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GENERAL INTRODUCTION

“There can be few physicians so dedicated to their art that they do not experience a slight 
decline in spirits when they learn that their patient’s complaint is giddiness [dizziness]”.1 This 
famous quotation from renowned neurologist W. B. Matthews illustrates how doctors often 
view vertigo and dizziness as challenging symptoms to diagnose and treat. However, since 1963, 
when Matthews wrote this, knowledge in vestibular medicine has greatly improved. General 
practitioners are typically the first and the last doctor to visit for vestibular symptoms.2-4 
Still, most vestibular studies have been conducted in secondary and tertiary care populations 
instead of primary care populations. In this thesis we will investigate vertigo and dizziness in 
general practice and focus on one of the most promising treatments: vestibular rehabilitation. 
To demonstrate how we arrived at the research questions explored in this thesis, I will start 
by providing a brief overview of the nomenclature of vestibular symptoms, the epidemiology 
of chronic vertigo and dizziness, and the background of vestibular rehabilitation. 

Nomenclature of vestibular symptoms
Vertigo and dizziness are nonspecific symptoms with a diverse etiology of causes. For 
professionals to be able to discuss and investigate these symptoms widely accepted definitions 
and diagnostic standard are necessary. The process to develop this common language has 
been slow in vestibular medicine.5,6 Nevertheless, through the years efforts have been made 
to develop uniform classifications for vestibular symptoms. In a landmark paper published in 
1972,7 Drachman and Hart divided vestibular symptoms in four subtypes: vertigo (rotational 
sensation); presyncope (lightheadedness); disequilibrium (unsteadiness when walking); and 
non-specific dizziness (any other dizziness sensation). The Drachman-Hart classification is 
primarily based on the way the patients describe their dizziness when physicians ask the 
classic question: ‘Can you describe what you mean when you say dizzy?’. The underlying 
assumption is that the patient’s description suggests the etiology of dizziness and should guide 
further diagnostic enquiry.8 This means that patients who talk about a spinning sensation 
are classified with the subtype vertigo, leading to investigation of vestibular disorders, and 
patients who mention lightheadedness are classified with presyncope, prompting assessment 
of cardiovascular causes. Although based on data from a cohort of only 125 patients, the 
Drachman-Hart classification became the leading method to assess vestibular symptoms for 
decades.7 However, the classification has several problems.9 

First, symptoms like vertigo and dizziness are not understood in the same way by everyone. In 
a single English-speaking country, the term ‘vertigo’ had different meanings for participants 
within a group of patients.10 The same variations were also seen among general physicians11 
and within organisations of highly specialized otologists.12 
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Secondly, patients are not consistent in how they describe the feeling of dizziness. When 
patients were asked ‘can you describe what you mean when you say dizzy?’ over 50% of patients 
gave a different answer when they were asked again 10 minutes later.10 

Thirdly, the identified subtype does not reliably match with the suggested etiology. In 40% 
of cases patients with cardiovascular causes of dizziness described their symptoms in terms 
that refer to ‘vertigo’ instead of ‘presyncope’,8 while patients with the classic vestibular disorder 
benign paroxysmal positional vertigo often described their symptoms in terms of ‘presyncope’.13 
Letting these subtypes based on the patients’ descriptions decide the direction of further 
diagnostic enquiry can therefore lead to misdiagnosis. To conclude, the Drachman-Hart 
classification is deemed not consistently and reliably enough to correctly assess vestibular 
symptoms.14

The International Classification of Vestibular Disorders (ICVD) has now become the preferred 
method worldwide to describe vestibular symptoms, syndromes and disorders. In 2006 the 
Bárány society, the leading international organisation for clinicians and researchers involved 
in vestibular medicine, formed a committee to define the ICVD.6,14 In the ICVD four main 
vestibular symptoms are identified:6,14,15 

Main vestibular symptoms in International Classification of Vestibular Disorders

Symptom Definition

Vertigo A sensation of motion of self when no motion is present, or an altered 
sensation of motion when motion occurs. The motion sensation may be 
rotary, translational, or tilt. 

Dizziness A disturbed or altered sensation of spatial orientation without false or 
altered movement. 

Vestibulovisual symptoms Visual symptoms that result from vestibular pathology or 
visualvestibular interactions. Symptoms arising from ocular pathology 
are not included. 

Postural symptoms Balance-related symptoms that occur while in an upright posture. 
For example, unsteadiness is a sensation of swaying or rocking when 
sitting, standing, or walking. 

These vestibular symptoms are not specific in terms of etiology, which means that they should 
not be exclusively linked to a specific cause in or outside the vestibular system. The symptoms 
are also not overlapping and not hierarchical, which means that a single patient can experience 
multiple symptoms and ‘dizziness’ should no longer be used as an umbrella term to describe all 
vestibular symptoms.15 To assess vestibular symptoms in patients, the Bárány society advices 
to focus on the timing and triggers of symptoms instead of the way the patient describes the 
feeling itself.15 The timing constitutes the onset, duration, and evolution of the vestibular 
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symptom, and the triggers refer to the actions, movements or situations that provoke the onset 
in patients who have intermittent symptoms. Patients find it hard to describe the feeling of 
the vestibular symptom, but they are able to consistently describe its timing and triggers.10 The 
combination of vestibular symptoms with timing and triggers results in three main vestibular 
syndromes that constitute the bulk of all vestibular presentations:14,15

Main vestibular syndromes in International Classification of Vestibular Disorders

Syndrome Definition

Acute vestibular syndrome A clinical syndrome of acute-onset, continuous vestibular symptoms 
lasting days to weeks. There are generally features suggestive of new, 
ongoing vestibular system dysfunction (e.g., vomiting, nystagmus, 
severe postural instability). 

Episodic vestibular 
syndrome

A clinical syndrome of transient vestibular symptoms lasting seconds 
to hours, occasionally days. There are generally features suggestive 
of temporary, short-lived vestibular system dysfunction (e.g., nausea, 
nystagmus, sudden falls). Episodic vestibular syndrome usually 
connotes multiple, recurrent attacks caused by an episodic disorder 
with repeated spells (triggered or spontaneous), but may initially 
present after the first attack.

Chronic vestibular 
syndrome

A clinical syndrome of chronic vestibular symptoms, lasting months to 
years. There are generally features suggestive of persistent vestibular 
system dysfunction. Symptoms in chronic vestibular syndrome can 
either have a progressively deteriorating course, reflect a stable, yet 
incomplete recovery after an acute vestibular event, or represent 
persistent, lingering symptoms between episodic vestibular attacks.

The ICVD has harmonized the description of vestibular symptoms and offers a more reliable 
method of assessment. Since this classification is still quite new, not all studied data in this 
thesis were structured according to ICVD criteria. Throughout this thesis I have adhered 
to the ICVD criteria of the Bárány society to describe vestibular symptoms and syndromes 
where possible, because I believe adopting this common language is essential to progress in 
vestibular science. 

The epidemiology of chronic vertigo and dizziness
Due to the changes in terminology of vestibular symptoms over the years, it is complicated to 
describe the epidemiology of vertigo and dizziness.7,14 In many studies dizziness is not viewed 
as ‘a disturbed or altered sensation of spatial orientation without false or altered movement’, 
but as an umbrella term for all vestibular symptoms. The lifetime prevalence in the general 
population ranges between 3 and 10% for vertigo and between 17 and 30% for dizziness.16,17 In 
The Netherlands, United Kingdom and the United States over 80% of these patients are treated 
solely by their general practitioner (or primary care doctor) and are never referred to a medical 
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specialist.2-4 The management of vertigo and dizziness in general practice should not imply 
that these are benign symptoms. The personal impact on patients is enormous: four out of five 
patients with vertigo report severe impairment of daily life.18 The economic burden of vertigo 
and dizziness is also substantial because of high healthcare utilisation, occupational disability, 
sick leave, restriction of activities of daily living and falls.19-22 This personal and financial impact 
is especially important when vertigo and dizziness become chronic. 

Prognosis
Chronic vertigo and dizziness are seen more often in older patients, because the prevalence, 
severity and frequency of vestibular symptoms generally increase with age.16,23 However, the 
prognosis and survival of vertigo and dizziness in general practice patients aged 65 years 
and older is still incompletely understood. The results of most epidemiological longitudinal 
studies on vertigo and dizziness are not applicable in general practice, because they were 
conducted with selected study populations from tertiary care with clearly defined vestibular 
causes.24,25 A Dutch study showed that general practitioners are unable to specify the cause 
of vestibular symptoms in 40% of older patients and instead choose to record a symptom 
diagnosis.26 Another study in Dutch general practice showed that in older patients multiple 
causes contribute to vestibular symptoms in over 60% of cases.27 We only identified three 
long-term longitudinal cohort studies (≥1 year) conducted among community-dwelling older 
patients who experienced vertigo or dizziness.28-30 None of these studies investigated if the 
primary cause of vestibular symptoms was associated with a different prognosis. Another 
important issue for general practitioners was also not answered by these studies: are vestibular 
symptoms in older general practice patients (aged ≥ 65 years) generally self-limiting or are 
they more likely to be persistent? These research questions will be addressed in this thesis.

Research questions:
1. Is the prognosis and survival of vertigo and dizziness in older general practice patients 

associated with the primary cause of the symptoms? 
2. What is the chance of persistence of dizziness in older general practice patients over 

time?

Measuring vertigo and dizziness
Over the years, many methods of measurement have been used to assess vestibular 
symptoms. The two most important patient-reported outcome measures for vestibular 
symptoms are the Vertigo Symptom Scale – Short Form (VSS-SF)31,32 and the Dizziness 
Handicap Inventory (DHI).33 The VSS-SF is a 15-item questionnaire that measures vestibular 
symptoms. In the VSS-SF patients report the frequency of vestibular symptoms on a scale 
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from 0 (no symptoms) to 4 (symptoms most days) during the last month (range total score 
0-60).32 Improvement can reflect either fewer or less frequent symptoms. A total score 
of 12 points or more on the VSS-SF has been classified as severe vestibular symptoms,34 
and a change in score of 3 points or more has been defined as clinically significant.34-37 
The VSS-SF has been used successfully in several vestibular rehabilitation trials to assess 
effectiveness.34-37 The instrument has an excellent discriminative ability (area under the 
curve 0.87), high internal consistency (Cronbach’s α 0.90), and high test-retest reliability 
(intraclass correlation coefficient 0.88).32

The other important patient-reported outcome measure is the DHI.33 With translations 
into at least 17 languages and over 1500 references in scientific literature, the DHI is 
worldwide the most used questionnaire in vestibular medicine.38 The DHI is a 25-item 
questionnaire that measures impairment due to vestibular symptoms. Patients answer 
each question with “no” (0 points), “maybe” (2 points), or “yes” (4 points), which leads 
to a total score ranging from 0 to 100 points. A score of 30 points or more indicates 
substantial functional impairment due to vestibular symptoms, and a change score of 11 
points has been defined as minimal clinically important change (MIC).39,40 The DHI has 
demonstrated excellent responsiveness (AUC 0.83),39 high internal consistency (Cronbach’s 
α 0.89-0.93),33,41,42 and excellent test-retest reliability (ICC 0.97).33,43 Because the length of 
the 25-item DHI questionnaire limits applicability in daily clinical practice, an abbreviated 
10-item version (DHI-S) with a range from 0 to 40 points was developed in 1998.44 In 
secondary care populations the DHI-S has shown high correlation with the total DHI 
score (Pearson’s r 0.89),44 high internal consistency (Cronbach’s α 0.86),42 and excellent 
test-retest reliability (0.96).45 The DHI-S has not been validated in general practice yet. 
The responsiveness, optimal cut-off point for substantial impairment and minimally 
important change also have not been investigated in previous studies. Determining these 
psychometric properties of the DHI-S in general practice may provide general practitioners 
with a useful tool in the management of vestibular symptoms. 

Research question:
3. What are the psychometric properties of the 10-item DHI-S questionnaire in 

Dutch general practice patients with vertigo and/or dizziness? 

Vestibular rehabilitation: rationale, indications and use in general practice 
The concept of vestibular rehabilitation (VR) was first formulated in London in the 1940s. 
Physicians Terence Cawthorne and Frank Cooksey developed an exercise program to “restore 
fitness” to people with head trauma and post-operative vestibular injury. They found that 
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with “gradual physical exercise, mental exercise and occupational therapy” patients were 
able to “overcome their disabilities”.46 In 70 years’ time the world has changed monumentally. 
Nevertheless, the vestibular rehabilitation protocols we use today are still very similar to the 
original Cawthorne-Cooksey exercises. 

Rationale
The rationale for using VR to improve vestibular symptoms is based on enhancement of 
vestibular compensation, the innate repair mechanism of the vestibular system. 47-49 The 
vestibular compensation process causes spontaneous functional recovery after a part of the 
vestibular system is damaged and is one of the best-studied forms of central nervous system 
plasticity.48,50,51 Active engagement of activities that elicit vestibular symptoms stimulates the 
vestibular compensation process more, and leads to better functional recovery then inactivity.47 

There is a large inter-individual variation in the rate and level of recovery, and anxiety and 
stress negatively impact amelioration of symptoms.48 VR should therefore be considered a 
personalized behavioral intervention and not a purely physical treatment.49,52 VR involves 
bringing on the symptoms to ’desensitise’ the vestibular system, learning to coordinate eye 
and head movements, improving balance and walking skills, and gaining knowledge about the 
vestibular syndrome and how to cope.53 This is achieved through a customized, graded exercise 
plan with daily head, neck and body movements for six to twelve weeks.49,53 

Indications
The effectiveness of VR has been shown in various types of vestibular injury. According to a 
Cochrane review last updated in 2015, there is moderate to strong evidence that VR is a safe 
and effective treatment for unilateral peripheral dysfunction.53 Another systematic review 
showed that there is moderate evidence that VR is also effective in ameliorating vestibular 
symptoms in bilateral peripheral dysfunction.54 The effectiveness of VR in patients with a 
chronic vestibular syndrome, without a specified vestibular disorder diagnosis, has also been 
established in numerous high-quality randomized controlled trials.34,36,37,55 The combination of 
these studies have made VR the preferred treatment for chronic vestibular syndrome in clinical 
guidelines in the United States,56,57 United Kingdom (UK)58 and The Netherlands.59 

Use in general practice
The effectiveness of vestibular rehabilitation in a general practice/primary care setting has 
been investigated in three major randomized controlled trials (RCT).34,36,37 All three trials 
included patients with a chronic vestibular syndrome and used a form of self-management 
to deliver vestibular rehabilitation. The first and second RCT, published in 200434 and 2012,36 
used a specifically designed VR booklet with information and exercises to deliver treatment. 
The third RCT, published in 2017,37 investigated an internet-based VR treatment that was 
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developed using the content of this VR booklet. In every trial conducted in general practice 
so far, vestibular rehabilitation was significantly more effective than usual care in improving 
vestibular symptoms.34,36,37 Despite this level of scientific evidence, previous studies in the UK 
suggest that VR is still underused in general practice.34,60 In a primary care trial with patients 
with chronic vestibular symptoms only 3% were ever offered VR,34 and a survey among GPs 
showed that less than 10% used VR to treat their patients.60 One of the aims of this thesis was 
therefore to assess the use of VR in Dutch general practice. 

Research question:
4. What is the stated use of VR for vertigo and/or dizziness in Dutch general 

practice, and what are reasons to deter VR treatment? 

Current management of chronic vertigo
All vertigo symptoms have a substantial chance to become chronic.61 In general practice, chronic 
vestibular symptoms are often treated with an off-label prescription of the drug betahistine.62,63 
Betahistine is a structural analogue of histamine that has been on the market since 1968.64 In a 
large European study conducted in 13 countries betahistine was prescribed to more than two 
thirds of patients of vertigo.62 An article published in 2006 already assessed that betahistine has 
been used by more than 130 million patients worldwide,64 even though in most countries it is 
only registered for relatively rare Meniere’s disease. The level of evidence for the effectiveness 
of betahistine in treating chronic vestibular symptoms65 may not warrant the popularity of this 
drug. As described above, VR still appears to be underused in general practice,34,60 even though 
it is currently the treatment of choice for chronic vestibular symptoms in most guidelines.56-59 
In this thesis I assess the current management of chronic vestibular symptoms and discuss 
how clinical practice should be changed. 

Research question:
5. What is the current management of chronic vestibular symptoms in general 

practice, and how should clinical practice be changed?

Effectiveness and safety of internet-based vestibular rehabilitation
When we look at different ways to deliver VR in general practice, an internet-based form 
of treatment may be the best option. Once developed, an online intervention can be 
easily distributed nationally at low cost. Furthermore, internet-based interventions can be 
customized to the patients’ individual needs, feature audio-visual content, and provide various 
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means of motivational support (e.g. personalised emails). Despite these advantages, stand-
alone online interventions can be prone to non-adherence and attrition.66,67 A possible solution 
is blended care, combining the online intervention with face-to-face contact with a health care 
professional. In mental health, studies have shown that blended care is superior to stand-alone 
interventions for most indications.66,67 In internet-based VR blended care may therefore also be 
better, because anxiety is strongly associated with vestibular symptoms.47,68-70 Physiotherapists 
are the most suited professionals to provide support in blended internet-based VR, because they 
are used to reassure and encourage patients doing vestibular exercises.57,71 The internet-based 
VR intervention tested in the 2017 UK trial37 was developed by the University of Southampton 
as a stand-alone intervention. We translated this intervention to Dutch and also developed a 
blended care VR version by adding physiotherapy support. To investigate the effectiveness and 
safety we conducted the VERTIGO trial: a three-armed randomized controlled trial in Dutch 
general practice to compare stand-alone VR, blended VR and usual care. 

Research question:
6. What is the clinical effectiveness and safety of stand-alone and blended 

internet-based VR versus usual care for adults aged 50 and older with a 
chronic vestibular syndrome in general practice?

Cost-effectiveness of internet-based vestibular rehabilitation
The VERTIGO trial was the first time internet-based VR was investigated in The Netherlands. 
Before stand-alone and blended internet-based VR can be implemented in Dutch health care, 
other factors besides clinical effectiveness and safety should also be explored. Both stand-alone 
VR and blended VR are inexpensive treatments. Investigating the cost-effectiveness of stand-
alone VR and blended VR may be helpful to decide which intervention should be implemented. 
In the VERTIGO-trial we therefore also collected data on costs and quality-adjusted life years 
(QALY) to conduct an economic evaluation. 

Research question:
7. What is the cost-effectiveness of stand-alone and blended internet-based 

VR versus usual care for adults aged 50 and older with a chronic vestibular 
syndrome in general practice?
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Experiences with internet-based vestibular rehabilitation
Not all aspects of behavioural interventions such as internet-based VR can be analysed with 
quantitative research methods. The stand-alone VR intervention was developed by using a 
person-based approach.72 Interviews with target end users about their experiences were used 
to optimize the functionality and content of the intervention.73,74 The next step is to also 
investigate the experiences of users with blended VR. Blended VR is a complex intervention 
that consists of physiotherapeutic visits, the VR website and VR exercises. Because of these 
interacting components, it is important to understand how blended VR works and how it 
should ideally be delivered. In this thesis we aimed to better apprehend the user’ experience 
of blended VR by conducting a qualitative interview study with patients and physiotherapists 
who participated in the VERTIGO-trial.

Research question:
8. What are the experiences of patients and physiotherapists with blended 

internet-based VR in general practice?

Deciding between stand-alone and blended internet-based vestibular rehabilitation
In addition to investigating clinical effectiveness, safety, cost-effectiveness and user’ 
experiences, we were also interested in determining who should be treated with stand-alone 
VR and who should be offered blended VR. Certain patient characteristics may be associated 
with a different treatment effect. Exploring this heterogeneity may lead to identification of 
profiles of patients who benefit more from stand-alone VR or blended VR. This information 
could be used to construct treatment guiding decision tools and provide personalised 
medicine.75 To answer the last research question posed in this thesis, we used data from the 
VERTIGO-trial to develop and internally validate predictive models to predict treatment 
success with internet-based VR.

Research question:
9. Can we predict treatment success with stand-alone or blended VR, and could 

a predictive model help decide the form of internet-based VR that should be 
offered?
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Outline of this thesis
This thesis is divided in two parts. In Part I various aspects of vertigo and dizziness are dealt 
with, while Part II is devoted to vestibular rehabilitation in general practice. The nine research 
questions posed in this chapter are addressed throughout this thesis in order of appearance. 

In the first chapter of Part I, chapter 2, we analyse the prognosis and survival of older patients 
(≥65 years) with vertigo and/or dizziness in general practice in a 10-year prospective cohort 
study. In chapter 3 we assess dizziness in older home care patients from different European 
countries to determine if these symptoms are likely to be persistent over the course of one 
year. In chapter 4 we assess the psychometric properties of the abbreviated version of the 
Dizziness Handicap Inventory (DHI-S) to measure vestibular symptoms such as vertigo and 
dizziness in general practice. 

We start Part II with chapter 5, in which we describe a survey we conducted among Dutch GPs 
on the stated use of VR in general practice. In chapter 6 we assess the current management 
of chronic vertigo in general practice and discuss reasons why clinical practice should be 
changed. In chapter 7 we describe the design of the three-armed randomized controlled 
VERTIGO-trial to investigate internet-based VR both without and with support (stand-alone 
and blended VR) compared to usual care. In chapter 8 we report the clinical effectiveness 
and safety of stand-alone and blended VR, and in chapter 9 we discuss the cost-effectiveness 
of both treatments. Chapter 10 is about the qualitative interview study we conducted with 
patients and physiotherapists from the VERTIGO-trial to examine experiences with blended 
VR. In chapter 11 we report a prediction study in which we attempt to develop and internally 
validate predictive models for treatment success with stand-alone and blended VR to help 
decide whom should be offered which intervention. In the final chapter of this thesis, chapter 
12, we discuss the implications of the main findings for both science and clinical practice.
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ABSTRACT

Purpose: The prognosis of older patients with dizziness in primary care is unknown. Our 
objective was to determine the prognosis and survival of patients with different subtypes 
and causes of dizziness.

Methods: In a primary care prospective cohort study, 417 older adults with dizziness (mean 
age 79 years) received a full diagnostic workup in 2006-2008. A panel of physicians classified 
the subtype and primary cause of dizziness. Main outcome measures were mortality and 
dizziness-related impairment assessed at 10-year follow-up.

Results: At 10-year follow-up 169 patients (40.5%) had died. Presyncope was the most 
common dizziness subtype (69.1%), followed by vertigo (41.0%), disequilibrium (39.8%), and 
other dizziness (1.7%). The most common primary causes of dizziness were cardiovascular 
disease (56.8%) and peripheral vestibular disease (14.4%). Multivariable adjusted Cox models 
showed a lower mortality rate for patients with the subtype vertigo compared with other 
subtypes (hazard ratio (HR) = 0.62; 95% CI, 0.40-0.96), and for peripheral vestibular disease 
vs cardiovascular disease as primary cause of dizziness (HR = 0.46; 95% CI, 0.25-0.84). After 10 
years, 47.7% of patients who filled out the follow-up measurement experienced substantial 
dizziness-related impairment. No significant difference in substantial impairment was 
seen between different subtypes and primary causes of dizziness.

Conclusions: The 10-year mortality rate was lower for the dizziness subtype vertigo 
compared with other subtypes. Patients with dizziness primarily caused by peripheral 
vestibular disease had a lower mortality rate than patients with cardiovascular disease. 
Substantial dizziness-related impairment in older patients with dizziness 10 years later 
is high, and indicates that current treatment strategies by family physicians may be 
suboptimal.
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INTRODUCTION

Dizziness is a common problem among older patients in primary care.1 The annual prevalence 
of dizziness in adults ranges from 20% to 30% in population-based questionnaire studies.2 
The frequency and severity of dizziness symptoms generally increases with age.3 Diagnosing 
dizziness and estimating its prognosis is a complex problem for clinicians.4 Dizziness is a 
subjective sensation, only measurable by self-report, that can be caused by a broad array of 
benign and serious medical conditions. The diagnostic process is particularly challenging in 
older patients with dizziness, because the cause of their dizziness is usually multifactorial.5,6 
Dizziness is often divided into four major subtypes: vertigo, presyncope (also known as light-
headedness), disequilibrium (also known as unsteadiness), and other dizziness.7-9 Different 
subtypes are generally associated with different organ systems such as peripheral vestibular 
disease or cardiovascular disease.4,5 Determining the cause of dizziness might help in choosing 
an appropriate treatment. 

Over 80% of patients experiencing dizziness in the Netherlands, United Kingdom, and United 
States of America are primarily treated by their primary care physician and are never referred 
to a specialist.10-12 Nevertheless, most diagnostic and prognostic studies investigated patients 
in secondary and tertiary care settings.13-15 We started a prospective cohort study in 2006 to 
gain more insight into the diagnosis and prognosis of older patients with dizziness in primary 
care.5 This study yielded new insights into diagnosing dizziness in primary care that have been 
reported in previous publications.5,16,17 By following these patients over a 10-year period we are 
now able to investigate the long-term prognosis of older patients with dizziness in primary 
care. Dizziness has been associated with increased premature mortality18 and substantial 
functional impairment,16,19 but it is unclear if these risks are equal for all subtypes and causes 
of dizziness. More specific prognostic information may help family physicians to identify and 
treat high-risk patients in a timely manner. The objective of this study is to investigate if and 
how the dizziness subtypes and primary causes of dizziness are associated with mortality and 
dizziness-related impairment 10 years later.
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METHODS

Participants and baseline assessments
The details of the inclusion and baseline data collection of the Dizziness In Elderly Patients 
cohort were reported previously.5,20 In summary, we prospectively identified 417 older primary 
care patients (aged ≥65 years) with dizziness that had been present for at least two weeks from 
June 2006 through January 2008. An international Delphi procedure was used to determine a 
comprehensive list of diagnostic tests for dizziness. 

At inclusion all patients received a full diagnostic workup. We recorded sociodemographic 
characteristics, smoking habits, alcohol intake, current use of medication, medical history, 
characteristics of dizziness, and the use of any hearing, seeing, or walking aids. All patients 
completed the Primary Care Evaluation of Mental Disorders Patient Health Questionnaire, 
a self-administered instrument to assess psychiatric disorders.21,22 During the physical 
examination we assessed the following organ systems: cardiovascular (pulse, blood pressure, 
orthostatic hypotension measurement), locomotor (orthopedic screening of lower limbs, 
tandem gait, timed up-and-go test), neurologic (tendon reflexes, Semmes-Weinstein 
monofilament test), vestibular (otoscopy, Dix-Hallpike manoeuvre, audiometry) and visual 
(Landolt rings eye chart). We also measured hemoglobin and non-fasting blood glucose levels 
in the laboratory and performed an electrocardiogram and continuous event recording on 
indication. Next, a panel consisting of a family physician, a geriatrician, and a nursing home 
physician independently reviewed the data for each patient to ascertain dizziness subtype 
and (major and minor contributory) causes of dizziness. Every participant was definitively 
categorized into one or more of the four dizziness subtypes by means of a majority decision 
(at least two out of three panel members had to agree). In addition, the panel classified the 
relative contribution (from 0% to 100%) of causes of dizziness for each patient from a list of 
nine possible groups of medical conditions: cardiovascular disease (including cerebrovascular 
disease), peripheral vestibular disease, psychiatric disease, locomotor disease, neurologic 
disease (excluding cerebrovascular disease), adverse drug effect, metabolic or endocrine 
conditions, impaired vision, and other cause. All causes that were scored higher than 0% 
by at least two out of three panel members were considered as a contributory cause. The 
medical condition with the highest mean contributing percentage across all three reviewers 
was identified as the primary cause of dizziness.5 The study protocol was approved by the 
Medical Ethics Committee of the VU University Medical Center. All patients included in the 
study provided written informed consent.
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Follow-up
Our primary outcomes are mortality and substantial impairment due to dizziness. The follow-
up measurements took place from October 2016 through January 2018, approximately 10 years 
after the start of the study. Deaths were identified through family physician (FP) records and 
reports by next of kin. Patients lost to follow-up were censored at the last day confirmed to be 
alive. When the exact day of death was unclear, we entered the middle of the known month or 
year as date of death. We used the Dizziness Handicap Inventory (DHI) to assess impairment 
due to dizziness.23 The DHI is the most widely used questionnaire for dizziness and can be used 
to quantify the self-perceived impact of dizziness on daily life.24 It has been shown to have 
good construct validity, high internal consistency, and satisfactory test-retest reliability.23,26,27 
The questionnaire consists of 25 questions (score range 0-100); higher scores correspond with 
more handicapping effects due to dizziness. A total DHI score of 30 or higher is generally 
believed to indicate substantial dizziness-related impairment.25,28,29 Participants were asked to 
fill out a DHI questionnaire at baseline, after 6 months,30 and after 10 years. Participants who 
were mentally or physically unable to complete a questionnaire were excluded.

Statistical analyses
To analyse the relationship between dizziness and mortality, first we calculated the time 
from the date of enrolment in the Dizziness In Elderly Patients cohort to date of death or 
the end of follow-up, whichever came first. Second, we generated Kaplan-Meier survival 
curves for the four dizziness subtypes and compared them with log rank tests. Third, we 
used Cox proportional hazard models to estimate hazard ratios with 95% CIs for the four 
dizziness subtypes and for the nine primary causes. Based on previous studies and feasibility, 
we prespecified the following potential confounders: age,18,31-33 sex,18,31-33 ethnicity,18,31 level of 
education,18,31 pre-existent cardiovascular disease,18,32 pre-existent stroke,18,32 pre-existent 
diabetes,18,30 polypharmacy (defined as >5 types of daily medication),30,32,34 a comorbid anxiety or 
depressive disorder at baseline according to the Primary Care Evaluation of Mental Disorders 
Patient Health Questionnaire,30-32,35 and the number of assigned dizziness subtypes. The 10 
potential confounders are described in more detail in Supplementary Appendix 1. We adjusted 
for the prespecified potential confounders by adding them as covariates to the models. To 
analyse the relationship with dizziness-related impairment, we used total DHI scores at 
baseline, 6-month follow-up, and 10-year follow-up as outcomes. These scores were analysed 
both as a continuous variable and a dichotomous variable (i.e., no substantial impairment [DHI 
scores 0-29] and substantial impairment [DHI scores 30-100]). For the continuous outcome we 
used linear mixed model analysis, and for dichotomous outcome we used logistic generalized 
estimating equations (GEE analysis).36 Both methods take into account the dependence of 
the observations within the patient. In both analyses, we adjusted for the same prespecified 
potential confounders as for the Cox proportional hazard models. We also conducted one 
exploratory analysis and two post hoc sensitivity analyses to test the robustness of our 
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findings. In the exploratory analysis, we graphically illustrated how participants who filled 
out the 10-year DHI measurement tracked over all three time points. In the first sensitivity 
analysis, the dizziness subtype in patients had to be agreed upon by all three panel physicians 
(unanimous decision) instead of at least two out of three panel physicians (majority decision). 
In the second sensitivity analysis, only participants who were assigned to one subtype were 
included in the analyses. IBM SPSS Statistics version 22.0 (IBM Corp) and Stata version 14.1 
(StataCorp LLC) were used for statistical analyses.
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RESULTS

Study participants
The Dizziness In Elderly Patients cohort consisted of 417 participants. At baseline, the mean 
age of participants was 79 years (range 65-95); 73.6% were female, and 69.3% had experienced 
dizziness for more than 6 months. Presyncope was the most common dizziness subtype (69.1%), 
followed by vertigo (41.0%), disequilibrium (39.8%), and other dizziness (1.7%). Patients were 
assigned by the panel to one subtype (52.0%), two subtypes (32.9%), three subtypes (11.2%) or 
no subtype at all (3.8%). According to the panel, the most common primary causes of dizziness 
were cardiovascular disease (56.8%) and peripheral vestibular disease (14.4%). The baseline 
characteristics are presented in Table 1. After 10 years, 103 participants (24.7%) filled out a DHI 
that was analysed for dizziness-related impairment. Of the other participants, 169 (40.5%) had 
died, 86 (20.6%) had no known address or did not respond to the questionnaire, 30 (7.2%) had 
serious cognitive disorders, 21 (5.0%) were contacted but refused to participate, and 8 (1.9%) 
had severe somatic disorders, such as a terminal illness, that prevented them from filling out 
a questionnaire.

Table 1. Baseline characteristics of patients (n=417). 

Characteristic at baseline Value

Demographics:

Age, mean (range), y 79 (65.0-95.0)

Sex, female, No. (%) 307 (73.6)

Ethnic background, No. (%)

Dutch native 342 (82.0)

Western immigrant 31 (7.4)

Non-Western immigrant 44 (10.6)

Level of education

Low, No. (%) 297 (71.2)

Middle or high, No. (%) 120 (28.8)

Living situation, community-dwelling, No. (%) 397 (95.2)

Smoking, No. (%) 62 (14.9)

Medical history:

Cardiovascular disease, No. (%)

Hypertension 239 (57.3)

Ischemic heart disease 111 (26.7)

Arrhythmia 94 (22.5)

Heart valve disease 58 (13.9)

Myocardial infarction 57 (13.7)
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Table 1. Continued

Characteristic at baseline Value

Ear, nose, and throat disease, No. (%)

Benign paroxysmal positional dizziness 40 (9.8)

Meniere’s disease 27 (6.5)

Acoustic neuroma 1 (0.2)

Neurological disease, No. (%)

Migraine 79 (18.9)

Stroke 66 (15.8)

Parkinson disease 7 (1.7)

Epilepsy 6 (1.4)

Multiple sclerosis 1 (0.2)

Locomotor disease, No. (%)

Osteoarthritis of the knee 120 (28.8)

Osteoarthritis of the hip 78 (18.7)

Psychiatric illness, No. (%)

Depressive disorder 101 (24.2)

Anxiety disorder 75 (18.0)

Other, No. (%)

Diabetes 78 (18.7)

Cataract 199 (47.7)

Macular degeneration 27 (6.5)

Drugs per patient, mean (SD) 4 (3.0)

Polypharmacy (>5 drugs), No. (%) 138 (33)

Dizziness characteristics:

Onset of dizziness symptoms, No. (%)

2-4 weeks 30 (7.2)

1-6 months 98 (23.5)

6-24 months 110 (26.4)

2-10 years 120 (28.8)

>10 years 59 (14.1)

Frequency, No. (%)

Continuous 42 (10.1)

Daily 195 (46.8)

Weekly 105 (25.2)

Monthly 50 (12.0)

Annually 25 (6.0)
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Table 1. Continued

Characteristic at baseline Value

Duration of symptoms, No. (%)

<10 seconds 110 (26.4)

10-60 seconds 78 (18.7)

Several minutes 71 (17.0)

Several minutes to 1 hour 22 (5.3)

>1 hour 35 (8.4)

Constant when present 26 (6.2)

Combination of durations 75 (18.0)

Diagnostic tests:

Psychiatric diagnosis according to PHQ, No. (%)

Major depressive syndrome (MDS) 53 (12.7)

Panic disorder (PD) 19 (4.6)

Other anxiety syndrome (OAS) 42 (10.1)

MDS, PD or OAS 90 (21.6)

Panel evaluation: 

Dizziness subtype, No. (%) 

Presyncope 288 (69.1)

Vertigo 171 (41.0)

Disequilibrium 166 (39.8)

Other dizziness 7 (1.7)

No consensus 16 (3.8)

Number of dizziness subtypes per participant, No. (%)

1 217 (52.0)

2 137 (32.9)

3 47 (11.2)

No consensus 16 (3.8)

Primary cause of dizziness, No. (%)

Cardiovascular disease (including cerebrovascular disease) 237 (56.8)

Peripheral vestibular disease 60 (14.4)

Other (psychiatric illness, locomotor disease, neurological disease (excluding 
stroke), adverse drug effect, impaired vision, metabolic or endocrine conditions or 
unclear disease)

120 (28.8)
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Mortality
At 10-year follow-up 169 deaths were recorded (40.5%). The association between mortality and 
dizziness subtypes is shown in Table 2, before and after adjusting for potential confounders. 
Participants with the subtype vertigo had a lower 10-year mortality risk (hazard ratio (HR) 
= 0.62; 95% CI, 0.40-0.96) than participants with other dizziness subtypes. The Kaplan-Meier 
survival curve in Figure 1 further illustrates this association. Table 3 and Figure 2 show the 
association between mortality and the primary cause of dizziness, before and after adjusting 
for potential confounders. Dizziness due to peripheral vestibular disease was associated with 
a lower hazard of death (HR = 0.46; 95% CI, 0.25-0.84) than dizziness due to cardiovascular 
disease. 

Table 2. Hazard ratios of mortality in participants for different dizziness subtypes

Compared to participants without 
this subtype

Subtypes

N
o.

 o
f 

pe
rs
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s
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hs
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rs

on
 

ye
ar

s

Incidence rate 
(95% CI) per 1000 
person years

Unadjusted 
hazard ratio 
(95% CI)

Adjusted hazard 
ratio (95% CI)*

Vertigo 171 58 1213 47.81 (36.30 to 61.80) 0.64 (0.47 to 0.88) 0.62 (0.40 to 0.96)

Presyncope 288 126 1903 66.21 (55.15 to 78.83) 1.36 (0.96 to 1.92) 1.23 (0.82 to 1.85)

Disequilibrium 161 65 1039 62.55 (48.27 to 79.72) 1.09 (0.80 to 1.49) 1.26 (0.85 to 1.87)

Other dizziness 7 2 48 41.70 (5.50 to 150.63) 0.67 (0.17 to 2.71) 0.76 (0.18 to 3.18)

PRIME-MD PHQ = Primary Care Evaluation of Mental Disorders Patient Health Questionnaire.
*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ and the number of assigned dizziness subtypes.

Dizziness-related impairment
An overview of DHI scores for each measurement is presented in Table 4.
At baseline, the mean DHI score was 36.3 and 60.7% of participants had a DHI score ≥30 
which constitutes substantial impairment due to dizziness. After 10 years, the average DHI 
score was 31.1 and 47.4% of the 103 participants still experienced substantial dizziness-related 
impairment. Approximately one-third (34%) of these participants never reported substantial 
dizziness-related impairment, while one-fourth (26%) experienced it at every measurement. 
Table 5 shows the association between dizziness subtypes and dizziness-related impairment 10 
years later. The dizziness subtype presyncope was associated with a lower mean DHI score than 
seen in participants without this subtype, but did not have a significantly lower odds ratio at 
substantial dizziness-related impairment. Other subtypes and primary causes of dizziness, such 
as cardiovascular or peripheral vestibular disease, were not significantly associated with DHI 
scores. The relationship between these primary causes and impairment is shown in Table 6.
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Figure 1. Kaplan-Meier survival curves for patients assigned to dizziness subtype vertigo.*
*Panel assigned subtype by at least two out of three panel members. Patients with vertigo compared 
with patients who were not assigned to this subtype.
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Table 3. Hazard ratios of mortality in participants for different primary causes of dizziness

Primary cause of dizziness No. of persons No. of deaths Person years Incidence rate 
(95% CI) per 1000 person years

Unadjusted hazard ratio 
(95% CI)

Adjusted hazard ratio 
(95% CI)*

Cardiovascular disease 237 113 1495 75.61 (62.31 to 90.90) Reference Reference

Peripheral vestibular disease 60 13 495 26.25 (13.98 to 44.89) 0.32 (0.18 to 0.56) 0.46 (0.25 to 0.84)

Psychiatric disease 41 15 264 56.88 (31.84 to 93.82) 0.72 (0.42 to 1.20) 0.89 (0.49 to 1.61)

Other causes** 79 28 516 54.42 (36.04 to 78.38) 0.69 (0.46 to 1.05) 0.66 (0.43 to 1.02)

PRIME-MD PHQ = Primary Care Evaluation of Mental Disorders Patient Health Questionnaire.
*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ and the number of assigned dizziness subtypes.

** locomotor disease (n=15), neurological disease (excluding cerebrovascular disease) (n=12), adverse 
drug effect (n=10), metabolic or endocrine conditions (n=3), impaired vision (n=2), other causes (n=3) 
and unclear cause (n=34)

Table 4. DHI scores and patterns of substantial impairment at follow-up

DHI score

No. of persons Mean DHI score, 
No. (SD)

Significantly impaired, 
% (DHI≥30)

Baseline (n=415) 415 36.3 (19.9) 60.7

6-month follow-up (n=374) 374 28.0 (23.6) 42.2

10-year follow-up (n=103) 103 31.1 (25.0) 47.7

Patterns of substantial impairment due to dizziness (DHI≥30) (n=100) (%)*

Never substantially impaired 34 

Substantially impaired at 1 or 2 measurements 40 

Substantially impaired at all 3 measurements 26 

DHI = dizziness handicap inventory; SD = standard deviation
*Only participants who completed a DHI at baseline, 6-month and 10-year follow-up were included 
in this analysis. Although 103 participants filled out the 10-year measurement, 3 of these participants 
missed the 6-month measurement. 
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Table 3. Hazard ratios of mortality in participants for different primary causes of dizziness

Primary cause of dizziness No. of persons No. of deaths Person years Incidence rate 
(95% CI) per 1000 person years

Unadjusted hazard ratio 
(95% CI)

Adjusted hazard ratio 
(95% CI)*

Cardiovascular disease 237 113 1495 75.61 (62.31 to 90.90) Reference Reference

Peripheral vestibular disease 60 13 495 26.25 (13.98 to 44.89) 0.32 (0.18 to 0.56) 0.46 (0.25 to 0.84)

Psychiatric disease 41 15 264 56.88 (31.84 to 93.82) 0.72 (0.42 to 1.20) 0.89 (0.49 to 1.61)

Other causes** 79 28 516 54.42 (36.04 to 78.38) 0.69 (0.46 to 1.05) 0.66 (0.43 to 1.02)

PRIME-MD PHQ = Primary Care Evaluation of Mental Disorders Patient Health Questionnaire.
*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ and the number of assigned dizziness subtypes.

** locomotor disease (n=15), neurological disease (excluding cerebrovascular disease) (n=12), adverse 
drug effect (n=10), metabolic or endocrine conditions (n=3), impaired vision (n=2), other causes (n=3) 
and unclear cause (n=34)

Table 4. DHI scores and patterns of substantial impairment at follow-up

DHI score

No. of persons Mean DHI score, 
No. (SD)

Significantly impaired, 
% (DHI≥30)

Baseline (n=415) 415 36.3 (19.9) 60.7

6-month follow-up (n=374) 374 28.0 (23.6) 42.2

10-year follow-up (n=103) 103 31.1 (25.0) 47.7

Patterns of substantial impairment due to dizziness (DHI≥30) (n=100) (%)*

Never substantially impaired 34 

Substantially impaired at 1 or 2 measurements 40 

Substantially impaired at all 3 measurements 26 

DHI = dizziness handicap inventory; SD = standard deviation
*Only participants who completed a DHI at baseline, 6-month and 10-year follow-up were included 
in this analysis. Although 103 participants filled out the 10-year measurement, 3 of these participants 
missed the 6-month measurement. 

