (physiother-
apy); VSS-sf-VER, Vertigo Symptom Scale–Short Form vertigo

PPPD
Vestibular migraine

Vestibular neuritis
Unilateral vestibulopathy

Bilateral vestibulopathy
Benign peripheral paroxymal positional vertigo

No pre-study falls
Pre-study falls

Dose-dependent response 61–90 APP vs TAU
Dose-dependent response 31–60 APP vs TAU

Dose-dependent response 1–30 APP vs TAU
Dizziness for ≥ 61 months
Dizziness for 2–60 months
Dizziness type: permanent

Dizziness type: sudden attack
Physiotherapy additional to APP

No physiotherapy additional to APP
No pharmacotherapy

 Pharmacotherapy
Age > 65
Age ≤ 65

Female
Male
Total

−17 −16 −15 −14 −13 −12 −11 −10 −9 −8 −7 −6 −5 −4 −3 −2 −1 0 1
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eTable 4

Summary of mean adherence and compliance of the two PP groups 

N = Sample size; n = number in category
 Adherence: For the APP PP group the relative number of patients using the app at least once a week is 
shown. Mean adherence to the physiotherapy group is defined as the percentage of the number of sessions 
planned represented by the number of sessions attended (outliers above the theoretical maximum values in 
the groups were recoded to 7 for the APP group and 6 for the TAU group).
 Compliance: In the APP group, compliance is the number of patients who performed exercises vs. the 
number who performed them as proposed by the APP. In the physiotherapy group, compliance is the number 
of physiotherapy patients vs. the number who really performed the exercises as proposed by the therapist.

APP PP group

Adherence (N = 93)

n = 77 (82.8%)

Compliance

n = 80/93 patients (86.0%)

Physiotherapy PP group

Adherence (N = 97)

n= 557/582 sessions (95.7%)

Compliance

n = 88/95 patients (92.6%)

eTable 3 

Treatment adherence in the two groups during the study period

Mean, Unadjusted arithmetic mean; SD, standard deviation
 For the APP PP group, the average weekly usage of the app in days is indicated. For the physiotherapy PP 
group, the number of physiotherapy appointments kept over 12 weeks is shown.
 In the physiotherapy group, 14/97 patients had more than six physiotherapy appointments (7–20) due to 
further out-of-study prescriptions; these cases also needed six sessions.
APP, Intervention with the digital health app; TAU, treatment as usual (physiotherapy)

Minimum

Mean

Median

Maximum

SD

APP
Days per week/12 weeks 

(N = 93)

0.00

5.26

7.00

7.00

2.56

TAU
Number of sessions/12 weeks 

(N = 97)

0.00

5.74

6.00

6.00

1.13
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eTable 5

Analysis of vertigo (VSS-sf-VER score, ITT) at each time point and in comparison with baseline

*1 Post-baseline values minus baseline values
LS means and p-values from ANCOVA with group and baseline value as covariate (LS, least square)
APP, Intervention with the digital health app; Mean, unadjusted arithmetic mean; SD, standard deviation; SE, standard error; TAU, treatment as usual (physiotherapy); 
 VSS-sf-VER, Vertigo Symptom Subscale-Short Form vertigo
The changes from baseline values are also shown in the Table in the body of the article. 

Baseline

Week 02

Week 06

Week 12

Change from baseline [points]*1

Week 02

Week 06

Week 12

Treatment

APP 

TAU

APP 

TAU

APP 

TAU

APP 

TAU

APP 

TAU

APP 

TAU

APP 

TAU

Cohen’s d for group difference in change from baseline to week 12

N

106

106

106

106

106

106

106

106

106

106

106

106

106

106

Mean

19.12

15.98

11.29

14.55

7.79

12.38

6.47

13.30

–7.83

–1.43

–11.33

–3.60

–12.65

–2.68

SD

4.38

3.86

6.20

5.86

5.93

5.44

6.18

5.67

6.50

5.36

7.02

5.27

7.29

5.39

Median

18.00

15.00

10.00

14.00

6.00

12.00

4.48

13.50

–8.00

–1.00

–12.00

–4.00

–13.36

–2.00

Range

12–32

12–30

2–27

0–28

0–25

0–24

0–25

0–28

–27 to 11

–19 to 11

–30 to 9

–18 to 9

–31 to 9

–19 to 14

LS mean difference

Estimate (SE)

–4.9 ( 0.8)

–5.6 ( 0.8)

–7.9 ( 0.9)

d = 1.55

[95% CI]

[ –6.5; –3.3]

[ –7.2; –4.0]

[ –9.5; –6.2]

p-value
(intergroup 

 comparison)

< 0.0001

< 0.0001

< 0.0001
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eTable 6

Diagnoses of the study participants

N = Sample size, n = number in category. The sum n is higher than the population because patients could be assigned more 
than one diagnosis by physicians. PPPD was a secondary diagnosis. All patients suffering from PPPD had a further diag-
nosis as main diagnosis. Patients with vestibular migraine revealed the typical migraine symptomatology in addition to 
 objective findings of peripheral vestibulopathy.

*Patients with bilateral vestibulopathy (caloric underexcitability) aged 60 years and older.  
APP, Intervention with the digital health app; TAU, treatment as usual (physiotherapy)

Diagnosis

Acute vestibular syndrome

Senile vertigo, presbyvertigo*

Bilateral vestibulopathy 

Benign paroxysmal positional vertigo (BPPV),

Superior canal dehiscence

Unilateral vestibulopathy 

Functional vertigo, persistent postural-perceptual dizziness 
(PPPD), phobic vertigo, chronic vestibular syndrome, and ves-
tibular syndrome (as secondary diagnosis)

Sudden hearing loss with vertigo (acute idiopathic 
 sensorineural hearing loss with vestibular involvement)

Idiopathic vertigo

Cholesteatoma

Labyrinthitis

 Menière’s disease

Vestibular neuritis

Toxic vestibulopathy

Trauma

Tumors of skull base and cerebellopontine angle, acoustic 
neuroma

Vestibular migraine

Vestibular paroxysmia

APP
(N = 106)

n (%)

1 (0.94)

12 (11.32)

18 (16.98)

18 (16.98)

1 (0.94)

16 (15.09)

13 (12.26)

1 (0.94)

3 (2.83)

0 (0)

1 (0.94)

5 (4.72)

13 (12.26)

1 (0.94)

1 (0.94)

1 (0.94)

18 (16.98)

0 (0)

TAU
(N = 106)

2 (1.89)

10 (9.43)

28 (26.41)

16 (15.09)

0 (0)

15 (14.15)

16 (15.09)

1 (0.94)

13 (12.26)

0 (0)

0 (0)

7 (6.60)

10 (9.43)

1 (0.94)

2 (1.87)

0 (0)

9 (8.49)

2 (1.87)

Total
(N = 212)

3 (1.42)

22 (10.37)

46 (21.69)

34 (16.03)

1 (0.47)

31 (14.62)

29 (13.67)

2 (0.94)

16 (7.55)

0 (0)

1 (0.47)

12 (5.66)

23 (10.84)

2 (0.94)

3 (1.42)

1 (0.47)

27 (12.73)

2 (0.94)