Exploratory and sensitivity analyses
In Supplementary Appendix 2, we listed the baseline characteristics of patients who were still 
alive or had died during follow-up. Compared with deceased patients, patients alive at follow-
up were younger, more often female, and used less medication. In Supplementary Appendix 3, 
we listed the baseline characteristics of patients alive at follow-up who filled out the 10-year 
DHI measurement vs patients who did not. In an exploratory analysis, we used the total DHI 
score of each of the 103 participants at the baseline, 6-month, and 10-year measurements to 
analyse how scores tracked over time. As graphically shown in Supplementary Figure 1, no 
clear pattern can be identified in these scores. In the first sensitivity analysis, the dizziness 
subtype in patients had to be agreed upon by all three panel physicians (unanimous decision) 
instead of at least two out of three panel physicians (majority decision). Supplementary Tables 
1 and 2 show the association of unanimous dizziness subtypes with mortality and dizziness-
related impairment 10 years later. The associations of unanimous subtypes with mortality 
were comparable to the main analysis, but failed to reach statistical significance due to larger 
CIs. Unlike the majority decision subtype presyncope, the unanimous subtype presyncope 
was not associated with DHI score. In the second sensitivity analysis, only participants who 
were assigned to one subtype (n = 217) were included in the analyses. Supplementary Tables 3 
and 4 show the associations between dizziness subtypes with mortality and dizziness-related 
impairment 10 years later in this group of patients. The associations are similar to the main 
analysis, but due to the small number of patients in this analysis no significant associations 
were seen. 
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Table 5. Mean differences in DHI scores and odds ratios to develop substantial dizziness-related 
impairment after 10 years for dizziness subtypes (n=103)

Baseline values Compared to participants without this subtype

Subtypes No. of persons Mean DHI (SD) DHI≥30, % Unadjusted mean 
difference in DHI 
score (95% CI)

Adjusted mean 
difference in DHI 
score (95% CI)*

Unadjusted OR for 
DHI ≥ 30, OR (95% CI)

Adjusted OR for DHI 
≥ 30, 
OR (95% CI)*

Vertigo 47 34.6 (19.3) 48.9 8.24 (1.12 to 15.37) 5.13 (-2.66 to 12.91) 1.25 (0.64 to 2.43) 1.15 (0.44 to 2.96)

Presyncope 68 29.5 (16.5) 47.1 -3.74 (-11.39 to 3.90) -8.07 (-16.03 to -0.10) 0.89 (0.44 to 1.79) 0.54 (0.21 to 1.40)

Disequilibrium 66 33.0 (18.3) 51.4 6.20 (-1.29 to 13.69) 2.84 (-5.80 to 11.49) 1.73 (0.85 to 3.49) 1.73 (0.64 to 4.66)

Other dizziness 3 46.0 (21.1) 66.7 2.15 (-19.48 to 23.78) 0.47 (-18.50 to 19.43) 1.08 (0.16 to 7.15) 0.87 (0.18 to 4.21)

DHI = dizziness handicap inventory; SD = standard deviation; OR = odds ratio; PRIME-MD PHQ = 
Primary Care Evaluation of Mental Disorders Patient Health Questionnaire.

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ, and the number of assigned dizziness subtypes.

Table 6. Mean differences in DHI scores and odds ratios to develop substantial dizziness-related 
impairment after 10 years for the primary causes of dizziness (n=103)

Baseline values

Primary cause of dizziness No. of persons Mean DHI (SD) DHI≥30, % Unadjusted mean 
difference in DHI 
score (95% CI)

Adjusted mean 
difference in DHI 
score (95% CI)*

Unadjusted OR for 
DHI ≥ 30, 
OR (95% CI)

Adjusted OR for DHI 
≥ 30, 
OR (95% CI)*

Cardiovascular disease 50 28.8 (17.4) 42.0 Reference Reference Reference Reference

Peripheral vestibular disease 23 34.1 (18.1) 56.5 2.60 (-6.67 to 11.87) 3.10 (-5.14 to 11.34) 1.33 (0.56 to 3.20) 1.46 (0.52 to 4.08)

Psychiatric disease 12 38.5 (23.2) 58.3 3.39 (-8.44 to 15.22) 1.31 (-9.43 to 12.06) 1.22 (0.43 to 3.44) 1.01 (0.32 to 3.25)

Other causes** 18 30.6 (17.8) 50.0 -1.00 (-11.11 to 9.12) 3.76 (-5.24 to 12.76) 1.22 (0.48 to 3.12) 1.63 (0.61 to 4.30)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ, and the number of assigned dizziness subtypes.

** locomotor disease (n=0), neurological disease (excluding cerebrovascular disease)(n=2), adverse drug 
effect (n=5), metabolic or endocrine conditions (n=0), impaired vision (n=1), other causes (n=1) and 
unclear cause (n=9)
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Table 5. Mean differences in DHI scores and odds ratios to develop substantial dizziness-related 
impairment after 10 years for dizziness subtypes (n=103)

Baseline values Compared to participants without this subtype

Subtypes No. of persons Mean DHI (SD) DHI≥30, % Unadjusted mean 
difference in DHI 
score (95% CI)

Adjusted mean 
difference in DHI 
score (95% CI)*

Unadjusted OR for 
DHI ≥ 30, OR (95% CI)

Adjusted OR for DHI 
≥ 30, 
OR (95% CI)*

Vertigo 47 34.6 (19.3) 48.9 8.24 (1.12 to 15.37) 5.13 (-2.66 to 12.91) 1.25 (0.64 to 2.43) 1.15 (0.44 to 2.96)

Presyncope 68 29.5 (16.5) 47.1 -3.74 (-11.39 to 3.90) -8.07 (-16.03 to -0.10) 0.89 (0.44 to 1.79) 0.54 (0.21 to 1.40)

Disequilibrium 66 33.0 (18.3) 51.4 6.20 (-1.29 to 13.69) 2.84 (-5.80 to 11.49) 1.73 (0.85 to 3.49) 1.73 (0.64 to 4.66)

Other dizziness 3 46.0 (21.1) 66.7 2.15 (-19.48 to 23.78) 0.47 (-18.50 to 19.43) 1.08 (0.16 to 7.15) 0.87 (0.18 to 4.21)

DHI = dizziness handicap inventory; SD = standard deviation; OR = odds ratio; PRIME-MD PHQ = 
Primary Care Evaluation of Mental Disorders Patient Health Questionnaire.

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ, and the number of assigned dizziness subtypes.

Table 6. Mean differences in DHI scores and odds ratios to develop substantial dizziness-related 
impairment after 10 years for the primary causes of dizziness (n=103)

Baseline values

Primary cause of dizziness No. of persons Mean DHI (SD) DHI≥30, % Unadjusted mean 
difference in DHI 
score (95% CI)

Adjusted mean 
difference in DHI 
score (95% CI)*

Unadjusted OR for 
DHI ≥ 30, 
OR (95% CI)

Adjusted OR for DHI 
≥ 30, 
OR (95% CI)*

Cardiovascular disease 50 28.8 (17.4) 42.0 Reference Reference Reference Reference

Peripheral vestibular disease 23 34.1 (18.1) 56.5 2.60 (-6.67 to 11.87) 3.10 (-5.14 to 11.34) 1.33 (0.56 to 3.20) 1.46 (0.52 to 4.08)

Psychiatric disease 12 38.5 (23.2) 58.3 3.39 (-8.44 to 15.22) 1.31 (-9.43 to 12.06) 1.22 (0.43 to 3.44) 1.01 (0.32 to 3.25)

Other causes** 18 30.6 (17.8) 50.0 -1.00 (-11.11 to 9.12) 3.76 (-5.24 to 12.76) 1.22 (0.48 to 3.12) 1.63 (0.61 to 4.30)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ, and the number of assigned dizziness subtypes.

** locomotor disease (n=0), neurological disease (excluding cerebrovascular disease)(n=2), adverse drug 
effect (n=5), metabolic or endocrine conditions (n=0), impaired vision (n=1), other causes (n=1) and 
unclear cause (n=9)
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Figure 2. Kaplan-Meier survival curves for patients with different primary causes of dizziness.*

* Other categories consists of locomotor disease, neurologic disease (excluding cerebrovascular disease), 
adverse drug effect, metabolic or endocrine conditions, impaired vision, other causes, and unclear cause.
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DISCUSSION

Summary
In a prospective 10-year cohort study in primary care of older patients with panel-diagnosed 
dizziness, we analysed the association of different dizziness subtypes and primary causes of 
dizziness with mortality and dizziness-related impairment. The dizziness subtype vertigo was 
associated with a lower mortality rate in the 10-year period than the subtypes presyncope, 
disequilibrium, and other dizziness. Dizziness due to peripheral vestibular disease was associated 
with a lower risk of mortality in 10 years than dizziness due to cardiovascular disease. Although 
subtypes and primary causes of dizziness were not significantly associated with the development 
of substantial impairment due to dizziness, participants with the presyncope subtype did have 
relatively less dizziness symptoms 10 years later. A final notable finding was that even though 
dizziness is often seen as a self-limiting affliction, almost one-half of all participants who filled 
out the 10-year measurement felt substantially impaired due to dizziness.

Comparison with previous studies
In a large American population-based cohort study the presence of dizziness in the last 12 
months was an independent risk factor for mortality.18 After adjusting for relevant covariates 
including age, ethnicity, race, sex, diabetes, cardiovascular disease, cerebrovascular disease, and 
cancer, being dizzy was a risk factor for early mortality comparable to leading causes of death 
such as cardiovascular disease and cancer.18 This is the first study that examines differences 
in mortality for subtypes and causes of dizziness. We found that the vertigo subtype and 
dizziness primarily due to peripheral vestibular disease were associated with a lower mortality 
rate in a 10-year period. Intuitively, this might not be surprising because vertigo patients and 
patients with peripheral vestibular disease are younger on average and more often female than 
presyncope patients and patients with cardiovascular disease.5 Nevertheless, these associations 
remained significant after adjusting for age, sex, and other confounders. Research on the 
prognosis of dizziness in primary care is scarce.37 Most epidemiological studies in community-
dwelling older adults have been cross-sectional.2 Only three long-term prospective cohort 
studies (>1 year) were identified and none of these studies measured dizziness-related 
impairment longitudinally.31-33 Our study found less dizziness-related impairment in presyncope 
patients, but not less substantial dizziness-related impairment (DHI ≥30). This is the first 
prognostic longitudinal study that identifies a difference in dizziness-related impairment 
between subtypes. These results should be interpreted with caution though, because they 
might be explained by the higher mortality rate in the presyncope group (survivor bias).38 No 
other associations between dizziness-related impairment and subtypes or primary causes of 
dizziness were identified. Overall, 47.7% of patients who filled out the 10-year measurement 
experienced substantial dizziness-related impairment. This suggests that current treatment 
strategies in primary care may be suboptimal.
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Strengths and limitations
Our study has several strengths. An extensive diagnostic set of tests for dizziness was developed 
based on a systematic review and a Delphi procedure with experts in the field.20 All participants 
completed this workup and were then diagnosed by a panel of three physicians, which is the 
preferred diagnostic method when a gold standard is not available.39 Considering this time-
intensive inclusion process, we managed to include a sizeable cohort of 417 participants. There 
are also some limitations. First, Drachman’s categorisation in four subtypes is still widely used, 
but not undisputed. There is a risk of misdiagnosis when we only focus on the way patients 
describe their dizziness, e.g., a “spinning sensation” or “light-headedness.” At the moment, 
a paradigm shift in diagnosing dizziness is taking place which focuses less on the patients’ 
description of their dizziness sensation and more on timing and triggers.40,41 New terminology 
has been proposed, but in most guidelines dizziness is still categorized according to the 
classical four subtypes.8,9 Our panel did not base their diagnosis on the patients’ description 
of dizziness but on a comprehensive set of diagnostic tests and an extensive medical history 
including timing and triggers.

Therefore, future changes in nomenclature and diagnostic procedures will not directly 
invalidate the results of our study. General practitioners will continue to have to assess the 
primary cause of dizziness and identify patients at risk for persistent impairment due to 
dizziness.28 Second, we adjusted our analyses for 10 potential confounders. To limit the risk of 
bias, covariates were defined before we conducted our analyses. We chose these confounders 
based on feasibility and a literature review of previous studies.18,30-35 Although we have 
attempted to adjust for the most relevant confounders, we cannot exclude the possibility 
that unidentified factors influenced our primary outcomes. Third, due to the advanced age 
of our participants at inclusion, only a limited subset was available for analysis of dizziness-
related impairment 10 years later. This small sample size might be why we found no significant 
differences between different primary causes of dizziness. In the main analysis, the dizziness 
subtype presyncope, as determined by a majority decision of the panel, was associated with 
a lower mean DHI score 10 years later. In a sensitivity analysis that only assigned patients 
to a subtype if all three panel members agreed, however, the subtype presyncope was not 
associated with the DHI score. This indicates that the results we found on the association 
between different dizziness subtypes and long-term dizziness-related impairment should be 
interpreted with care.
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Conclusions and implications for research and/or practice
These results provide new insights in the prognosis of older patients with dizziness in primary 
care. The 10-year survival was higher for patients with the subtype vertigo compared with 
other subtypes. Patients with dizziness primarily caused by peripheral vestibular disease also 
lived longer than patients with dizziness caused by vascular disease. Differences in subtype and 
primary cause of dizziness were not associated with substantial dizziness-related impairment 
10 years later. The large percentage of older patients with dizziness that experience substantial 
dizziness-related impairment 10 years later indicates that current treatment strategies in 
primary care may be suboptimal.
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SUPPLEMENTARY FILES 

Supplementary Appendix 1. List of potential confounders used in study. 

Potential 
confounder

Description of variable in study Used in previous studies

Age Recorded in years at baseline. Analysed as continuous 
variable. 

19, 32-34

Sex Recorded as male or female. Analysed as dichotomous 
variable.

19, 32-34

Ethnicity Recorded as Dutch native, Western immigrant or non-
Western immigrant. Analysed as categorical variable. 

19, 32

Level of 
education

Recorded as patient reported level of primary, 
secondary, vocational or higher education. According 
to the United Nations International Standard 
Classification of Education (ISCED) 2011 document 
recoded into low (ISCED 0-2) and high (ISCED 3-8) 
education. Analysed as dichotomous variable. 

19, 32

Cardiovascular 
disease 

Recorded as patient reported medical history of 
hypertension, ischemic heart disease, arrhythmia, 
heart valve disease and myocardial infarction at 
baseline. Recoded into “cardiovascular disease in 
medical history” and “no cardiovascular disease in 
medical history”. Analysed as dichotomous variable. 

19, 33

Stroke Recorded as patient reported medical history of 
cerebrovascular accident and transient ischemic 
attack. Recoded into “stroke in medical history” 
and “no stroke in medical history”. Analysed as 
dichotomous variable. 

19, 33

Diabetes Recorded as patient reported presence of diabetes 
mellitus at baseline. Coded as “diabetes mellitus in 
medical history” and “no diabetes mellitus in medical 
history”. Analysed as dichotomous variable. 

19, 31

Polypharmacy Recorded as patient reported daily medication use 
at baseline. Polypharmacy was defined as >5 types 
of daily medication. Recoded into “polypharmacy 
present” and “polypharmacy not present”. Analysed as 
dichotomous variable.

31, 33, 35
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Supplementary Appendix 1. Continued.

Potential 
confounder

Description of variable in study Used in previous studies

Comorbid 
anxiety or 
depressive 
disorder

PRIME-MD Patient health questionnaire, a self-
administered instrument to diagnose psychiatric 
disorders, was filled out by participants at baseline. 
The validated PHQ algorithm was used to diagnose a 
comorbid anxiety or depressive disorder. Recoded into 
“comorbid anxiety and/or depressive disorder present” 
and “comorbid anxiety and/or depressive disorder not 
present”. Analysed as dichotomous variable.

31-33, 36

Number of 
assigned 
dizziness 
subtypes

A dizziness subtype was assigned when at least two 
out of three panel members classified the participant 
with a certain subtype. The range in the number of 
subtypes was 0-3. Analysed as categorical variable.

Most studies do not assess 
the number of subtypes. 
The research team added 
this variable as a potential 
confounder based on 
feasibility. 
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Supplementary Appendix 2. Baseline characteristics of alive patients versus deceased patients. 

Characteristic at baseline Alive at follow-up
(n=248)

Deceased at follow-up 
(n=169)

Demographics:

Age, mean (range), y 77 (65-95) 81 (66-95)

Sex, female, No. (%) 194 (78.2) 113 (66.9)

Ethnic background, No. (%)

Dutch native 201 (81.0) 141 (83.4)

Western immigrant 23 (9.3) 8 (4.7)

Non-Western immigrant 24 (9.7) 20 (11.8)

Level of education

Low 177 (71.4) 120 (71.0)

Middle or high 71 (28.6) 49 (29.0)

Living situation, community-dwelling, No. (%) 240 (96.8) 157 (92.9)

Smoking, No. (%) 37 (14.9) 25 (14.8)

Medical history:

Cardiovascular disease, No. (%)

Hypertension 133 (53.6) 106 (62.7)

Ischemic heart disease 63 (25.4) 48 (28.4)

Arrhythmia 52 (21.0) 42 (24.9)

Heart valve disease 26 (10.5) 32 (18.9)

Myocardial infarction 28 (11.3) 29 (17.2)

Ear, nose, and throat disease, No. (%)

Benign paroxysmal positional dizziness 27 (10.9) 13 (7.7)

Meniere’s disease 17 (6.9) 10 (5.9)

Acoustic neuroma 1 (0.4) 0 (0.0)

Neurological disease, No. (%)

Migraine 52 (21.0) 27 (16.0)

Stroke 32 (12.9) 34 (20.1)

Parkinson disease 6 (2.4) 1 (0.6)

Epilepsy 3 (1.2) 3 (1.8)

Multiple sclerosis 1 (0.4) 0 (0.0)

Locomotor disease, No. (%)

Osteoarthritis of the knee 70 (28.2) 50 (29.6)

Osteoarthritis of the hip 40 (16.1) 38 (22.5)

Psychiatric illness, No. (%)

Depressive disorder 61 (24.6) 40 (23.7)

Anxiety disorder 49 (19.8) 26 (15.4)
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Supplementary Appendix 2. Continued.

Characteristic at baseline Alive at follow-up
(n=248)

Deceased at follow-up 
(n=169)

Other, No. (%)

Diabetes 46 (18.5) 32 (18.9)

Cataract 105 (42.3) 94 (55.6)

Macular degeneration 15 (6.0) 12 (7.1)

Drugs per patient, mean (SD) 4 (2.6) 5 (3.3)

Polypharmacy (>5 drugs), No. (%) 65 (26.2) 73 (43.2)

Dizziness characteristics:

Onset of dizziness symptoms, No. (%)

2-4 weeks 19 (7.7) 11 (6.5)

1-6 months 60 (24.2) 38 (22.5)

6-24 months 60 (24.2) 50 (29.6)

2-10 years 74 (29.8) 46 (27.2)

>10 years 35 (14.1) 24 (14.2)

Frequency, No. (%)

Continuous 23 (9.3) 19 (11.2)

Daily 113 (45.6) 82 (48.5)

Weekly 74 (29.8) 31 (18.3)

Monthly 24 (9.7) 26 (15.4)

Annually 14 (5.6) 11 (6.5)

Duration of symptoms, No. (%)

<10 seconds 65 (26.2) 45 (26.6)

10-60 seconds 49 (19.8) 29 (17.2)

Several minutes 39 (15.7) 32 (18.9)

Several minutes to 1 h 17 (6.9) 5 (3.0)

>1 hour 21 (8.5) 14 (8.3)

Constant when present 16 (6.5) 10 (5.9)

Combination of durations 41 (16.5) 34 (20.1)

Diagnostic tests:

Psychiatric diagnosis according to PRIME-MD PHQ, No. (%)

Major depressive syndrome (MDS) 32 (12.9) 21 (12.4)

Panic disorder (PD) 13 (5.2) 6 (3.6)

Other anxiety syndrome (OAS) 24 (9.7) 18 (10.7)

MDS, PD or OAS 54 (21.8) 36 (21.3)
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Supplementary Appendix 2. Continued.

Characteristic at baseline Alive at follow-up
(n=248)

Deceased at follow-up 
(n=169)

Panel evaluation: 

Dizziness subtype, No. (%) 

Presyncope 162 (65.3) 126 (74.6)

Vertigo 113 (45.6) 58 (34.3)

Disequilibrium 101 (40.7) 65 (38.5)

Other dizziness 5 (2.0) 2 (1.2)

No consensus 8 (3.2) 8 (4.7)

Number of dizziness subtypes per participant, No. (%)

1 126 (50.8) 91 (53.8)

2 87 (35.1) 50 (29.6)

3 27 (10.9) 20 (11.8)

No consensus 8 (3.2) 8 (4.7)

Primary cause of dizziness, No. (%)

Cardiovascular disease (including 
cerebrovascular disease)

124 (50.0) 113 (66.9)

Peripheral vestibular disease 47 (19.0) 13 (7.7)

Other (psychiatric illness, locomotor disease, 
neurological disease (excluding stroke), 
adverse drug effect, impaired vision, metabolic 
or endocrine conditions or unclear disease)

77 (31.0) 43 (25.4)
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Supplementary Appendix 3. Baseline characteristics of patients alive at follow-up. 

Characteristic at baseline who were alive at 
follow-up (n=248)  

Filled out 10-year 
measurement (n=103)

Did not fill out 10-year 
measurement (n=145)

Demographics:

Age, mean (range), y 73 (65-86) 79 (65-95)

Sex, female, No. (%) 76 (73.8) 118 (81.4)

Ethnic background, No. (%)

Dutch native 84 (81.6) 117 (80.7)

Western immigrant 7 (6.8) 16 (11.0)

Non-Western immigrant 12 (11.7) 12 (8.3)

Level of education

Low 71 (68.9) 106 (73.1)

Middle or high 32 (31.1) 39 (26.9)

Living situation, community-dwelling, No. (%) 102 (99.0) 138 (95.2)

Smoking, No. (%) 14 (13.6) 23 (15.9)

Medical history:

Cardiovascular disease, No. (%)

Hypertension 56 (54.4) 77 (53.1)

Ischemic heart disease 24 (23.3) 39 (26.9)

Arrhythmia 19 (18.4) 33 (22.8)

Heart valve disease 11 (10.7) 15 (10.3)

Myocardial infarction 12 (11.7) 16 (11.0)

Ear, nose, and throat disease, No. (%)

Benign paroxysmal positional dizziness 10 (9.7) 17 (11.7)

Meniere’s disease 9 (8.7) 8 (5.5)

Acoustic neuroma 0 (0.0) 1 (0.7)

Neurological disease, No. (%)

Migraine 28 (27.2) 24 (16.6)

Stroke 7 (6.8) 25 (17.2)

Parkinson disease 2 (1.9) 4 (2.8)

Epilepsy 2 (1.9) 1 (0.7)

Multiple sclerosis 0 (0.0) 1 (0.7)

Locomotor disease, No. (%)

Osteoarthritis of the knee 28 (27.2) 42 (29.0)

Osteoarthritis of the hip 10 (9.7) 30 (20.7)

Psychiatric illness, No. (%)

Depressive disorder 27 (26.2) 34 (23.4)

Anxiety disorder 25 (24.3) 24 (16.6)
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Supplementary Appendix 3. Continued.

Characteristic at baseline who were alive at 
follow-up (n=248)  

Filled out 10-year 
measurement (n=103)

Did not fill out 10-year 
measurement (n=145)

Other, No. (%)

Diabetes 17 (16.5) 29 (20.0)

Cataract 31 (30.1) 74 (51.0)

Macular degeneration 4 (3.9) 11 (7.6)

Drugs per patient, mean (SD) 4 (2.7) 4 (2.5)

Polypharmacy (>5 drugs), No. (%) 27 (26.2) 38 (26.2)

Dizziness characteristics:

Onset of dizziness symptoms, No. (%)

2-4 weeks 10 (9.7) 9 (6.2)

1-6 months 34 (33.0) 26 (17.9)

6-24 months 18 (17.5) 42 (29.0)

2-10 years 25 (24.3) 49 (33.8)

>10 years 16 (15.5) 19 (13.1)

Frequency, No. (%)

Continuous 9 (8.7) 14 (9.7)

Daily 43 (41.7) 70 (48.3)

Weekly 32 (31.1) 42 (29.0)

Monthly 12 (11.7) 12 (8.3)

Annually 7 (6.8) 7 (4.8)

Duration of symptoms, No. (%)

<10 seconds 31 (30.1) 34 (23.4)

10-60 seconds 20 (19.4) 29 (20.0)

Several minutes 14 (13.6) 25 (17.2)

Several minutes to 1 hour 5 (4.9) 12 (8.3)

>1 hour 9 (8.7) 12 (8.3)

Constant when present 7 (6.8) 9 (6.2)

Combination of durations 17 (16.5) 24 (16.6)

Diagnostic tests:

Psychiatric diagnosis according to PRIME-MD PHQ, No. (%)

Major depressive syndrome (MDS) 11 (10.7) 21 (14.5)

Panic disorder (PD) 4 (3.9) 9 (6.2)

Other anxiety syndrome (OAS) 6 (5.8) 18 (12.4)

MDS, PD or OAS 16 (15.5) 38 (26.2)
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Supplementary Appendix 3. Continued.

Characteristic at baseline who were alive at 
follow-up (n=248)  

Filled out 10-year 
measurement (n=103)

Did not fill out 10-year 
measurement (n=145)

Panel evaluation: 

Dizziness subtype, No. (%) 

Presyncope 68 (66.0) 94 (64.8)

Vertigo 47 (45.6) 66 (45.5)

Disequilibrium 37 (35.9) 64 (44.1)

Other dizziness 3 (2.9) 2 (1.4)

No consensus 4 (3.9) 4 (2.8)

Number of dizziness subtypes per participant, No. (%)

1 58 (56.3) 68 (46.9)

2 26 (25.2) 61 (42.1)

3 15 (14.6) 12 (8.3)

No consensus 4 (3.9) 4 (2.8)

Primary cause of dizziness, No. (%)

Cardiovascular disease (including 
cerebrovascular disease)

50 (48.5) 74 (51.0)

Peripheral vestibular disease 23 (22.3) 24 (16.6)

Other (psychiatric illness, locomotor disease, 
neurological disease (excluding stroke), 
adverse drug effect, impaired vision, metabolic 
or endocrine conditions or unclear disease)

30 (29.1) 47 (32.4)

Supplementary Figure 1. Course of dizziness-related impairment over baseline, 6-month and 10-year 
follow-up for each individual participant who filled out the 10-year measurement (n=103). 
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Supplementary Table 1. Unadjusted and adjusted hazard ratios (95% CI) of mortality in participants 
for different dizziness subtypes, according to unanimous panel decision (n=417).

Compared to participants without this subtype

Subtypes No. of persons No. of deaths Person years Incidence rate (95% CI) per 
1000 person years

Unadjusted hazard ratio (95% 
CI)

Adjusted hazard ratio (95% 
CI)*

Vertigo 82 22 602 36.55 (22.90 to 55.33) 0.52 (0.33 to 0.81) 0.79 (0.48 to 1.32)

Presyncope 180 84 1176 71.44 (56.98 to 88.45) 1.40 (1.04 to 1.90) 1.30 (0.84 to 2.02)

Disequilibrium 72 24 425 56.47 (36.18 to 84.02) 0.95 (0.62 to 1.47) 0.98 (0.58 to 1.67)

Other dizziness 3 0 29 00.00 (00.00 to 127.70) 0.05 (0.00 to 27.80) 0.00 (0.00 to 154.77)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ and the number of (unanimously) assigned dizziness subtypes.

Supplementary Table 2. Unadjusted and adjusted mean differences in DHI score (95% CI) and odds 
ratio’s (OR) to develop substantial dizziness-related impairment (DHI≥ 30) after 10 years for different 
dizziness subtypes, according to unanimous panel decision (n=103). 

Baseline values Compared to participants without this subtype

Subtypes No. of persons Mean DHI (SD) DHI≥30, % Unadjusted mean 
difference in DHI 
score (95% CI)

Adjusted mean 
difference in DHI 
score (95% CI)*

Unadjusted OR for 
DHI ≥ 30, OR (95% CI)

Adjusted OR for DHI ≥ 
30, OR (95% CI)*

Vertigo 26 35.1 (15.1) 53.8 4.00 (-4.34 to 12.34) 4.92 (-3.45 to 13.28) 1.23 (0.56 to 2.71) 1.42 (0.51 to 3.91)

Presyncope 40 28.4 (16.5) 47.5 0.87 (-6.59 to 8.33) -0.76 (-9.17 to 7.65) 1.34 (0.69 to 2.58) 1.24 (0.48 to 3.19)

Disequilibrium 17 27.9 (19.9) 29.4 1.05 (-8.75 to 10.85) -4.77 (-14.78 to 5.23) 0.72 (0.30 to 1.68) 0.52 (0.17 to 1.58)

Other dizziness 2 35.0 (12.7) 50.0 -8.41 (-34.72 to 17.91) -5.77 (-28.30 to 16.76) 0.35 (0.05 to 2.33) 0.39 (0.07 to 2.27)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ, and the number of (unanimously) assigned dizziness subtypes.

Supplementary Table 3. Unadjusted and adjusted hazard ratios (95% CI) of mortality for different 
dizziness subtypes in participants who were only assigned to one subtype (n=217).

Compared to participants without this subtype

Subtypes No. of persons No. of deaths Person years Incidence rate (95% CI) per 
1000 person years

Unadjusted hazard ratio (95% 
CI)

Adjusted hazard ratio (95% 
CI)*

Vertigo 43 10 317 31.51 (15.11 to 57.94) 0.41 (0.21 to 0.80) 0.62 (0.31 to 1.23)

Presyncope 127 60 857 70.00 (53.42 to 90.11) 1.41 (0.92 to 2.19) 1.00 (0.63 to 1.60)

Disequilibrium 41 19 249 76.37 (45.98 to 119.26) 1.36 (0.82 to 2.26) 1.49 (0.87 to 2.54)

Other dizziness 6 2 47 42.89 (5.19 to 154.92) 0.59 (0.17 to 2.76) 0.88 (0.21 to 3.75)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication) and an anxiety or depressive disorder 
according to the PRIME-MD PHQ.
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Supplementary Table 1. Unadjusted and adjusted hazard ratios (95% CI) of mortality in participants 
for different dizziness subtypes, according to unanimous panel decision (n=417).

Compared to participants without this subtype

Subtypes No. of persons No. of deaths Person years Incidence rate (95% CI) per 
1000 person years

Unadjusted hazard ratio (95% 
CI)

Adjusted hazard ratio (95% 
CI)*

Vertigo 82 22 602 36.55 (22.90 to 55.33) 0.52 (0.33 to 0.81) 0.79 (0.48 to 1.32)

Presyncope 180 84 1176 71.44 (56.98 to 88.45) 1.40 (1.04 to 1.90) 1.30 (0.84 to 2.02)

Disequilibrium 72 24 425 56.47 (36.18 to 84.02) 0.95 (0.62 to 1.47) 0.98 (0.58 to 1.67)

Other dizziness 3 0 29 00.00 (00.00 to 127.70) 0.05 (0.00 to 27.80) 0.00 (0.00 to 154.77)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ and the number of (unanimously) assigned dizziness subtypes.

Supplementary Table 2. Unadjusted and adjusted mean differences in DHI score (95% CI) and odds 
ratio’s (OR) to develop substantial dizziness-related impairment (DHI≥ 30) after 10 years for different 
dizziness subtypes, according to unanimous panel decision (n=103). 

Baseline values Compared to participants without this subtype

Subtypes No. of persons Mean DHI (SD) DHI≥30, % Unadjusted mean 
difference in DHI 
score (95% CI)

Adjusted mean 
difference in DHI 
score (95% CI)*

Unadjusted OR for 
DHI ≥ 30, OR (95% CI)

Adjusted OR for DHI ≥ 
30, OR (95% CI)*

Vertigo 26 35.1 (15.1) 53.8 4.00 (-4.34 to 12.34) 4.92 (-3.45 to 13.28) 1.23 (0.56 to 2.71) 1.42 (0.51 to 3.91)

Presyncope 40 28.4 (16.5) 47.5 0.87 (-6.59 to 8.33) -0.76 (-9.17 to 7.65) 1.34 (0.69 to 2.58) 1.24 (0.48 to 3.19)

Disequilibrium 17 27.9 (19.9) 29.4 1.05 (-8.75 to 10.85) -4.77 (-14.78 to 5.23) 0.72 (0.30 to 1.68) 0.52 (0.17 to 1.58)

Other dizziness 2 35.0 (12.7) 50.0 -8.41 (-34.72 to 17.91) -5.77 (-28.30 to 16.76) 0.35 (0.05 to 2.33) 0.39 (0.07 to 2.27)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication), an anxiety or depressive disorder 
according to the PRIME-MD PHQ, and the number of (unanimously) assigned dizziness subtypes.

Supplementary Table 3. Unadjusted and adjusted hazard ratios (95% CI) of mortality for different 
dizziness subtypes in participants who were only assigned to one subtype (n=217).

Compared to participants without this subtype

Subtypes No. of persons No. of deaths Person years Incidence rate (95% CI) per 
1000 person years

Unadjusted hazard ratio (95% 
CI)

Adjusted hazard ratio (95% 
CI)*

Vertigo 43 10 317 31.51 (15.11 to 57.94) 0.41 (0.21 to 0.80) 0.62 (0.31 to 1.23)

Presyncope 127 60 857 70.00 (53.42 to 90.11) 1.41 (0.92 to 2.19) 1.00 (0.63 to 1.60)

Disequilibrium 41 19 249 76.37 (45.98 to 119.26) 1.36 (0.82 to 2.26) 1.49 (0.87 to 2.54)

Other dizziness 6 2 47 42.89 (5.19 to 154.92) 0.59 (0.17 to 2.76) 0.88 (0.21 to 3.75)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication) and an anxiety or depressive disorder 
according to the PRIME-MD PHQ.
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Supplementary Table 4. Unadjusted and adjusted mean differences in DHI score (95% CI) and odds 
ratio’s (OR) to develop substantial dizziness-related impairment (DHI≥ 30) after 10 years for different 
dizziness subtypes in participants who were only assigned to one subtype (n=58). 

Baseline values Compared to participants without this subtype

Subtypes No. of persons Mean DHI (SD) DHI≥30, % Unadjusted mean 
difference in DHI 
score (95% CI)

Adjusted mean 
difference in DHI 
score (95% CI)*

Unadjusted OR for 
DHI ≥ 30, 
OR (95% CI)

Adjusted OR for DHI 
≥ 30, 
OR (95% CI)*

Vertigo 16 35.9 (22.6) 50.0 9.61 (-0.63 to 19.85) 8.49 (-0.78 to 17.76) 1.19 (0.43 to 3.26) 1.57 (0.53 to 4.65)

Presyncope 30 27.5 (16.1) 50.0 -8.59 (-17.74 to 0.57) -7.75 (-16.72 to 1.23) 0.76 (0.33 to 1.76) 0.66 (0.26 to 1.71)

Disequilibrium 9 34.7 (21.7) 55.6 0.76 (-12.24 to 13.76) 1.27 (-10.09 to 12.63) 1.30 (0.44 to 3.86) 1.49 (0.46 to 4.81)

Other dizziness 3 46.0 (21.1) 66.7 2.55 (-18.70 to 23.80) -3.89 (-22.12 to 14.33) 1.00 (0.15 to 6.78) 0.37 (0.08 to 1.74)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication) and an anxiety or depressive disorder 
according to the PRIME-MD PHQ
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Supplementary Table 4. Unadjusted and adjusted mean differences in DHI score (95% CI) and odds 
ratio’s (OR) to develop substantial dizziness-related impairment (DHI≥ 30) after 10 years for different 
dizziness subtypes in participants who were only assigned to one subtype (n=58). 

Baseline values Compared to participants without this subtype

Subtypes No. of persons Mean DHI (SD) DHI≥30, % Unadjusted mean 
difference in DHI 
score (95% CI)

Adjusted mean 
difference in DHI 
score (95% CI)*

Unadjusted OR for 
DHI ≥ 30, 
OR (95% CI)

Adjusted OR for DHI 
≥ 30, 
OR (95% CI)*

Vertigo 16 35.9 (22.6) 50.0 9.61 (-0.63 to 19.85) 8.49 (-0.78 to 17.76) 1.19 (0.43 to 3.26) 1.57 (0.53 to 4.65)

Presyncope 30 27.5 (16.1) 50.0 -8.59 (-17.74 to 0.57) -7.75 (-16.72 to 1.23) 0.76 (0.33 to 1.76) 0.66 (0.26 to 1.71)

Disequilibrium 9 34.7 (21.7) 55.6 0.76 (-12.24 to 13.76) 1.27 (-10.09 to 12.63) 1.30 (0.44 to 3.86) 1.49 (0.46 to 4.81)

Other dizziness 3 46.0 (21.1) 66.7 2.55 (-18.70 to 23.80) -3.89 (-22.12 to 14.33) 1.00 (0.15 to 6.78) 0.37 (0.08 to 1.74)

*adjusted for age, sex, ethnicity, level of education, pre-existent cardiovascular disease and/or stroke, 
diabetes, polypharmacy (defined as >5 types of daily medication) and an anxiety or depressive disorder 
according to the PRIME-MD PHQ
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ABSTRACT

Objectives: The prevalence of different geriatric syndromes in older home care (HC) 
recipients is yet to be determined. Dizziness is often regarded as a geriatric syndrome. 
The natural course of dizziness in older people is still unknown, because of a lack of 
longitudinal studies. The objective of this study was to investigate the prevalence and 
persistence of dizziness in HC recipients.

Design: Prospective cohort study.

Setting: Home care organisations in six European countries participating in the EU-
funded Identifying best practices for care-dependent elderly by Benchmarking Costs and 
outcomes of community care (IBenC) project.

Participants: 2616 community-dwelling long-term HC recipients aged 65 years or older.

Methods: Data were collected at baseline and 6 and 12 months by using the interRAI 
Home Care instrument (interRAI-HC). Dizziness status was assessed by the number of days 
people experienced dizziness in the last three days (0-3) and later dichotomized for analyses 
(present or not in the last three days). Dizziness persistence was defined as the odds for dizzy 
people at baseline to also report dizziness at subsequent follow-up moments, compared 
with people who were not dizzy at baseline. The pattern of dizziness was descriptively 
analysed in recipients who completed all measurements. Generalized estimating equations 
analysis was used to determine the persistence of dizziness symptoms.

Results: The prevalence of dizziness of 2616 eligible HC recipients at baseline was 25.1%, 
ranging from 16.2% (Belgium) to 39.7% (Italy). The majority of dizzy recipients at baseline 
also experienced dizziness after 6 and 12 months (79.1%). Dizziness persistence was high 
at 6 months (odds ratio (OR) 57.8, 95% confidence interval (CI) 43.1-77.5) and at 12 months 
(OR 30.2, 95% CI 22.3-41.1). 

Conclusions and implications: Dizziness in older HC recipients in Europe is common, and 
dizziness persistence is high. This warrants a more active approach in treating dizziness 
in older HC recipients.
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INTRODUCTION

Life expectancy in Europe is rising, and the population is ageing. The proportion of older 
people (aged ≥65 years) in the European Union is estimated to increase from 19.5% at the start 
of 2016 to 29.2% by 2070.1 An older population will experience relatively more disability and 
place a higher demand on health care services. To keep providing high-quality and affordable 
care, many countries are shifting from long-term institutional care to home care (HC) services.2 
HC has shown to be able to improve clinical outcomes, provide better patient satisfaction, and 
reduce medical costs compared to long-term institutional care.3 The European Commission 
has therefore recommended a prioritisation of HC in all countries to ensure people can live 
in their own homes for as long as possible.4 Geriatric syndromes have a substantial effect on 
quality of life and disability in older people.5 A geriatric syndrome is a condition that can only 
be explained by a combination of multiple underlying factors related to aging, instead of a 
single disease.5 Assessing the prevalence and persistence of geriatric syndromes among HC 
recipients in Europe is essential to improve management of these complex conditions. 

Dizziness is often considered a geriatric syndrome.6-8 The term dizziness encompasses different 
sensations such as vertigo, lightheadedness, and unsteadiness.9 The symptom can be caused 
by a wide spectrum of conditions, including peripheral vestibular disease, neurologic disease, 
cardiovascular disease, psychiatric disease, impaired vision, adverse drug effects, or general 
medical conditions.10 Approximately 30% of people aged 65 years or older in the general 
population experience some form of dizziness,11-13 but the prevalence of dizziness in HC 
recipients is unknown. Dizziness in older people is associated with an increased risk of falling, 
impairment of daily activities, loss of autonomy, and a lower quality of life.14,15 Dizziness also 
represents a substantial economic burden due to frequent ambulatory care visits and fall-
related injury.14,16 Older people often suffer from a combination of underlying conditions, which 
poses a diagnostic challenge. Family physicians are unable to identify the cause of dizziness 
in 40% of older people.10 Despite differences in the aetiology of dizziness between younger 
and older people, most guidelines still advise the same diagnosis-oriented approach.17 This 
approach may be insufficient for older dizzy HC recipients because of several reasons: it is often 
difficult for family physicians to identify an underlying cause of dizziness, not all causes are 
treatable (e.g., polyneuropathy), and sometimes treatment is available but not desirable (Epley 
manoeuvre in severe cervical arthrosis).17 Dizziness can have a self-limiting course, but there are 
people who continue to experience dizziness symptoms in some capacity for years. However, 
the natural course of dizziness in older adults is still largely unknown.14 Because of mostly 
cross-sectional designs11,18,19 and varying study populations in epidemiologic studies,20,21 the 
prevalence of older people who develop chronic dizziness symptoms remains to be determined. 
The aim of this study was to investigate the prevalence and persistence of dizziness symptoms 
in older HC recipients.
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METHODS

For this study, data from the IBenC study (“Identifying best practices for care dependent elderly 
by Benchmarking Costs and outcomes of community care”) were used.22 Data for the IBenC 
study were collected according to a longitudinal prospective design, in six European countries, 
including Belgium, Finland, Germany, Iceland, Italy, and the Netherlands. Assessments were 
performed at baseline, and at 6- and 12-month follow-up. The study was approved by legally 
authorized medical ethical committees in all countries that participated in the IBenC project.

Setting and sample
Participants of the IBenC project were community-dwelling older adults aged ≥65 years. All 
participants received care by an HC organisation and were expected to receive care for at 
least six months or more. For assessment of participants, the interRAI Home Care instrument 
(interRAI-HC) version 9.1 was used. The interRAI-HC contains about 300 items, including 
sociodemographic variables, numerous clinical items about both physical and cognitive 
status, as well as all clinical diagnoses.23,24 In each country, we used a linguistically validated 
version of the interRAI-HC that was created by following the standardized interRAI procedure 
to develop translated versions of instruments. Only participants in the IBenC sample who 
were included through HC organisations were analysed in this study (n = 2677). Furthermore, 
participants who had missing data on presence of dizziness at baseline (n = 7) or who lived in a 
nonindependent living arrangement (n = 54), such as a psychiatric care facility or rehabilitation 
facility, were excluded.

Dizziness measurements
The presence of dizziness was assessed by trained (research) nurses at baseline and at 6- and 
12-month follow-up. Nurses recorded presence of dizziness when the person experienced a 
sensation of unsteadiness when he or she was turning, or that the surroundings were whirling 
around. They based their assessment on communication with the HC recipient and primary 
caregiver (when available), observation of the HC recipient in his or her home environment, 
and review of secondary documents such as a care file when available. Answers could include 
(1) “not present,” (2) “present, but not exhibited in last three days,” (3) “exhibited in one of last 
three days,” (4) “exhibited in two of last three days,” or (5) “exhibited in three of last three days.” 
Presence and absence of dizziness was operationalized by a dichotomous variable: not present 
in the last three days (1 and 2) vs present in any of the last three days (3, 4, and 5).

Persistence of dizziness
In HC recipients who completed all measurements, we described the pattern of dizziness 
over one year. In HC recipients who completed the baseline measurement and at least one 
follow-up measurement, we assessed dizziness persistence. Dizziness persistence was defined 
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as the odds that HC recipients with dizziness at baseline again reported dizziness at the 6- or 
12-month follow-up, compared to HC recipients who were not dizzy at baseline. Additionally, 
we investigated whether other personal characteristics were associated with dizziness 
persistence. Based on the literature, we chose the most important six potential prognostic 
factors: sex, age, presence of baseline depression, presence of baseline anxiety, presence of 
baseline polypharmacy (defined as ≥5 drug prescriptions), and living alone at baseline.12,25-28

In a post hoc exploratory analysis, we also investigated eight other potentially important 
prognostic factors: ethnicity, stroke, coronary heart disease, chronic obstructive pulmonary 
disease, dementia, diabetes mellitus, cancer, and fall(s) in past 90 days.

Statistical analyses
Descriptive statistics were used for baseline characteristics, prevalence of dizziness, and the 
pattern of dizziness. We used logistic regression to analyse the univariate and multivariate 
association between each of the 14 potential prognostic factors (6 predefined, 8 post hoc 
determined) and the presence of dizziness at baseline. To investigate the odds of dizziness 
persistence, we applied logistic generalized estimating equation (GEE) in a tracking analysis,29 
in which presence of dizziness at baseline was used as the independent variable and presence 
of dizziness at 6 and 12 months as dependent variables. The odds ratios (ORs) obtained from 
these tracking analyses are called stability coefficients. They can be interpreted as follows: 
compared with HC recipients who were not dizzy at baseline, dizzy HC recipients at baseline 
had an X (OR) times higher chance to report dizziness at a follow-up measurement. To 
estimate the odds of the presence of dizziness at 6 and 12 months separately, time and the 
interaction between presence of dizziness at baseline and time were added to the model. To 
adjust for differences between countries, country was also added to the model as a categorical 
variable. To determine whether other personal characteristics were associated with dizziness 
persistence, we added the interaction between presence of dizziness at baseline and each of the 
14 variables (6 predefined, 8 post hoc determined) to the model separately. GEE was used to take 
into account the correlation between repeated measures within the same HC recipient and 
because the method is capable of handling missing data.30 In all GEE analyses, an exchangeable 
correlation structure was used and an adjustment was made for country by using dummy 
variables. HC recipients were included in the analyses if at least one follow-up measurement 
was available. Data were analysed using IBM SPSS Statistics version 22 and Stata version 14.
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RESULTS

Baseline characteristics of study population
Baseline characteristics of the study population of 2616 older HC recipients are presented 
in Table 1. The mean age of the population was 82.9 years (standard deviation 7.3), and the 
majority of HC recipients were female (67.2%). We described the baseline characteristics 
of HC recipients who died or were admitted to a care facility or hospital during the study 
separately in Supplementary Table 1. The associations between potential prognostic factors 
and baseline dizziness are presented in Supplementary Table 2. After adjusting for other 
potential prognostic factors, depression, anxiety, chronic obstructive pulmonary disease, 
and a fall in the last 90 days were significantly associated with dizziness at baseline.

Prevalence of dizziness
The total prevalence of dizziness at baseline was 25.1%, ranging from 16.2% in Belgium to 
39.7% in Italy. This prevalence was 22.7% after 6 months and 15.9% after 12 months. The 
prevalence of dizziness at baseline, 6 months, and 12 months for each participating country 
separately is presented in Table 2. In HC recipients who reported dizziness in the last 3 
days, we also described the number of days of dizziness. The rates of missing data on 
presence of dizziness at follow-up were 13.8% and 33.6% at 6 and 12 months, respectively. 
Loss to follow-up was caused by death (6-month, 29.5%; 12-month, 27.7%), admission to 
care facility or hospital (6-month, 35.9%; 12-month, 39.3%), return to independent living 
arrangement without HC (6-month, 5.3%; 12-month, 8.7%), and no response (6-month, 
29.2%; 12-month, 24.3%).

Dizziness persistence
In HC recipients who completed all three measurements (n = 1387), 220 of 278 HC recipients 
(79.1%) who exhibited dizziness at baseline were also dizzy at the 6- and 12-month follow-
ups. Patterns of dizziness and dizziness persistency are presented in Table 3. HC recipients 
who completed the baseline measurement and at least one follow-up measurement (n = 
2279) were included in the dizziness persistence analysis. For HC recipients suffering from 
dizziness at baseline, the odds to also report dizziness after 6 months was high (OR 57.8, 
95% confidence interval (CI) 43.1-77.5), compared with HC recipients not suffering from 
dizziness at baseline. The odds for these dizzy HC recipients to again report dizziness after 
12 months was also substantial (OR 30.2, 95% CI 22.3-41.1), compared with HC recipients not 
suffering from dizziness at baseline. The interactions with potentially prognostic factors 
and dizziness persistence are described in Table 4. The dizziness persistence over a 1-year 
period did not significantly differ between both sexes (p =.10) and was not associated with 
age (p = .29), baseline depression (p = .16), baseline anxiety (p = .58), baseline polypharmacy 
(p = .13), or living alone at baseline (p = .67). A post hoc exploratory analysis showed that 
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ethnicity, stroke, coronary heart disease, chronic obstructive pulmonary disease, dementia, 
diabetes mellitus, cancer, and fall(s) in the past 90 days were also not associated with a 
significantly different chance of dizziness persistence.

Table 1. Overview of characteristics of 2616 older home care recipients

Characteristics Total 
(n=2616)

Dizzy at 
baseline 
(n=656)

Not dizzy 
at baseline
(n=1960)

Age, mean ±SD (range 65-105) 82.9 ±7.3 83.2 ±7.0 82.8 ±7.4

Gender, femalea 1761 (67.4) 439 (67.0) 1322 (67.5)

Living situationb

Alone 1493 (57.1) 350 (53.4) 1143 (58.4)

With others 1121 (42.9) 306 (46.4) 815 (41.6)

Ethnicityc

Home country 2035 (98.7) 558 (98.4) 1477 (98.9)

Foreign 26 (1.3) 9 (1.6) 17 (1.1)

Weekly home care by nurse in minutesd, mean ±SD (range 
0-2030)

65.2 ±110.5 57.4 ±114.2 67.8 ±109.0

Health characteristics

Stroke CVAe 304 (13.2) 70 (13.0) 234 (13.2)

Coronary heart diseasee 578 (25.5) 173 (32.2) 414 (23.5)

Diabetes mellituse 579 (25.2) 134 (25.0) 445 (25.2)

Chronic obstructive pulmonary diseasee 237 (10.3) 82 (15.3) 155 (8.8)

Dementiae 633 (27.5) 135 (25.1) 498 (28.2)

Cancere 245 (10.6) 69 (12.8) 176 (10.0)

Depressione 350 (15.2) 117 (21.8) 233 (13.2)

Anxietye 248 (10.8) 92 (17.1) 156 (8.8)

Fall(s) in past 90 daysf 606 (23.2) 209 (31.9) 397 (20.3)

Number of prescribed drugs, mean ±SD (range 0-23)g 6.3 ±4.2 6.9 ±4.3 6.1 ±4.2

SD = standard deviation; CVA = cerebrovascular event.
Values are listed as n (%) of home care recipients unless stated otherwise
a total missing n=3 (1 dizzy and 2 not dizzy) (0.1%) 
b total missing n=2 (2 not dizzy) (0.1%)
c total missing n=555 (89 dizzy and 466 not dizzy) (21.2%)
d total missing n=35 (3 dizzy and 32 not dizzy) (1.3%)
e total missing n=312-317 (119-120 dizzy and 2 not dizzy) (12%)
f total missing n=2 (2 not dizzy) (0.1%)
g total missing n=648 (111 dizzy and 537 not dizzy) (24.7%)
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Table 2. Dizziness prevalence 

Country Baseline 
measurement*

6 months 
follow-up 

12 months 
follow-up

Prevalence of 
dizziness

Prevalence Missing Prevalence Missing

Italy (n=494) 196 (39.7) 182 (36.8) 2 (0.4) n/a 494 (100.0)

1 out of 3 days dizziness 26 18 n/a

2 out of 3 days dizziness 27 24 n/a

3 out of 3 days dizziness 143 140 n/a

Netherlands (n=253) 68 (26.9) 52 (20.6) 64 (25.3) 34 (13.4) 98 (38.7)

1 out of 3 days dizziness 18 15 7

2 out of 3 days dizziness 6 8 3

3 out of 3 days dizziness 44 29 24

Belgium (n=506) 82 (16.2) 79 (15.6) 80 (15.8) 75 (14.8) 159 (31.4)

1 out of 3 days dizziness 27 27 24

2 out of 3 days dizziness 11 6 8 

3 out of 3 days dizziness 44 46 43

Iceland (n=418) 132 (31.6) 115 (27.5) 77 (18.4) 90 (21.5) 142 (34.0)

1 out of 3 days dizziness 45 41 38

2 out of 3 days dizziness 30 31 17

3 out of 3 days dizziness 57 43 35

Finland (n=455) 75 (16.5) 80 (17.6) 42 (9.2) 72 (15.8) 132 (29.0)

1 out of 3 days dizziness 14 16 28

2 out of 3 days dizziness 18 21 12 

3 out of 3 days dizziness 43 43 32

Germany (n=490) 103 (21.0) 86 (17.6) 95 (19.4) 66 (13.5) 181 (36.9)

1 out of 3 days dizziness 20 16 17

2 out of 3 days dizziness 18 13 9

3 out of 3 days dizziness 65 57 40

Total study population** 656 (25.1) 594 (22.7) 360 (13.8) 337 (12.9) 1206 (46.1)

n/a = not available 
Values are listed as n (%) of home care recipients unless stated otherwise
* No missing values at baseline
** Total study population n=2616; 12 months follow-up Italy (n=494) missing completely 
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Table 3. Dizziness course

Pattern of dizziness for HC recipients who report dizziness 
at baseline (n=278)*

Number (percentage)

Dizzy only at baseline 30 (10.8)
Dizzy at baseline and at 6 or 12 months 28 (10.1)
Dizzy at baseline, 6 months and 12 months 220 (79.1)
Dizziness persistence (n=2279)** Odds ratio (95%-CI)
After 6 months
After 12 months

57.8 (43.1-77.5)
30.2 (22.3-41.1)

*Only HC recipients with a dizziness measurement at baseline, 6-month and 12-month follow-up 
were included in this analysis (n=1387). 
** The odds for dizzy HC recipients at baseline to also report dizziness at consequent follow-up 
moments compared to HC recipients that were not dizzy at baseline. The odds ratio is adjusted for 
country and repeated measurements within HC recipients. 

Table 4. Interaction of other prognostic factors with dizziness persistence

Characteristic at baseline p-value Meaning

Age 0.29 No effect modification

Gender 0.10 No effect modification

Depression 0.16 No effect modification

Anxiety 0.58 No effect modification

Polypharmacy (≥5 drug prescriptions) 0.13 No effect modification

Living alone 0.64 No effect modification

Post hoc exploratory analysis

Ethnicity 0.74 No effect modification

Stroke CVA 0.91 No effect modification

Coronary heart disease 0.41 No effect modification

Chronic obstructive pulmonary disease 0.38 No effect modification

Dementia 0.52 No effect modification

Diabetes mellitus 0.07 No effect modification

Cancer 0.86 No effect modification

Fall(s) in past 90 days 0.18 No effect modification
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DISCUSSION

Key findings
In this prospective cohort study, we investigated the prevalence and persistence of dizziness 
symptoms in older HC recipients. We found a 25.1% point prevalence of dizziness at baseline 
in older HC recipients in Europe. This prevalence differed between the 6 European countries, 
varying from 16.0% to 39.7%. The 1-year course of dizziness is highly unfavourable. In HC 
recipients who completed all measurements, four out of five HC recipients who were dizzy 
at baseline also experienced dizziness after 6 and 12 months (79.1%). Dizziness persistence at 
6 months (OR 57.8) and 12 months (OR 30.2) was high. None of the prespecified or post hoc 
chosen prognostic factors sex, age, depression, anxiety, polypharmacy, and the person’s living 
situation affected the odds of dizziness persistence.

Comparison with previous studies
This is the first study that investigated the prevalence and persistence of dizziness in HC 
recipients. In a recent population-based representative European study in 20 countries, a 
total of 12.4% of participants aged 50 years or older reported dizziness symptoms in the 
last 6 months.31 Participants from Belgium (12.8%), Germany (12.2%), Italy (12.0%), and the 
Netherlands (10.6%) reported dizziness less often than participants in our study. This can 
be explained by the different characteristics of our study population, which concerned HC 
recipients on average above 80 years, with relatively more comorbidity than persons in the 
general population. The differences we found in the prevalence of dizziness between the 
six European countries were not seen in the other European study.31 This may partly be 
explained by the allocation criteria of HC, which differ across countries and regions. Some 
only allow very dependent persons to receive HC. Longitudinal studies in community-
dwelling older people with dizziness are scarce. Only three cohort studies with long-term 
longitudinal measurements (≥one year) were identified.12,25,26 A primary care study in dizzy 
older people analysed the change in dizziness-related impairment after six months.27 In 
this study, 12% of people improved, 35% declined, and 53% showed no clinically relevant 
change in dizziness-related impairment. This is in line with the results of our study that 
indicate an unfavourable course of dizziness in older people. A Swedish study showed that 
dizziness persistence at three and six years in people aged 80 years or older was also high 
(3-year OR 14.1, 95% CI 6.8-29.6; 6-year OR 5.9, 95% CI 2.6-13.7).25 In our study, the presence 
of other prespecified and post hoc chosen factors was not significantly associated with 
dizziness persistence. In previous longitudinal prediction studies, the presence of dizziness 
at baseline was shown to be the most important predictor for dizziness at follow-up 
measurements. 12,26 Other factors, such as female sex, higher age, the presence of depressive 
or anxiety disorders, polypharmacy, and living alone were less strong predictors.12,25,26,28 The 
high dizziness persistence we found confirms that dizziness in older patients is often a 
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chronic condition and should generally not be considered to have a self-limiting course. 
According to a Dutch usual care study, family physicians still mostly apply a wait-and-
see strategy in treating their older dizzy patients.32 The results of our study indicate that 
dizziness in older people warrants a more active approach.

Limitations
Our study had several limitations. First, we remain uncertain about the representativeness 
of our study sample. In each country, we selected multiple HC organisations that varied in 
location, size, care type, management, and payment form. In Iceland and Italy, we could only 
include a few (bigger) organisations, which might not have been representative of other HC 
organisations in the country. Nevertheless, the dependency levels in our samples closely reflect 
previously reported dependency levels on home health care recipients in several European 
countries including Finland, Germany, Iceland, the Netherlands, and Italy.33 Second, the 
percentage of missing data was 13.8% and 33.8% at the 6- and 12-month follow-up, respectively. 
Because of logistical problems, the 12-month follow-up in Italy was not collected. A sensitivity 
analysis in which we excluded all Italian HC recipients did not change the direction or 
significance of the effects we found in dizziness persistence (analysis available on request). 
The rate of missing data in our study is not unusually high for a population of older people,34,35 
and we accounted for these missing data statistically in our GEE analysis. The prevalence of 
dizziness at 6 and 12 months is lower than the prevalence at baseline, although the pattern 
of dizziness and high dizziness persistence indicates an unfavourable course. A possible 
explanation is that the majority of our missing data were caused by deaths and admissions 
to care facilities and hospitals. These HC recipients probably had a relatively high chance 
of dizziness at follow-up measurements, which explains the differences between prevalence 
and the pattern of dizziness (only complete cases) and dizziness persistence (missing data 
handled by GEE). Third, it is possible that HC recipients in our study experienced dizziness-
free periods in between follow-up measurements and were unjustly classified as experiencing 
persistence of dizziness symptoms. HC recipients indicating dizziness but not experiencing 
dizziness in the last three days were classified as “not dizzy” in our analysis. Labelling those HC 
recipients with dizziness would have further increased the prevalence of dizziness. We chose 
to operationalize dizziness as recent dizziness symptoms (last three days) to limit the risk of 
recall bias. Dizziness can occur with symptom-free intervals, but this is probably more common 
among younger people. A diagnostic study in older primary care patients found that 82% of 
patients experienced daily or weekly symptoms.36 Still, it might be possible that HC recipients 
in our study experienced periods without dizziness in between measurements. Classifying 
these people with dizziness persistence is nevertheless fitting, because they require the same 
medical attention as other HC recipients with dizziness persistence.
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Conclusions and implications
This study shows that the prevalence of dizziness in older HC recipients in Europe is 
considerable. Furthermore, dizziness persistence over 6 and 12 months is high. Dizziness in 
older HC recipients should therefore not be seen as a condition with a self-limiting course. The 
high persistence of dizziness symptoms in older people indicates that a different treatment 
approach is warranted. More research in older dizzy people is needed to assess individual 
prognostic differences and to determine the optimal treatment strategy.
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SUPPLEMENTARY FILES 

Supplementary Table 1. Characteristics of older home care recipients who died or were admitted to a 
care facility or hospital during the study

Characteristics Deceased during the 
study (n=197)

Admitted to a care 
facility or hospital 
during study (n= 280)

Age, mean ±SD 85.5 ±6.9 83.8 ±6.7

Gender, femalea 118 (60.2) 187 (66.8)

Living situationb

Alone 111 (56.3) 181 (64.6)

With others 86 (43.7) 99 (35.4)

Country 

Italy 0 (0.0) 0 (0.0)

Netherlands 15 (7.6) 19 (6.8)

Belgium 60 (30.5) 74 (26.4)

Iceland 42 (21.3) 85 (30.4)

Finland 9 (4.6) 65 (23.2)

Germany 71 (36.0) 37 (13.2)

Ethnicityc

Home country 172 (87.3) 194 (99.0)

Foreign 2 (1.0) 2 (1.0)

Weekly home care by nurse in minutesd, mean ±SD 104.0 ±135.5 77.4 ±127.6

Health characteristics

Dizziness 52 (26.4) 76 (27.1)

Stroke CVAe 19 (9.8) 40 (14.3)

Coronary heart diseasee 60 (30.9) 69 (24.8)

Diabetes mellituse 51 (26.4) 57 (20.6)

Chronic obstructive pulmonary diseasee 25 (12.8) 24 (8.6)

Dementiae 56 (18.9) 85 (30.5)

Cancere 24 (12.4) 39 (14.0)

Depressione 19 (9.8) 60 (21.5)

Anxietye 13 (6.7) 40 (14.3)

Fall(s) in past 90 daysf 46 (23.6) 79 (28.2)

Number of prescribed drugs, mean ±SDg 7.5 ±4.7 6.9 ±4.7
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Supplementary Table 1. Continued.

Abbreviations: SD, standard deviation; CVA, cerebrovascular event.
Values are listed as n (%) of home care recipients unless stated otherwise
a missing deceased n=1 (0.5%) and admitted n=0 (0.0%) 
b missing deceased and admitted n=0 (0.0%) 
c missing deceased n=23 (11.7%) and admitted n=84 (30.0%) 
d missing deceased n=5 (2.5%) and admitted n=5 (1.8%) 
e missing deceased n=2-4 (1.0-2.0%) and admitted n=1-3 (0.4-1.1%)
f missing deceased n=2 (1.0%) and admitted n=0 (0.0%)
g missing deceased n=88 (44.7%) and admitted n=81 (28.9%)

Supplementary Table 2. Association of other prognostic factors with the presence of dizziness at 
baseline.

Characteristic at baseline Presence of dizziness at baseline (n=2616)

Univariate, 
OR (95% CI)

Multivariate, 
OR (95% CI)#

Age 1.00 (1.00 to 1.02) 1.01 (0.99 to 1.03)

Gender 0.98 (0.81 to 1.18) 1.08 (0.82 to 1.43)

Depression 1.83 (1.43 to 2.35) 1.40 (1.00 to 1.98)

Anxiety 2.14 (1.62 to 2.82) 1.67 (1.15 to 2.42)

Polypharmacy (≥5 drug prescriptions) 1.15 (0.94 to 1.40) 1.16 (0.84 to 1.62)

Living alone 0.82 (0.68 to 0.97) 1.16 (0.90 to 1.51)

Post hoc exploratory analysis

Ethnicity 1.40 (0.62 to 3.16) 1.26 (0.49 to 3.23)

Stroke CVA 0.98 (0.74 to 1.31) 0.98 (0.69 to 1.40)

Coronary heart disease 1.55 (1.26 to 1.92) 1.28 (0.97 to 1.69)

Chronic obstructive pulmonary disease 1.87 (1.41 to 2.50) 1.59 (1.13 to 2.24)

Dementia 0.86 (0.69 to 1.07) 0.92 (0.69 to 1.23)

Diabetes mellitus 0.99 (0.79 to 1.23) 1.14 (0.86 to 1.80)

Cancer 1.33 (0.99 to 1.79) 1.23 (0.84 to 1.80)

Fall(s) in past 90 days 1.94 (1.57 to 2.40) 2.11 (1.62 to 2.77)

OR = odds ratio; CI = confidence interval; CVA = cerebrovascular accident
# Adjusted for all other variables in this table. 
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ABSTRACT 

Objective: The 25-item Dizziness Handicap Inventory (DHI) is the most used questionnaire 
to assess vestibular symptoms. However, the abbreviated 10-item DHI-S is more suitable for 
daily practice. The objective of this study was to assess validity, reliability, responsiveness, 
optimal cut-off point for substantial impairment and minimally important change (MIC) 
of the DHI-S in general practice. 

Study design and setting: We performed a psychometric questionnaire evaluation in 
general practice. In a prospective cohort study 415 adults with vestibular symptoms filled 
out the DHI at baseline, and one week, six months and ten years follow-up. DHI answers 
were used to calculate DHI-S scores. We assessed validity by criterion validity (Pearson’s 
r) at each measurement. We used longitudinal measurements for test-retest reliability 
(intraclass correlation coefficient) and responsiveness (r). We determined optimal DHI-S 
cut-off points for substantial impairment (≥30 DHI) and MIC (>11 DHI) with ROC curve 
analyses. 

Results DHI-S demonstrated excellent criterion validity (r = 0.93-0.96), test-retest 
reliability (ICC =0.86) and responsiveness (r = 0.89). DHI-S reliably distinguished substantial 
impairment and identified MIC, with optimal DHI-S cut-off scores of ≥12 points and >5 
points, respectively. 

Conclusion The DHI-S is a valid, reliable, and responsive questionnaire that could replace 
the DHI in general practice.
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INTRODUCTION

General practitioners often encounter patients with vestibular symptoms such as dizziness 
and vertigo.1, 2 To assess how patients experience vestibular symptoms several patient reported 
outcome measures (PROM) have been developed over the years.3 The self-reported Dizziness 
Handicap Inventory (DHI) questionnaire was developed in 1990 to measure impairment due 
to vestibular symptoms.4 The DHI has now been translated into at least 17 languages and 
referenced over 1500 times in scientific literature, and is worldwide considered to be the most 
used vestibular PROM in both clinical practice and scientific studies.5 

The DHI consists of 25 items with three answer categories: “no” (0 points), “sometimes” 
(2 points), and “yes” (4 points). The scale of the DHI ranges from 0 to 100 points. A score 
≥30 indicates substantial functional impairment due to vestibular symptoms and a change 
score of 11 points has been defined as minimal clinically important change (MIC).6, 7 The 
DHI has demonstrated adequate construct validity,6 high internal consistency of the total 
score (Cronbach’s α 0.89-0.93),4, 8, 9 excellent test-retest reliability (ICC 0.97)4, 10 and excellent 
responsiveness (AUC 0.83).6 Multiple trials have shown that the DHI can also be used to 
measure treatment effects.11-13 However, the length of the 25-item questionnaire limits its use 
in daily clinical practice. Therefore, a 10-item abbreviated version of the DHI (DHI-S) with a 
range of 0 to 40 points was developed in 1998.14 

In secondary care populations, the DHI-S has shown a high correlation with the total DHI 
score (Pearson’s r 0.89),14 high internal consistency (Cronbach’s α 0.86),9 and excellent test-
retest reliability (0.96).15 However, in order to use the DHI-S as a measurement instrument in 
research and clinical practice, it is necessary to also determine its responsiveness, the optimal 
cut-off point for substantial impairment and the minimally important change. Furthermore, 
the DHI-S has not been validated in a general practice population yet. The DHI-S could be 
a valuable tool for general practitioners, since they treat the majority of all patients with 
vestibular symptoms without referral.16-18 The aim of this study was therefore to assess the 
validity, reliability, responsiveness, optimal cut-off point for substantial impairment and 
minimally important change of the DHI-S in Dutch general practice patients with vestibular 
symptoms.
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METHODS

Study participants
This study is part of the ten-year follow-up of the Dizziness In Elderly Patients (DIEP) cohort, 
for which we prospectively identified 417 older general practice patients (aged ≥65 years) 
with vestibular symptoms from June 2006 through January 2008. At inclusion all patients 
received an extensive diagnostic workup. A panel of three physicians used this information 
to classify their vestibular subtype(s) and the primary cause of their vestibular symptoms. The 
most common primary causes of vestibular symptoms were cardiovascular disease (56.8%) 
and peripheral vestibular disease (14.4%). Details of the inclusion process and panel diagnosis 
were reported in a previous publication.19 The Medical Ethics Committee of the VU University 
Medical Center approved the study protocol. All included patients provided written informed 
consent. In the design and execution of this study we follow the recommendations of the 
COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN) 
methodology.20, 21

Measurements
The 25-item DHI was filled out by patients at inclusion, one-week follow-up, six months 
follow-up and ten years follow-up. All participants were sent DHI questionnaires by post. 
We used the answers of the original DHI to calculate the DHI-S score for each patient. The 
questions included in the 10-item DHI-S are shown in Supplementary Appendix 1. We used 
total DHI and DHI-S scores in all analyses. We used the baseline, six months and ten years 
measurements to examine the validity, optimal cut-off point for substantial impairment and 
the minimally important change of the DHI-S. The one-week follow-up measurement was 
specifically conducted to examine test-retest reliability and only the first 120 participants (in 
consecutive order) were invited to fill this out. To assess responsiveness of the DHI-S we used 
the baseline and six months measurements.

Statistical analysis
Validity 
To validate the DHI-S in a general practice population we used criterion validity, i.e. the extent 
to which scores on a questionnaire compare to a gold standard.21 Since the DHI-S is the short 
version of the DHI, the DHI can be considered a gold standard in this design.21 To assess 
criterion validity, we assessed the Pearson correlation coefficient between the DHI and DHI-S 
scores at three time points: baseline, six months and ten years. According to quality criteria 
for health status questionnaires, this correlation should at least be 0.70.22 
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Reliability
To assess reliability, we used the DHI-S measurements collected at baseline and one week 
follow-up. We chose a time interval of one week, since we clinically considered this as short 
enough to prevent a “real” change in impairment due to vestibular symptoms and long enough 
to prevent recall bias. We assessed the test-retest reliability, standard error of measurement 
(SEM), limits of agreement (LOA) and smallest detectable change (SDC). To assess test-retest 
reliability, the extent to which scores for patients who have not clinically changed are the 
same in a repeated measurement, we calculated the intraclass correlation coefficient (ICC) 
with a two-way random effects model set to absolute agreement.21 The SEM, a measure to 
quantify how close the scores of the repeated DHI-S measurements are, was calculated as the 
square root of the error variance of the ANOVA analysis including systematic differences.22 
The LOA, another parameter of measurement error,21 were calculated as the 95% confidence 
intervals around the standard deviation of differences between the baseline and one week 
measurements. The LOA were graphically presented in a Bland-Altman plot.23 The SDC, defined 
as the smallest change in score that can be interpreted as “real” change beyond measurement 
error,21 was calculated by multiplying the SEM by (1.96 * √2).

Responsiveness
Responsiveness, also known as longitudinal validity, is defined as the ability of a questionnaire 
to adequately detect change in the measured construct over time.21 We used the criterion 
approach to assess responsiveness, since the DHI can be considered a gold standard comparison 
to the DHI-S.21, 22 We compared the change in DHI score between the baseline and six-month 
measurement with the change in DHI-S score over the same measurements. We chose this 
time period because clinical change in impairment due to vestibular symptoms is common 
after six months.24-27 We calculated the Pearson correlation coefficient between the change 
scores of DHI and DHI-S.22 

Optimal cut-off point DHI-S for substantial impairment
We used the previously established cut-off point for the DHI score of ≥30 points6, 7 to determine the 
cut-off point for the DHI-S for assessing substantial impairment due to vestibular symptoms. The 
DHI and DHI-S scores at three time points were analysed: baseline, six months and ten years. The 
DHI score was dichotomized as substantial impairment (≥30 points) and no substantial impairment 
(<30 points). We then used the continuous DHI-S measurement for each corresponding DHI 
measurement to conduct an ROC curve analysis to determine the optimal cut-off point for the 
DHI-S. The ROC curve offers a graphical representation of the trade-off between sensitivity and 
specificity for each potential cut-off point. The area under the ROC curve (AUC) is an index of the 
discriminative ability of the test that can range from 0.5 (an uninformative test) to 1.0 (a perfect 
test).28 We used the ROC curve analysis to select the cut-off value of the DHI-S for substantial 
impairment that maximised both sensitivity and specificity. 
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Minimally important change DHI-S
The minimally important change (MIC) for the DHI was previously established at a change of 
more than 11 points.6 We used the change in DHI and DHI-S-scores between the baseline and 
six month measurement to determine the MCID for the DHI-S. The DHI change score was 
dichotomized as clinically important change (>11 points difference between measurements) 
and no clinically important change (≤11 points difference between measurements). With the 
continuous DHI-S change, we conducted an ROC analysis to determine the optimal MIC for 
the DHI-S. We selected the cut-off value of the DHI-S for minimally important change that 
maximised both sensitivity and specificity. 
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RESULTS

Study participants
The DIEP cohort consisted of 417 participants of whom 415 filled out the baseline DHI 
measurement. The one-week follow-up was filled out by 117 out of 120 consecutively invited 
participants (97.5%) and the six-month measurement by 374 out of 417 participants (89.7%). The 
10-years DHI measurement was filled out by 103 out of 417 participants (24.7%). Of the other 
participants 169 (40.5%) had died, 86 (20.6%) had no current address listed or did not respond to 
the questionnaire, 30 (7.2%) suffered from serious cognitive disorders, 21 (5.0%) were contacted 
but declined to participate and 8 (1.9%) had severe somatic disorders, such as a terminal illness, 
that prevented them from filling out a questionnaire. The baseline characteristics of the 
participants who filled out the baseline, one week follow-up, six months follow-up and ten 
year follow-up measurements are listed in Table 1. 

Validity 
The DHI and DHI-S total scores were highly correlated at baseline (Pearson r = 0.93; n=415), 
six months follow-up (Pearson r = 0.95; n=374) and 10-years follow-up (Pearson r = 0.96; n=103). 
The mean scores and correlations at each measurement are shown in Table 2.

Reliability
The test-retest reliability of the DHI-S was high (Table 2; ICC = 0.86; 95% CI 0.81 to 0.90; n=117). 
The limits of agreement (LOA) are graphically shown in a Bland-Altman plot in Figure 1. The 
red line indicates the mean DHI-S score difference between measurements, and the green 
lines represent the lower and upper limits of agreement. The mean scores of the baseline and 
one-week follow-up measurement were comparable, indicating no systematic change between 
the measurements. The standard error of measurement (SEM) was 3.39 points and the smallest 
detectable change (SDC) was 9.40 points. 



90

Table 1. Baseline characteristics of patients filling out the DHI by follow-up measurement moment 
Characteristic at baseline Baseline DHI (n=415) One week DHI follow-up 

(n=117)*
Six months DHI follow-up 
(n=374)

Ten years DHI follow-up 
(n=103)**

Demographics:
Age at baseline, mean (range), y 78.5 (65-95) 77.6 (65-95) 78.2 (65-95) 73.0 (65-86)
Sex, female, No. (%) 305 (73.5) 84 (71.8) 277 (74.1) 76 (73.8)
Ethnic background, No. (%)

Dutch native 341 (82.2) 100 (85.5) 310 (82.9) 84 (81.6)
Western immigrant 30 (7.2) 4 (3.4) 23 (6.1) 7 (6.8)
Non-Western immigrant 44 (10.6) 13 (11.1) 41 (11.0) 12 (11.7)

Level of education, No. (%)
Low 295 (71.1) 82 (70.1) 266 (71.1) 71 (68.9)
Middle or high 120 (28.9) 35 (29.9) 108 (28.9) 32 (31.1)
Living situation, community-dwelling, No. (%) 349 (84.1) 107 (91.5) 314 (84.0) 97 (94.2)
Smoking, No. (%) 62 (14.9) 21 (17.9) 58 (15.5) 14 (13.6)
Polypharmacy (>5 drugs), No. (%) 137 (33.0) 38 (32.5) 120 (32.1) 27 (26.2)
Major depressive syndrome, panic disorder or other anxiety syndrome 
according to PRIME-MD PHQ, No. (%)

90 (21.7) 19 (16.2) 75 (20.1) 16 (15.5)

Onset of vestibular symptoms, No. (%)
2-4 weeks 29 (7.0) 8 (6.8) 28 (7.5) 10 (9.7)
1-6 months 98 (23.6) 31 (26.5) 92 (24.6) 34 (33.0)
6-24 months 109 (26.3) 29 (24.8) 95 (25.4) 18 (17.5)
2-10 years 120 (28.9) 37 (31.6) 105 (28.1) 25 (24.3)
>10 years 59 (14.2) 12 (10.3) 54 (14.4) 16 (15.5)

Subtypes and primary cause of vestibular symptoms according to physician panel 
Subtype, No. (%) 

Presyncope 287 (69.2) 75 (64.1) 261 (69.8) 68 (66.0)
Vertigo 171 (41.2) 54 (46.2) 158 (42.2) 47 (45.6)
Disequilibrium 166 (40.0) 46 (39.3) 147 (39.3) 37 (35.9)
Other dizziness 7 (1.7) 0 (0) 7 (1.9) 3 (2.9)

Number of subtypes per participant, No. (%)
1 216 (52.0) 57 (48.7) 194 (51.9) 58 (56.3)
2 137 (33.0) 38 (32.5) 125 (33.4) 26 (25.2)
3 47 (11.3) 14 (12.0) 43 (11.5) 15 (14.6)
No consensus 15 (3.6) 8 (6.8) 12 (3.2) 4 (3.9)

Primary cause of vestibular symptoms, No. (%)
Cardiovascular disease (including cerebrovascular disease) 236 (56.9) 67 (57.3) 210 (56.1) 50 (48.5)
Peripheral vestibular disease 60 (14.5) 24 (20.5) 56 (15.0) 23 (22.3)

Other (psychiatric illness, locomotor disease, neurological disease 
(excluding stroke), adverse drug effect, impaired vision, metabolic or 
endocrine conditions or unclear disease)

119 (28.7) 26 (22.2) 108 (28.9) 30 (29.1)

DHI = Dizziness Handicap Inventory (range 0-100)
*Only the first 120 patients were invited to fill out the one week follow-up

** 169 (40.5%) had died, 86 (20.6%) had no current address listed or did not respond to the questionnaire, 
30 (7.2%) suffered from serious cognitive disorders, 21 (5.0%) were contacted but declined to participate 
and 8 (1.9%) had severe somatic disorders, such as a terminal illness, that prevented them from filling 
out a questionnaire.
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Vertigo 171 (41.2) 54 (46.2) 158 (42.2) 47 (45.6)
Disequilibrium 166 (40.0) 46 (39.3) 147 (39.3) 37 (35.9)
Other dizziness 7 (1.7) 0 (0) 7 (1.9) 3 (2.9)
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DHI = Dizziness Handicap Inventory (range 0-100)
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** 169 (40.5%) had died, 86 (20.6%) had no current address listed or did not respond to the questionnaire, 
30 (7.2%) suffered from serious cognitive disorders, 21 (5.0%) were contacted but declined to participate 
and 8 (1.9%) had severe somatic disorders, such as a terminal illness, that prevented them from filling 
out a questionnaire.
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Table 2. Validity, test-retest reliability and responsiveness of the DHI-S

Validity

Measurement  DHI score, mean (IQR) DHI-S score, mean (IQR) Pearson’s r

Baseline (n=415) 36.3 (28) 13.7 (14) 0.93

Six months (n=374) 28.0 (35) 10.6 (14) 0.95

Ten years (n=103) 31.1 (40) 12.0 (18) 0.96

Test-retest reliability

Baseline measurement, 
mean total score (IQR)

One week measurement, 
mean total score (IQR)

ICC (95% CI)*

DHI score (n=117) 34.7 (29) 33.3 (29) 0.90 (0.86 to 0.93) 

DHI-S score (n=117) 12.1 (14) 12.2 (14) 0.86 (0.81 to 0.90)

Responsiveness 

Mean change between baseline and six month 
measurement (IQR)

Correlation 
measured in 
Pearson’s r between 
change in DHI and 
change in DHI-S 
score

DHI score (n=374) 7.7 (22)
0.89DHI-S score (n=374) 2.6 (10)

DHI = Dizziness Handicap Inventory (range 0-100); DHI-S = abbreviated Dizziness Handicap Inventory 
(range 0-40); 
IQR = Interquartile Range, difference between the 75th and 25th percentile 
* intraclass correlation coefficient with a two-way random effects model set to absolute agreement 
(95% confidence interval)

Responsiveness, cut-off for substantial impairment and minimally important change
The responsiveness of the DHI-S, measured by correlating changes in DHI score and DHI-S 
total scores between baseline and six months, was high (Table 2; r = 0.89; n=374). The DHI-S 
demonstrated excellent ability to discriminate between “substantial impairment” and “no 
substantial impairment” at baseline (AUC 0.95; 95% CI 0.93 to 0.97; n=415), six months (AUC 0.97; 
95% CI 0.95 to 0.98; n=374) and ten years (AUC 0.99; 95% CI 0.97 to 1.00; n=103) follow-up. Figure 
2 shows the ROC curve analysis of the baseline measurement. We determined the optimal cut-
off point for “substantial impairment” according to the DHI-S at ≥12 points. Classifying patients 
who scored 12 points or more on the DHI-S with “substantial impairment”, corresponded with 
excellent sensitivity and specificity at baseline (sensitivity 0.87; specificity 0.90), six months 
follow-up (sensitivity 0.86; specificity 0.94) and ten years follow-up (sensitivity 0.88; specificity 
0.98). The DHI-S was also able to identify minimally important change between the baseline 
and six months measurement (Figure 3; AUC 0.82; 95% CI 0.78 to 0.87; n=374). We determined 
the optimal cut-off point on the DHI-S for minimally important change at >5 points, which 
corresponded with a sensitivity of 72% and a specificity of 81%. 
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Figure 1. Bland-Altman plot for limits of agreement

Red line: mean DHI-S score difference between baseline and one week measurement.
Green lines: lower and upper limits of agreement calculated by multiplying the standard deviation of the mean difference with -1.96 and 1.96.

Figure 1. Bland-Altman plot for limits of agreement
Red line: mean DHI-S score difference between baseline and one week measurement.
Green lines: lower and upper limits of agreement calculated by multiplying the standard deviation of 
the mean difference with -1.96 and 1.96.



94

Figure 2. Ability of the DHI-S to discriminate between “substantial impairment” and “no substantial 
impairment” in ROC curve analysis (baseline measurement; n=415)

Figure 2. Ability of the DHI-S to discriminate between “substantial impairment” and “no substantial impairment” in ROC curve analysis 
(baseline measurement; n=415)

AUC 0.95 (95% CI 0.93 to 0.97)

Cut-off point DHI-S score Sensitivity Specificity
≥8 0.97 0.68
≥10 0.93 0.80
≥12 0.87 0.90
≥14 0.74 0.96
≥16 0.64 0.97
AUC = Area Under the Curve
DHI = Dizziness Handicap Inventory (range 0-100)
DHI-S = abbreviated Dizziness Handicap Inventory 
(range 0-40)
“Substantial impairment” = DHI score ≥30 points 
“No substantial impairment” = DHI score < 30 points

Cut-off point 
DHI-S score

Sensitivity Specificity

≥8 0.97 0.68

≥10 0.93 0.80

≥12 0.87 0.90

≥14 0.74 0.96

≥16 0.64 0.97

AUC = Area Under the Curve
CI = confidence interval
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DISCUSSION

Summary
We analysed the criterion validity, reliability, responsiveness, optimal cut-off point to classify 
substantial impairment and minimally important change of the DHI-S questionnaire in a 
general practice sample of 415 older patients with vestibular symptoms who received a panel-
diagnosis with regard to subtype(s) and underlying cause(s). The DHI-S demonstrated excellent 
validity, test-retest reliability and responsiveness. The abbreviated questionnaire was also able 
to reliably discriminate between “substantial impairment” and “no substantial impairment”. 
We determined the optimal DHI-S cut-off point to classify substantial impairment at 12 points 
or more. Lastly, we determined the DHI-S minimally important change at more than 5 points.

Comparison with existing literature
The psychometric properties of the DHI-S were examined in three other studies, all performed 
in secondary care populations.9, 14,15 The correlations we found when measuring criterion validity 
(r = 0.93, 0.95 and 0.96) were similar to the correlations found in secondary care populations 
(0.8614 ,0.9415 and 0.969). The test-retest reliability for the DHI-S we found (ICC = 0.89) was 
also comparable to the test-retest reliability reported in a Swedish secondary care study 
(ICC = 0.91).15 This is the first study to measure responsiveness, identify a cut-off point for 
substantial impairment and establish minimally important change for the DHI-S. Despite the 
previously unknown minimally important change, the DHI-S is already used as an instrument 
in clinical trials to measure treatment success in patients with vestibular symptoms.29-31 Having 
determined the minimally important change, future interventional vestibular trials can now 
perform responder analyses with the DHI-S to determine clinically important change in 
individuals and calculate numbers needed to treat for new treatments.32 The determined cut-
off points for substantial impairment and clinically important change will also make the 
DHI-S easier to interpret in daily practice. The value of the DHI-S for general practitioners 
has recently increased, since a high DHI-S score was shown to be a key predictor of future 
dizziness-related impairment.33 Incorporated in an easy-to-use risk score, general practitioners 
can apply the DHI-S to identify older patients at high risk for substantial dizziness-related 
impairment after six months.33 

Strengths and limitations
Important strengths of this study are the relative large study population and the longitudinal 
design we used. By using participants from the well-documented DIEP cohort we were able 
to examine the characteristics of the DHI-S in a sample of 415 patients. By assessing certain 
measures such as validity at different time points we were able to assess if the results were 
consistent. 
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There were also some limitations. Firstly, we used the total DHI to extract DHI-S scores. It 
is possible patients may fill out a separate DHI-S questionnaire slightly differently. However, 
we anticipate these differences will be small because of the high internal consistency and 
excellent test-retest reliability of the DHI.4, 8, 10 Furthermore, studies that used a separate DHI-S 
questionnaire identified a similar criterion validity and test-retest reliability.9, 14, 15 Secondly, 
missing data was substantial at the ten years measurement. Although this was expected 
due to the high age of the participants at baseline, this could have led to biased findings. We 
therefore chose not to base conclusions solely on the ten years measurement. We determined 
the criterion validity and cut-off point for substantial impairment by using the baseline 
and six months measurements, and only used the ten years measurement as an additional 
analysis. Because all analyses showed similar results, this further emphasizes the robustness 
of our findings. Thirdly, we used a selected population of patients who agreed to enter the 
DIEP cohort and participate in a longitudinal study. These participants may have been more 
willing and diligent in filling out questionnaires than patients in clinical practice. Vestibular 
symptoms increase with age and are more common in women.1, 34 Nevertheless, compared to 
the total population of patients with vestibular symptoms in general practice, the patients 
in our sample were older (aged ≥65 years) and more often female.1, 34 In previous studies, both 
older adults and women have reported relatively higher DHI scores.35 However, we believe 
that the effects of this overrepresentation on the results of this psychometric evaluation will 
be limited. The DHI-S was not developed in this study, but was already created in a study in 
1998 from a more diverse sample (age range 10-80 years, female 60%).14 Also, the cut-off value 
of the DHI for substantial impairment was determined in previous studies.6,7 Furthermore, the 
validity and test-retest reliability we found was comparable to previous samples in which older 
patients and females were not overrepresented.9,14,15 

Conclusions and implications for research and/or practice
The results of this study show that the 10-item DHI-S is a valid, reliable, and responsive 
questionnaire, which can be used instead of the 25-item DHI in older general practice patients 
with vestibular symptoms. Since time is often limited in daily general practice, the DHI-S 
is more suited than the original DHI due to its shorter length. For research purposes, brief 
questionnaires are also more desirable to limit the burden on participants. With established 
cut-off points for substantial impairment (DHI-S score ≥ 12 points) and minimally important 
change (DHI-S score > 5 points), the DHI-S can now become a valuable tool for general 
practitioners and researchers to classify and measure treatment success in older patients 
with vestibular symptoms.
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SUPPLEMENTARY FILES

Supplementary Appendix 1. DHI-S questionnaire.

The abbreviated Dizziness Handicap Inventory (DHI-S)

Instructions: 
The purpose of this scale is to identify difficulties that you may be experiencing because 
of your dizziness. Please check “yes”, or “sometimes” or “no” to each question. Answer each 
question only as it pertains to your dizziness/unsteadiness problem in the last month. 

Questions Yes Sometimes No 

1 Because of your problem, do you restrict your travel 
for business or recreation?

2 Does your problem significantly restrict your 
participation in social activities such as going out to 
dinner, going to movies, dancing or to parties?

3 Because of your problem, are you afraid to leave your 
home without having someone accompany you?

4 Because of your problem, have you ever been 
embarrassed in front of others?

5 Does walking down a sidewalk increase your 
problem?

6 Because of your problem, is it difficult to concentrate?

7 Because of your problem, is it difficult for you to walk 
around your house in the dark?

8 Because of your problem, do you feel depressed?

9 Does your problem interfere with your job or 
household responsibilities?

10 Does bending over increase your problem?

Scoring:
The DHI-S consists of 10 items with three answer categories: “yes” (4 points), “sometimes” (2 
points), and “no” (0 points). The scale of the DHI-S ranges from 0 to 40 points.
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ABSTRACT

Objective: To investigate the use of canalith repositioning manoeuvres and vestibular 
rehabilitation (VR) by GPs and to assess reasons for not using these techniques in patients 
with vertigo.

Design: Online survey.

Setting: GPs in the western and central part of the Netherlands.

Subjects and method: Of GPs, 1169 were approached to participate in the survey. A sample 
of 426 GPs filled out the questionnaire (36.4% response rate). The 22-item questionnaire 
contained both multiple choice and free-text questions on the Epley manoeuvre, the 
Brandt-Daroff exercises and VR. Results of the survey were descriptively analysed.

Main outcome measures: The use of the Epley manoeuvre, the Brandt-Daroff exercises 
and VR by GPs; reasons that deter GPs from using these techniques.

Results: The repositioning manoeuvres (Epley manoeuvre and Brandt-Daroff exercises) 
were used by approximately half of all GPs (57.3 and 50.2%), while only a small group of GPs 
applied VR (6.8%). The most important reason for GPs not to use the Epley manoeuvre, 
Brandt-Daroff exercises and VR was that they did not know how to perform the technique 
(49.5, 89.6 and 92.4%).

Conclusions: Despite the proven effectiveness, repositioning manoeuvres and VR are 
remarkably underused by Dutch GPs. Not knowing how to perform the technique is the 
most important reason for GPs not to use these techniques. Efforts should be made to 
increase the knowledge and skills of GPs regarding canalith repositioning manoeuvres 
and VR.
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INTRODUCTION

Dizziness is a common and challenging complaint in general practice.1 The prevalence of 
dizziness among adults has been reported to be 20–30%,2–4 increasing to more than 50% in 
the oldest old.5 People who experience dizziness often report occupational consequences, a 
lower quality of life and substantial interference with their daily activities.6 The economic 
burden of dizziness is considerable, due to a decrease in work productivity of the patient and 
costs of medical care.4 The most common cause of dizziness in general practice is peripheral 
vestibular disease, including benign paroxysmal positional vertigo (BPPV), Meniere’s disease 
(MD) and vestibular neuritis.7,8 In BPPV, a canalith repositioning technique called the Epley 
manoeuvre is preferred, in which vestibular debris is shifted from the semicircular canal by 
rapidly putting the patient in various positions. The treatment has been proven to be safe and 
effective and can easily be performed by a trained healthcare professional.9 BPPV can also be 
treated with Brandt-Daroff exercises, a canalith repositioning technique that can be performed 
by the patient at home.10 However, evidence for its effectiveness is weak and Brandt-Daroff 
exercises have been shown to be inferior to the Epley manoeuvre.9,11 Vestibular rehabilitation 
(VR) is an exercise-based therapy, which consists of various eye, head and body movements 
to stimulate the vestibular system. According to a recently updated Cochrane review, there is 
moderate-to-strong evidence that VR is a safe and effective treatment for chronic peripheral 
vestibular disease.8 More than 90% of all dizzy patients are treated by their GP without any 
involvement of a specialist.12 

Despite the scientific evidence for the effectiveness of canalith repositioning manoeuvres and 
VR, previous research suggests that these techniques are hardly used in general practice.13–16 
The latest Dutch GP guideline on dizziness (2002) mentions the Epley manoeuvre and Brandt-
Daroff exercises as an optional treatment, VR is not mentioned in the guideline.17 Over the 
last 15 years, the evidence for canalith repositioning manoeuvres and VR has substantially 
increased.8,9 The aim of this study was to investigate if GPs nowadays use repositioning 
manoeuvres or VR to treat dizziness and to assess which reasons deter them from applying 
these techniques.
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METHODS

Participants and data collection
We performed a web-based survey among a convenience sample of n=1169 Dutch GPs, 
including 301 GPs involved in the vocational GP training program of the VU University Medical 
Center and 868 GPs practicing in and around Amsterdam and Utrecht. Between October and 
November 2012, we sent them an e-mail with a short introduction and a link to an online 
questionnaire. They were asked to complete the questionnaire anonymously within two weeks. 
An e-mail reminder was sent after two weeks to participants who had not yet completed the 
survey.

Questionnaire
The internet-based questionnaire was written in Dutch and hosted by a well-known survey 
company (www. surveymonkey.com). The questions were designed by P.D.N., J.V.D.W., H.V.D.H. 
and O.M., and were piloted among five GPs from the Academic Network of General Practice 
of the VU University Medical Center. The survey contained up to 22 multiple choice and 
free-text questions, depending on the responses of the participant (Supplementary Appendix 
1). The time needed to complete the survey was ~5 min. We divided the questions into four 
thematic sections. The first section included characteristics of the participants such as age, 
gender, number of years of work experience and whether the participant was a GP trainer. 
Sections two, three and four included questions about the Epley manoeuvre, the Brandt-Daroff 
exercises and VR, respectively.

Statistical analysis
In 2012, the total population of active Dutch GPs consisted of 8884 physicians.18 We calculated a 
minimal sample size of n=368 for a 95% confidence interval with an error margin of 5% (http://
www.surveysystem.com/sscalc.htm). We used SPSS (version 21.0) to descriptively order and 
analyse the data. GP trainers were overrepresented in our sample in comparison to the GP 
population in the Netherlands. We performed a Pearson’s chi-squared test to assess if answers 
of GP trainers significantly differed from those of other GPs. The median number of days before 
participants responded was 13 days. Participants that took more than 13 days to respond were 
characterised as late responders. We compared early to late responders by using Pearson’s chi-
squared test to assess response bias. Several free-text comments were added as quotes in the 
results section to illustrate our findings.
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RESULTS

We received a completed questionnaire from 426 out of 1169 GPs, which constitutes a 36.4% 
response rate. No significant differences were found between early and late responders in their 
use of the Epley manoeuvre, Brandt-Daroff exercises or VR. The majority of responders were 
female (56.6%). The median age of the participants was 46 years; the median work experience 
as a GP was 12 years. The majority of GPs were GP trainers (59.2%). The characteristics of the 
respondents are summarized in Table 1.

Table 1. Characteristics of responding GPs, n=426

n=426 n (%)

Sex Female
Male

241 (56.6)
185 (43.4)

Age category (years) <35
35-45
46-55
>55

63 (14.8)
139 (32.6)
120 (28.2)
104 (24.4)

GP trainer Yes
No

252 (59.2)
174 (40.8)

Work experience (years) 0-5
6-10
11-15
16-20
21-25
26-30
>30

130 (30.5)
63 (14.8)
56 (13.1)
60 (14.1)
35 (8.2)
43 (10.1)
39 (9.2)

GP = general practitioner

Table 2. Use of the Epley manoeuvre, Brandt-Daroff exercises and vestibular rehabilitation by responding 
GPs.

Total population of GPs
(n=426)

GP trainer 
(n=252)

Non-trainer 
(n=174)

p-value

Epley manoeuvre, % 57.3 62.7 49.4 0.006*

Brandt-Daroff exercises, % 50.2 48.4 52.9 0.365

Vestibular rehabilitation, % 6.8 9.1 3.4 0.022*

GP = general practitioner
*significant difference in use between GP trainers and non-trainers (p< .05)
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Table 3. General practitioners using vestibular treatment: medical indications, form of treatment, and 
referral strategy

Treatment modalities Epley manoeuvre
(n=244 users)

Brandt-Daroff exercises
(n=214 users)

Vestibular rehabilitation
(n=29 users)

Medical indication

Patients with Meniere’s disease, % 2.9 2.8 6.9

Patients with benign paroxysmal positional vertigo, % 97.5 97.2 82.8

Patients with vestibular neuritis, % 17.2 17.3 41.4

Patients with chronic dizziness, % 10.7 16.8 41.4

Patients with dizziness of unknown origin, % 33.6 25.2 41.4

Elderly patients (>65 years) with vestibular dizziness, % 22.5 21.0 58.6

Treatment without referral, N (%) 181 (74.2%) 191 (89.3%) 19 (65.5%)

Form of treatment 

I perform the treatment myself, % 82.3 24.1 15.8

I give the patient oral instructions during the consultation, % 54.1 74.9 73.7

I provide the patient with written instructions, % 30.4 41.4 57.9

I provide the patient with the name of a website which explains how to perform the treatment, % 16.6 21.5 10.5

Other, % 9.4 8.4 5.3

Referral for treatment, N (%) 63 (25.8%) 23 (10.7%) 10 (34.5%)

Choice of referral

Physiotherapist, % 85.7 95.6 80.0

Neurologist, % 9.5 0.0 10.0

ENT-doctor, % 15.9 4.3 10.0

Specialized clinic for dizziness, % 0.0 0.0 0.0

Other, % 14.3 21.7 40.0
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Table 4. GPs’ reasons for not using vestibular treatment

Treatment modalities Epley manoeuvre
(n=182 nonusers)

Brandt-Daroff exercises
(n=212 nonusers)

Vestibular rehabilitation
(n=397 nonusers)

Reasons not to use the treatment

This takes too much time, % 19.2 4.2 7.1

I do not know how to perform the treatment, % 49.5 89.6 92.4

I am not convinced by the effectiveness of this treatment, % 29.7 11.8 6.3

Our national guidelines do not recommend the treatment, % 11.5 6.1 4.5

This treatment does not belong in Primary Care, % 0.0 0.0 0.8

Other, % 31.3 8.0 4.0

GP = general practitioner

Epley manoeuvre
More than half of the responding GPs (57.3%) used the Epley manoeuvre to treat dizziness (Table 
2). There was a significant difference between GP-trainers and non-trainers; GP-trainers were more 
likely to use the Epley manoeuvre (Table 2). The majority of GP that used the Epley manoeuvre 
chose to apply the treatment themselves (74%), while a smaller group of GPs chose to refer the 
patient for the manoeuvre (26%) (Table 3). In case of referral, GPs predominantly referred to a 
physiotherapist (85.7%). The most commonly reported indication for using the Epley manoeuvre 
was BPPV (97.5%). In the free-text comments, several GPs indicated that they used the Epley 
manoeuvre as a diagnostic tool to distinguish between vestibular and non-vestibular dizziness. The 
most common reason (49.5%) for GPs not to use the Epley manoeuvre was that they did not know 
how to perform the technique (Table 4). The second most cited reason was not being convinced of 
its effectiveness (29.7%). In the free-text answers several GPs stated that they had forgotten how 
to perform the technique or lacked confidence that they could execute it adequately.

Brandt-Daroff exercises
Half of the GPs (50.2%) reported to advise patients to apply the Brandt-Daroff exercises (Table 
2). BPPV was mentioned most often as medical indication for Brandt-Daroff exercises (97.2%) 
(Table 3). Several GPs stated that they explain the exercises and show the patients how to 
perform the exercises at home. Most GPs that use Brandt-Daroff exercises do not refer their 
patients for this treatment (89.3%). Brandt-Daroff exercises are to be performed by the patient 
at home after adequate instructions, which might explain this low referral rate. Not knowing 
how to perform the treatment (89.6%) was the most important reason for GPs not to instruct 
patients the Brandt-Daroff exercises (Table 4). A smaller part of the respondents did not advise 
the Brandt-Daroff exercises because they were not convinced of their effectiveness (11.8%). 
Some GPs answered in the free-text section that they had their own set of exercises slightly 
different from the Brandt- Daroff exercises.
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Table 4. GPs’ reasons for not using vestibular treatment

Treatment modalities Epley manoeuvre
(n=182 nonusers)

Brandt-Daroff exercises
(n=212 nonusers)

Vestibular rehabilitation
(n=397 nonusers)

Reasons not to use the treatment

This takes too much time, % 19.2 4.2 7.1

I do not know how to perform the treatment, % 49.5 89.6 92.4

I am not convinced by the effectiveness of this treatment, % 29.7 11.8 6.3

Our national guidelines do not recommend the treatment, % 11.5 6.1 4.5

This treatment does not belong in Primary Care, % 0.0 0.0 0.8

Other, % 31.3 8.0 4.0

GP = general practitioner

Epley manoeuvre
More than half of the responding GPs (57.3%) used the Epley manoeuvre to treat dizziness (Table 
2). There was a significant difference between GP-trainers and non-trainers; GP-trainers were more 
likely to use the Epley manoeuvre (Table 2). The majority of GP that used the Epley manoeuvre 
chose to apply the treatment themselves (74%), while a smaller group of GPs chose to refer the 
patient for the manoeuvre (26%) (Table 3). In case of referral, GPs predominantly referred to a 
physiotherapist (85.7%). The most commonly reported indication for using the Epley manoeuvre 
was BPPV (97.5%). In the free-text comments, several GPs indicated that they used the Epley 
manoeuvre as a diagnostic tool to distinguish between vestibular and non-vestibular dizziness. The 
most common reason (49.5%) for GPs not to use the Epley manoeuvre was that they did not know 
how to perform the technique (Table 4). The second most cited reason was not being convinced of 
its effectiveness (29.7%). In the free-text answers several GPs stated that they had forgotten how 
to perform the technique or lacked confidence that they could execute it adequately.

Brandt-Daroff exercises
Half of the GPs (50.2%) reported to advise patients to apply the Brandt-Daroff exercises (Table 
2). BPPV was mentioned most often as medical indication for Brandt-Daroff exercises (97.2%) 
(Table 3). Several GPs stated that they explain the exercises and show the patients how to 
perform the exercises at home. Most GPs that use Brandt-Daroff exercises do not refer their 
patients for this treatment (89.3%). Brandt-Daroff exercises are to be performed by the patient 
at home after adequate instructions, which might explain this low referral rate. Not knowing 
how to perform the treatment (89.6%) was the most important reason for GPs not to instruct 
patients the Brandt-Daroff exercises (Table 4). A smaller part of the respondents did not advise 
the Brandt-Daroff exercises because they were not convinced of their effectiveness (11.8%). 
Some GPs answered in the free-text section that they had their own set of exercises slightly 
different from the Brandt- Daroff exercises.

Vestibular rehabilitation
Only few respondents (6.8%) used VR to treat patients with dizziness, mostly for treating 
BPPV (Table 2). GP trainers significantly more often chose to use VR compared to non-trainers 
(Table 2). The majority of GPs that used VR as a treatment modality performed the treatment 
themselves (65.5%) (Table 3). GPs who referred dizzy patients for VR most often referred them 
to a physiotherapist to perform the treatment. Not knowing how to perform the technique 
was the most important reason not to use VR (92.4%) (Table 4). Other reasons that were 
mentioned by GPs were that VR takes too much time (7.2%) and that GPs were not convinced 
of the effectiveness of VR (6.3%). A few of the free-text comments by GPs who did not use VR 
are quite vivid. One of the GPs, who reported to be a BPPV patient himself, described the VR 
exercises as “a living hell”. Two other GPs mentioned that they did not expect that patients 
would follow through with these exercises.
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DISCUSSION

Statement of principal findings
The Epley manoeuvre and Brandt-Daroff exercises for treating dizziness are used by 
approximately half of all GPs (57.3 and 50.2%), while only a very small group of GPs applies 
VR (6.8%). The most often-mentioned indication for the repositioning manoeuvres and VR 
is BPPV. Respondents who are familiar with repositioning manoeuvres and VR often treat 
patients themselves, a minority of GPs choose to refer their patients for the Epley manoeuvre, 
Brandt-Daroff exercises and VR (25.8, 10.7 and 34.7%). When referral does take place the 
physiotherapist is the most popular choice for all three techniques. Not knowing how to 
perform the technique is the most important reason for GPs not to use or advise the Epley 
manoeuvre, Brandt-Daroff exercises and VR (49.5, 89.6 and 92.4%). Although some GPs are 
not convinced of the effectiveness of the Epley manoeuvre, Brandt-Daroff exercises and VR 
(29.7, 11.8 and 6.3%), <1% of GPs thinks these techniques should not be applied in primary care.

Strengths and weaknesses of the study
To our knowledge, this is the largest survey among GPs on the use of repositioning manoeuvres 
and VR to treat dizziness. Our survey is the first study that assesses which reasons deter GPs 
from using these techniques. With our study we have reached a substantial sample of the 
Dutch GP population. The survey had a response rate of 36.4%. Surveys under physicians are 
often characterized by low response rates and online surveys generally have lower response 
rates than traditional mail surveys.19 A scientifically proven minimal acceptable response 
rate was never developed, because a lower response rate does not directly indicate a higher 
chance of non-response bias.20 Unfortunately, we had limited data about our non-responders. 
Since the non-responders in our study did not reply to our invitation or reminder e-mails, no 
comparison could be made with the characteristics of our responders. An attempt to assess 
non-response bias was made by comparing early to late responders. Late responders are 
believed to more closely resemble non-responders than early responders.20 This comparison 
showed no significant difference in the use of canalith reposition techniques and VR. Still, GPs 
who are already interested in canalith repositioning techniques and VR may be more likely to 
fill out the survey and be over-represented in our convenience sample. These GPs will probably 
use these techniques more frequently than other GPs. In our sample, 56.6% of participants 
was female and 59.2% of participants had a role as a GP trainer. The percentage of women 
in the total GP population in 2012 was considerably lower with 42.8%, and the percentage of 
GP trainers in the total population was estimated at only 19.2%.18 The high percentage of GP 
trainers in our convenience sample can be explained by the fact that more GP trainers were 
approached than non-trainers to participate. GP trainers may be more willing to participate in 
research, since they are already affiliated with the university. Our additional analysis confirms 
that GP trainers significantly more often choose to use the Epley manoeuvre and VR, while 
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no difference was found for the use of Brandt-Daroff exercises. There is substantially more 
evidence for the effectiveness of the Epley manoeuvre and VR in comparison to Brandt-Daroff 
exercises.8,9 GP trainers are expected to have up-to-date knowledge of the latest (and most 
effective) treatments, such as repositioning manoeuvres and VR therapy for teaching purposes. 
This might explain why GP trainers are more likely to use the Epley manoeuvre and VR. We 
expect that the number of Epley and VR users in the general GP population is even lower 
because of the overrepresentation of GP trainers in our sample. This can be demonstrated by 
adjusting for the high percentage of GP trainers in our sample (59.2%) compared to the overall 
Dutch GP population (19.2%). These adjusted numbers suggest a 52% use of both Brandt-Daroff 
exercises and the Epley manoeuvre and a 4.5% use of VR in the overall Dutch GP community.

Findings in relation to other studies
The results from our study show that repositioning manoeuvres and VR are still underused in 
the Netherlands. Research from other countries suggests that this underuse is comparable to 
other countries.13,14,21 The high spontaneous resolution rate of BPPV might be a reason why only 
a small percentage of patients are treated. Even though a natural resolution of symptoms often 
occurs in weeks to months, the vertigo complaints can be debilitating and warrant treatment 
early on. The highest level of evidence22 exists for the effectiveness of the Epley manoeuvre to 
treat BPPV.9 Early diagnosis and treatment by a well-trained GP can prevent a lot of discomfort 
and provide an economic benefit due to lower medical costs and less occupational disability.15 
When canalith repositioning manoeuvres are performed by trained GPs, the improvement 
rates after treatment are comparable to those of specialist centers.23 The highest level of 
evidence22 also exists for the effectiveness of VR. In a survey in the UK among GPs about 
dizziness management, only 5.8% of the participating GPs had used VR as a treatment modality 
for their patients.13 A primary care trial that targeted patients with chronic dizziness found 
that only 3% of the patients, who had a mean duration of eight years of symptoms, were 
offered VR in the past.14 Widespread adoption of new treatments in clinical practice can be 
challenging. Even GPs who are aware of the effectiveness and economic benefits of a treatment 
might still not use the technique for a variety of reasons. The performance of the reposition 
manoeuvres and VR require certain skills, which should not only be trained but also practiced 
on a regular basis. Several GPs stated in the free-text comments that they were afraid to 
harm the patient with their treatment. GPs might not perform repositioning manoeuvres 
and VR often enough to gain confidence in their execution. Since almost all vertigo patients 
are primarily managed by their GP, several authors have suggested that GPs should be better 
trained to perform repositioning manoeuvres and VR.23,24 Treatment manoeuvres that require 
less skill are faster adopted and require less practice.25 A smartphone app-based training aid for 
the Epley manoeuvre has already been shown to be more effective than written instructions.26 
Modern teaching aids (internet-based or app-based) might be able to speed up the uptake of 
repositioning manoeuvres and VR in our daily practice. 
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Meaning of the study: implications for clinicians and policy makers
The results of these survey show that canalith repositioning manoeuvres and VR are underused 
by GPs. This underuse is also found in previous studies in other countries, which suggests 
that the underuse of these techniques in general practice is a global problem. Repositioning 
manoeuvres and VR are inexpensive to perform and represent the best treatment currently 
available for vertigo. We need to increase the knowledge and skills of GPs regarding these 
techniques. Repositioning manoeuvres and VR should feature more prominently in our 
dizziness guidelines. Recently, stronger evidence for these treatments has surfaced and an 
update of our guidelines should reflect this.8,9 In addition to this, courses should be organised to 
learn and practice these techniques so GPs and GP trainees get and maintain confidence in the 
ability to perform the treatment. Future research should aim at inventive methods to introduce 
these techniques to GPs such as web-based or smartphone applications. An online guide for the 
Epley manoeuvre, including a link to a video on how to perform the technique, is already freely 
accessible on the website of the Royal Australian College of General Practioners (RACGP).27 
Such learning tools might enable GPs to better perform the repositioning manoeuvres and VR.
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SUPPLEMENTARY FILES

Supplementary Appendix 1. Translation of Dutch questionnaire in English

Survey “Vestibular training in General Practice” (2012)
Data participant:
Age: ______ 
Gender: M/F
For how many years have you practiced medicine as a GP? _____ 
Are you an accredited GP trainer? (YES/NO)

Questions:
1. Do you ever use the Epley manoeuvre to treat patients that present with dizziness 

complaints? 
(also enter yes if you specifically refer patients for the Epley manoeuvre)
(Epley manoeuvre: rapid positioning of the patient to different positions, which causes vestibular 
debris to shift from the semilunar canal) 
1.1. YES (proceed to question 2)
1.2. NO (proceed to question 3)

2. For patients with which medical conditions do you use the Epley manoeuvre? Multiple 
answers are possible 
2.1. Patients with Meniere’s disease  YES/NO
2.2. Patients with Benign Paroxysmal Positional Vertigo (BPPV)  YES/NO
2.3. Patients with vestibular neuritis  YES/NO
2.4. Patients with chronic dizziness YES/NO
2.5. Patients with dizziness of unknown origin YES/NO
2.6. Elderly patients (>65 years) with vestibular dizziness YES/NO
2.7. Elderly patients (>65 years) with multifactorial dizziness YES/NO
2.8. Other…. ___________________________ 
(proceed to question 4)

3. Why don’t you use the Epley manoeuvre? Multiple answers are possible
3.1. This takes too much time  YES/NO
3.2. I do not know how to perform the treatment YES/NO
3.3. I am not convinced by its effectiveness YES/NO
3.4. Our national guidelines do not recommend the treatment YES/NO
3.5. This treatment has no place in general practice YES/NO
3.6. Other….. ______________________________
(proceed to question 7)
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4. If you decide to treat your patient with the Epley manoeuvre, do you perform the treatment 
yourself? 
4.1. YES (proceed to question 5 )
4.2. NO, I refer these patients (proceed to question 6)

5. How do you treat dizzy patients with the Epley manoeuvre? Multiple answers possible 
5.1. I perform the Epley manoeuvre myself  YES/NO
5.2. I give the patient oral instructions during the consultation YES/NO
5.3. I provide the patient with written instructions YES/NO
5.4. I provide the patient with the name of a website which explains the Epley 

manoeuvre                     YES/NO
5.5. Other….. ________________________
(proceed to question 7)

6. To whom do you refer your patients for the Epley manoeuvre? Multiple answers possible 
6.1. Physiotherapist
6.2. ENT-specialist
6.3. Neurologist
6.4. Dizziness specialty clinic 
6.5. Other….. _____________________
(proceed to question 7)

7. Do you ever use Brandt-Daroff exercises to treat patients that present with dizziness 
complaints? 
(also enter yes if you specifically refer patients for Brandt-Daroff exercises)
(Brandt-Daroff exercises: lie alternately on your left and right flank multiple times a day until the 
dizzy spells disappear) 
7.1. YES (proceed to question 8)
7.2. NO (proceed to question 9)
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8. For patients with which medical conditions do you use Brandt-Daroff exercises? Multiple 
answers are possible 
8.1. Patients with Meniere’s disease  YES/NO
8.2. Patients with Benign Paroxysmal Positional Vertigo (BPPV)  YES/NO
8.3. Patients with vestibular neuritis  YES/NO
8.4. Patients with chronic dizziness YES/NO
8.5. Patients with dizziness of unknown origin YES/NO
8.6. Elderly patients (>65 years) with vestibular dizziness YES/NO
8.7. Elderly patients (>65 years) with multifactorial dizziness YES/NO
8.8. Other…. ___________________________
(proceed to question 10)

9. Why don’t you use Brandt-Daroff exercises? Multiple answers are possible
9.1. This takes too much time  YES/NO
9.2. I do not know how to perform the treatment YES/NO
9.3. I am not convinced by its effectiveness YES/NO
9.4. Our national guidelines do not recommend the treatment YES/NO
9.5. This treatment has no place in general practice YES/NO
9.6. Other….. ______________________________
(proceed to question 13)

10. If you decide to treat your patient with Brandt-Daroff exercises, do you perform the 
treatment yourself? 
10.1. YES (proceed to question 11)
10.2.  NO, I refer these patients (proceed to question 12)

11. How do you treat dizzy patients with Brandt-Daroff exercises? Multiple answers possible 
11.1. I perform the Brandt-Daroff exercises myself  YES/NO
11.2. I give the patient oral instructions during the consultation YES/NO
11.3. I provide the patient with written instructions YES/NO
11.4. I provide the patient with the name of a website which explains the Brandt-Daroff 

exercises                       YES/NO
11.5. Other….. ________________________
(proceed to question 13)
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12. To whom do you refer your patients for Brandt-Daroff exercises? Multiple answers possible 
12.1. Physiotherapist
12.2. ENT-specialist
12.3. Neurologist
12.4. Dizziness specialty clinic 
12.5. Other….. _____________________
(proceed to question 13)

13. Do you ever use vestibular rehabilitation to treat patients that present with dizziness 
complaints? 
(also enter yes if you specifically refer patients for vestibular rehabilitation)
(Vestibular rehabilitation: daily 30 minute exercise program for 6-12 weeks which consists of graded 
eye, head and body movements to train the vestibular system)
13.1. YES (proceed to question 14)
13.2. NO (proceed to question 15)

14. For patients with which medical conditions do you use vestibular rehabilitation? Multiple 
answers are possible  
14.1. Patients with Meniere’s disease  YES/NO
14.2. Patients with Benign Paroxysmal Positional Vertigo (BPPV)  YES/NO
14.3. Patients with vestibular neuritis  YES/NO
14.4. Patients with chronic dizziness YES/NO
14.5. Patients with dizziness of unknown origin YES/NO
14.6. Elderly patients (>65 years) with vestibular dizziness YES/NO
14.7. Elderly patients (>65 years) with multifactorial dizziness YES/NO
14.8. Other…. ___________________________
(proceed to question 16 )

15.  Why don’t you use vestibular rehabilitation? Multiple answers are possible
15.1. This takes too much time  YES/NO
15.2. I do not know how to perform the treatment YES/NO
15.3. I am not convinced by its effectiveness YES/NO
15.4. Our national guidelines do not recommend the treatment YES/NO
15.5. This treatment has no place in general practice YES/NO
15.6. Other….. ______________________________
(proceed to end of survey)
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16.  If you decide to treat your patient with vestibular rehabilitation, do you perform the 
treatment yourself? 
16.1. YES (proceed to question 17 )
16.2.  NO, I refer these patients (proceed to question 18)

17. How do you treat dizzy patients with vestibular rehabilitation? Multiple answers possible 
17.1. I show them the vestibular rehabilitation exercises myself  YES/NO
17.2. I give the patient oral instructions during the consultation YES/NO
17.3. I provide the patient with written instructions YES/NO
17.4. I provide the patient with the name of a website which explains vestibular 

rehabilitation                      YES/NO
17.5. Other….. ________________________
(proceed to end of survey)

18. To whom do you refer your patients for vestibular rehabilitation? Multiple answers possible 
18.1. Physiotherapist
18.2. ENT-specialist
18.3. Neurologist
18.4. Dizziness specialty clinic 
18.5. Other….. _____________________
(proceed to end of survey)
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EDUCATIONAL MESSAGE

Chronic vertigo is a challenging problem. Currently patients are usually treated in general 
practice with betahistine (off-label use), while stronger evidence exists for the effectiveness 
of vestibular rehabilitation.
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MAIN ARTICLE

Background
Vertigo is the most common type of dizziness.1 Each year it affects around 1 in 20 people in the 
general population.2 About 80% of these people find it severely impairs their daily functioning.2 
Since the symptoms prevent many people from working, as well as resulting in an increase in 
the risk of falling and a high use of healthcare services, vertigo also represents a substantial 
economic cost.2 Most cases are caused by peripheral vestibular disorders such as vestibular 
neuritis, vestibular migraine, benign paroxysmal positional vertigo, and Meniere’s disease.2 
Initial treatment varies, depending on the most likely vestibular disorder. Box 1 provides an 
overview of specific treatments for the most common disorders. All peripheral vestibular 
disorders have a distinct natural course with a substantial chance of developing chronic 
vertigo4: 30-40% of patients with vestibular neuritis still experience vertigo after six months, 
and 50% of patients will have experienced recurrence of benign paroxysmal positional vertigo 
by 3-5 years after initial diagnosis.2, 4 

Defining vertigo 
Vertigo is defined as a false sensation that the body or environment is moving.15 Acute vertigo 
concerns well defined, isolated spells with a distinct onset and offset. Chronic vertigo is defined as 
a continuous sensation or recurrent attacks.16 Although a clear definition of duration is lacking,15 
chronic vertigo is often defined as symptoms persisting for more than one month (based on the 
clinical course of vestibular disorders17 and expert opinion18). Peripheral vestibular disorders induce 
an innate repair mechanism known as vestibular compensation, which aids functional recovery 
after damage to the vestibular system.19 However, there is a large inter-individual variation in the 
rate and level of recovery.19 Chronic vertigo occurs when natural vestibular compensation fails.19 
Vestibular rehabilitation (see box 2) is now considered the preferred treatment for patients with 
chronic vertigo.1-22 and is recommended by US,8, 23 Dutch,18 and UK24 practice guidelines. In spite of 
this, anti-vertigo drugs such as betahistine (see box 3) are commonly prescribed, and vestibular 
rehabilitation is hardly used. An observational study of patients with vertigo from 13 European 
countries (4294 participants) found that betahistine was prescribed to more than two thirds of 
patients with vertigo at first consultation and was still being used six months later.25 In contrast, 
surveys of GPs in the Netherlands (n=426)31 and UK (n=53)32 found that only 5.8%-6.8% used 
vestibular rehabilitation. Recent Cochrane reviews showed moderate quality evidence for the 
effectiveness of vestibular rehabilitation and weak evidence for the effectiveness of betahistine 
to treat chronic vertigo.7, 33 There is therefore a need to address the discrepancy between clinical 
practice and current evidence. 
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Box 1 | Specific treatments for the most common peripheral vestibular disorders

Vestibular neuritis
•  There is no known curative treatment for vestibular neuritis; evidence for the effectiveness 

of treatment with corticosteroids is insufficient.3 
•  Symptomatic treatment with vestibular suppressant medications (anticholinergics, 

antihistamines, and benzodiazepines) and antiemetics can be given in the acute phase 
of vestibular neuritis.4 However, these drugs should not be prescribed for longer than 
three days5,6 because they can be counterproductive due to suppression of vestibular 
compensation4

•  Vestibular rehabilitation is indicated if the patient experiences chronic vertigo7

Benign paroxysmal positional vertigo (BPPV)
•  Patients suspected of posterior canal BPPV should be treated initially with a canalith 

repositioning manoeuvre called the Epley manoeuvre. 7-9 The optimal number of Epley 
manoeuvres is still unclear, but repetition has a beneficial effect when nystagmus persists 
after the first treatment.10

•  Vestibular rehabilitation is indicated when patients with chronic vertigo are unwilling or 
unable to undergo an Epley manoeuvre or experience persisting disability after the Epley 
manoeuvre7,8

Vestibular migraine
•  Evidence for disease-specific treatment is limited. 11-13 Guidelines for the diagnosis of 

vestibular migraine have only recently been established, and no intervention trials with 
well-defined patient groups have yet been conducted. There is no well-established drug 
that can prevent vestibular migraine attacks12

•  Familiar therapies for migraine attacks such as triptans and antiemetics can be considered, 
but their use is mostly based on expert opinion.11,13 Vestibular migraine patients were not 
included in the Cochrane review of vestibular rehabilitation7

•  Based on weak evidence, vestibular rehabilitation is advised when patients experience 
persistent vertigo symptoms between migraine attacks11

Meniere’s disease
•  Patients suspected of Meniere’s diseases should be referred to a ENT specialist for diagnosis 

and treatment 
•  Vestibular rehabilitation is not indicated for acute vertigo attacks in Meniere’s disease, but 

should be offered to patients who develop persisting vertigo symptoms7,14



6

127

Box 2 | Vestibular rehabilitation

Vestibular rehabilitation is an exercise based treatment consisting of varied eye, head, and body 
movements designed to stimulate the vestibular system and optimise vestibular compensation.7 
The treatment is suited for all patients with vestibular dysfunction who are able to complete a 
daily, low intensity exercise programme for 6-12 weeks.7,14,21,22 

Box 3 | Betahistine

The most prescribed anti-vertigo drug is betahistine.26,27 Based on sales volume, it is estimated 
that more than 130 million patients have taken betahistine since its launch in 1968.28 This is 
surprising, since betahistine has no FDA approval in the US due to insufficient efficacy29 and is 
only registered for the relatively rare Meniere’s disease in other countries. 27,30,31 This discrepancy 
can be explained by excessive off-label use. A Canadian observational study (50 823 patients) 
found off-label prescribing in 91.5% of all betahistine prescriptions.31 Off-label prescriptions 
are considered ill-founded when prescribing is not advised by clinical practice guidelines or 
pharmacotherapeutic handbooks. A Dutch observational study (319 843 participants) found that 
26.4% of all betahistine prescriptions were ill-founded off-label.

The evidence for change 
There is moderate quality evidence, partly from general practice studies, that vestibular 
rehabilitation is a safe and effective treatment for chronic vertigo. There is low quality 
evidence, conducted in secondary and tertiary care populations, that patients with chronic 
vertigo experience a benefit from betahistine treatment compared with placebo (table). 
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Table 1. Summary of evidence for the treatment of chronic vertigo

Study design Participants Intervention Comparator Results Anticipated absolute 
effects (95% CI)

NNT* Summary of quality of 
evidence

Vestibular rehabilitation

Systematic review 
and meta-analysis (4 
randomised controlled 
trials)7 

565 adults with 
different causes 
of chronic vertigo 
(vestibular neuritis, 
non-fluctuating 
Meniere’s disease, 
benign paroxysmal 
positional vertigo, 
undefined vertigo)

Vestibular 
rehabilitation

Sham or no 
intervention

Vertigo symptoms 
reduced with vestibular 
rehabilitation, odds 
ratio 2.67 (95% CI 1.85 
to 3.86).

For every 1000 
patients, 225 (135 to 
317) more will improve 
with vestibular 
rehabilitation than 
with control

5 Moderate quality 
evidence†

Betahistine

Systematic review 
and meta-analysis (11 
randomised controlled 
trials)33 

606 adults with 
different causes 
of chronic vertigo 
(Meniere’s disease, 
benign paroxysmal 
positional vertigo, 
undefined vertigo)

Betahistine in varying 
doses

Placebo Vertigo symptoms 
reduced with 
betahistine, risk ratio 
1.30 (95% CI 1.05 to 
1.60).

For every 1000 patients, 
140 (23 to 277) more 
will improve with 
betahistine than with 
control

8 Low quality evidence†

*Number needed to treat
†Evidence judged by GRADE methodology

Effectiveness of vestibular rehabilitation 
A Cochrane review updated in 2015 (39 randomised controlled trials, 2441 participants) 
compared vestibular rehabilitation for unilateral peripheral vestibular dysfunction with sham 
exercises or no intervention.7 Participants experienced vestibular dysfunction from a variety of 
causes. Because of heterogeneity in study design, not all studies could be pooled. In a pooled 
analysis of four studies in which all patients experienced chronic vertigo, patients assigned 
to vestibular rehabilitation reported higher subjective improvement in vertigo (odds ratio 
2.67 (95% confidence interval 1.85 to 3.86), 565 participants). There were no reported adverse 
effects in any of the 39 randomised controlled trials. Three high quality trials (589 patients) 
were conducted in a GP population.20-22 

We applied the GRADE methodology and judged the overall quality of evidence as moderate. 
We deemed the risk of bias serious, since over a third of studies in the review were rated as 
having a high risk of bias. There was no serious inconsistency, indirectness, imprecision, or 
publication bias. We can summarise that, based on moderate to high quality randomised 
controlled trials, there is moderate evidence that vestibular rehabilitation is a safe and effective 
treatment for chronic vertigo.7 
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Table 1. Summary of evidence for the treatment of chronic vertigo

Study design Participants Intervention Comparator Results Anticipated absolute 
effects (95% CI)

NNT* Summary of quality of 
evidence

Vestibular rehabilitation

Systematic review 
and meta-analysis (4 
randomised controlled 
trials)7 

565 adults with 
different causes 
of chronic vertigo 
(vestibular neuritis, 
non-fluctuating 
Meniere’s disease, 
benign paroxysmal 
positional vertigo, 
undefined vertigo)

Vestibular 
rehabilitation

Sham or no 
intervention

Vertigo symptoms 
reduced with vestibular 
rehabilitation, odds 
ratio 2.67 (95% CI 1.85 
to 3.86).

For every 1000 
patients, 225 (135 to 
317) more will improve 
with vestibular 
rehabilitation than 
with control

5 Moderate quality 
evidence†

Betahistine

Systematic review 
and meta-analysis (11 
randomised controlled 
trials)33 

606 adults with 
different causes 
of chronic vertigo 
(Meniere’s disease, 
benign paroxysmal 
positional vertigo, 
undefined vertigo)

Betahistine in varying 
doses

Placebo Vertigo symptoms 
reduced with 
betahistine, risk ratio 
1.30 (95% CI 1.05 to 
1.60).

For every 1000 patients, 
140 (23 to 277) more 
will improve with 
betahistine than with 
control

8 Low quality evidence†

*Number needed to treat
†Evidence judged by GRADE methodology

Effectiveness of vestibular rehabilitation 
A Cochrane review updated in 2015 (39 randomised controlled trials, 2441 participants) 
compared vestibular rehabilitation for unilateral peripheral vestibular dysfunction with sham 
exercises or no intervention.7 Participants experienced vestibular dysfunction from a variety of 
causes. Because of heterogeneity in study design, not all studies could be pooled. In a pooled 
analysis of four studies in which all patients experienced chronic vertigo, patients assigned 
to vestibular rehabilitation reported higher subjective improvement in vertigo (odds ratio 
2.67 (95% confidence interval 1.85 to 3.86), 565 participants). There were no reported adverse 
effects in any of the 39 randomised controlled trials. Three high quality trials (589 patients) 
were conducted in a GP population.20-22 

We applied the GRADE methodology and judged the overall quality of evidence as moderate. 
We deemed the risk of bias serious, since over a third of studies in the review were rated as 
having a high risk of bias. There was no serious inconsistency, indirectness, imprecision, or 
publication bias. We can summarise that, based on moderate to high quality randomised 
controlled trials, there is moderate evidence that vestibular rehabilitation is a safe and effective 
treatment for chronic vertigo.7 

Effectiveness of betahistine 
Betahistine was developed for Meniere’s disease, and early trials were targeted at these patients. 
A Cochrane review (last updated 2011, 7 randomised controlled trials, 243 patients) that compared 
betahistine with placebo in patients with Meniere’s disease concluded there was insufficient 
evidence to say if betahistine has any effect on Meniere’s disease.34 Recently, a randomised, placebo 
controlled trial investigated vertigo symptoms in 211 patients with Meniere’s disease and found no 
statistically significant benefit for betahistine over placebo.35 The effectiveness of betahistine for 
symptoms of vertigo (including 14 trials with patients with chronic vertigo and 3 trials with a mix 
of acute and chronic vertigo patients) was examined in a Cochrane review in 2016 (17 randomised 
controlled trials—including 5 unpublished industry studies, 1025 patients).33 Participants had varied 
neurotological diagnoses, including Meniere’s disease, benign paroxysmal positional vertigo, and 
vertigo of unknown origin. In a pooled analysis with patients all experiencing chronic vertigo, a 
statistically significant improvement in symptoms was seen in the betahistine group compared 
with the placebo group (risk ratio 1.30 (95% CI 1.05 to 1.60), 606 participants, 11 studies). Nearly all 
included trials had a high risk of bias with poor reporting of methods and outcome measures. 
In contrast to vestibular rehabilitation, none of these trials was conducted in a general practice 
population, which limits the applicability of these results for general practice. 
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Consequences of current clinical practice 
Betahistine leads to substantial healthcare costs. Stopping off-label use of betahistine in the 
UK alone would save over £4 m a year.29 Since evidence for the most registered indication 
(Meniere’s disease) is also insufficient, costs could be decreased even further by completely 
stopping betahistine prescriptions. By choosing betahistine, doctors deny other treatments to 
patients that have better established evidence of effectiveness. Different causes of peripheral 
vestibular disease, such as benign paroxysmal positional vertigo and Meniere’s disease, 
have a specific preferred treatment (see box 1). When chronic vertigo develops after such 
disease-specific treatments, vestibular rehabilitation should be prescribed by GPs. 

Barriers to change 
The most important barrier to general practitioners using vestibular rehabilitation is that they 
do not know how to perform the treatment. Most patients surveyed prefer exercise based 
treatment over anti-vertigo drugs. There is limited evidence on the factors that contribute to 
the current mismatch between scientific evidence and clinical practice in the treatment of 
chronic vertigo. We conducted a survey among 426 Dutch general practitioners about the use 
of vestibular rehabilitation.31 The main reason for not applying vestibular rehabilitation was 
that general practitioners did not know how to perform the technique (92.4%).31 Other reasons 
were that it was too time consuming (7.2%), GPs had doubts about its effectiveness (6.3%), and 
it was not recommended in national guidelines (4.5%). Perceived patient pressure is a key reason 
that GPs prescribe drugs, even though this perception often does not match the patients’ real 
expectations.36 The Dutch College of General Practitioners conducted a focus group meeting 
(see Patient Involvement box). Patients preferred exercise based treatment over anti-vertigo 
drugs, but most were offered only drug therapy by their general practitioner. Since betahistine 
is generally well tolerated, prescribing this drug could be considered an easy fix for a difficult 
complaint. Compared with a straightforward prescription of betahistine, vestibular rehabilitation 
may be seen by general practitioners as a difficult and time consuming treatment. 

How should we change our practice? 
Offer patients with vertigo disease-specific treatments. Plan a follow-up consultation if 
symptoms do not resolve after disease-specific treatment. Evaluate the effect of treatment 
to ascertain whether the patient has developed chronic vertigo, ie if symptoms persist for 
more than a month. Stop all anti-vertigo drugs that the patient is using for acute vertigo (see 
box 1 for indications) and offer vestibular rehabilitation to all patients with chronic vertigo. 
In a recently published trial an online vestibular rehabilitation intervention was shown to 
be effective and well-liked by patients with chronic vertigo.37 Such newly developed self-
help methods (internet-based37 or booklet based22) help GPs to treat patients with vestibular 
rehabilitation. For patients who need more support, offer referral to physiotherapists or 
audiologists for guidance. 
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Box 4. How patients were involved in the creation of this article

The Dutch College of General Practitioners conducted a focus group meeting with 10 patients 
with vertigo on in 2016 as part of the revision of the Dutch guidelines on dizziness (in which 
ORM is involved). Most of these patients had experienced vertigo symptoms for more than 
three months. Patients’ ages ranged from 43 to 80 years, eight were women, and disorders 
represented included benign paroxysmal positional vertigo, vestibular neuritis, and vertigo of 
unknown origin. These patients had consulted their general practitioner in the previous year 
with vertigo complaints, usually chronic. 

The aim of the focus group was to gain insight into the patients’ perspectives on vertigo 
treatments. According to the patients, treatment should provide them with a sense of control 
over their vertigo symptoms. This was one of the reasons why all patients strongly appreciated 
exercise based treatment. Even though none of the patients explicitly requested drug treatment, 
several patients were offered betahistine by their general practitioner. Patients did not like 
taking anti-vertigo drugs. Some never even took the prescribed betahistine because they 
were afraid of side effects. Only one patient received vestibular rehabilitation. This patient 
experienced a reduction in vertigo symptoms and was very enthusiastic about the treatment. All 
patients concurred that general practitioners should at least know of the existence of vestibular 
rehabilitation. 

These perspectives on treating vertigo inspired us to write this article. We consulted a patient 
with chronic vertigo after writing this manuscript to see if we correctly voiced the patients’ 
opinion. She confirmed that she, and other chronic vertigo patients generally prefer exercise 
based treatment over drug therapy.
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ABSTRACT

Introduction: Dizziness is a common symptom in general practice with a high prevalence 
among older adults. The most common cause of dizziness in general practice is peripheral 
vestibular disease. Vestibular rehabilitation (VR) is a safe and effective treatment for 
peripheral vestibular disease that entails specific exercises to maximise the central 
nervous system compensation for the effects of vestibular pathology. An internet-based 
VR intervention has recently been shown to be safe and effective. Online interventions are 
low cost and easily accessible, but prone to attrition and non-adherence. A combination 
of online and face-to-face therapy, known as blended care, may balance these advantages 
and disadvantages.

Methods and analysis: A single-blind, three-arm, randomised controlled trial among 
patients aged 50 years and over presenting with dizziness of vestibular origin in general 
practice will be performed. In this study, we will compare the clinical and cost-effectiveness 
of stand-alone internet-based VR and internet-based VR with physiotherapeutic support 
(‘blended care’) with usual care during 6 months of follow-up. We will use a translated 
Dutch version of a British online VR intervention. Randomisation will be stratified by 
dizziness severity. The primary outcome measure is the Vertigo Symptoms Scale—Short 
Form. Intention-to-treat analysis will be performed, adjusting for confounders. The 
economic evaluation will be conducted from a societal perspective. We will perform an 
additional analysis on the data to identify predictors of successful treatment in the same 
population to develop a clinical decision rule for general practitioners.

Ethics and dissemination: The ethical committee of the VU University Medical Center 
approved ethics and dissemination of the study protocol. The insights and results of 
this study will be widely disseminated through international peer-reviewed journals and 
conference presentations.

Trial registration number: Pre-results, NTR5712.
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INTRODUCTION

Dizziness is a common symptom in general practice.1 Among adults, the life-time prevalence 
of dizziness has been reported to be 20–30%.2–4 The prevalence of dizziness increases with 
age; in adults over 85 years old, the prevalence exceeds 50%.5 Dizziness is associated with 
a lower quality of life, occupational consequences and substantial interference with daily 
activities.6 It is a major risk factor for falling, which can be especially harmful for older adults 
who are prone to fractures.7 Owing to a decrease in work productivity and the high costs of 
medical care, dizziness also constitutes a substantial economic burden.4 The most common 
cause of dizziness in general practice is peripheral vestibular disease (33–38%), which includes 
benign paroxysmal positional vertigo (BPPV), vestibular neuritis and Meniere’s disease (MD). 
Other causes of dizziness are cardiovascular diseases (7–18%), neurological disorders (10–15%) 
and psychiatric disorders (1–17%).8–10 In the Netherlands, as well as in the UK and the USA, 
>90% of all patients with dizziness are treated by their general practitioner (GP) without 
any involvement of a specialist,9–11 mainly by reassurance, advice and symptomatic drug 
prescriptions.11 However, none of the commonly prescribed drugs for vertigo have a well-
established curative or preventive effect.12 According to a recent Cochrane review—based on 
39 randomised controlled trials (RCTs) involving 2441 participants— there is moderate-to-
strong evidence that vestibular rehabilitation (VR) is a safe, effective treatment for peripheral 
vestibular disease.13 

VR entails that the patient carries out graded exercises for 10–20 min daily for 6–12 weeks. These 
exercises include specific eye, head and body movements that stimulate the vestibular system 
and promote neurological adaptation to the altered input from the damaged labyrinth.14,15 

Performing these exercises may also help patients to overcome fear and avoidance of activities 
that provoke dizziness, and to regain skill and confidence in balance.14,16 Importantly, when 
examining the 39 RCTs mentioned above,13 most RCTs were performed among a selected 
population (eg, participants with canal paresis, otolith disorder or acoustic neuroma resection) 
and were conducted in a secondary/tertiary care setting. Only 2 of the 39 RCTs included a 
population representative of patients seen in primary care, these showed that nurse-delivered 
VR and booklet-based VR effectively reduce dizziness.14,17 

Despite the evidence for the effectiveness of VR, a previous survey suggests that <3% of eligible 
primary care patients with dizziness ever receive VR.17 This may be due to a lack of availability 
or access to VR or a lack of knowledge about VR by the GP.11 To date, access to VR usually 
involves a costly referral process to secondary care.18 Also, finding suitable therapists can be 
difficult.14 Prior to this proposal, we performed a survey among a sample of 1169 Dutch GPs to 
investigate the current use of VR in general practice.19 Of the 426 responding GPs, 93% reported 
that they never used VR—by themselves or by referral—for the treatment of patients with 



140

dizziness. Not knowing how to perform the technique was the most mentioned reason by GPs 
not to use VR (92.4%). ‘Takes too much time to execute’ (7.2%), ‘doubts about the effectiveness’ 
(6.3%) and ‘not recommended by national guidelines’ (4.5%) were other reasons mentioned by 
GPs for not using VR. Consequently, it is not only important to generate additional evidence 
for the effectiveness of VR in general practice, but also to consider alternative models of 
treatment delivery to support the GP. 

In the past, VR has been successfully delivered via a booklet-based self-management 
programme. Booklet-based VR has been tested in two large primary care trials14,17 and a 
voluntary population of members of the Meniere’s Society.20 All trials showed that application 
of VR resulted in a significant reduction of dizziness symptoms without any serious adverse 
events.14,17,20 The internet could prove to be an alternative method to reach patients with 
dizziness in an inexpensive, easily accessible way. Booklet-based treatments are perfectly 
suited to be transformed into internet-based interventions. An online intervention can be 
tailored to the patients’ individual needs, featured audio–visual content and provided various 
means of motivational support (e.g., discussion boards or personalised text messages).21

Internet use by older adults is growing rapidly. According to Statistics Netherlands (CBS), 80% 
of adults aged 65–75 years reported internet use in 2013, which is more than twice as much 
as in 2005.22 A recent review by Aalbers et al23 showed that internet interventions targeting 
lifestyle change in adults aged above 50 years can be effective. The authors concluded that 
internet-mediated interventions hold great potential in implementing effective lifestyle 
programmes and are capable of reaching large populations of older persons at low costs.23 With 
these advantages in mind, an online VR intervention based on the VR booklet was developed 
in the UK.18 The internet-based VR intervention has recently been compared to usual care 
in an RCT (Geraghty et al personal communication). The trial was conducted in a general 
practice population and included 296 patients. Patients in the online VR intervention group 
experienced significantly less dizziness and dizziness-related disability at 6 months, compared 
to those in the usual care group. We will translate the British online VR intervention into 
Dutch. No alterations in the content of the translated programme will be made. In addition 
to this, we will also investigate a different form of delivery in which the use of the online 
intervention is supported by a healthcare professional. Despite the advantages, unguided 
internet interventions can be associated with substantial attrition and non-adherence. A 
combination of online and face-to-face therapy (‘blended care’) may reduce attrition and non-
adherence, offering patients the best of both worlds.24–26 In one of the booklet-based VR trials,14 a 
subset of patients received additional telephone support by a trained vestibular therapist while 
performing the booklet self-managed programme. By focusing on addressing patient concerns, 
reassuring, encouraging adherence and ensuring proper use of the booklet, these patients 
demonstrated higher adherence to the treatment and a significant reduction in anxiety and 
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depression. Face-to-face contact is likely to be even more effective than telephone support. 
In the Netherlands, physiotherapists with experience in vestibular therapy often make house 
calls, and they are used to encourage and reassure their patients when performing physical 
exercises. As such, they are perfectly suited to be the ‘face’ of an online VR intervention.

The principal aim of this research project is to investigate the effectiveness and cost-
effectiveness of stand-alone internet-based VR and internet-based VR with physiotherapeutic 
support (blended care) for patients with dizziness aged 50 years and over in general practice 
in comparison with usual primary care. The online intervention that will be applied has been 
proved to be safe and effective for patients aged 50 years and over (Geraghty et al personal 
communication). By assessing the benefits of blended care, we may be able to improve the 
treatment of older patients with dizziness. Furthermore, it will offer GPs a new—immediate, 
easily accessible and inexpensive—clinical tool for treating dizziness in general practice. 
Additionally, we aim to develop a prediction rule to help GPs to assess which patient groups 
are best suited for each type of treatment.
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METHODS AND ANALYSIS

Study design
We will perform a single-blind, three-arm, RCT among patients aged 50 years and older presenting 
with dizziness in general practice. We will compare the clinical and cost-effectiveness of stand-
alone internet-based VR and internet-based VR with physiotherapeutic support (‘blended care’) 
with usual care. The intervention period will last 6 weeks and patients will be followed up 
at 3 and 6 months. The primary outcome measure will be dizziness symptoms at 6 months 
as measured by the Vertigo Symptom Scale-Short Form (VSS-SF). Figure 1 represents a flow 
chart of the study with an overview of the group classification and randomisation. By using 
the LifeGuide software, we will automatically (and nonintrusively) collect data on all aspects of 
intervention use, including which sections and pages are viewed, how often and for how long. 
In addition to this, we will perform semistructured interviews with 10–15 participants from trial 
arm 1 (stand-alone internet-based VR) and 10–15 participants from trial arm 2 (internet-based 
VR with physiotherapeutic support) to assess their experiences with the online intervention. 

Recruitment of study participants
The large majority of patients will be recruited from the Academic Network of General Practices 
of the VU University Medical Center (ANH-VUmc). The ANHVUmc includes a total of 50 
active GPs. The network should be a sufficient source to attain our inclusion number. Other 
general practices in the Netherlands (primarily in and around Amsterdam) may be approached 
if inclusion numbers from the ANH-VUmc prove to be insufficient. Eligible patients will be 
identified by means of a validated search strategy27 that selects from the electronic medical 
records those patients within the set age range who visited their GP because of dizziness 
in the past 2 years. The GP will screen the selected lists of patients for potential exclusion 
criteria or other pertinent reasons for not inviting them, such as a terminal disease or a severe 
psychiatric disorder. The identified and screened potential participants will be sent a package 
by their GP containing a letter, a brochure with information about the trial and a contact form. 
If a patient is willing to participate, he/she can contact the research assistant by phone, email 
or by returning the addressed contact form. On making contact, the research assistant will 
provide additional information if necessary and check the eligibility criteria. These criteria are 
a good command of the Dutch language, access to the internet and an email account, persisting 
dizziness at time of inclusion that has been present for at least 1 month, and that is exacerbated 
by performing head movements. If the participant is eligible, the research assistant will make 
an appointment for a visit at the participant’s home. The research assistant will bring an 
informed consent form with an addressed return envelope. The participant will be able to 
ask questions about the trial and the informed consent form during this house visit. After 
the house visit, the participant will be given 1–2 weeks of time to consider if he/she wants 
to participate in the trial. During that time period, the research assistant will be available to 
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answer any questions over the phone that might arise. To participate, the individual is required 
to sign the informed consent form and return it to the research team by using the addressed 
return envelope. After this signed informed consent form has been received by the research 
team, an email will be sent to the participant with a link to the intervention website. 

 

 

 

Identification of patients aged ≥50 who contacted their 
GP for dizziness symptoms in the last two years 

Eligibility confirmed by research assistant 

Online baseline assessment  
Automated randomisation 

Excluded 
- No longer dizzy 
- Dizziness present ≤ 1  
  month 
- Head movements do not  
  increase dizziness 
- Medical contra-indications 
  for neck movements

Decline to participate 
- No longer dizzy 
- No access to internet/e-
mail 
- Dizzy, but do not think  
  intervention is suitable 
- Other/no reason given 

Trial arm 3: 
Usual care 

 
 

(N=100)

Online assessment 3 month follow-up 

Online assessment 6 month follow-up 

Trial arm 2: 
Internet-based 

VR + PT 
(‘blended care’) 

(N=100)

Trial arm 1: 
Internet-based 

VR 
 

(N=100) 

Figure 1. Flow-chart study
VR = vestibular rehabilitation; PT = physiotherapist
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Sample size and power calculation
The sample size calculation for our trial is based on the comparison between participants 
allocated to trial arm 1 (stand-alone internet-based VR) and those allocated to trial arm 3 
(usual care). In Yardley et al’s14 recent VR trial with VSS-SF as a primary outcome measure, 
booklet-based VR alone, compared with routine care, showed an effect size (Cohen’s d) of 0.45, 
favouring booklet-based VR. Assuming that stand-alone internet-based VR will produce the 
same effect size as booklet-based VR alone, we will need 80 patients per group to test a two-
tailed hypothesis with α=0.05 and β=0.20. As attrition from internet-based interventions can 
be substantial,25 we will recruit a minimum of 100 participants per group (300 total sample) 
to allow for up to 20% attrition (80×100/80=100). 

Eligibility criteria
Eligible patients are required to: be 50 years or older; possess a good command of the Dutch 
language; have access to internet and an email account; have consulted a GP with dizziness 
symptoms in the last 2 years; still experience dizziness at the time of inclusion, which has 
to have been present for at least a month; and experience dizziness exacerbated by head 
movements; otherwise, the dizziness is unlikely to have a vestibular origin.14 The cut-off point 
for duration at 1 month was chosen because of acute BPPV; the Epley manoeuvre is deemed 
superior to VR. After 1 month, both treatments are considered equally effective.28 
Reasons for exclusion are: an identifiable non-vestibular cause of dizziness in the electronic 
record of the patient; medical contraindications for making the required head movements 
(eg, severe cervical arthrosis); serious comorbid conditions that preclude participation in an 
exercise programme or current enrolment in another—interfering—study.

Randomisation and blinding
All patients are required to complete baseline measures online. The online software programme 
will randomly assign participants to one of the three arms. During the automated randomisation, 
patients will be stratified by dizziness severity according to their score on the VSS-SF. Participants 
with a VSS-SF score of <12 points will be classified as low severity patients, whereas participants 
with 12 or more points will be classified as high severity patients. Patients are automatically 
informed about their allocated group. When patients are allocated to trial arm 2 (blended care), 
an email will be sent to the principal investigator. The principal investigator will select and 
contact one of the trained physiotherapists, depending on the location of the patient. The 
physiotherapist will contact the patient within 24 hours to plan the first therapeutic session. 
Since VR is a behavioural intervention, it is not possible for patients to be blinded to allocation. 
At 3 and 6 months, they will receive an email—and, if necessary, a reminder—to complete follow-
up measures online. If participants still fail to respond, an independent research assistant will call 
them to encourage them to fill out the questionnaires online. The research assistant analysing 
the questionnaire data will be blind to treatment allocation.
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Intervention
Internet-based VR (trial arm 1—stand-alone VR)
VR entails specific exercises with the aim of maximising central nervous compensation for 
vestibular pathology. Recently, specific components have been defined, namely compensation 
(using motion to habituate or reduce responsiveness to repetitive stimuli and to rebalance tonic 
activity within the vestibular nuclei), adaptation (using repetitive and provocative movements 
of the head and/or eyes to reduce error and restore vestibule-ocular reflex gain), substitution 
(promoting the use of individual or combinations of sensory inputs) and motor learning 
principles (changing movement behaviour). Additionally, deliberately provoking dizziness in 
a controlled context functions as a form of exposure-based behaviour therapy.15,18 A VR booklet 
was developed by following principles of behaviour change, derived from cognitive–behaviour 
therapy and self-regulation theory.14 Self-efficacy is stimulated in the intervention by graded 
goal setting. This VR booklet was validated in three large trials.14,17,20 The content of the booklet 
has been the basis for a recently developed stand-alone internet-based VR intervention. This 
intervention was developed by Dr Lucy Yardley,18 member of our research group and coauthor 
of this manuscript. A prototype version of the intervention was tested among 18 adults in 
the UK.29 Participants were positive regarding how easy to navigate, visually appealing and 
informative they found the intervention. Think-aloud sessions provided valuable data for 
informing small amendments to further enhance acceptability of the intervention for target 
users.29 The recently conducted large trial by Geraghty et al (n=296) (Geraghty et al personal 
communication) has shown that the British version of internet-based VR improves dizziness 
and reduces dizziness-based disability in older primary care patients. Patients in trial arm 1 will 
get access to a careful Dutch translation of this stand-alone VR intervention.

The intervention period will last 6 weeks for every patient. In the first session, information 
about dizziness and a rationale for the VR exercises will be provided. These exercises represent 
the core of the intervention. The weekly ‘timed exercise scoring test’ (TEST) will also be 
explained in the first session. VR exercises will be personalised for the patient and take into 
account his/her symptoms and balance capabilities. The online TEST is used to tailor the set of 
exercises. All of the exercises will have written instructions with video demonstrations, each 
performed by a male and a female model. In the first session, all six exercises (see box 1) are 
performed sitting down, afterwards the patients are asked to score how dizzy each respective 
exercise made them feel. The intervention uses these scores to automatically produce an 
exercise prescription for the coming week, custom built to the patient’s dizziness symptoms. 
When performing the exercises while sitting no longer causes dizziness symptoms, the patient 
will be asked to perform the exercises standing up. By using this approach, patients will 
gradually increase the intensity of their exercises. Patients are asked to perform these exercises 
two times per day for 10 min. Patients will complete a different online session every week in 
the 6-week intervention period. The intervention incorporates information and advice on 
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behavioural coping strategies. Previous research showed that symptom control strategies led 
to significant subjective health improvement and reduction of dizziness-related impairment.20 
Progressive muscle relaxation and breathing techniques can decrease dizziness-associated 
psychophysiological arousal, whereas cognitive restructuring (challenging negative dizziness-
related thoughts) and problem solving may lessen dizziness-provoking anxiety.30 In addition, 
the internet intervention includes particular features to increase engagement. Scientific 
studies supporting the effectiveness of VR are summarised in plain language to increase 
patients’ expectations regarding the intervention content. Email messages will be used to 
remind patients to log in to the intervention each week. Since our intervention is aimed at 
older adults, the look and design of the internet-based VR programme is simple with large font 
sizes and use of bullet points instead of paragraphs wherever possible. Importantly, internet-
based VR will be offered to patients in addition to their usual GP care (ie, the intervention 
does not replace usual GP care). 

Internet-based VR with physiotherapy support (trial arm 2—blended care)
Patients in trial arm 2 (n=100) will receive the same intervention as the patients in trial arm 1 
(n=100). This internet-based VR intervention is described in detail in the previous paragraph. 
In addition to the internet-based VR intervention, patients in trial arm 2 will receive two 
sessions by a trained physiotherapist. Although the advantages of a stand-alone internet-based 
intervention are numerous (eg, easily accessible, inexpensive, enormous reach and automated 
tailoring), unguided internet interventions can be jeopardised by substantial attrition (ie, a 
patient leaves the treatment before the treatment goals are achieved) and non-adherence (ie, 
a patient remains enrolled, but fails to attend the scheduled treatment). Previous research on 
depression showed that combining online sessions and regular face-to-face psychotherapy 
can increase adherence and effectiveness.24–26 Patients allocated to trial arm 2 will receive 
such blended care. The physiotherapeutic sessions will occur in week 1 and 3 of the 6-week 
intervention period and last for 45 min each. During these sessions, the physiotherapist will (1) 
provide information about the background of dizziness and VR; (2) elicit and address doubts 
and concerns about dizziness and VR; (3) teach the patient how to use the online intervention; 
(4) describe and take the patient through a set of VR exercises; (5) advise on how to anticipate 
and cope with obstacles to adherence and (6) provide support and encourage adherence. The 
first session will focus on making the patient feel comfortable with the VR exercises. The 
second session will focus more on adherence to the treatment and will therefore be planned 
in the third week. Performing VR exercises can slightly increase the dizziness at first. During 
the second session, the physiotherapist will reassure the patient of the temporary nature of 
this exacerbation and encourage him/her to keep performing the exercises. The sessions will 
take place at the home of the participant. A physiotherapist, specialised in VR, will oversee 
that all participating physiotherapists adhere to the treatment protocol. We will conduct a 
process evaluation with the physiotherapists after the trial is completed. 
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Box 1 | Exercises

1. Shake: Turn your head from right to left and back again 10 times in 10 seconds. 
Twist your head round as far as it will go comfortably when you do this, and 
look in the direction your head is pointing. Wait 10 seconds after you have 
done 10 complete turns, and then do 10 more.

2. Nod: Nod your head up and down and back again 10 times in 10 seconds. 
Tip your head as far as it will go comfortably when you do this, and look in 
the direction your head is pointing. Wait 10 seconds after you have done 10 
complete turns, and then do 10 more.

3. Shake, eyes closed: Carry out the shake exercise with your eyes closed. Wait 10 
seconds after you have done 10 complete turns, and then do 10 more. 

4. Nod, eyes closed: Carry out the nod exercise with your eyes closed. Wait 10 
seconds after you have done 10 complete turns, and then do 10 more.

5. Shake/stare: Hold your finger pointing upwards in front of you and carry out 
the shake exercise while staring at your finger. Do not let your eyes move from 
your finger. Wait 10 seconds after you have done 10 complete turns, and then 
do 10 more. 

6. Nod/stare: Hold your finger pointing sideward in front of you and carry out 
the nod exercise while staring at your finger. Do not let your eyes move from 
your finger. Wait 10 seconds after you have done 10 complete turns, and then 
do 10 more. 

Usual care (trial arm 3) 
All included patients of trial arm 3 (n=100) will receive usual care by their GPs. After 
randomisation, they will be redirected to a web page within the intervention that provides 
more information about the content of their trial arm. They will not receive access to online 
VR at this time, but will get access after the trial is completed. It is emphasised that their 
cooperation in the trial is vital for the success of the trial. They are asked to log in to fill out 
the follow-up questionnaires after 3 months and 6 months. Participating GPs will receive 
a written instruction, asking them to diagnose causes of dizziness according to the Dutch 
guideline on dizziness31 and to treat identified disorders according to the guidelines of the 
Dutch College of GPs.31 

Adverse events
VR rarely causes adverse events. Previous trials with the validated VR booklet did not report 
any serious adverse events related to dizziness or the intervention.14,17,20 A small proportion of 
patients reported minor, transient side effects like neck pain, feelings of nausea and an increase 
in dizziness. Recently, the results of the trial by Yardley et al (n=296) have illustrated the safety 
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of internet-based VR (Geraghty et al personal communication). Eighteen hospitalisations 
were identified in a GP notes review undertaken at the end of the trial,8 in the usual care arm 
and 10 in the intervention arm. None of these hospitalisations were related to dizziness. No 
dizziness/intervention-related serious adverse reactions were reported. Our version of the 
intervention will be a close Dutch translation of the British online VR intervention. Patients 
will be informed that minor side effects like a temporary increase of neck pain, nausea or 
dizziness may occur. They will be advised that these sensations are likely to disappear within 
2 weeks by performing the exercises more slowly. All adverse events that occur to a participant 
during this study, whether or not considered related to VR, will be recorded. The Medical 
Ethical Committee of the VU Medical Center will be notified within 15 days in the case of 
the occurrence of a serious adverse event during the study. We will inform the participants 
and the Medical Ethical Committee if anything occurs, on the basis of which it appears that 
the disadvantages of participation may be significantly greater than that was foreseen in the 
research proposal. The study will then be suspended pending further review by the Medical 
Ethical Committee. Serious medical complications as a result of our VR intervention are 
very unlikely. Previous trials have generated a considerable body of evidence for the safety of 
VR13,14,17,20 (Geraghty et al, personal communication). 

Data collection and storage
The Dutch intervention platform will be created using the LifeGuide software (https://www.
lifeguideonline.org). LifeGuide is a set of open source software tools, which allows intervention 
designers to create interactive web-based interventions. The University of Southampton 
developed the LifeGuide software in 2008. Since then, numerous successful internet-based 
intervention trials using LifeGuide have been performed and published in high-impact scientific 
journals. These trials include public health interventions (eg, smoking cessation)32 and illness 
management interventions.33,34 The LifeGuide software not only allows the user to create the 
intervention but also contains a data management system. LifeGuide collects output data 
on participant use and outcomes, stores it securely and provides facilities for collating and 
providing anonymised data.21 Patients will fill out a questionnaire at baseline, 3 months follow-
up and 6 months follow-up. By using the LifeGuide software, we will also automatically (and 
nonintrusively) collect data on all aspects of intervention use, including which sections and 
pages are viewed, how often and for how long. We will use participant identification numbers 
and the principal investigator will safeguard the key to the code of the participant identification 
number. Only the principal investigator and the research assistants will have access to the source 
data. Data will be stored on the LifeGuide servers in the UK. These servers are protected by the 
firewall of the University of Southampton, in accordance with the data protection policy of this 
institution. Researchers from the VU Medical Center and the University of Southampton signed 
a data processing agreement. Data will be kept for as long as the study takes, and at least 15 years 
after completion. Handling of the data complies with the Dutch Personal Data Protection Act. 
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Measures 
A list of all measures and the moment at which they are collected is displayed in Table 1. 

Table 1. Outcome measures and times of collection within the trial 

Measure Baseline 3-month follow-up 6-month follow-up

Demographics X

VSS-SF X X X

iMCQ X X X

iPCQ X X X

EQ-5D-5L X X X

DHI X X X

SI X X

PHQ X X X

PETS X X

DHI = Dizziness Handicap Inventory
EQ-5D-5L= 5-level EuroQol 5-dimension questionnaire 
iMCQ = iMTA Medical Consumption Questionnaire 
iPCQ = iMTA Productivity Cost Questionnaire 
PETS = Problematic Experiences of Therapy Scale 
PHQ = PRIME-MD Patient Health Questionnaire 
SI = Subjective Improvement in Dizziness Symptoms 
VSS-SF = Vertigo Symptom Scale-Short Form

Demographic characteristics 
Patients are asked to complete seven demographic questions regarding age, gender, living 
situation, comorbidities and level of education and five questions about the nature of their 
dizziness symptoms at baseline. These questions are designed by the research team and are 
based on previously used baseline measures.14,17,20 

Primary outcomes 
The primary outcome measure will be dizziness symptoms at 6 months. The VSS-SF,13,35 a 
short-form version of the VSS,36 will be used to measure this. It is based on the frequency of 
15 dizziness-related symptoms during the past month on a scale from 0 (no symptoms) to 
4 (symptoms most days). Improvement can reflect either fewer or less frequent symptoms. 
The VSS-SF measures a broad concept of dizziness for which construct validity has been 
demonstrated. It has been used effectively in many previous VR trials14,17,20 (Geraghty et al, 
personal communication), and demonstrated excellent discriminative ability (area under the 
curve (AUC) 0.87), high internal consistency (Cronbach’s α 0.90) and high test–retest reliability 
(intraclass correlation coefficient (ICC) 0.88).37 
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Health economic outcome measures 
Costs will be measured from a societal perspective according to the Dutch guidelines for 
economic evaluations38 using internet questionnaires based on the iMTA Medical Consumption 
Questionnaire (iMCQ)39 and the iMTA Productivity Cost Questionnaire (iPCQ)40 at baseline, 
and after 3 and 6 months of follow-up. Healthcare costs include costs of primary and secondary 
care, complementary care and home care. Productivity costs include absenteeism from paid 
and unpaid work, and presenteeism (being present at work but not being able to work to one’s 
full potential due to health symptoms). The friction cost approach will be used to estimate 
lost productivity costs. For the valuation of healthcare utilisation, standard prices published 
in the Dutch costing guidelines will be used. Medication use will be valued using prices of 
the Royal Dutch Society for Pharmacy.41 Quality of life will be evaluated using the 5-level 
EuroQol 5-dimension questionnaire (EQ-5D-5L)42 at baseline, and after 3 and 6 months of 
follow-up. The EQ-5D-5L is a self-report questionnaire consisting of five dimensions on which 
respondents indicate their own health state. The Dutch EQ-5D tariff will be used to calculate 
Quality-Adjusted Life-Years (QALYs). 

Secondary outcomes 
Dizziness-related impairment 
We will assess dizziness-related impairment by using the Dizziness Handicap Inventory (DHI) 
at baseline, and after 3 and 6 months of follow-up. The DHI has 25 items with three answer 
categories (‘yes’, ‘sometimes’ or ‘no’), investigating self-perceived physical, emotional and 
functional disability associated with dizziness. DHI scores range from 0 to 100. A higher DHI 
score indicates a higher level of dizziness-related impairment.43 The DHI is a widely used self-
report questionnaire, designed to quantify the impact of dizziness on everyday life. Construct 
validity exists for the DHI as a reliable indicator of dizziness-related impairment.44 The DHI has 
high internal consistency (Cronbach’s α 0.89) and excellent test–retest reliability (ICC 0.97).43 

Subjective improvement in dizziness 
The subjective improvement in dizziness symptoms will be investigated by asking participants 
to report improvement or no change/worsening in subjective experience of dizziness 
(dichotomous) after 3 and 6 months of follow-up.13 

Anxiety and depression 
The presence or absence of anxiety and/or depression — at baseline, and after 3 and 6 months 
of follow-up — will be assessed using the PRIME-MD Patient Health Questionnaire (PHQ),45 an 
instrument to assess psychiatric disorders. This is a self-report questionnaire, which consists of 
59 questions and enquires about recently experienced psychiatric symptoms. Using the PHQ 
algorithm, we will determine for each patient the presence or absence of the diagnoses Panic 
Disorder, Other Anxiety Disorder and Major Depressive Disorder at baseline. The diagnostic 
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algorithms of the PHQ have been shown to have good criterion validity with reference to 
gold standard measures of mental disorders. Patients might experience these questions about 
their mental health as invasive to their privacy. We will assure the patient that all collected 
information is strictly confidential and will be anonymised. 

Process evaluation outcome measures - quantitative data
The Problematic Experiences of Therapy Scale (PETS)46 will be used to compare adherence to 
treatment in trial arm 1 (stand-alone internet-based VR) and trial arm 2 (blended care) after 3 and 
6 months of follow-up. Patients in trial arm 3 do not have to fill out the PETS. The PETS is a brief 
measure to assess adherence levels and self-reported perceived barriers to adherence to physical 
rehabilitative therapy. It consists of 12 questions within 5 domains, that is, ‘symptoms too severe 
or aggravated by therapy’, ‘uncertainty about how to carry out the treatment’, ‘doubts about 
treatment efficacy’, ‘practical problems’ and ‘lack of support’. These questions are then followed 
by intervention-specific questions about actual adherence levels to elements of the intervention; 
the questions to be used in this study have been used in previous studies of booklet-based VR.14,20 
Engagement of the digital intervention will be measured by automatically collected detailed 
data by the LifeGuide software with regard to intervention usage, number of logins, page views 
and time spent on each page. We will send a survey to all participating GPs and physiotherapists 
after the study is concluded to provide more insights in the views of the healthcare professionals 
involved in the intervention. Finally, we will contact patients who decided to discontinue the 
trial by telephone to assess their reason(s) for quitting. 

Process evaluation outcome measures - qualitative data 
On their completion of the intervention, we will perform semistructured face-to-face 
interviews among a sample of 20–30 participants, 10–15 participants from trial arm 1 (stand-
alone internet-based VR) and 10–15 participants from trial arm 2 (internet-based VR with 
physiotherapeutic support), respectively. The focus of these interviews is to learn about 
the patient’s experiences of the VR intervention over the past weeks. The questions are 
about participants’ existing management of their dizziness, their expectations about the 
VR intervention and initial experiences of engaging with it, any features they have found 
especially difficult or especially helpful, concerns they might have had about continuing and 
what they feel they had learnt. All interviews will be audio-recorded and transcribed verbatim. 
Table 1 gives an overview of all measures and times of collection within the trial. 

Statistical analysis 
Effectiveness intervention 
General characteristics of all participants will be described quantitatively. The data derived 
from questionnaires will also be presented in a quantitative way. Missing data will be handled 
with multiple imputation analysis.47 For the effectiveness analysis, we will perform intention-
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to-treat and per-protocol analyses. Patients in trial arms 1 and 2 that have completed all 6 
weekly online sessions will be used for the per-protocol analysis. We will use multiple linear 
regression analysis to compare the primary outcome measure (VSS-SF) in participants 
allocated to trial arm 1 (stand-alone internet-based VR) and participants allocated to trial 
arm 2 (internet-based VR with physiotherapeutic support) with participants allocated to trial 
arm 3 (usual care). We will adjust for dizziness severity at baseline (the stratification variable) 
and any other potential confounders. 

Cost-effectiveness intervention 
For the cost-effectiveness analysis,48 we will perform cost-effectiveness and cost–utility 
analyses with a time horizon of 6 months, making discounting unnecessary. Societal costs 
will be related to the primary outcome of the trial and QALYs in the economic evaluation. 
The analysis will be performed according to the intention-to-treat principle. Missing cost 
and effect data will be imputed using multiple imputations. Differences in costs and effects 
will be estimated using bivariate regression models while adjusting for confounders if 
necessary. Incremental cost-effectiveness ratios (ICERs) will be calculated by dividing the 
difference in mean total costs between the treatment groups by the difference in mean 
effects. Bootstrapping with 5000 replications will be used to estimate 95% CIs around cost 
differences and the uncertainty surrounding the ICERs. Uncertainty surrounding the ICERs 
will be graphically presented on cost-effectiveness planes. Cost-effectiveness acceptability 
curves showing the probability that the intervention is cost-effective in comparison with 
usual care for a range of different ceiling ratios will also be estimated. 

Prediction model 
We will perform an additional analysis on the data to identify predictors of successful 
treatment in patients with dizziness for all forms of treatment. According to Moons et al,49 
we will develop three prediction models: (1) predictors of successful treatment with internet-
based VR (population: trial arms 1 and 2; n=200), (2) predictors of successful treatment with 
stand-alone internet-based VR (population: trial arm 1; n=100) and (3) predictors of successful 
treatment with internet-based VR with physiotherapeutic support (population: trial arm 2; 
n=100). We will perform multiple logistic regression analysis with ‘successful treatment after 
six months’ (yes/no) as a dependent variable. Successful treatment will be defined as: (1) 
improvement in the VSS-SF score with at least three points (clinically significant change),8 (2) 
improvement in the DHI score with at least 11 points (clinically significant change)44 and (3) 
subjective improvement in dizziness symptoms.13 Candidate predictors will be easy obtainable 
patient characteristics, for example, age, gender, education and dizziness characteristics. Prior 
to regression analysis, we will perform univariate logistic regression analysis to investigate the 
associations between separate candidate predictors and the dependent variable. To assess the 
reliability of the model, we will calculate the Hosmer-Lemeshow goodness-of-fit statistic and 
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construct calibration plots. To assess the discriminative ability of the model, we will calculate 
the AUC. Since prediction models perform better in development cohorts than in other similar 
populations (overfitting), we will perform a bootstrapping procedure. During this procedure, 
we will repeat the entire modelling process, in order to validate the final model and to adjust 
(shrink) the estimated performance and regression coefficients. 

Process evaluation analysis - quantitative data 
The PETS, the LifeGuide software usage data, the survey results of participating GPs and 
physiotherapists in the trial and reasons for discontinuing the trial will all be analysed using 
descriptive statistics. 

Process evaluation analysis – qualitative data 
Thematic analysis will be employed to identify patterns within the transcribed face-to-face 
interviews. Two researchers will independently read and re-read the first interviews to gain 
an overall impression and generate a list of initial codes. This list will be discussed within the 
research group, in order to reach consensus on each code and to categorise the identified codes 
into themes. Once a provisional coding scheme is developed, two independent researchers will 
code the other interviews. Afterwards, the coding results of each interview will be discussed 
until consensus is reached. The results of the qualitative study will be used to provide insights 
into (1) patients’ experiences during the intervention and (2) possible reasons for outcome and 
adherence results.
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DISSEMINATION

An independent monitor from the Clinical Research Bureau (CRB) of VUmc will have access 
to the data and source documents of the trial. Monitoring will be performed in compliance 
with Good Clinical Practice and other rules and regulations in order to achieve high quality 
research and secure patient safety. We aim to widely disseminate the insights and results of 
this project to (national and international) GPs, GP trainees, elderly care physicians, elderly care 
physician trainees, physiotherapists and patients with dizziness. We will publish the research 
results in international peer-reviewed journals. There are no restrictions placed on publication 
by the sponsor of this study (ZonMw, programma Kwaliteit van Zorg: Versnellen, verbreden, 
vernieuwen). If proven effective, we plan to make the intervention available to all GPs in the 
Netherlands. The website of http://www.thuisarts.nl has been developed by the Dutch College 
of GPs in 2011 in order to offer patients reliable medical information and to support GPs.50 This 
site is increasingly visited by patients (6.2 million visitors in first half of 2014) and will function 
as an important resource to inform patients with dizziness.50 Finally, we will distribute our 
results by means of (national and international) conference presentations. Up to now, other 
medical specialties in the field of dizziness, like ENT and neurology, are hardly aware of the 
growing expertise on dizziness within the discipline of general practice. Therefore, we also 
aim to disseminate the insights and results of this project to other relevant medical specialties 
in the field of dizziness.
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DISCUSSION 

Introducing blended care to treat dizziness 
Research on the effectiveness of the combination of online and face-to-face therapy (blended 
care) is scarce and has never been investigated in patients with vertigo. Stand-alone online 
interventions are susceptible to non-adherence and attrition. Blended care has been shown 
to be able to address these issues.25 For instance, fear of exacerbation of symptoms may be 
an important reason for patients to discontinue their treatment. The encouragement and 
guidance of an experienced physiotherapist at this time may give patients the confidence to 
keep doing the exercises. 

Providing patients with personalised care 
Nowadays, interventions can be tailored to the individual needs of the patient. Tailored care is 
created by the online intervention by continuously re-evaluating the intensity of the exercises 
for each patient. Different patients (with regard to age, gender, education and dizziness 
characteristics) may also have different preferences. We will attempt to develop a clinical 
decision rule for predictors of successful treatment to ensure personalised treatment. With a 
decision rule, GPs will be able to discriminate between patients who are likely to benefit from 
stand-alone internet-based VR and those who need a combination of online and face-to-face 
therapy (blended care). The intervention may not only reduce dizziness and dizziness-related 
impairment, but also stimulate patients’ self-management, in line with the current policy on 
medical care. 

Increasing treatment options for GPs and reducing healthcare costs 
The availability of an effective online intervention may offer a cost-effective alternative 
for treating dizziness, as costly referrals can be avoided. It may stimulate GPs to reduce 
inappropriate drug prescribing. According to the Second Dutch National Survey of General 
Practice, GPs prescribed ineffective drugs to as much as 10% of older patients with dizziness 
during the first consultation.51 Moreover, adverse consequences of dizziness—such as falls, 
anxiety and depression—may be reduced, leading to less healthcare usage and healthcare 
costs. From a wider perspective, the project has the capacity to illustrate how easily accessible 
interventions in primary care may relieve the burden on secondary/tertiary care, leading to 
better care at lower costs.52
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ABSTRACT

Objective: To investigate the clinical effectiveness and safety of stand-alone and blended 
internet-based vestibular rehabilitation (VR) in the management of chronic vestibular 
syndromes in general practice.

Design: Pragmatic, three armed, parallel group, individually randomised controlled trial.

Setting: 59 general practices in the Netherlands.

Participants: 322 adults aged 50 and older with a chronic vestibular syndrome.

Interventions: Stand-alone VR comprising a six-week, internet-based intervention with 
weekly online sessions and daily exercises (10-20 minutes a day). In the blended VR group, 
the same internet-based intervention was supplemented by face-to-face physiotherapy 
support (home visits in weeks 1 and 3). Participants in the usual care group received 
standard care from a general practitioner, without any restrictions.

Main outcome measures: The primary outcome was vestibular symptoms after six months 
as measured by the vertigo symptom scale-short form (VSS-SF range 0-60, clinically 
relevant difference ≥3 points). Secondary outcomes were dizziness-related impairment, 
anxiety, depressive symptoms, subjective improvement of vestibular symptoms after three 
and six months, and adverse events.

Results: In the intention-to-treat analysis, participants in the stand-alone and blended VR 
groups had lower VSS-SF scores at six months than participants in the usual care group 
(adjusted mean difference −4.1 points, 95% confidence interval −5.8 to −2.5; and −3.5 points, 
−5.1 to −1.9, respectively). Similar differences in VSS-SF scores were seen at three months 
follow-up. Participants in the stand-alone and blended VR groups also experienced less 
dizziness-related impairment, less anxiety, and more subjective improvement of vestibular 
symptoms at three and six months. No serious adverse events related to online VR occurred 
during the trial.

Conclusion: Stand-alone and blended internet-based VR are clinically effective and safe 
interventions to treat adults aged 50 and older with a chronic vestibular syndrome. Online 
VR is an easily accessible form of treatment, with the potential to improve care for an 
undertreated group of patients in general practice.

Trial registration: Netherlands Trial Register NTR5712.
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INTRODUCTION

Vestibular symptoms such as vertigo and dizziness are common in general practice.1 Each year 
5% of the general population experiences vertigo symptoms.2 The prevalence, frequency, and 
severity of vertigo generally increases with age.2,3 Four out of five people with vertigo report 
that it severely affects their daily functioning.4 Vertigo also represents a substantial economic 
burden, as a result of absenteeism, high use of healthcare services, and an increased risk of 
falling.2,5 More than 80% of patients experiencing vertigo in the Netherlands, United Kingdom, 
and United States are primarily treated by their general practitioner or primary care doctor and 
are never referred to a medical specialist for their symptoms.6-8 In the International Classification 
of Vestibular Disorders, developed by the leading international Bárány society for neuro-
otology, four types of vestibular symptoms are identified: vertigo, dizziness, vestibulovisual 
symptoms, and postural symptoms.9,10 No vestibular symptom is considered pathognomonic 
in its links to underlying vestibular disease, and the same patient often experiences more than 
one vestibular symptom.10,11 Peripheral vestibular dysfunction due to disorders such as benign 
paroxysmal positional vertigo, vestibular neuritis, vestibular migraine, or Meniere’s disease 
is the most important cause of vestibular symptoms.2 Each peripheral vestibular disorder 
has a distinct initial treatment, and they all have a substantial potential to result in chronic 
vestibular symptoms.12 When a vestibular disorder damages the peripheral vestibular system, 
an innate repair mechanism called vestibular compensation is activated that aids functional 
recovery and decreases vestibular symptoms.13 When vestibular compensation fails, a chronic 
vestibular syndrome can occur.12 This is defined in the International Classification of Vestibular 
Disorders as a clinical syndrome of chronic vestibular symptoms, lasting months to years, 
which includes features suggestive of persistent vestibular system dysfunction. Symptoms 
in chronic vestibular syndromes can either have a progressively deteriorating course, reflect 
a stable, yet incomplete recovery after an acute vestibular event, or represent persistent, 
lingering symptoms between episodic vestibular attacks.10,11 

Vestibular rehabilitation (VR), an exercise based treatment that gradually stimulates the 
vestibular system, can be used to stimulate vestibular compensation.12 Moderate to strong 
evidence shows that VR is a safe and effective treatment for unilateral peripheral vestibular 
dysfunction.14 VR is now recommended in US,15,16 UK,17 and Dutch18 clinical guidelines as 
the preferred treatment for a chronic vestibular syndrome. Despite the scientific evidence 
for VR, less than 10% of general practitioners in the Netherlands19 and UK20 reported its 
use. Investigating alternative ways to deliver VR in general practice may stimulate the 
implementation of VR. Internet interventions are easily accessible and inexpensive and can be 
tailored to the patient’s needs. The University of Southampton used the content of an effective 
VR booklet21,22 to develop an online VR intervention.23 In a randomised controlled trial in the 
UK this fully automated stand-alone internet-based intervention effectively reduced vestibular 
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symptoms compared with usual care.24 Stand-alone internet-based interventions are prone to 
non-adherence and attrition, and therefore online treatment is often combined with face-to-
face therapy by a healthcare professional.25-27 Thus, combining online VR with physiotherapy 
support might provide even better results. This guided approach with physiotherapy support, 
known as blended care, might be especially effective in people with vestibular symptoms, 
as anxiety is strongly associated with vestibular disorders.28-31 Physiotherapists are used to 
reassure and encourage participants doing vestibular exercises and regard the management 
of anxiety as an important aspect of treatment.16,32 We investigated the clinical effectiveness 
and safety of stand-alone and blended internet-based VR versus usual care for adults aged 
50 and older with a chronic vestibular syndrome in primary care. We hypothesised that both 
stand-alone and blended internet-based VR would result in a clinically relevant decrease in 
vestibular symptoms compared with usual care after six months.
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METHODS

We conducted a pragmatic, three group, parallel arm, individually randomised controlled 
trial among adults aged 50 and older with a chronic vestibular syndrome. The clinical 
effectiveness and safety of stand-alone and blended internet-based VR with physiotherapy 
support was compared with usual care. A detailed study protocol has been published,33 
and the trial was registered in the Netherlands Trial Register before the first patient 
was recruited. We followed the CONSORT reporting guidelines for non-drug treatment 
interventions.34

Participants
We recruited participants from 59 general practices in the Netherlands. A search of the 
electronic medical records identified eligible adults aged 50 and older who had visited their 
general practitioner with a vestibular symptom in the past two years. The doctor screened the 
list of potentially eligible participants and excluded those with an identifiable non-vestibular 
cause of their symptoms, medical contraindications for making the required head movements 
(e.g., severe cervical arthrosis), serious comorbid conditions precluding participation in an 
exercise programme, or current enrolment in another similar study. Potential participants 
received information about the trial and a form to express interest. One of the physicians 
in the research team (VAvV or ORM) checked the eligibility criteria of interested patients 
by telephone. The inclusion criteria were a good command of the Dutch language, access to 
the internet and an email account, and persisting vestibular symptoms at time of inclusion 
that had been present for at least one month and were exacerbated or triggered by head 
movements. These inclusion criteria allowed us to identify participants with a chronic 
vestibular syndrome, as defined in the International Classification of Vestibular Disorders10,11 
who were suitable to receive online vestibular rehabilitation. The research team physician used 
a checklist (supplementary appendix 1) to distinguish a chronic vestibular syndrome from an 
acute or episodic vestibular syndrome.10,11

Interventions
Stand-alone internet-based VR
VR entails specific exercises for maximising central nervous system compensation for vestibular 
disease. Additionally, provoking vestibular symptoms in a controlled context constitutes a 
form of exposure based behaviour therapy.35,36 Booklet based VR is an effective method for 
reducing vestibular symptoms and dizziness-related impairment.21,22,37 These booklets served 
as the basis for a British online intervention, called Balance Retraining (freely available from 
https://balance.lifeguidehealth.org/). 23,24,35 The development of Balance Retraining employed a 
person based approach, drawing on an in-depth understanding of intervention target users.38,39 
It was built using LifeGuide software (University of Southampton, Southampton, UK).  Vertigo 
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Training, the internet-based VR intervention we used in this trial, was a Dutch translation of 
Balance Retraining. The intervention period lasted six weeks. Vertigo Training consisted of 
weekly online sessions and daily VR exercises (supplementary appendix 2). 

In the first session, written instructions and video demonstrations were used to teach participants 
the six core VR exercises. Participants were asked to perform these exercises twice daily for 10 
minutes during the intervention period. Exercises were tailored to the individual by taking into 
account the participants’ symptoms and balance capabilities. At the start of the intervention, 
participants performed all exercises sitting down and directly afterwards scored the level of 
vestibular symptoms associated with each of the six exercises. Vertigo Training scores were 
used to automatically produce an exercise prescription for the coming week, custom-built to 
the participant’s vestibular symptoms. Every week participants scored the vestibular symptoms 
associated with each of the six exercises in a new online session. When an exercise was performed 
while sitting down and no vestibular symptoms were elicited (anymore), the difficulty level 
was increased by an instruction to perform that specific exercise while standing or eventually 
when walking around. Through this personalised approach, participants gradually increased the 
intensity of their exercises and continued to challenge their vestibular system. Vertigo Training 
also provided information and advice on coping and symptom control strategies (supplementary 
appendix 2).37 Muscle relaxation and breathing techniques can decrease psychophysiological 
arousal, whereas cognitive restructuring and problem solving might lessen anxiety provoked 
by vestibular symptoms.40 In addition, Vertigo Training included several features to increase 
engagement. To raise participants’ expectations about the content of Vertigo Training, scientific 
studies supporting the effectiveness of VR were summarised in plain language. Participants 
received email messages to remind them to log in to the website each week. Participants also 
received the standard level of care provided by their own doctor, without restrictions.

Blended internet-based VR with physiotherapy support
Participants in the blended VR group received access to the same Vertigo Training intervention 
as participants in the stand-alone VR group. In addition, a trained physiotherapist visited 
participants in the blended VR group twice at home. These physiotherapy sessions occurred 
in weeks 1 and 3 of the six week intervention period and lasted for 45 minutes each. During 
these sessions, the physiotherapist: provided information about the background of vestibular 
symptoms and VR, elicited and addressed doubts and concerns about vestibular symptoms and 
VR, taught participants how to use the online intervention, described and took participants 
through a set of VR exercises, advised on how to anticipate and cope with obstacles to 
adherence, and provided support and encouraged adherence. The first session was designed 
to make the participant feel comfortable with the VR exercises, and the second session focused 
on adherence to treatment. Participants in this group also received the standard level of care 
provided by their doctor, without restrictions.
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Usual care
Participants in the usual care group received the standard level of care provided by their 
doctor, without restrictions. They had access to any treatment available in primary care or in 
secondary care after referral. Participants in the usual care group were offered access to stand-
alone internet-based VR after the trial was completed. Participating doctors received written 
instructions, asking them to diagnose causes of vestibular symptoms and treat identified 
disorders for all participants according to the guidelines of the Dutch College of General 
Practitioners.18

Outcomes
Measurements were collected at baseline and at three and six months follow-up. The primary 
outcome measure was vestibular symptoms as measured by the vertigo symptom scale-short 
form (VSS-SF)41,42 six months after baseline. The VSS-SF has been used effectively in several 
VR trials21,22,24,37 and has shown excellent discriminative ability (area under the curve 0.87), 
high internal consistency (Cronbach’s α 0.90), and high test-retest reliability (intraclass 
correlation coefficient 0.88).42 The instrument measures the frequency of 15 vestibular 
symptoms on a scale from 0 (no symptoms) to 4 (symptoms most days) during the past month 
(total range 0-60 points). Improvement can reflect either fewer or less frequent symptoms. 
A total score of 12 points or more has been classified as severe vestibular symptoms,22 and 
a change in score of 3 points or more has been defined as clinically significant.21,22,24,37 A 
clinically relevant improvement on the VSS-SF can represent either marked improvement on 
one symptom (e.g., vertigo) or some improvement on three symptoms (e.g., vertigo, nausea, 
and unsteadiness).

Secondary outcome measures included the dizziness handicap inventory,43 which measures 
dizziness-related impairment; subjective improvement in vestibular symptoms,37 a single 
dichotomous item that indicated whether participants felt they had or had not improved 
(i.e., worse or the same) compared with baseline; and the patient health questionnaire 
(PHQ)44 to determine the presence of a panic disorder, generalised anxiety disorder, or major 
depressive disorder, and to measure the severity of anxiety (generalised anxiety disorder 
assessment (GAD)-7 subscale)45 and depressive symptoms (PHQ-9 subscale).46 In participants 
in the stand-alone and blended VR groups, we also assessed self-reported perceived barriers 
to adherence with the problematic experiences of therapy scale (PETS).47 At baseline, we 
asked participants to report demographic characteristics (age, sex, level of education, and 
living situation), comorbidities, the vestibular diagnosis, frequency and average duration of 
vestibular symptoms, and time since vestibular diagnosis. 
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Engagement in Vertigo Training was measured by automatically collected data for 
intervention usage, number of sessions completed, and time spent on each page of the trial 
website. We reported all serious adverse events that occurred during the trial to the medical 
ethics committee. The relation of all serious adverse events with vestibular symptoms or the 
intervention was judged, after contacting the participant or general practitioner, or both.

Randomisation and blinding
Participants who completed the informed consent procedure received an email with a link to 
the trial website. After participants had filled out the baseline questionnaire, the LifeGuide 
software allocated them to stand-alone VR, blended VR, or usual care. A simple randomisation 
algorithm stratified participants by severity of vestibular symptoms using a cut-off of 12 or 
higher on the VSS-SF. The automated randomisation process took place online and was 
concealed from the research team. Owing to the nature of the trial interventions, it was not 
possible to blind participants, physiotherapists, and research assistants. The trial statistician 
( JWRT) remained blinded to allocation until the analyses had been completed. 

Sample size
Our sample size calculation was based on the comparison between participants allocated to 
stand-alone VR and those allocated to usual care. We chose this comparison because, based on 
previous blended internet-based research projects,25-27 we anticipated that blended VR would 
be just as effective or more effective than stand-alone VR. In a previous VR trial with VSS-SF 
as the primary outcome measure, booklet-based VR alone compared with usual care showed 
an effect size (Cohen’s d) of 0.45, favouring booklet-based VR.21 To be able to detect such an 
effect, and assuming that stand-alone internet-based VR would produce the same effect size 
as booklet based VR, we needed 80 participants in each group for a two sided test with an α 
of 0.05 and β of 0.20. As attrition from internet-based interventions can be substantial,25 we 
recruited a minimum of 100 participants in each group (300 total sample) to allow for up to 
20% loss to follow-up.

Statistical analyses
We used descriptive statistics to compare the baseline characteristics of participants in 
the three trial arms. For the primary intention-to-treat analysis, participants were analysed 
according to their randomisation group. The two comparisons were stand-alone internet-based 
VR versus usual care and blended internet-based VR with physiotherapy support versus usual 
care. In a secondary per protocol analysis we only included participants assigned to stand-
alone VR who completed all six online sessions, and we only included participants assigned 
to blended VR who completed all six online sessions and both physiotherapist visits. We used 
a linear mixed models analysis for continuous outcome variables, and generalised estimating 
equation analysis for binary outcome variables. These techniques can account for repeated 
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measures within an individual and are also capable of handling missing data in a longitudinal 
dataset without the need to perform multiple imputations.48 For each outcome measure we 
reported a crude and an adjusted analysis. The crude analysis included the group variable 
(using the usual care group as reference), time, and the interaction between the group variable 
and time. Furthermore, we adjusted for the baseline values of the outcome, as is customary 
in randomised controlled trials,49 and for other prespecified potential confounders—that is, 
age (continuous),50-54 sex (categorical),50,55 level of education (categorical),54 living situation 
(categorical),54,56 number of chronic diseases (categorical),50,54,56,57 time since diagnosis 
(categorical),55,56,58 and the presence of a panic disorder, generalised anxiety disorder, or major 
depressive disorder at baseline (categorical).50,56,57-59

Lastly, we conducted a post hoc analysis to assess possible effect modification in the primary 
intention-to-treat analysis for each potential confounder by using interaction terms in the 
model. SPSS 22.0 and Stata 14.1 were used for statistical analyses.

Patient and public involvement
Patients played an important role in the development of Vertigo Training. Detailed feedback 
by patients with vestibular symptoms on the content, usability, and Dutch translation in 
prototype versions led to some amendments of the online intervention. No patients advised 
on interpretation of the results nor were they involved in writing the manuscript. A lay 
summary of the research findings will be distributed to all participants and the results will be 
disseminated to the relevant patient community.
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RESULTS

Participants were recruited between June 2017 and July 2018 from 59 Dutch general practices. 
Figure 1 shows the patient flow during the trial. At baseline, 322 participants were randomised: 
98 to the stand-alone VR group, 104 to the blended VR group, and 120 to the usual care group. 
Follow-up data on the primary outcome was complete at three and six months for 292 (91%) and 
286 (89%) of participants, respectively. Table 1 shows the baseline characteristics of participants. 
The groups were generally well balanced, although the usual care group comprised relatively 
more men. In the stand-alone VR group, 70 participants (71%) completed at least one online 
session and 47 (48%) completed all six sessions. In the blended VR group, 83 participants (80%) 
completed at least one online session, 85 (82%) received both physiotherapist visits, and 55 
(53%) completed all six sessions and were visited twice by the physiotherapist. 

Primary outcome
In the intention-to-treat analysis, participants at three and six months follow-up in both 
the stand-alone VR group and the blended VR group reported fewer vestibular symptoms 
than participants in the usual care group (table 2). After controlling for baseline values and 
prespecified confounders, participants in the stand-alone VR group scored 4.3 points lower on 
the VSS-SF than participants in the usual care group at three months (95% confidence interval 
−5.9 to −2.6) and 4.1 points lower at six months (−5.8 to −2.5). Participants in the blended VR 
group scored 3.9 points lower than participants in the usual care group at three months (−5.5 
to −2.3) and 3.5 points lower at six months (−5.1 to −1.9). The differences between groups were 
statistically significant and exceeded the clinically relevant difference of 3 points. In the per 
protocol analysis, participants in the stand-alone VR group reported a 5.4 point lower VSS-
SF score at six months compared with participants in the usual care group (95% confidence 
interval −7.4 to −3.4), and the blended VR group scored 3.5 points lower than the usual care 
group (−5.5 to −1.6). In a post hoc analysis, no effect modification was found for the primary 
outcome (supplementary appendix 3). 
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Table 1. Baseline characteristics of participants assigned to stand-alone vestibular rehabilitation (VR), 
blended VR, or usual care. Values are numbers (percentages) unless stated otherwise

Characteristics Stand-alone 
VR (n=98)

Blended 
VR (n=104)

Usual care 
(n=120)

Total sample 
(n=322)

Mean (SD) age (years) 66.7 (9.5) 67.4 (9.8) 67.0 (9.4) 67.0 (9.5)

Female 64 (65) 69 (66) 64 (53) 197 (61)

Level of education

Low 33 (34) 37 (36) 36 (30) 106 (33)

Middle 25 (26) 31 (30) 30 (25) 86 (27)

High 40 (41) 36 (35) 54 (45) 130 (40)

Living situation

Alone 34 (35) 33 (32) 35 (29) 102 (32)

With partner 64 (65) 71 (68) 85 (71) 220 (68)

Number of chronic diseases*

0 59 (60) 64 (62) 63 (53) 186 (58)

1 28 (29) 32 (31) 41 (34) 101 (31)

2 8 (8) 4 (4) 12 (10) 24 (7)

≥3 3 (3) 4 (4) 4 (3) 11 (3)

Time since vestibular diagnosis**

One to six months 15 (15) 22 (21) 13 (11) 50 (16)

Six months to two years 28 (29) 27 (26) 39 (33) 94 (29)

Two years to 10 years 31 (32) 44 (42) 48 (40) 123 (38)

More than 10 years 23 (24) 11 (11) 18 (15) 52 (16)

Self-reported vestibular diagnosis** 

No known diagnosis 67 (68) 69 (66) 77 (64) 213 (66)

Benign paroxysmal positional vertigo 11 (11) 17 (16) 22 (18) 50 (16)

Meniere’s disease 9 (9) 9 (9) 10 (8) 28 (9)

Vestibular neuritis 6 (6) 4 (4) 7 (6) 17 (5)

PPPD 0 (0) 1 (1) 0 (0) 1 (0)

Other^ 4 (4) 4 (4) 2 (2) 10 (3)

Disorders at baseline according to PHQ 14 (14) 16 (15) 23 (19) 53 (17)

Panic disorder 2 (2) 3 (3) 5 (4) 10 (3)

Generalised anxiety disorder 12 (12) 15 (14) 19 (16) 46 (14

Major depressive disorder 5 (5) 6 (6) 9 (8) 20 (6)

PPPD = persistent postural-perceptual dizziness; PHQ = patient health questionnaire
* Chronic non-specific lung disease, cardiac disease, peripheral arterial disease, stroke, diabetes mellitus, 
arthritis and cancer.
** Data on this variable missing for three participants (n=1 stand-alone VR; n=2 usual care).
^ traumatic brain injury, cerebrovascular accident, Parkinson’s disease, bacterial meningitis and 
vestibular organ surgical procedures
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Figure 1. Flow of participants through trial 

VR = vestibular rehabilitation; VSS-SF = Vertigo Symptom Scale Short Form 

Figure 1. Flow of participants through trial

Identification of patients aged ≥50 who contacted their GP for vestibular symptoms in the last two years
(n=6503)

Invited to participate (n=5130)

Excluded by GP (n=1373):
- Severe comorbidity (n=491)
- No reason specified (n=449)
- Language problem (n=228)
- Non-vestibular cause (n=132)
- Head movement not possible (n=36)
- Other reasons (n=36)
- Participated in other study (n=1)

 

Assessed for eligibility telephonically by study physician (n=645)

Stand-alone VR (n=98) Usual care (n=120)Blended VR (n=104)

3 month follow-up
89 completed VSS-SF

4 withdrew from trial
5 only missed this follow-up

3 month follow-up
96 completed VSS-SF

1  death
5  withdrew from trial
2 only missed this follow-up

3 month follow-up
107 completed VSS-SF
10 withdrew from trial

3 only missed this follow-up

6 months follow-up
108 completed VSS-SF

2  lost-to-follow-up

6 months follow-up
93 completed VSS-SF

5  lost-to-follow-up

6 months follow-up
85 completed VSS-SF

1  death
8 lost-to-follow-up

No response (n=3149)
Declined to participate (n=1336):
- No more vestibular symptoms (n=807)
- No time or not interested (n=182)
- No computer or internet (n=138)
- Afraid of exercises (n=105)
- Too much comorbidities (n=64)
- No reason specified (n=29)
- In vestibular diagnostic analysis (n=11) 

Randomised after baseline measurement (n=322)

Excluded (n=294):
- No more vestibular symptoms (n=131)
- No vestibular symptoms exacerbated by 
head movements (n=130)
- No computer or internet (n=22)
- Language problem (n=5)
- Severe comorbidity (n=3)
- Vestibular symptoms for <1 month (n=3)

Withdrawn before randomisation (n=29)
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Secondary outcomes
Table 3 shows the comparison between the groups in dizziness-related impairment, anxiety, 
depressive symptoms, and subjective improvement of vestibular symptoms. Participants in 
the stand-alone and blended VR groups experienced less impairment from dizziness than 
participants in the usual care group at three and six months (adjusted mean difference on 
dizziness handicap inventory at 6 months −4.9 points, 95% confidence interval −8.4 to −1.3, 
and −4.5 points, −8.0 to −0.9). They also experienced fewer anxiety symptoms at three and 
six months (adjusted mean difference GAD-7 at 6 months −1.2 points, −2.0 to −0.4, and −1.2 
points, −2.0 to −0.4). No significant differences were found in severity of depressive symptoms 
between the VR groups and the usual care group at three and six months. At six months 46/87 
(53%) participants in the stand-alone VR group, 48/93 (52%) in the blended VR group, and 
43/110 (39%) in the usual care group reported subjective improvement of vestibular symptoms 
compared with the start of the trial. 

Over the course of the trial, participants in the stand-alone VR group and blended VR group 
were more likely to experience subjective improvement than participants in the usual care 
group (adjusted odds ratio stand-alone VR versus usual care 2.2, 95% confidence interval 1.2 to 
4.1; blended VR versus usual care 2.1, 1.2 to 3.8). No significant differences were found in self-
reported perceived barriers to adherence between participants in the stand-alone VR group 
and blended VR group (supplementary appendix 4).

Serious adverse events
A total of 16 serious adverse events were reported during the trial—two participants died (one 
in the stand-alone VR group and one in blended VR group), five were admitted to an intensive 
care unit (four in the stand-alone VR group and one in the usual care group), and nine were 
admitted to hospital to a nonintensive care unit (three in the stand-alone VR group, two in 
the blended VR group, and four in the usual care group). None of the serious adverse events 
were judged to be related to vestibular symptoms or the treatment interventions.
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Table 2. Comparison of primary outcome between treatment groups.

Primary outcome measure Mean (SD) score Crude mean difference 
(95% CI)*

Adjusted mean difference 
(95% CI) †

Stand-alone VR Blended VR Usual care Stand-alone VR v 
usual care

Blended VR 
v usual care

Stand-alone VR 
v usual care

Blended VR 
v usual care

VSS-SF (intention to treat) ‡ n=98 n=104 n=120 n=218 n=224 n=218 n=224

Baseline 14.1 (8.9) 13.8 (8.3) 13.2 (8.6) - - - -

3 months 8.1 (7.4) 8.6 (7.1) 11.5 (9.9) -4.2 (-5.9 to -2.5) -3.9 (-5.5 to -2.2) -4.3 (-5.9 to -2.6) -3.9 (-5.5 to -2.3)

6 months 7.5 (7.8) 8.7 (6.9) 10.9 (9.3) -4.0 (-5.8 to -2.3) -3.5 (-5.1 to -1.8) -4.1 (-5.8 to -2.5) -3.5 (-5.1 to -1.9)

VSS-SF (per protocol) § n=47 n=55 n=120 n=167 n=175 n=167 n=175

Baseline 13.2 (6.2) 15.0 (8.6) 13.2 (8.6) - - - -

3 months 6.0 (4.0) 10.0 (8.0) 11.5 (9.9) -6.0 (-8.1 to -4.0) -3.4 (-5.3 to -1.4) -6.0 (-8.0 to -3.9) -3.3 (-5.2 to -1.4)

6 months 5.9 (5.0) 9.4 (7.4) 10.9 (9.3) -5.4 (-7.5 to -3.4) -3.6 (-5.6 to -1.7) -5.4 (-7.4 to -3.4) -3.5 (-5.5 to -1.6)

VR = vestibular rehabilitation; VSS-SF = Vertigo Symptom Scale Short-Form, range 0-60, clinically 
relevant difference 3 points.
‡ All participants analysed according to allocation. 
§ Only stand-alone VR participants analysed who completed all six online sessions, and blended VR 
participants who completed all six online sessions and both physiotherapist visits. 

* Adjusted for baseline values and repeated measurements within participants.
†Adjusted for baseline values, repeated measurements within participants, age, gender, level of 
education, living situation, number of chronic diseases, time since vestibular diagnosis and presence 
of panic disorder, generalised anxiety disorder or major depressive disorder at baseline. 
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Table 2. Comparison of primary outcome between treatment groups.

Primary outcome measure Mean (SD) score Crude mean difference 
(95% CI)*

Adjusted mean difference 
(95% CI) †

Stand-alone VR Blended VR Usual care Stand-alone VR v 
usual care

Blended VR 
v usual care

Stand-alone VR 
v usual care

Blended VR 
v usual care

VSS-SF (intention to treat) ‡ n=98 n=104 n=120 n=218 n=224 n=218 n=224

Baseline 14.1 (8.9) 13.8 (8.3) 13.2 (8.6) - - - -

3 months 8.1 (7.4) 8.6 (7.1) 11.5 (9.9) -4.2 (-5.9 to -2.5) -3.9 (-5.5 to -2.2) -4.3 (-5.9 to -2.6) -3.9 (-5.5 to -2.3)

6 months 7.5 (7.8) 8.7 (6.9) 10.9 (9.3) -4.0 (-5.8 to -2.3) -3.5 (-5.1 to -1.8) -4.1 (-5.8 to -2.5) -3.5 (-5.1 to -1.9)

VSS-SF (per protocol) § n=47 n=55 n=120 n=167 n=175 n=167 n=175

Baseline 13.2 (6.2) 15.0 (8.6) 13.2 (8.6) - - - -

3 months 6.0 (4.0) 10.0 (8.0) 11.5 (9.9) -6.0 (-8.1 to -4.0) -3.4 (-5.3 to -1.4) -6.0 (-8.0 to -3.9) -3.3 (-5.2 to -1.4)

6 months 5.9 (5.0) 9.4 (7.4) 10.9 (9.3) -5.4 (-7.5 to -3.4) -3.6 (-5.6 to -1.7) -5.4 (-7.4 to -3.4) -3.5 (-5.5 to -1.6)

VR = vestibular rehabilitation; VSS-SF = Vertigo Symptom Scale Short-Form, range 0-60, clinically 
relevant difference 3 points.
‡ All participants analysed according to allocation. 
§ Only stand-alone VR participants analysed who completed all six online sessions, and blended VR 
participants who completed all six online sessions and both physiotherapist visits. 

* Adjusted for baseline values and repeated measurements within participants.
†Adjusted for baseline values, repeated measurements within participants, age, gender, level of 
education, living situation, number of chronic diseases, time since vestibular diagnosis and presence 
of panic disorder, generalised anxiety disorder or major depressive disorder at baseline. 
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Table 3. Comparison of secondary outcomes between treatment groups.

Secondary outcome 
measure

Treatment group Crude mean difference (95% CI)* Adjusted mean difference (95% CI) †

Stand-alone VR Blended VR Usual care Stand-alone VR 
v usual care

Blended VR 
v usual care

Stand-alone VR 
versus usual care

Blended VR 
versus usual care

Mean (SD) score

DHI:

Baseline 34.8 (18.5) 36.0 (21.9) 35.8 (19.9) - - - -

3 months 24.4 (20.8) 26.4 (20.6) 29.2 (21.1) -4.5 (-8.1 to -0.8) -3.9 (-7.5 to -0.3) -4.6 (-8.2 to -1.1) -3.9 (-7.4 to -0.4)

6 months 21.5 (20.4) 25.4 (21.6) 27.6 (21.5) -4.7 (-8.4 to -1.1) -4.4 (-8.0 to -0.8) -4.9 (-8.4 to -1.3) -4.5 (-8.0 to -0.9)

GAD-7:

Baseline 3.7 (4.6) 4.0 (4.3) 4.5 (4.8) - - - -

3 months 3.1 (3.8) 2.9 (3.4) 4.5 (5.0) -1.0 (-1.9 to -0.1) -1.3 (-2.2 to -0.5) -1.1 (-1.9 to -0.3) -1.4 (-2.2 to -0.6)

6 months 2.6 (3.3) 2.7 (3.5) 4.2 (5.0) -1.1 (-1.9 to -0.2) -1.1 (-2.0 to -0.3) -1.2 (-2.0 to -0.4) -1.2 (-2.0 to -0.4)

PHQ-9:

Baseline 4.5 (4.7) 5.4 (4.5) 5.9 (5.4) - - - -

3 months 4.2 (4.2) 4.3 (4.2) 5.3 (5.0) -0.3 (-1.3 to 0.6) -0.9 (-1.8 to 0.0) -0.5 (-1.4 to 0.4) -0.9 (-1.8 to 0.0)

6 months 3.5 (4.3) 4.0 (3.7) 4.9 (5.1) -0.5 (-1.4 to 0.5) -0.8 (-1.7 to 0.2) -0.6 (-1.5 to 0.3) -0.8 (-1.7 to 0.1)

Treatment group Crude odds ratio (95% CI)^ * Adjusted odds ratio (95% CI))^ †

Stand-alone VR Blended VR Usual care Stand-alone VR 
v usual care

Blended VR 
v usual care

Stand-alone VR 
v usual care

Blended VR 
v usual care

No. of patients reporting improvement (%))

Subjective improvement: 

3 months 49/91 (54%) 54/97 (56%) 39/107 (36%) 2.1 
(1.2 to 3.6)

2.2 
(1.2 to 3.8)

2.2 
(1.2 to 4.1) 

2.1 
(1.2 to 3.8)6 months 46/87 (53%) 48/93 (52%) 43/110 (39%)

VR=vestibular rehabilitation; DHI=dizziness handicap inventory, range 0-100; GAD-7= generalised 
anxiety disorder assessment (GAD)-7 subscale, a measure for severity of anxiety symptoms, range 
0-21; PHQ-9=patient health questionnaire-9, a measure for severity of depressive symptoms, range 
0-27; subjective improvement = dichotomous evaluation of vestibular symptoms compared to baseline 
measurement: improved or not improved (i.e., worse or the same).
All analyses reported in table were performed on an intention-to-treat basis, with participants analysed 
according to allocation.

*Adjusted for baseline values and repeated measurements within participants.
†Adjusted for baseline values, repeated measurements within participants, age, sex, level of education, 
living situation, number of chronic disease, time since vestibular diagnosis, and presence of a panic 
disorder, generalised anxiety disorder, or major depressive disorder at baseline.
^ Comparison of overall effect over six months follow-up period.
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Table 3. Comparison of secondary outcomes between treatment groups.

Secondary outcome 
measure

Treatment group Crude mean difference (95% CI)* Adjusted mean difference (95% CI) †

Stand-alone VR Blended VR Usual care Stand-alone VR 
v usual care

Blended VR 
v usual care

Stand-alone VR 
versus usual care

Blended VR 
versus usual care

Mean (SD) score

DHI:

Baseline 34.8 (18.5) 36.0 (21.9) 35.8 (19.9) - - - -

3 months 24.4 (20.8) 26.4 (20.6) 29.2 (21.1) -4.5 (-8.1 to -0.8) -3.9 (-7.5 to -0.3) -4.6 (-8.2 to -1.1) -3.9 (-7.4 to -0.4)

6 months 21.5 (20.4) 25.4 (21.6) 27.6 (21.5) -4.7 (-8.4 to -1.1) -4.4 (-8.0 to -0.8) -4.9 (-8.4 to -1.3) -4.5 (-8.0 to -0.9)

GAD-7:

Baseline 3.7 (4.6) 4.0 (4.3) 4.5 (4.8) - - - -

3 months 3.1 (3.8) 2.9 (3.4) 4.5 (5.0) -1.0 (-1.9 to -0.1) -1.3 (-2.2 to -0.5) -1.1 (-1.9 to -0.3) -1.4 (-2.2 to -0.6)

6 months 2.6 (3.3) 2.7 (3.5) 4.2 (5.0) -1.1 (-1.9 to -0.2) -1.1 (-2.0 to -0.3) -1.2 (-2.0 to -0.4) -1.2 (-2.0 to -0.4)

PHQ-9:

Baseline 4.5 (4.7) 5.4 (4.5) 5.9 (5.4) - - - -

3 months 4.2 (4.2) 4.3 (4.2) 5.3 (5.0) -0.3 (-1.3 to 0.6) -0.9 (-1.8 to 0.0) -0.5 (-1.4 to 0.4) -0.9 (-1.8 to 0.0)

6 months 3.5 (4.3) 4.0 (3.7) 4.9 (5.1) -0.5 (-1.4 to 0.5) -0.8 (-1.7 to 0.2) -0.6 (-1.5 to 0.3) -0.8 (-1.7 to 0.1)

Treatment group Crude odds ratio (95% CI)^ * Adjusted odds ratio (95% CI))^ †

Stand-alone VR Blended VR Usual care Stand-alone VR 
v usual care

Blended VR 
v usual care

Stand-alone VR 
v usual care

Blended VR 
v usual care

No. of patients reporting improvement (%))

Subjective improvement: 

3 months 49/91 (54%) 54/97 (56%) 39/107 (36%) 2.1 
(1.2 to 3.6)

2.2 
(1.2 to 3.8)

2.2 
(1.2 to 4.1) 

2.1 
(1.2 to 3.8)6 months 46/87 (53%) 48/93 (52%) 43/110 (39%)

VR=vestibular rehabilitation; DHI=dizziness handicap inventory, range 0-100; GAD-7= generalised 
anxiety disorder assessment (GAD)-7 subscale, a measure for severity of anxiety symptoms, range 
0-21; PHQ-9=patient health questionnaire-9, a measure for severity of depressive symptoms, range 
0-27; subjective improvement = dichotomous evaluation of vestibular symptoms compared to baseline 
measurement: improved or not improved (i.e., worse or the same).
All analyses reported in table were performed on an intention-to-treat basis, with participants analysed 
according to allocation.

*Adjusted for baseline values and repeated measurements within participants.
†Adjusted for baseline values, repeated measurements within participants, age, sex, level of education, 
living situation, number of chronic disease, time since vestibular diagnosis, and presence of a panic 
disorder, generalised anxiety disorder, or major depressive disorder at baseline.
^ Comparison of overall effect over six months follow-up period.
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DISCUSSION

This three armed randomised controlled trial provides strong evidence for the effectiveness 
of online vestibular rehabilitation (VR) in general practice for adults with a chronic vestibular 
syndrome. After three and six months, participants in both the stand-alone internet-based VR 
group and the internet-based VR group with physiotherapy support (blended VR) experienced 
significantly fewer vestibular symptoms than participants in the usual care group. They also 
experienced less dizziness-related impairment, less anxiety, and more subjective improvement 
of vestibular symptoms. In the intention-to-treat-analysis the effects of stand-alone VR and 
blended VR were comparable. In a per protocol analysis that only included participants who 
adhered fully to the intervention, the treatment effects of stand-alone VR were notably better 
than in the intention-to-treat-analysis. No serious adverse events related to stand-alone 
or blended VR occurred during the trial. In this trial, stand-alone and blended VR showed 
significantly better effects than usual care at three and six months on both the primary 
outcome measure and three out of four secondary outcome measures, which points to the 
robustness of these findings.

Comparison with other studies
The positive effects of VR seen in this trial are in line with the results of previous VR 
randomised controlled trials in general practice.21,22,24,60 Internet-based VR was previously 
investigated in only one randomised controlled trial in general practice.24 The stand-alone 
intervention of Balance Retraining, the English version of our online intervention Vertigo 
Training, was associated with a significant reduction in vestibular symptoms and dizziness-
related impairment compared with usual care in British adults aged 50 and older.24 The adjusted 
mean difference at six months in the vertigo symptom scale-short form (VSS-SF) score in that 
trial was 2.3 points (95% confidence interval 0.4 to 4.1), favouring the online intervention. Our 
trial confirms the effectiveness of stand-alone internet-based VR in general practice. The 
larger difference we found in our stand-alone VR group (4.1 points, 95% confidence interval 
2.5 to 5.8) might be explained by better adherence to treatment (71% completed one session 
or more versus 61%) and a higher follow-up rate (87% v 70%). Our trial assessed the value 
of guidance in internet-based VR. Compared with usual care, blended VR was not different 
from stand-alone VR in our trial in terms of effectiveness, self-reported perceived barriers to 
adherence, and actual adherence to the online intervention. In treating patients with stress, 
anxiety, and depression, blended online interventions have shown benefits over stand-alone 
internet-based interventions.61-63 However, a review that examined blended internet-based 
interventions in chronic somatic disorders showed inconsistent effects.64 The optimal quantity 
(number of face-to-face sessions) and quality of guidance (type of therapist) in internet-
based interventions are still unclear and might depend on the condition.65 The added value 
of support by a healthcare professional in chronic vestibular syndromes might be less than 
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in anxiety or depressive disorders. In stand-alone VR, participants received automated emails 
to promote adherence, and treatment was tailored to the participant’s vestibular symptoms, 
which might have been enough to encourage them to continue. Further research is needed to 
determine the added value of guidance in internet-based VR. A qualitative interview study 
and a prediction study, announced in the published study protocol,33 are still in progress. 
Interviews with participants who received blended VR will provide insights into participants’ 
experiences, and a prediction rule might help to determine which type of patient will benefit 
most from therapeutic guidance.

Strengths and limitations of this study
Our study has several strengths. The trial was well powered, follow-up rates were high, and 
participants displayed good adherence to treatment interventions. The primary outcome 
measure we used, the VSS-SF, is an established patient reported outcome measure42,66 that 
has been used in several VR trials.21,22,24,60 The pragmatic design of this trial with relatively broad 
inclusion criteria and no restrictions in usual care, allows general practitioners to directly apply 
the trial results in daily practice.

Our trial also has some limitations. Firstly, only a small percentage (<10%) of patients who were 
invited to participate enrolled in the trial, which might represent a selection bias. Of the 5130 
invited participants, 3149 (61%) did not respond to our invitation. The low uptake may partly 
result from inviting patients who visited their doctor for vestibular symptoms in the past two 
years. Because 807 patients (60%) who declined to participate (see fig 1) reported that they 
no longer experienced vestibular symptoms, this might also be true for a large proportion of 
nonresponders. Participation was declined by 138 patients (10%) because they had no access 
to a computer or the internet. When we compared our trial sample with vestibular subgroup 
data from representative Dutch general practice studies on dizziness,8,54 our participants were 
more often men and the age group 85 and older was underrepresented. Patients motivated 
to treat their vestibular symptoms with exercises might have been more likely to participate 
in the trial, which should be taken into account for implementation in daily general practice.

Secondly, we chose to include participants with a chronic vestibular syndrome and not a 
specified vestibular disorder. The effectiveness for VR was first shown in selected populations 
with various vestibular disorders, including benign paroxysmal positional vertigo, vestibular 
neuritis, Meniere’s disease, and unilateral and bilateral vestibulopathy.14,37,67,68 This formed the 
basis for later VR trials that applied a syndrome based approach to include patients who 
experienced symptoms related to these disorders.21,22,24 These studies showed that VR can 
be effective when applied in patients with a syndrome diagnosis, which is important for 
general practice where a final vestibular diagnosis might not be available. In our trial, 213 
participants (66%) reported that they had never received a diagnosis for a specific vestibular 
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disorder. Previous studies in general practice have shown that general practitioners record a 
symptom diagnosis in one third of patients who present with vertigo or dizziness.8,54 As we 
endorse the importance of a specific vestibular diagnosis in general practice, all participating 
doctors received written instructions on how to diagnose and treat vestibular symptoms 
according to the Dutch guidelines,18 and participants received usual care without restrictions. 
Nevertheless, the absence of a specific vestibular diagnosis should not be a reason to withhold 
VR from patients when a chronic vestibular syndrome is present. We acknowledge that the 
inclusion of adults with chronic vestibular syndromes instead of specified vestibular disorder 
diagnoses entailed a higher risk of diagnostic uncertainty. However, we believe that VR is a 
low risk treatment, which according to the International Classification of Vestibular Disorders 
requires a lower level of diagnostic certainty.10 As more than 80% of patients with vestibular 
symptoms are treated by general practitioners without referral to secondary care,6-8 using a 
syndrome diagnosis over a disorder diagnosis might increase the uptake of VR because it is 
more applicable to daily general practice.

Thirdly, we compared stand-alone VR and blended VR with usual care, the last being 
an inactive comparator group. In pragmatic trials it is common for usual care to be used 
as a control group to maximise applicability of the results of the trial in daily practice.69 
Nevertheless, not providing any experimental treatment to participants in the usual care 
group could have affected the results. Unfortunately, it was not possible to blind participants 
to this exercise based treatment. Therefore, the difference in treatment effects between the 
intervention groups and usual care group might be partly explained by including an inactive 
control group. In people with Meniere’s disease and chronic vestibular symptoms, booklet 
based VR has been compared with both an inactive control group and an active control group 
where participants received a booklet on how to control their symptoms.37 Compared with the 
inactive control group in this trial, both vestibular symptoms (VSS-SF) and impairment due 
to dizziness (dizziness handicap inventory) decreased in the VR group, and only impairment 
due to dizziness decreased in the active control group. Also, previous trials have shown 
that improvement in subjective, patient-reported outcomes after VR are accompanied by 
improvements in objective measures of balance function.14,22,70 Therefore it is unlikely that the 
findings of our study are explained solely by providing any form of experimental treatment. 

Fourthly, the absence of serious adverse events related to online VR indicates this treatment 
is safe to use in general practice, but harms may have been underreported. Participants were 
asked about adverse reactions at the three and six month follow-up and were encouraged to 
report these directly to the trial team. Since contact with the trial team during the trial was 
minimal, participants might have forgotten to mention some harmful side effects. Because 
our results are consistent with previous VR studies, where serious adverse events were also 
absent,14,24 online VR can probably be considered a safe form of treatment. 
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Conclusions and implications for research and practice
Internet-based VR is a safe and effective treatment for adults aged 50 and older with a chronic 
vestibular syndrome. Although further research is needed to determine if certain participants 
might benefit more from either stand-alone or blended VR, this trial shows that both forms of 
internet-based VR can reduce vestibular symptoms. By providing general practitioners with 
an easily accessible, low cost form of treatment, online VR has the potential to substantially 
improve care for a largely undertreated group of patients with a chronic vestibular syndrome 
in general practice.
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SUPPLEMENTARY FILES

Supplementary Appendix 1. Inclusion criteria used to identify eligible patients with a chronic vestibular 
syndrome

Question Inclusion Exclusion

How would you describe your 
symptoms?

1. A sensation of motion of self 
when no motion is present, or 
an altered sensation of motion 
when motion occurs. The 
motion sensation may be rotary, 
translational, or tilt. 
2. A vestibulovisual symptom 
that causes a similar sensation 
of motion of the environment. 
3. A disturbed or altered 
sensation of spatial orientation 
without false or altered 
movement.

Balance symptoms related 
to maintenance of postural 
stability, occurring only while 
upright (seated, standing, or 
walking) without any vestibular 
symptom described as 1, 2 or 3. 

Are the symptoms exacerbated 
or triggered by head 
movements? 

Yes No relationship with head 
movements (e.g., symptoms 
only provoked by arising from a 
lying or sitting position) 

Have you experienced these 
symptoms in the last three 
days? 

Yes No

Have the symptoms been 
present for more than one 
month?

Yes No

Is the head movement 
intolerance always present or 
do you have prolonged periods 
of time in between where you 
can move your head without 
experiencing symptoms? 

Always present to some degree. Prolonged periods of time in 
between without symptoms. 
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Supplementary Appendix 2. Content of Vertigo Training 

Description of weekly sessions

Session number Summary content

Session 1 • Welcome to Vertigo Training and overview of session content

• Vestibular symptoms and the balance system

• Intro to VR exercises—working mechanism and contraindications

• Planning exercises

• Exercise demonstration videos of core exercises (personalised to 
male or female)

• Timed exercise scoring test (long version)

• Exercise ‘prescription’ for the following week

• Dealing with side effects

• Session recap and access to main menu.

Session 2 • Welcome to session 2 and overview of session content

• Tailoring of exercises to current capabilities (i.e., review of last 
week’s exercises)

• Information about how to deal with possible difficulties with 
exercises

• Timed exercise scoring test (option to do short or long version)

• Exercise ‘prescription’ for the following week

• Stress and vestibular symptoms—exacerbation of symptoms

• Introduction to symptom control techniques: controlled breathing

• Session recap and access to main menu

Session 3 • Welcome to session 3 and overview of session content

• Tailoring of exercises to current capabilities

• Timed exercise scoring test (option to do short or long version)

• Exercise ‘prescription’ for the following week

• Increasing difficulty of exercises

• Symptom control techniques: relaxation

• Session recap and access to main menu

Session 4 • Welcome to session 4 and overview of session content

• Tailoring of exercises to current capabilities

• Timed exercise scoring test (option to do short or long version)

• Exercise ‘prescription’ for the following week

• Visual environments and vestibular symptoms—exercises and 
techniques to help

• Symptom control techniques: stress management

• Session recap and access to main menu
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Supplementary Appendix 2. Continued

Session 5 • Welcome to session 5 and overview of session content

• Tailoring of exercises to current capabilities

• Timed exercise scoring test (option to do short or long version)

• Exercise ‘prescription’ for the following week

• Everyday situations/activities and dizziness—exercises and 
techniques to help

• Symptom control techniques: thought control

• Session recap and access to main menu

Session 6 • Welcome to session 6 and overview of session content

• Tailoring of exercises to current capabilities

• Adding general movement exercises to VR

• Maintaining a healthy balance system

• Session recap and access to main menu.

Core vestibular rehabilitation exercises

Exercise 1- Shake Turn your head from right to left and back again 10 times in 10 seconds. 
Twist your head round as far as it will go comfortably when you do this, 
and look in the direction your head is pointing. Wait 10 seconds after you 
have performed 10 complete turns, and then do 10 more turns.

Exercise 2- Nod Nod your head up and down and back again 10 times in 10 seconds. Tip 
your head as far as it will go comfortably when you do this, and look 
in the direction your head is pointing. Wait 10 seconds after you have 
performed 10 complete turns, and then do 10 more turns.

Exercise 3- Shake, eyes closed Carry out the shake exercise with your eyes closed. Wait 10 seconds after 
you have performed 10 complete turns, and then do 10 more turns.

Exercise 4- Nod, eyes closed Carry out the nod exercise with your eyes closed. Wait 10 seconds after 
you have performed 10 complete turns, and then do 10 more turns.

Exercise 5- Shake and stare Hold your finger pointing upwards in front of you and carry out the 
shake exercise while staring at your finger. Do not let your eyes move 
from your finger. Wait 10 seconds after you have performed 10 complete 
turns, and then do 10 more turns.

Exercise 6- Nod and stare Hold your finger pointing sideward in front of you and carry out the nod 
exercise while staring at your finger. Do not let your eyes move from your 
finger. Wait 10 seconds after you have performed 10 complete turns, and 
then do 10 more turns.
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Supplementary Appendix 2. Continued

Symptom control techniques in Vertigo Training

Controlled breathing Various exercises to learn how to control breathing to help decrease 
psychological distress during vestibular symptoms. 

Relaxation Progressively tensing and relaxing different muscle groups (extremities, 
thorax and abdomen, neck and shoulders, face) to gain a better 
understanding of muscle relaxation. 

Stress management Techniques to handle stress by better planning, efficient time 
management and selecting activities that are important to you. 

Thought control Various exercises to learn how to control your thoughts by observing 
your thoughts without judgement, methods of distraction and focusing 
on positive associations. 
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Supplementary Appendix 3. Post-hoc analysis for effect modification for primary outcome measure 
VSS-SF

p-value of interaction between 
potential effect modifier, treatment 

arm and time*

Stand-alone VR v 
usual care

Blended VR v 
usual care

Potential effect modifier n=218 n=224

Age 1.00 0.89

Gender 0.05 0.42

Level of education

Low versus middle 0.29 0.18

Low versus high 0.14 0.29

Living situation (alone or with partner) 0.48 0.31

Number of chronic diseases

None versus one 0.28 0.37

None versus two 0.73 0.65

None versus three 0.19 0.30

None versus four - 0.23

Time since vestibular diagnosis

One - six months versus six months- two years 0.33 0.47

One - six months versus two - ten years 0.67 0.59

One - six months versus more than ten years 0.95 0.27

Presence of a panic disorder, generalised anxiety 
disorder or major depressive disorder at baseline

0.06 0.08

VR = vestibular rehabilitation; VSS-SF = Vertigo Symptom Scale Short-Form (VSS-SF), range 0-60, 
clinically relevant difference 3 points.
* All participants analysed according to allocation, p-value < 0.05 classified as statistically significant. 
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Supplementary Appendix 4. Comparison of Problematic Experiences of Therapy Scale (PETS) scores 
between stand-alone VR and blended VR, measured at three months follow-up

Intervention 
(mean score (standard deviation))*

Stand-alone 
VR (N=89)

Blended VR 
(N=94)

p-value**

Subscale 1: Symptoms too severe or aggravated by 
therapy (3 items)

2.6 (0.3) 2.6 (0.4) 0.43

Subscale 2: Uncertainty about how to carry out the 
treatment (3 items)

1.8 (0.8) 1.7 (0.8) 0.27

Subscale 3: Doubts about treatment efficacy (3 items) 2.1 (1.0) 1.9 (1.0) 0.36

Subscale 4: Practical problems (5 items) 2.3 (1.0) 2.0 (0.9) 0.05

Subscale 5: Problems due to lack of support (3 items) 1.7 (0.7) 1.5 (0.6) 0.14

* All items were scored on a scale ranging from 1 (disagree strongly) to 5 (agree strongly). The final score 
per subscale was calculated by dividing the number of points by the number of items. 
**No significant differences (p<0.05) in subscales of self-reported perceived barriers to adherence on 
independent samples t test
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ABSTRACT 

Objectives: To evaluate the cost-effectiveness of stand-alone and blended internet-based 
vestibular rehabilitation (VR) in comparison with usual care (UC) for chronic vestibular 
syndromes in general practice. 

Design: Economic evaluation alongside a three-armed, individually randomised controlled 
trial. 

Setting: 59 Dutch general practices.

Participants: 322 adults, aged 50 years and older with a chronic vestibular syndrome. 

Interventions: Stand-alone VR consisted of a six-week, internet-based intervention 
with weekly online sessions and daily exercises. In blended VR, this intervention was 
supplemented with face-to-face physiotherapy support. UC group participants received usual 
general practice care without restrictions. 

Main outcome measures: Societal costs, quality-adjusted life years (QALY), Vertigo Symptom 
Scale - Short Form (VSS-SF), clinically relevant response (≥3 points VSS-SF improvement). 

Results: Mean societal costs in both the stand-alone and blended VR groups were statistically 
non-significantly higher than in the UC group (mean difference (MD) €504, 95%-CI -1082 
to 2268; and €916, 95%-CI -663 to 2596). Both stand-alone and blended VR groups reported 
non-significantly more QALYs than the UC group (MD 0.02, 95%-CI -0.00 to 0.04; and 0.01, 
95%-CI -0.01 to 0.03), and significantly better VSS-SF scores (MD 3.8 points, 95%-CI 1.7 to 
6.0; and 3.3 points, 95%-CI 1.3 to 5.2). For stand-alone VR compared to UC, the probability 
of cost-effectiveness was 0.95 at a willingness-to-pay ratio of 24,161 €/QALY, 600 €/point 
improvement in VSS-SF, and 8000 €/clinically relevant responder in VSS-SF. For blended 
VR versus UC, the probability of cost-effectiveness was 0.95 at a willingness-to-pay ratio 
of 123,335 €/QALY, 900 €/point improvement in VSS-SF and 24,000 €/clinically relevant 
responder in VSS-SF. 

Conclusion: Stand-alone and blended internet-based VR non-significantly increased QALYs 
and significantly reduced vestibular symptoms compared to UC, while costs in both groups 
were non-significantly higher. Stand-alone VR has the highest probability to be cost-effective 
compared to UC. 

Trial registration: Netherlands Trial Register NTR5712
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INTRODUCTION

General practitioners frequently encounter patients with vestibular symptoms (i.e. vertigo, dizziness, 
vestibulovisual and postural symptoms).1-3 The one-year prevalence of vestibular symptoms is 
approximately 20% in population-based studies.1 Patients with vestibular symptoms are often 
unable to work, make frequent use of healthcare services and have an increased risk of falling.1,4,5 The 
financial burden of these symptoms is therefore substantial. In a recent German study, the yearly 
healthcare costs were over 800 euro higher in patients with vestibular symptoms than in patients 
without vestibular symptoms.5 Through assessment of timing and triggers of symptoms, patients 
can be classified as having either an acute vestibular syndrome, episodic vestibular syndrome or 
chronic vestibular syndrome.6-8 In chronic vestibular syndromes, patients experience vestibular 
symptoms with features suggestive of persistent vestibular system dysfunction for months to 
years. The preferred treatment for chronic vestibular syndromes, according to clinical guidelines 
from the United States,9, 10 the United Kingdom11 and The Netherlands,12 is vestibular rehabilitation 
(VR). VR is an exercise-based treatment developed to reduce vestibular symptoms by gradually 
stimulating the vestibular system.13,14 There is moderate to strong evidence that VR can safely 
and effectively reduce vestibular symptoms in both unilateral and bilateral peripheral vestibular 
dysfunction.14, 15

Despite the scientific evidence and recommendations in guidelines, VR is still underused in general 
practice. Surveys among Dutch16 and English17 general practitioners (GPs) indicate that less than 
10% uses VR. Developing new ways to deliver VR in general practice may help to implement this 
effective treatment in daily practice. Internet interventions have several advantages over other 
forms of treatment: they are inexpensive, easily accessible and can be easily personalised according 
to the needs of individual patients. Recently, the University of Southampton transformed the 
content of a VR booklet18 that was shown to be (cost-)effective compared to usual care, into an 
internet-based VR intervention.19 In a randomised controlled trial in the UK,20 this stand-alone 
internet-based VR intervention effectively reduced vestibular symptoms compared to usual care. 
Combining an internet-based intervention with face-to-face support by a healthcare professional 
is called blended care.21 Stand-alone internet-based interventions are generally less expensive than 
blended internet-based interventions, but the risk of non-adherence is also higher.21-23 We therefore 
developed a blended internet-based VR intervention by adding physiotherapy support to the British 
internet-based VR intervention. We conducted a pragmatic, three-armed, randomised controlled 
trial in Dutch general practice to investigate the clinical effectiveness and cost-effectiveness of 
stand-alone and blended internet-based VR compared to usual care.24 As we recently reported, both 
stand-alone and blended internet-based vestibular rehabilitation led to a clinically relevant and 
statistically significant decrease in vestibular symptoms compared to usual care.25 The objective 
of the present substudy is to evaluate the cost-effectiveness of stand-alone and blended internet-
based VR versus usual care for general practice patients aged 50 and older with a chronic vestibular 
syndrome.
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METHODS

Design
This economic evaluation was conducted alongside a pragmatic, three-armed, randomised 
controlled trial in general practice. In the trial, we compared stand-alone and blended internet-
based VR with usual care in patients aged 50 and older with a chronic vestibular syndrome. 
A detailed description of the study protocol24 and the results of the clinical effectiveness 
analysis25 can be found in previous publications. For the reporting of the cost-effectiveness 
analysis, we follow the recommendations in the Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS) statement.26 

Participants
In short, we recruited participants from 59 general practices in The Netherlands. Patients 
with chronic vestibular syndrome according to the International Classification of Vestibular 
Disorders (ICVD) were eligible for the study.6,7 Chronic vestibular syndrome was defined as 
vestibular symptoms at time of inclusion that had been present for at least one month and 
that were exacerbated or triggered by performing head movement. Further inclusion criteria 
were: age 50 years and older; good command of the Dutch language; access to the internet and 
an email account. Participants with an identified non-vestibular cause of dizziness, medical 
contraindications for making the required head movements (e.g. severe cervical arthrosis), 
serious comorbid conditions precluding participation in an exercise programme, or current 
enrolment in another study were excluded. 

Interventions
Stand-alone internet-based vestibular rehabilitation (stand-alone VR)
Vertigo Training, the internet-based VR intervention we used in this trial, is a Dutch translation 
of the internet-based VR intervention developed by the University of Southampton. The 
intervention lasted six weeks and consisted of six weekly online sessions with daily VR 
exercises. In the first session, video demonstrations and written instructions are used to teach 
participants the six core VR exercises. During the intervention period, participants were asked 
to perform these exercises for 10 minutes twice daily. Every week, the participant logged in 
to Vertigo Training to self-report the level of vestibular symptoms caused by each of the 
six exercises. Vertigo Training used this information to produce a VR exercise prescription 
for the coming week, tailored to the individual needs and capabilities of the participant. In 
addition, Vertigo Training also provides information and advice on coping and symptom 
control strategies which are described in more detail elsewhere.25 
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Blended internet-based vestibular rehabilitation with physiotherapy support (blended VR)
Supplemental to the Vertigo Training intervention, participants in the blended VR group 
were visited twice at home by a trained physiotherapist. These supportive physiotherapy 
sessions occurred in weeks one and three of the six-week intervention period and lasted for 
45 minutes each. 

Usual care
Participants in the usual care group received the standard level of care provided by their own 
GP without restrictions. 

Measures
We assessed quality of life with the most widely used preference-based quality-of-life 
instrument in economic evaluations,27 the 5-level EuroQol questionnaire (EQ-5D-5L), at 
baseline, and 3 and 6 months of follow-up.28 EQ-5D-5L health states were converted to utility 
scores using the Dutch EQ-5D-5L tariff.29 For all five dimensions, a subtraction is done from 
the utility score if the participant experiences any problems on that domain. We calculated 
Quality-Adjusted Life-Years (QALYs) by multiplying the utility of a specific health state 
with the time spent in that health state. Transitions between health states were linearly 
interpolated. One QALY is equivalent to one life-year in perfect health. A gain in QALYs can 
therefore be interpreted as an improvement in the quantity and/or quality of life.

We measured vestibular symptoms by the Vertigo Symptom Scale-Short Form (VSS-SF)30,31 at 
baseline, and 3 and 6 months of follow-up. The VSS-SF measures the frequency of 15 vestibular 
symptoms on a scale from 0 (no symptoms) to 4 (symptoms most days) during the past month 
(total range 0-60 points). Improvement can reflect either fewer or less frequent symptoms. 
In accordance with previous studies,18,20,32,33 we defined a decrease of three points or more on 
the VSS-SF between baseline and six month measurement as a clinically relevant response. 
In this cost-effectiveness study, we used the VSS-SF scores at 6 months follow-up and the 
number of participants with a clinically relevant improvement during the 6-month trial period 
as measures of effectiveness.

We measured costs from a societal perspective, using the iMTA Medical and Productivity Cost 
Questionnaires at 3 and 6 months of follow-up.34,35 Both questionnaires had a recall period of 3 
months. The societal costs included healthcare costs (primary care, secondary care, medication 
and home care), informal care costs (i.e. costs related to help from family and friends) and 
lost productivity costs. Lost productivity costs consisted of costs related to absenteeism from 
paid and unpaid work (e.g. household activities or voluntary work), and presenteeism costs. 
Presenteeism is defined as reduced efficiency due to health problems while at work.36
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We valued healthcare utilisation by using Dutch standard costs if available.37 Otherwise, we 
used tariffs of professional organisations or healthcare providers themselves. We used data from 
the Dutch Healthcare Institute to value medication use.38 We estimated costs of absenteeism 
from paid work by using the friction cost approach39 that assumes that sick employees are 
replaced after a certain period of time (the friction period, i.e. 12 weeks) after which there are 
no productivity losses anymore. We calculated productivity losses associated with paid work 
with gender-specific average wage rates of the Dutch population.37 We assessed presenteeism 
by measuring participants’ efficiency while at work on a numerical rating scale ranging from 0 
(“I could not do anything”) to 10 (“I did as much as always”, i.e. the efficiency score. To calculate 
lost productivity hours due to presenteeism, we multiplied one minus the efficiency score with 
the number of days of reduced efficiency, multiplied by the number of working hours per day. 
We then used gender-specific average wage rates to convert the lost productivity hours due 
to presenteeism to lost productivity costs. To calculate lost productivity costs associated with 
unpaid work and informal care costs, we used a shadow price for a legally employed cleaner.37

Cost-effectiveness analyses
We performed the economic evaluation from a societal perspective. We compared QALYs 
and VSS-SF scores at 6 months pairwise between the two active treatment groups (stand-
alone and blended VR) and usual care. Discounting was not necessary, because follow-up was 
shorter than 1 year. 

We performed the analyses according to the intention to treat principle. We imputed missing 
cost and effect data with multiple imputation by chained equations (MICE) with predictive 
mean matching to account for the skewed distribution of costs.40 The advantage of multiple 
imputation over single imputation methods is that the uncertainty around the imputed values 
is also taken into account. The predictive mean matching ensured that only observed values 
can be imputed. The number of imputed datasets was increased until the fraction of missing 
information was smaller than 5%.41 The imputation model included variables that differed at 
baseline, differed between participants with and without complete follow-up, or that were 
associated with the outcomes (clinical effects and costs). In addition, we included all variables 
of the analysis models in the imputation model. We performed analyses separately for each 
imputed dataset and then pooled applying Rubin’s rules.42

We estimated differences in costs and effects with bivariate regression in which two separate 
regression models are specified, while correlation between costs and effects is maintained 
through correlated error terms. This allows for specification of separate covariates for costs 
and effects in the regression models. We used bias-corrected accelerated bootstrapping with 
5,000 replications to estimate the uncertainty surrounding differences in costs and effects. 
We calculated incremental cost-effectiveness ratios (ICERs) by dividing the difference in 
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costs by the difference in effects. ICERs indicate the investment that is needed to gain one 
unit of effect extra in the intervention group compared to control. Uncertainty surrounding 
the ICER is shown in cost-effectiveness (CE) planes.43 The probability of cost-effectiveness 
was calculated by determining the proportion of bootstrapped cost-effect pairs below the 
willingness-to-pay threshold for each possible willingness-to-pay threshold. By estimating 
cost-effectiveness acceptability (CEA), we subsequently combined statistical uncertainty with 
decision uncertainty curves to show the probability that the intervention is cost-effective 
compared to usual care for different willingness-to-pay ratios.44 The willingness-to-pay ratio is 
defined as the maximum amount of money that society is willing to pay to gain one additional 
unit of effect. We employed the commonly used threshold of 20,000 € per QALY gained for 
appraisal of new health technologies.45 

We conducted three sensitivity analyses to assess the robustness of the findings. In the first 
sensitivity analysis (SA1), we conducted the economic evaluation from the perspective of 
the healthcare system, meaning that only healthcare costs are included, as is recommended 
in some other countries, such as the UK, Belgium and Germany. In the second sensitivity 
analysis (SA2), we coded costs of extreme outliers (five participants who were admitted to 
the intensive care unit during the trial for reasons unrelated to the trial) as missing so they 
would be imputed in the multiple imputation procedure. In the third sensitivity analysis 
(SA3), we excluded secondary care and medication costs. We chose to conduct SA3 because 
hospitalisations and expensive medications could have had a large influence on the main 
analysis due to relatively high costs, even though they were all judged to be unrelated to 
vestibular symptoms.

Patient and public involvement
Patients played an important role in the development of Vertigo Training. Detailed feedback 
by patients with vestibular symptoms on the content, usability and Dutch translation in 
prototype versions led to some amendments of the online intervention. No patients advised on 
interpretation of the results, nor were they involved in writing the manuscript. A lay summary 
of the research findings will be distributed to all participants in the study and the results will 
be disseminated to the relevant patient community.



200

RESULTS

Participants
We provide an overview of patient enrolment, allocation and follow-up in Supplementary 
Figure 1. Participants were recruited between June 2017 and July 2018. We randomised 322 
participants at baseline: 98 participants were allocated to the stand-alone VR group, 104 to the 
blended VR group, and 120 to the usual care group. The baseline characteristics of participants 
are shown in Supplementary Table 1. 

 

Figure 1. Main analysis – societal perspective. Cost-effectiveness acceptability curve for the 
Vertigo Symptom Scale - Short Form comparing stand-alone vestibular rehabilitation with 
usual care. 
 
 

 
 
 
 

Figure 1. Main analysis – societal perspective. Cost-effectiveness acceptability curve for the Vertigo 
Symptom Scale - Short Form comparing stand-alone VR with usual care.
VR = vestibular rehabilitation

Effects
Table 1 presents the pooled mean effects and costs in the three intervention groups. The mean 
QALY was 0.43 for stand-alone VR participants, 0.41 for blended VR participants and 0.41 for 
usual care participants. The differences of stand-alone and blended VR compared to usual care 
in QALYs were not statistically significant (mean difference 0.02 , 95% CI -0.00 to 0.04; and 
0.01, 95% CI -0.01 to 0.03). Both stand-alone and blended VR participants reported statistically 
significantly lower VSS-SF scores at 6 months follow-up compared to usual care participants 
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(mean difference 3.8 points, 95% CI 1.7 to 6.0; and 3.3 points, 95% CI 1.3 to 5.2). A clinically 
relevant VSS-SF response was seen significantly more often in both stand-alone and blended 
VR groups than in the usual care group (difference in percentage of participants with clinically 
relevant response 27%, 95% CI 13% to 40%; and 16%, 95% CI 2% to 30%). Overall, differences in 
effects for stand-alone VR versus usual care were larger than for blended VR versus usual care.

Costs
Total societal costs in the stand-alone group were €3567 (standard error 701), in the blended 
VR group €3979 (SE 667), and in the usual care group €3063 (SE 520). However, uncertainty 
surrounding these differences was substantial. The cost difference between stand-alone VR 
and usual care was smaller (i.e. mean difference €504, 95% CI -1082 to 2268) than between 
blended VR and usual care (mean difference €916, 95% CI -663 to 2596). Healthcare costs in 
both the stand-alone and blended VR groups were statistically non-significantly higher than 
in the usual care group (mean difference €478, 95% CI -100 to 1514; and €215, 95% CI -272 to 
836). Total lost productivity costs in the stand-alone VR and usual care groups were similar 
(mean difference €12, 95% CI -1260 to 1439). Total lost productivity costs in the blended VR 
group were considerably – but not significantly – higher than in the usual care group (mean 
difference €472, 95% CI -846 to 1825). 

Cost-effectiveness main analysis
Table 2 presents the results of the cost-effectiveness analyses for stand-alone VR compared 
with usual care. For QALYs, the ICER was 24,161 €/QALY gained for stand-alone VR in 
comparison with usual care. The probability of cost-effectiveness was 0.28 at a willingness-
to-pay ratio of 0 €/QALY gained. At a willingness-to-pay ratio of 20,000 €/QALY gained the 
probability of cost-effectiveness was 0.47 for stand-alone VR versus usual care. For VSS-SF, 
the ICER was 132, indicating that €132 needs to be invested to gain one point of improvement 
in VSS-SF in the stand-alone VR group compared with usual care. The probability that stand-
alone VR is cost-effective compared to usual care was 0.28 and 0.95 at willingness-to-pay ratios 
of 0 and 600 €/point improvement in VSS-SF, respectively (Figure 1). The ICER for response 
indicates that one additional participant with a clinically relevant response on the VSS-SF (≥3 
points improvement) requires an investment of on average €1895 in the stand-alone VR group 
compared to the usual care group. At ceiling ratios of 0 and 8000 €/additional responder, the 
probability that stand-alone care is cost-effective in comparison with usual care was 0.28 and 
0.95, respectively (Supplementary Figure 2). 
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Table 1. Pooled mean effect and cost outcomes (SE) stratified for treatment group and differences in 
mean effect and cost outcomes (95% CI) for the intervention groups compared to usual care.

Outcome Stand-alone VR (n=98) Blended VR
(n=104)

Usual care
(n=120)

Difference stand-alone VR v 
usual care

Difference blended VR v usual 
care

Effects

QALY 0.43 (0.008) 0.41 (0.008) 0.41 (0.008) 0.02 (-0.001 to 0.04) 0.01 (-0.01 to 0.03)

VSS-SF 8.1 (0.91) 8.5 (0.70) 11.4 (0.95) 3.8 (1.7 to 6.0)* 3.3 (1.3 to 5.2)*

Response 0.72 (0.05) 0.61 (0.05) 0.45 (0.95) 0.27 (0.13 to 0.40) 0.16 (0.02 to 0.30)

Costs

Intervention 39 (0) 155 (5) 0 (0) 39 155

Total healthcare 1379 (377) 1116 (229) 901 (162) 478 (-100 to 1514) 215 (-272 to 836)

Primary care 304 (42) 362 (59) 315 (37) -11 (-112 to 97) 47 (-72 to 200)

Complementary medicine 22 (7) 8 (3) 29 (11) -7 (-37 to 12) -21 (-54 to -6)

Outpatient care 104 (19) 147 (78) 116 (20) -12 (-62 to 37) 31 (-62 to 344)

Admissions 682 (350) 22 (19) 129 (95) 553 (102 to 1563) -107 (-471 to 2)

Medication 209 (78) 352 (172) 171 (57) 38 (-105 to 288) 181 (-46 to 817)

Home care 58 (22) 224 (107) 140 (43) -82 (-193 to -5) 84 (-59 to 460)

Informal care 88 (30) 187 (93) 112 (38) -24 (-123 to 56) 75 (-53 to 392)

Total lost productivity 2061 (538) 2521 (541) 2049 (443) 12 (-1260 to 1439) 472 (-846 to 1825)

Absenteeism 241 (133) 931 (331) 486 (199) -245 (-776 to 190) 445 (-186 to 1337)

Presenteeism 10 (3) 14 (5) 15 (5) -5 (-19 to 4) -1 (-15 to 12)

Unpaid work 1810 (518) 1576 (229) 1548 (361) 262 (-807 to 1618) 28 (-981 to 1069)

Total societal 3567 (701) 3979 (667) 3063 (520) 504 (-1082 to 2268) 916 (-663 to 2596)

SE = standard error; CI = confidence interval; VR = vestibular rehabilitation; VSS-SF = Vertigo Symptom 
Scale – Short Form, range 0-60, clinically relevant difference 3 points; Response = percentage participants 
with decrease ≥3 points in VSS-SF between baseline and 6 months 
* Due to a different method of analysis VSS-SF scores slightly differ from the previously reported clinical 
effectiveness analysis.25
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Table 2 Cost-effectiveness outcomes for stand-alone VR compared to usual care.

Outcome ΔC (95% CI) ΔE (95% CI) ICER CE plane

NE SE SW NW

Main analysis – societal perspective

QALY 504 (-1064 to 2303) 0.02 (-0.001 to 0.04) 24,161 69% 28% 0% 3%

VSS-SF 504 (-1052 to 2294) 3.8 (1.7 to 6.0) 132 72% 28% 0% 0%

Response* 504 (-1057 to 2282) 0.27 (0.13 to 0.40) 1895 72% 28% 0% 0%

SA1 – healthcare perspective 

QALY 478 (-103 to 1510) 0.02 (-0.001 to 0.04) 22,936 86% 11% 0% 3%

VSS-SF 478 (-94 to 1527) 3.8 (1.7 to 6.0) 126 89% 11% 0% 0%

Response* 478 (-104 to 1520) 0.27 (0.13 to 0.40) 1799 89% 11% 0% 0%

SA2 – societal perspective, outliers recoded as missings 

QALY 241 (-1194 to 1838) 0.02 (-0.001 to 0.04) 11,388 58% 39% 0% 3%

VSS-SF 241 (-1184 to 1851) 3.7 (1.6 to 5.7) 66 60% 40% 0% 0%

Response* 241 (-1195 to 1832) 0.27 (0.13 to 0.40) 910 61% 39% 0% 0%

SA3 – societal perspective, only costs related to vestibular symptoms

QALY -75 (-1425 to 1450) 0.02 (-0.001 to 0.04) -3603 43% 54% 1% 2%

VSS-SF -75 (-1430 to 1463) 3.8 (1.7 to 6.0) -20 45% 55% 0% 0%

Response* -75 (-1432 to 1453) 0.27 (0.13 to 0.40) -283 45% 55% 0% 0%

* Response was defined as ≥3 points improvement on the Vertigo Symptom Scale – Short Form after 
six months
ΔC = cost difference between stand-alone VR and usual care; ΔE = effect difference between stand-alone 
VR and usual care; CI = confidence interval; ICER = incremental cost-effectiveness ratio; CE = cost-
effectiveness; NE = northeast (more expensive & more effective); SA1 = sensitivity analysis with only 
healthcare costs included; SA2 = sensitivity analysis with extreme outliers recoded as missings; SA3 = 
sensitivity analysis with secondary care and medication costs excluded; SE = southeast (less expensive 
& more effective); SW = southwest (less expensive & less effective); NW = northwest (more expensive 
& less effective); VR = vestibular rehabilitation; VSS-SF = Vertigo Symptom Scale – Short Form; QALY 
= quality-adjusted life-years

In Table 3 the results of the cost-effectiveness analyses for blended VR in comparison with 
usual care are shown. For QALYs, the ICER was 123,335 (the large ICER is caused by the small 
difference in effects), meaning that €123,335 needs to be invested to gain 1 QALY in the 
blended VR group compared to the usual care group. The probability of cost-effectiveness 
was 0.14 at a ceiling ratio of 0 €/QALY gained and increased to 0.21 at a ceiling ratio of 20,000 
€/QALY gained. For VSS-SF, the ICER was 280 for blended VR compared with usual care, 
indicating that to gain one point of improvement in VSS-SF, €280 needs to be invested in 
blended VR compared with usual care. The CEA curve (Figure 2) shows that the probability 
of cost-effectiveness rapidly increases from 0.14 at a willingness-to-pay ratio of 0 €/point 
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improvement in VSS-SF to 0.95 at a willingness-to-pay ratio of 900 €/point of improvement 
in VSS-SF. The ICER for response was 5599, indicating that one patient extra with a clinically 
relevant response on the VSS-SF (≥3 points improvement), is associated with an investment 
of €5599 for blended VR in comparison with usual care. The CEA curve (Supplementary Figure 
3) indicates that the probability of cost-effectiveness is 0.14 and 0.95 at ceiling ratios of 0 and 
24,000 €/responder extra, respectively. 

 

Figure 2. Main analysis – societal perspective. Cost-effectiveness acceptability curve for the 
Vertigo Symptom Scale - Short Form comparing blended vestibular rehabilitation with usual 
care. 
 
 

 
 
 
 
 

Figure 2. Main analysis – societal perspective. Cost-effectiveness acceptability curve for the Vertigo 
Symptom Scale - Short Form comparing blended VR with usual care.
VR = vestibular rehabilitation

Sensitivity analyses
Table 2 presents the results of the sensitivity analyses for stand-alone VR compared with 
usual care and Table 3 shows the results of the sensitivity analyses for blended VR compared 
with usual care. In SA1, in which the analysis was performed from the healthcare perspective, 
healthcare costs in the stand-alone VR group were higher than in the usual care group (mean 
difference €478, 95% CI -100 to 1514), although the differences in healthcare costs were smaller 
than the differences in societal costs (mean difference €504, 95% CI -1064 to 2303). There was 
less statistical uncertainty surrounding healthcare costs compared to societal costs. In this 
sensitivity analysis, the ICERs for stand-alone VR compared to usual care with regard to QALYs 
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(22,936), VSS-SF (126) and response (1799) were all slightly lower than in the main analysis 
(QALYs 24,161; VSS-SF 132; and response 1895). Healthcare costs in the blended VR group were 
higher than in the usual care group, but smaller than the difference in societal costs in the 
main analysis (mean difference €215, 95% CI -272 to 836; versus €916, 95% CI -663 to 2596). As a 
result, in the comparison between blended VR and usual care, the ICERS for QALY’s (28,848), 
VSS-SF (65) and response (1310) were substantially lower than in the main analysis (QALYs 
123,335; VSS-SF 280; and response 5599). 

Table 3 Cost-effectiveness outcomes for blended VR compared to usual care.

Outcome ΔC (95% CI) ΔE (95% CI) ICER CE plane

NE SE SW NW

Main analysis – societal perspective

QALY 916 (-660 to 2579) 0.007 (-0.01 to 0.03) 123,335 62% 12% 1% 25%

VSS-SF 916 (-655 to 2610) 3.3 (1.3 to 5.2) 280 86% 14% 0% 0%

Response* 916 (-658 to 2583) 0.16 (0.02 to 0.30) 5599 85% 13% 0% 0%

SA1 – healthcare perspective

QALY 215 (-273 to 820) 0.007 (-0.01 to 0.03) 28,848 55% 19% 3% 23%

VSS-SF 215 (-263 to 828) 3.3 (1.4 to 5.2) 65 78% 22% 0% 0%

Response* 215 (-263 to 832) 0.16 (0.02 to 0.30) 1310 77% 22% 0% 1%

SA2 – societal perspective, outliers recoded as missings 

QALY 1140 (-404 to 2811) 0.007 (-0.01 to 0.03) 156,954 66% 8% 1% 25%

VSS-SF 1140 (-404 to 2811) 3.1 (1.3 to 5.0) 366 91% 9% 0% 0%

Response* 1140 (-401 to 2789) 0.16 (0.02 to 0.30) 6988 91% 8% 0% 1%

SA3 – societal perspective, only costs related to vestibular symptoms

QALY 810 (-653 to 2400) 0.007 (-0.01 to 0.03) 109,121 61% 13% 1% 24%

VSS-SF 810 (-653 to 2406) 3.3 (1.4 to 5.2) 248 85% 15% 0% 0%

Response* 810 (-650 to 2410) 0.16 (0.02 to 0.30) 4954 84% 15% 0% 1%

* Response was defined as ≥3 points improvement on the Vertigo Symptom Scale – Short Form after 
six months
ΔC = cost difference between stand-alone VR and usual care; ΔE = effect difference between stand-alone 
VR and usual care; CI = confidence interval; ICER = incremental cost-effectiveness ratio; CE = cost-
effectiveness; NE = northeast (more expensive & more effective); SA1 = sensitivity analysis with only 
healthcare costs included; SA2 = sensitivity analysis with extreme outliers recoded as missings; SA3 = 
sensitivity analysis with secondary care and medication costs excluded; SE = southeast (less expensive 
& more effective); SW = southwest (less expensive & less effective); NW = northwest (more expensive 
& less effective); VR = vestibular rehabilitation; VSS-SF = Vertigo Symptom Scale – Short Form; QALY 
= quality-adjusted life-years
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In SA2, where we coded the extreme outliers as missing and imputed their data, the societal 
cost difference between stand-alone VR and usual care decreased from €504 (95% CI -1082 to 
2268) to €454 (95% CI -1019 to 2399), as shown in Supplementary Table 2. For stand-alone VR 
in comparison to usual care, the ICERS for QALY’s, VSS-SF and response were all markedly 
lower and the probability of cost-effectiveness at a willingness-to-pay ratio of 0 €/unit of 
effect extra increased from 0.28 in the main analysis to 0.39 in SA2 (Table 2). For blended VR 
compared with usual care, the societal cost difference became larger and the probabilities of 
cost-effectiveness lower (Table 3). 

In SA3, where we excluded costs not related to vestibular symptoms, results become more 
positive due to smaller differences in costs between the stand-alone and blended VR groups 
and usual care. For blended VR in comparison with usual care, this effect is relatively small 
(cost difference €810, 95% CI -653 to 2400; instead of €916, 95% CI -663 to 2596), resulting in 
similar probabilities of cost-effectiveness as in the main analysis (Table 3). However, for stand-
alone VR in comparison with usual care the cost difference inverts (Table 2; -€75, 95% CI -1425 
to 1450; instead of €504, 95% CI -1064 to 2303). As a result, in this analysis stand-alone VR is 
dominant in comparison with usual care (i.e. more effective and less expensive). CEA curves 
indicate that the probability of cost-effectiveness is 0.72 at a ceiling ratio of 20,000 €/QALY 
(Supplementary Figure 4), 0.95 at ceiling ratios of 350 €/point of improvement in VSS-SF 
(Supplementary Figure 5), and 0.95 at ceiling ratios of 4600 €/additional responder based on 
the VSS-SF (Supplementary Figure 6).
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DISCUSSION

Principal findings
Stand-alone and blended VR resulted in a statistically non-significant gain in QALYs and 
significantly reduced vestibular symptoms compared to usual care. Total societal costs of 
both stand-alone and blended VR were statistically non-significantly higher than the costs 
of usual care. Since stand-alone VR was more effective and less expensive than blended VR, 
the probability for stand-alone VR to be cost-effective in comparison with usual care was 
higher. In a sensitivity analysis, where we excluded costs that were unlikely to be related to 
vestibular symptoms or the use of internet-based VR, stand-alone VR became dominant (i.e. 
more effective and less expensive) over usual care.

Comparison with existing literature
This is the first study to investigate the cost-effectiveness of internet-based VR for patients 
with a chronic vestibular syndrome in general practice. This internet-based VR intervention 
is based on the content of a VR booklet that was previously shown to be highly cost-effective 
compared to usual care in a randomised controlled trial.18 Even though both internet-based 
and booklet-based VR interventions were inexpensive, the total costs of participants in our 
stand-alone VR and blended VR groups were much higher than in the study evaluating 
the VR booklet. This difference in costs between the trials probably occurred due to a more 
narrow definition of costs in the booklet VR trial. In the booklet VR trial, costs only comprised 
intervention costs and resource use of vestibular-related healthcare. A blinded researcher 
examined the medical records of participants to assess whether contacts were related to 
vestibular symptoms. In our trial, we analysed societal costs, which included all healthcare 
costs (regardless of the reason of contact), informal care costs and lost productivity costs. 
Total societal costs in the internet-based VR groups were considerably higher than in the 
usual care group. The largest contributor to the difference in costs between stand-alone VR 
and usual care were hospital admission costs. During the trial, 7 stand-alone VR participants, 
2 blended VR participants and 5 usual care participants were admitted to the hospital. 
Each hospitalisation was evaluated by contacting the participant and/or GP, and none of 
the hospitalisations were judged to be related to vestibular symptoms and/or internet-
based VR. Because care in primary care is generally less expensive, this skewness in costly 
hospitalisations could have strongly affected the results of the cost-effectiveness analysis. 
Therefore, we excluded secondary care and medication costs that were likely to be unrelated 
to vestibular symptoms and/or internet-based VR in the third sensitivity analysis. In this 
analysis, stand-alone VR was dominant over usual care (i.e. more effective and less costly). 
For blended VR, the largest difference in costs with usual care was not seen in admissions but 
in loss of productivity. These relatively high absenteeism rates cannot easily be explained, 
but contact with a physiotherapist might have changed the way participants prioritised 
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daily activities while experiencing vestibular symptoms. Blended VR participants may have 
deliberately reduced paid and unpaid work to decrease emotional distress, because they 
learned this can exacerbate their vestibular symptoms.46

Strengths and limitations
Strengths of our study are the pragmatic design of our randomised controlled trial, the societal 
perspective on costs, the use of multiple outcome measures (QALYs, VSS-SF, clinically relevant 
response) and conduct of three sensitivity analyses in addition to the main analysis to assess 
the robustness of the results. 

There are also several limitations. First, the trial was powered for the primary outcome measure 
VSS-SF and not for costs or QALYs. This is reflected in a substantial uncertainty surrounding 
the relatively large cost differences between groups that did not reach statistical significance. 
Secondly, the effectiveness and costs were measured over six months. Based on this study, we 
cannot ascertain the long-term cost-effectiveness of stand-alone and blended VR versus usual 
care. Nevertheless, an increase in cost-effectiveness might occur in the long term. Previous 
VR trials have also shown effectiveness at twelve months,14,18 and costs for internet-based 
VR are not expected to increase during a longer follow-up period. Thirdly, the differences 
measured in QALYs between the intervention groups and usual care were not significant, 
unlike the differences in VSS-SF scores. The EQ-5D-5L, a generic utility measure, may not 
have been sensitive enough to capture changes in quality of life in our population. Certain 
domains that are important for patients with chronic vestibular syndromes, such as the 
disease’s unpredictability and its impact on social and role functioning, are not measured by 
the EQ-5D-5L.47,48 We also used the Dizziness Handicap inventory49, 50 in our trial, an outcome 
measure that specifically quantifies the impact on daily life by vestibular symptoms. We did 
find significant differences in Dizziness Handicap Inventory scores favouring stand-alone VR 
and blended VR over usual care (adjusted mean difference at 6 months: -4.9 points; 95% CI 
-8.4 to -1.3, and -4.5 points; 95% CI -8.0 to -0.9).25 Using the EQ-5D-5L might have caused us to 
underestimate the impact of stand-alone and blended VR on quality of life. 

Conclusions and implications for research and/or practice
Stand-alone and blended internet-based VR both led to a statistically non-significant gain in 
QALYs and a significant reduction of vestibular symptoms, but the costs were (non-significantly) 
higher compared to usual care. After excluding costs unlikely to be related to vestibular 
symptoms or internet-based VR, stand-alone VR became dominant over usual care in the cost-
effectiveness analysis (i.e. more effective and less costly). Internet-based VR is an easily accessible, 
effective form of treatment that could potentially improve care for a largely undertreated group 
of patients with a chronic vestibular syndrome in general practice. Based on the results of this 
economic evaluation, stand-alone VR should be preferred over blended VR.
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SUPPLEMENTARY FILES

Supplementary table 1. Baseline characteristics of participants assigned to stand-alone vestibular 
rehabilitation (VR), blended VR, or usual care. Values are numbers (percentages) unless stated otherwise
Characteristics Stand-alone 

VR 
(n=98)

Blended 
VR 
(n=104)

Usual 
care 
(n=120)

Total 
sample 
(n=322)

Mean (SD) age (years) 66.7 (9.5) 67.4 (9.8) 67.0 (9.4) 67.0 (9.5)
Female 64 (65) 69 (66) 64 (53) 197 (61)
Level of education

Low 33 (34) 37 (36) 36 (30) 106 (33)
Middle 25 (26) 31 (30) 30 (25) 86 (27)
High 40 (41) 36 (35) 54 (45) 130 (40)

Living situation
Alone 34 (35) 33 (32) 35 (29) 102 (32)
With partner 64 (65) 71 (68) 85 (71) 220 (68)

Number of chronic diseases*
0 59 (60) 64 (62) 63 (53) 186 (58)
1 28 (29) 32 (31) 41 (34) 101 (31)
2 8 (8) 4 (4) 12 (10) 24 (7)
≥3 3 (3) 4 (4) 4 (3) 11 (3)

Time since vestibular diagnosis**
One to six months 15 (15) 22 (21) 13 (11) 50 (16)
Six months to two years 28 (29) 27 (26) 39 (33) 94 (29)
Two years to 10 years 31 (32) 44 (42) 48 (40) 123 (38)
More than 10 years 23 (24) 11 (11) 18 (15) 52 (16)

Self-reported vestibular diagnosis** 
No known diagnosis 67 (68) 69 (66) 77 (64) 213 (66)
Benign paroxysmal positional vertigo 11 (11) 17 (16) 22 (18) 50 (16)
Meniere’s disease 9 (9) 9 (9) 10 (8) 28 (9)
Vestibular neuritis 6 (6) 4 (4) 7 (6) 17 (5)
PPPD 0 (0) 1 (1) 0 (0) 1 (0)
Other^ 4 (4) 4 (4) 2 (2) 10 (3)

Disorders at baseline according to PHQ 14 (14) 16 (15) 23 (19) 53 (17)
Panic disorder 2 (2) 3 (3) 5 (4) 10 (3)
Generalised anxiety disorder 12 (12) 15 (14) 19 (16) 46 (14
Major depressive disorder 5 (5) 6 (6) 9 (8) 20 (6)

PPPD = persistent postural-perceptual dizziness; PHQ = patient health questionnaire
* Chronic non-specific lung disease, cardiac disease, peripheral arterial disease, stroke, diabetes mellitus, 
arthritis and cancer.
** Data on this variable missing for three participants (n=1 stand-alone VR; n=2 usual care).
^ traumatic brain injury, cerebrovascular accident, Parkinson’s disease, bacterial meningitis and vestibular 
organ surgical procedures
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Supplementary Figure 1. Overview of enrolment, allocation and follow-up.

VR = vestibular rehabilitation; VSS-SF = Vertigo Symptom Scale Short Form 

Supplementary Figure 1. Overview of enrolment, allocation and follow-up. 

Identification of patients aged ≥50 who contacted their GP for vestibular symptoms in the last two years
(n=6503)

Invited to participate (n=5130)

Excluded by GP (n=1373):
- Severe comorbidity (n=491)
- No reason specified (n=449)
- Language problem (n=228)  
- Non-vestibular cause (n=132)
- Head movement not possible (n=36)
- Other reasons (n=36)
- Participated in other study (n=1)

 

Assessed for eligibility telephonically by study physician (n=645)

Stand-alone VR (n=98) Usual care (n=120)Blended VR (n=104)

3 month follow-up
89 completed VSS-SF 
  4 withdrew from trial

5 only missed this follow-up
  

3 month follow-up
96 completed VSS-SF 
  1  death

5 withdrew from trial
2 only missed this follow-up

3 month follow-up
107 completed VSS-SF 
10 withdrew from trial

3 only missed this follow-up

6 months follow-up
108 completed VSS-SF 

2  lost-to-follow-up

6 months follow-up
93 completed VSS-SF 

5 lost-to-follow-up

6 months follow-up
85 completed VSS-SF 
  1  death

8 lost-to-follow-up

No response (n=3149)
Declined to participate (n=1336): 
- No more vestibular symptoms (n=807) 
- No time or not interested (n=182)
- No computer or internet (n=138) 
- Afraid of exercises (n=105) 
- Too much comorbidities (n=64)
- No reason specified (n=29) 
- In vestibular diagnostic analysis (n=11) 

Randomised after baseline measurement (n=322)

Excluded (n=294):
- No more vestibular symptoms (n=131)
- No vestibular symptoms exacerbated by 
head movements (n=130)
- No computer or internet (n=22)
- Language problem (n=5)
- Severe comorbidity (n=3)
- Vestibular symptoms for <1 month (n=3)

Withdrawn before randomisation (n=29)
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Supplementary Table 2 Mean costs (SE) stratified for treatment group after recoding outliers as missing 
(SA2) and cost outcomes (95% CI) for the intervention groups compared to usual care.

Cost category Stand-
alone VR
N=98

Blended 
VR
N=104

Usual 
care
N=120

Difference stand-
alone VR versus 
usual care 
(95% CI)

Difference 
blended VR 
versus usual 
care (95% CI)

Healthcare costs 846 (118) 1428 (232) 775 (103) 71 (-221 ; 368) 653 (-254 ; 1257)

Lost productivity costs 2465 (684) 2992 (766) 2083 (462) 383 (-998 ; 2199) 910 (-505 ; 3026)

Total societal costs 3311 (736) 4420 (825) 2857 (502) 454 (-1019 ; 2399) 1563 (-47 ; 3764)

SE = standard error; VR = vestibular rehabilitation; CI = confidence interval

 

Supplementary Figure 2. Main analysis – societal perspective. Cost-effectiveness 
acceptability curve for clinically relevant response (improvement of ≥ 3 points on Vertigo 
Symptom Scale - Short Form) comparing stand-alone vestibular rehabilitation with usual care.  
 
 

 
 
 
 

Supplementary Figure 2. Main analysis – societal perspective. Cost-effectiveness acceptability curve 
for clinically relevant response (improvement of ≥ 3 points on Vertigo Symptom Scale - Short Form) 
comparing stand-alone vestibular rehabilitation with usual care. 
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Supplementary Figure 3. Main analysis – societal perspective. Cost-effectiveness 
acceptability curve for clinically relevant response (improvement of ≥ 3 points on Vertigo 
Symptom Scale - Short Form) comparing blended vestibular rehabilitation with usual care. 
 
 

 
 
 
 

Supplementary Figure 3. Main analysis – societal perspective. Cost-effectiveness acceptability curve 
for clinically relevant response (improvement of ≥ 3 points on Vertigo Symptom Scale - Short Form) 
comparing blended vestibular rehabilitation with usual care.
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Supplementary Figure 4. SA3 – societal perspective. Cost-effectiveness acceptability curve 
for Quality-Adjusted Life Years comparing stand-alone vestibular rehabilitation with usual 
care. 
  

 
 
 
SA3 = sensitivity analysis with secondary care and medication costs excluded 
 

Supplementary Figure 4. SA3 – societal perspective. Cost-effectiveness acceptability curve for Quality-
Adjusted Life Years comparing stand-alone vestibular rehabilitation with usual care.

SA3 = sensitivity analysis with secondary care and medication costs excluded
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Supplementary Figure 5. SA3 – societal perspective. Cost-effectiveness acceptability curve 
for the Vertigo Symptom Scale - Short Form comparing stand-alone vestibular rehabilitation 
with usual care. 
 

 
 
 
SA3 = sensitivity analysis with secondary care and medication costs excluded 
 

Supplementary Figure 5. SA3 – societal perspective. Cost-effectiveness acceptability curve for clinically 
relevant response (improvement of ≥ 3 points on Vertigo Symptom Scale - Short Form) comparing 
stand-alone vestibular rehabilitation with usual care.
SA3 = sensitivity analysis with secondary care and medication costs excluded
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Supplementary Figure 6. SA3 – societal perspective. Cost-effectiveness acceptability curve 
for clinically relevant response (improvement of ≥ 3 points on Vertigo Symptom Scale - Short 
Form) comparing stand-alone vestibular rehabilitation with usual care. 
 

 
 
 
SA3 = sensitivity analysis with secondary care and medication costs excluded 
 

Supplementary Figure 6. SA3 – societal perspective. Cost-effectiveness acceptability curve for clinically 
relevant response (improvement of ≥ 3 points on Vertigo Symptom Scale - Short Form) comparing 
stand-alone vestibular rehabilitation with usual care.
SA3 = sensitivity analysis with secondary care and medication costs excluded



10



Experiences of patients and 
physiotherapists with blended 
internet-based vestibular 
rehabilitation: a qualitative
interview study

Vincent A. van Vugt
Anja J. T. C. M. de Kruif

Johannes C. van der Wouden
Henriëtte E. van der Horst

Otto R. Maarsingh

In press: British Journal of General Practice Open.



ABSTRACT

Background: Internet-based vestibular rehabilitation (VR) with physiotherapy support, 
known as blended VR, was effective in reducing vestibular symptoms in a recent randomised 
controlled trial. Blended VR is a complex intervention comprised of physiotherapeutic 
visits, the Vertigo Training website and VR exercises. Because of these interacting 
components, it is important to understand how blended VR works, for whom it works 
best and how it should ideally be delivered.

Aim: To investigate the experiences of both patients and physiotherapists with blended 
internet-based VR.

Design and setting: Qualitative interview study with patients who received blended 
internet-based VR with physiotherapy support and physiotherapists who provided this 
support.

Method: We conducted semi-structured interviews with 14 patients and 8 physiotherapists 
after the six-month follow-up of the randomised trial. All interviews were audio-recorded, 
transcribed and thematically analysed.

Results: According to both patients and physiotherapists, the physiotherapist visits 
were useful in providing personal attention, helping patients safely execute exercises, 
and improving patients’ adherence to therapy. Some patients said they did not need 
physiotherapist support, and according to physiotherapists both the necessity and the 
optimal way to deliver guidance differed greatly between patients. The Vertigo Training 
website and exercises provided patients with a sense of control over their symptoms. 
Patients reported that the VR exercises were easy to perform and most patients continued 
to use them long after the trial ended. 

Conclusion: In blended VR, physiotherapeutic visits appear to offer benefits above the 
Vertigo Training website and VR exercises alone. Physiotherapy support may best be used 
when individually tailored. 
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INTRODUCTION

Vertigo and dizziness are common complaints in general practice.1 Although the ‘medical’ 
definitions for vertigo and dizziness differ, patients often use the terms interchangeably.2 
Vertigo, i.e. vestibular symptoms, considerably impacts on daily activities, and is also associated 
with a substantial economic burden due to loss of working days, high use of healthcare services 
and increased fall risk.3 Based on assessment of timing and triggers of vestibular symptoms 
patients can be classified as having either an acute vestibular syndrome, episodic vestibular 
syndrome or chronic vestibular syndrome.4-6 A chronic vestibular syndrome consists of 
vestibular symptoms, lasting months to years, which includes features suggesting persistent 
vestibular system dysfunction. 

Vestibular rehabilitation (VR), an exercise-based treatment consisting of daily graded exercises 
to stimulate the vestibular system, can effectively reduce vestibular symptoms in vestibular 
dysfunction.7,8 Currently, guidelines in the UK,9 US10,11 and The Netherlands12 advise vestibular 
rehabilitation to treat chronic vestibular syndromes. In a randomised controlled UK trial, 
stand-alone internet-based VR led to less vestibular symptoms compared to usual care.13 The 
stand-alone VR intervention’s content and functionality was optimised for users by using 
patients’ experiences.13,14 However, exacerbation of symptoms and doubts about the exercises’ 
effectiveness constituted barriers for implementation.13,14 

Blended internet-based interventions, where online treatment and contact with health care 
professionals are combined, have shown additional value over stand-alone internet-based 
interventions in treating patients with stress, anxiety and depression.15-17 We showed in a recent 
randomised controlled trial that, blended internet-based VR with physiotherapy support was 
more effective than usual care in reducing vestibular symptoms.18,19 However, blended VR is 
a complex intervention comprising physiotherapeutic visits, the Vertigo Training website 
and VR exercises. More information about (the interaction of) these components is needed 
to understand how blended VR works, for whom it works best and how it should ideally be 
delivered. We therefore performed a qualitative study to investigate the experiences of patients 
who received blended VR, and of the physiotherapists who provided this support. The relevance 
of this study for GPs is substantial, because the inexpensive and easily accessible internet-
based VR has the potential to become an, if not the most, important tool in general practice 
to treat chronic vestibular symptoms. Analysing patients and physiotherapists experiences 
with blended VR will help to guide future implementation strategies. 
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METHODS

We carried out a qualitative interview study with blended internet-based VR participants 
and physiotherapists, embedded in a randomised controlled trial which has been described in 
more detail in previous publications.18,19 In short, 322 patients aged 50 and older with a chronic 
vestibular syndrome were randomised to receive blended VR, stand-alone VR or usual care.19 
The content of the blended VR intervention is described in Box 1. Follow-up measurements 
were collected after three and six months. In the trial protocol, we planned to interview both 
blended VR and stand-alone VR patients to gain insight in different types of internet-based 
VR.18 Because experiences of stand-alone VR patients had already been investigated,13,14 we 
chose to focus exclusively on blended VR. In addition to blended VR participants, we decided 
to also interview physiotherapists who provided support in blended VR, as the physiotherapist 
viewpoint provides a different perspective. We followed the consolidated criteria for recording 
qualitative research (COREQ) to conduct this study, and reported the 32-item COREQ checklist 
in Supplementary Table 1. 

Box 1 | Blended internet-based VR with physiotherapy support
The internet-based vestibular rehabilitation intervention Vertigo Training, consists of six 
weekly online sessions and daily VR exercises. In the first online session, written instructions 
and video demonstrations are used to teach participants the six core VR exercises. Participants 
are asked to perform these exercises twice daily for 10 minutes during the intervention period. 
Every week, the participant scores the level of vestibular symptoms caused by each of the six 
exercises in a new online session. Vertigo Training uses these scores to automatically produce 
an exercise prescription for the coming week, tailored to the participant’s vestibular symptoms. 

In addition to the Vertigo Training website, a trained physiotherapist visits participants twice 
at home for support. These physiotherapy sessions are planned in weeks one and three of 
the six-week intervention period and last for 45 minutes each. During these sessions, the 
physiotherapist: a) provides information about the background of vestibular symptoms and VR; 
b) elicits and addresses doubts and concerns about vestibular symptoms and VR; c) teaches the 
participant how to use the online intervention; d) describes and takes the participant through 
the six core VR exercises; e) advises on how to anticipate and cope with obstacles to adherence; 
and f) provides support and encourages adherence. All physiotherapists receive a treatment 
protocol and are trained by a member of the research team to adhere to this protocol. 

Recruitment 
All patients completed the six-month follow-up period in the blended VR trial arm, and 
all physiotherapists provided blended VR patients with support in the same trial. We used 
purposive sampling to select a heterogeneous group of patients and physiotherapists in which 
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at least the following characteristics for both therapists and patients varied: gender, age and 
urbanisation. For patients we also strived for heterogeneity in intensity of vestibular symptoms, 
education level, number of completed online sessions, and living arrangements. All selected 
patients and physiotherapists were contacted by phone to invite them for an interview. If the 
patient or physiotherapist was interested in participation, they received study information 
and an informed consent form concerning the qualitative study. The majority of patients 
we approached for an interview consented to participate, but four patients declined due to 
time constraints. All physiotherapists we approached for the interview study consented to 
participate. All patients and physiotherapists provided written informed consent. Recruitment 
continued until no new themes were identified (see below). 

Interviews
We conducted semi-structured interviews with patients and physiotherapists in May-June 
2018. Most patient interviews took place at the patients’ home, and all but one physiotherapist 
interview was conducted at the physical therapy clinic. The lead author (VvV) interviewed 11 
out of 14 patients and all physiotherapists. A trained research assistant (WK) interviewed the 
other three patients. VvV is a male researcher and GP specialty trainee and WK is a female 
research assistant. The semi-structured interviews were guided by two separate topic lists, 
one for the patient and one for the physiotherapist interviews, which were based on previous 
research13,14 During the interviews, the interviewers constantly reviewed the topic list and 
added relevant items that were identified in preceding interviews. All interviews were audio-
recorded and transcribed verbatim. 

Analysis
We carried out a thematic analysis approach according to Braun and Clarke.20 The transcripts 
were read several times and the texts were divided into fragments, and codes were assigned 
to these fragments (open coding). Subsequently, we assigned codes to themes and finally, we 
related the categories of several transcripts to one another (axial coding) using the qualitative 
software program ATLAS.ti ® (version 7). Two authors (VvV and AdK) separately coded the first 
two transcripts and then compared codes, resolved discrepancies and reached consensus on an 
initial framework. We organised all the codes into a mind map. The preliminary conclusions 
based on this mind map were thoroughly discussed between VvV and AdK. The last phase of 
the analysis was selective coding. This implies that we identified the essence of what each 
theme is about, searched for relations through constant comparison across cases, looked for 
deviant cases, and analysed variation within and between cases. Finally, with the help of 
the different themes, we gained insight into the spectrum of differences and similarities of 
the results to answer the research question. All findings were discussed in the project team. 
Interviews were analysed in Dutch using ATLAS.ti ® (version 7). After completion, all codes, 
themes and quotes were translated into English by the authors.
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Table 1. Characteristics of patients (PA) and physiotherapists (PH) who were interviewed

PA Gender Age (years) Geographical area Intensity vestibular 
symptoms* 

Education level Number of online 
sessions completed

Living situation

PA01 Female 78 Urban 3 (low) Low 1 Lives alone

PA02 Female 71 Urban 12 (high) Low 6 Lives with partner

PA03 Female 55 Urban 19 (high) High 6 Lives alone

PA04 Female 67 Urban 18 (high) High 6 Lives with partner

PA05 Female 65 Rural 23 (high) High 5 Lives with partner

PA06 Female 74 Rural 7 (low) Medium 1 Lives with partner

PA07 Male 59 Rural 12 (high) High 6 Lives alone

PA08 Female 57 Suburban 5 (low) High 6 Lives with partner

PA09 Female 68 Suburban 14 (high) Medium 6 Lives with partner

PA10 Female 62 Urban 15 (high) High 6 Lives alone

PA11 Male 72 Urban 15 (high) Low 6 Lives alone

PA12 Female 62 Urban 5 (low) High 6 Lives with partner

PA13 Male 53 Urban 16 (high) High 3 Lives alone

PA14 Female 91 Urban 29 (high) Medium 1 Lives with partner

PH Gender Age Area Number of trial patients visited

PH15 Male 60 Suburban 5

PH16 Female 62 Rural 4

PH17 Male 60 Suburban 6

PH18 Male 30 Urban 9

PH19 Female 49 Rural 9

PH20 Male 27 Urban 16

PH21 Female 54 Urban 6

PH22 Female 35 Suburban 6

*vestibular symptoms measured by Vertigo Symptom Scale – Short Form. A score ≥12 points is defined 
as severe vestibular symptoms. 
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RESULTS

Characteristics of the 14 patients and 8 physiotherapists are described in Table 1. We 
identified three main themes both for patients and physiotherapists: (1) perceived value 
of physiotherapist visits; (2) content and logistics of physiotherapist visits; and (3) 
experiences with Vertigo Training website and exercises. 

Perceived value of physiotherapist visits
Many patients appreciated the opportunity to discuss their vestibular symptoms with 
the physiotherapist and ask specific dizziness-related questions. Both patients and 
physiotherapists described this personal attention as an important added value of the 
visits:

‘Well, it was just talking about how things were going. Just the interest in me so to speak. It is, well 
you know, you can talk about it with family but they have no clue what it is if you don’t experience 
it yourself. To speak with someone who knows how it goes in other people, than that’s nice, just to 
have a chat about it. Even though it doesn’t directly achieve anything. It is just nice.’ (PA05) 

‘You are always of added value, because just the fact that you give people attention, that they are 
heard, that they notice that someone takes them seriously, I definitely think that those are important 
factors. Not just practicing the exercises.’ (PH19) 

Another important aspect of the physiotherapist visits was help in executing the vestibular 
rehabilitation exercises properly. The majority of patients mentioned having received 
helpful tips, often related to the pace of the exercises: 

‘Because that is what the physiotherapist can do, I mean, I can do a video, I can imitate it, but that 
does not mean that I am doing it in the same way.’ (PA12) 

Almost all physiotherapists also thought they improved the execution of exercises. 
Sometimes adjustments were minor, but some physiotherapists described patients who had 
created ineffective variations of the exercises that were very different from the prescribed 
exercises. Physiotherapists generally found that patients were open to their suggestions, 
and applied their tips for executing the exercises well. Some patients reported that the 
physiotherapist paid extra attention to safety, especially when performing exercises with 
eyes closed or when walking around. Some physiotherapists also mentioned that their 
support increased the safety of the patients and reduced fear, especially for exercises 
that had to be performed while walking around. Half of all patients mentioned that they 
appreciated that the physiotherapist confirmed they performed exercises adequately, and 
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several physiotherapists also said that confirmation was important to patients. Some 
patients found that the physiotherapist visits added weight to the intervention and made 
it feel more like a serious treatment: 

‘Otherwise it would just become an internet titbit, like oh well, let’s give it a go.’ (PA10)

More than half of the patients said the physiotherapist visits did not affect their daily 
adherence to the exercises. They practiced every day because they felt a commitment to the 
treatment. However, some patients said the physiotherapist did help them adhere to treatment. 
Because they knew the physiotherapist would come to visit them again later, they felt an extra 
incentive to keep practicing daily. On the other hand, all physiotherapists thought they had 
a positive influence on adherence to therapy. According to many physiotherapists, patients 
felt held accountable because they knew the physiotherapist would visit them again. One 
physiotherapist described that the effect on adherence to therapy was caused by a combination 
of factors:

‘You could say the overall effect is that compliance to therapy is improved. You take away part of the fear, 
which makes patients practice better, or you provide patients with a better understanding of the exercises, 
what actually makes patients perform the exercises more often.’ (PH16)

A few physiotherapists mentioned providing computer assistance as an important aspect of 
their visits. However, most physiotherapists did not access the computer during the visits 
and advised patients to simply contact the research team. None of the patients mentioned 
computer assistance as an added value of the physiotherapist visits.

The majority of patients said they had no negative remarks on any aspect of the physiotherapist 
visits. Some patients felt the physiotherapist visits provided little additional value over the 
Vertigo Training website. According to several patients the exercises were clear enough 
and quite easy to do by following the instructions on the website. On the other hand, all 
physiotherapists said they thought their visits had beneficial effects on top of an internet-
based treatment. Most physiotherapists did mention that the level of physiotherapy support 
that patients required was not the same for everyone:

‘Well, at my first visit I just asked, how are you, did you already perform the exercises? Well, then they 
showed me. In one case, this woman, that is really the best example, she actually knew the exercises by 
heart and I only had to observe, and think, well what am I even doing here? [Laughs] And looking at the 
last woman I saw, yeah she really had no clue what to do. […] she even had trouble starting the computer, 
and where to look in the computer, and she didn’t know if she would get new exercises or not. So it was 
all not very clear to her.’ (PH19) 
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Most physiotherapists described clear differences between patients in the way they handled 
the computer, executed the exercises, needed confirmation and appreciated the physiotherapist 
visits. Old age, severe comorbidity, a high intensity of vestibular symptoms, cognitive problems 
and trouble with the Dutch language were all mentioned as reasons that increased the need 
for physiotherapy support. 

Content and logistics of physiotherapy visits
The content of the first and second visit was described in the same manner by both patients 
and physiotherapists. In the first visit the physiotherapist talked with patients about their 
vestibular symptoms, provided information about vestibular symptoms and the exercises, 
answered questions, asked patients to show them how they performed the exercises 
and corrected them if needed. In the second visit the physiotherapist asked patients to 
demonstrate the exercises again to check if they had implemented the improvements 
suggested in the first visit. Because exercises were often more difficult at this stage (e.g. 
performed while walking around), the physiotherapist sometimes offered support and gave 
tips to practice safely. The physiotherapist also asked about the adherence to therapy in 
the second visit. All physiotherapists said they followed the trial protocol for all patients. 
Several physiotherapists were sometimes tempted to deviate from protocol in patients with 
specific vestibular conditions such as benign paroxysmal positional vertigo or invalidating 
comorbidity such as Parkinson’s disease that, according to them, required a more personalised 
treatment. 

Both patients and physiotherapists mentioned that the second visit was often much shorter 
than the first visit. The first physiotherapist visit mostly took place in the first and the 
second visit in the third week of the six-week treatment period. Both patients and therapists 
appreciated the timing of the first visit, including the fact that patients had already started 
practicing the exercises. Opinions about the optimal timing of the second visit were more 
varied, most patients found it hard to remember when the second visit exactly took place. 
None of the patients would have appreciated the visit to occur sooner than the third week, 
but several physiotherapists would have liked a visit in the second week for certain patients 
to be sure the exercises were executed properly. Some patients and physiotherapists said the 
second visit could have been planned a little later. That way more patients would have reached 
the more difficult walking exercises, and would benefit more from the physiotherapist’s 
guidance. Most patients and physiotherapists were satisfied with two physiotherapeutic visits. 
For several patients one visit would have been enough, and some physiotherapists also said 
that this would suffice for patients who performed well. None of the patients thought they 
needed a third visit. However, many physiotherapists thought that certain patients might have 
benefited from more than two visits:
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‘I think for one-third of the patients, I would be able to deal with them in one visit. Certainly. Yes. 
[Interviewer: And the other two-thirds?] Those were the older patients. [Interviewer: And you 
would rather visit them three times?] Yes, yes, exactly.’ (PH22)

Patients generally found the home visits convenient and pleasant. Physiotherapists also 
mentioned several advantages of home visits. The home situation felt familiar to patients and 
physiotherapists could observe patients in their natural habitat to assess if they had created 
a safe environment to perform their exercises:

‘Advising someone “place a chair in front of you, and practice close to the sofa, so if you go backwards, 
right, then nothing can go wrong”. And that gave them the confidence, and they could just do it. “Oh 
yeah, well, I’ll do it like this then.” Yeah, yeah, and you might not have figured that out here in the center. 
That, at home, it is like this.’ (PH18) 

A disadvantage of home visits according to physiotherapists was that it was more time-
intensive than treatment in the clinic and therefore more costly. Although patients enjoyed 
the home visits, some said they could have just as easily visited the physiotherapy clinic. 
Several physiotherapists said that home visits were most valuable in older patients with 
intense vestibular symptoms, while most other patients could just as well have been seen at 
the physiotherapy clinic. 

Experiences with Vertigo Training website and exercises
Patients generally appreciated the information provided, the exercise videos and the possibility 
to print out instructions for the exercises on the Vertigo Training website. One patient found 
the website difficult to navigate and not user friendly. 

All patients found the exercises easy to perform and implement in their daily life. Patients 
mentioned that the exercises worked best when they did them each day. Physiotherapists 
also noticed that most patients performed their exercises twice daily. Most patients were not 
anxious to perform any of the exercises, but a few patients were slightly anxious to perform 
the walking exercises. None of the patients or physiotherapists described any serious side 
effects, most only mentioned a temporary increase in dizziness. One patient even welcomed 
the dizziness and nausea she experienced after performing the exercises, because it made her 
feel she was doing something that works. The exercises consisted of neck movements and both 
patients and physiotherapists talked about the effects it had on their neck. At first, practicing 
often led to pain in the neck but after a couple of weeks patients felt their neck was more 
flexible than before. Due to the simple nature of the exercises, many patients doubted at the 
start of the trial if the exercises would work. Nevertheless, most patients expressed that the 
exercises had helped reduce their vestibular symptoms:
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‘I think it is surprising that something so simple, can have such an impact! Yeah, it totally surprised me. 
Because I thought it was all connected to complicated organs, that don’t, I don’t know, function properly. 
And that it is beyond your influence, it is part of getting older, or having bad luck, but it actually isn’t 
all that bad.’ (PT01)

The majority of patients said the Vertigo Training website had impacted their life in a positive 
way. Many patients said it increased their self-confidence. Patients developed more awareness 
of their vestibular symptoms, which helped give them a sense of control. They learned what 
factors exacerbated their symptoms and acknowledged they had subconsciously started 
avoiding certain activities, such as turning their head in the car or walking in the dark. Several 
patients mentioned that the exercises gave them control over their symptoms, which they 
had not previously experienced:

‘A couple of weeks ago, it came back for a little while, and then I thought, well let’s just do them again. 
And it wasn’t like I immediately started practicing daily, but it was a moment of, just getting back into it, 
checking how it’s going. So that provides me with a bit of grip. ‘……’ But I think, well, … I can do something 
about it myself. And of course you never had that before.’ (PA09) 

Many patients mentioned that they had continued to do the exercises long after the trial 
period. Although they were only asked to practice daily for the six-week intervention period, 
the majority of patients still used the exercises in some way more than seven months later. 
Most patients said they would start the exercises again when experiencing a return or increase 
of their vestibular symptoms. One patient, who was 91 years old, said that she continued with 
the exercises after the intervention period because it took her longer to reach her treatment 
goals:

‘Well, so then I had to repeat those exercises until they did not make me dizzy anymore. So before I 
finally got it right, because that took a long time, certainly a couple of months, before I got the hang of 
it. Before I could say, well, I can stand in the bathroom, without falling and stuff like that. So that, that 
takes a very long time! Because look, you are of course old and, things don’t go as fast as you would like. 
[Laughs]’ (PA14)

Almost half of the physiotherapists started using the exercises with other patients in their 
own practice after the trial. Several patients advised us to implement the Vertigo Training 
website and exercises in daily general practice as soon as possible:

‘Well, I think it would be nice, because for me it really, really, yeah improved the situation, if it would be 
more accessible to other people because it is not a, really, heavy treatment. And I, I personally much prefer 
it over pills against dizziness or whatever.’ (PA10) 
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DISCUSSION

Summary
According to patients and physiotherapists, the physiotherapist visits were useful in providing 
personal attention, helping patients safely execute exercises properly, and improving their 
adherence to therapy. Some patients questioned the necessity of physiotherapist support, 
and physiotherapists also acknowledged that the need for support greatly differed between 
patients. The optimal amount, timing and place of the visits therefore differed for each patient. 
Patients and physiotherapists were generally positive about the other components of blended 
VR: the Vertigo Training website and the exercises. Using the website and its exercises gave 
patients a sense of control over their vestibular symptoms. They found the exercises easy to 
perform and implement in daily life. Surprisingly, many patients continued to use the exercises 
long after the end of the six-week treatment period and several physiotherapists started using 
the exercises in their own clinic after the trial. This study provides an important insight for 
future implementation in general practice: for optimal delivery of blended VR, the number and 
timing of physiotherapy home visits should be tailored to the individual patient. 

Strengths and limitations
A major strength of our study is that we interviewed both patients who received blended 
VR and the physiotherapists who provided this guidance. By assessing the situation from 
these two viewpoints we developed a comprehensive overview of blended VR. Another 
strength is the diverse sample of patients and physiotherapists. A limitation of the study is 
the timing of the interviews. To minimize interference with the randomised controlled trial, 
we conducted the interviews after patients had concluded the six-month follow-up period and 
physiotherapists had finished treating their last patients. This might have made it hard for 
patients and physiotherapists to remember certain details about the blended VR treatment. 
Nevertheless, it did provide us with new insights in the long-term influence of blended VR on 
patients. Of course, we only interviewed patients and physiotherapists who were involved in 
our randomised controlled trial. They may have been more motivated to receive exercise-based 
treatment. The expressed views on blended VR may therefore be different from patients who 
receive blended VR in daily general practice. 

Comparison with previous studies
This is the first study to investigate experiences with blended VR. Patients’ positive opinions 
about the Vertigo Training website and exercises were in line with the results of interviews with 
patients who used the stand-alone English version of Vertigo Training (Balance Retraining).13,14 
The value of physiotherapy support in providing personal attention and helping to adhere to 
treatment mentioned in our study was also expressed in a previous qualitative study with 
patients who received booklet-based VR with telephone support.21 An in-depth analysis 
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of this telephone support showed that health care professionals were able to build strong 
therapeutic relationships with dizzy patients by using positive communication behaviours 
such as encouragement, approval and reassurance of safety.22 Physiotherapists in our study 
mentioned these elements as the mainstay of their visits. The appreciative way patients 
described their physiotherapists indicates that a therapeutic relationship also developed in 
our study. Similarly to our study, patients who received booklet-based VR without therapeutic 
guidance reported that VR increased their awareness and made them less insecure about their 
dizziness.21 The sense of control expressed by patients in our study could therefore also have 
been related to VR itself and not to the therapeutic guidance. 

For stress, anxiety and depression, blended internet-based interventions have produced better 
treatment results than stand-alone internet-based interventions.15-17 A recent systematic 
review showed that there is insufficient evidence to say the same is true for chronic somatic 
disorders.23 The randomised controlled trial, in which this qualitative study was embedded, 
showed that both stand-alone and blended VR are effective treatments to reduce vestibular 
symptoms in general practice.19 The views expressed by patients and physiotherapists in this 
qualitative study, indicate that some patients may need more support than others. Determining 
which patients are likely to benefit more from blended VR over stand-alone VR is therefore 
essential. This answer may be provided by combining results from this qualitative study with 
quantitative data. Therefore, a predictive model study is currently underway which will assess 
which patient characteristics are associated with treatment success in blended VR and stand-
alone VR.18 Possible factors identified in these interviews will be used as potential predictors. 
Costs may also be important in deciding treatment with blended VR or stand-alone VR in the 
future. Both treatments are inexpensive, but blended VR (€166 per patient) is more costly than 
stand-alone VR (€39 per patient). An economic evaluation in progress, conducted alongside 
this randomised controlled trial, will help determine which treatment is more cost-effective.18

Implications for research and practice
Our qualitative study indicates that, according to both patients and physiotherapists, 
physiotherapeutic visits in blended VR have benefits that are not provided by the Vertigo 
Training website and VR exercises alone. However, the need and optimal form to deliver 
physiotherapy support does seem to differ between patients. Just like VR itself, physiotherapy 
support in internet-based VR should be tailor-made. Luckily, this “personalised medicine”, in 
which the individual patients’ personal characteristics, behaviours and environment are all 
taken into account to decide on optimal treatment, is already the default approach in general 
practice medicine.24 Quantitative research may help assess which patients require blended VR 
instead of stand-alone VR. Mentioned reasons for needing blended VR identified in this study 
(e.g. old age and severe comorbidity) could serve as a starting point for these new studies. 
To decide the optimal form of physiotherapy support when choosing blended VR, letting 
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physiotherapists decide the location and number of visits needed independently may be the 
most practical solution. Although we standardised the physiotherapy support in this trial, 
this is not how physiotherapists normally deliver personalised support. Evaluating effects 
and costs when physiotherapists get more autonomy could be the next step in optimising 
physiotherapy support in blended VR. 

The positive patient experiences described in this study further reinforce the notion that 
internet-based VR deserves to be implemented on a larger scale in general practice. The choice 
to implement stand-alone VR, blended VR or both in general practice is difficult and will also 
be dependent on the results of the cost-effectiveness analysis. Our findings will help practicing 
GPs to deliver personalised medicine in patients with chronic vestibular symptoms.
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SUPPLEMENTARY FILES

Supplementary Table 1. Consolidated criteria for reporting qualitative studies (COREQ) checklist.

Domain 1: research team and reflexivity 

Personal characteristics

1. Interviewer/facilitator Which author/s conducted the interview or focus group? Vincent van Vugt (VVV) and Welmoed Kreb (WK).

2. Credentials What were the researcher’s credentials? E.g. PhD, MD VVV (MD) and WK (MSc).

3. Occupation What was their occupation at the time of the study? VVV is a general practice specialty trainee and WK is a research assistant.

4. Gender Was the researcher male or female? VVV is male and WK is female.

5. Experience and training What experience or training did the researcher have? VVV has experience in interviewing general practice patients during his GP specialty training. WK 
was trained by VVV. 

Relationship with participants

6. Relationship established Was a relationship established prior to study commencement? Yes, all participants talked to VVV to discuss informed consent for inclusion in the randomised 
controlled trial. 

7.  Participant knowledge of the 
interviewer

What did the participants know about the researcher? e.g. 
personal goals, reasons for doing the research

The participants were informed that the researcher wanted to learn more about the participant 
experience of blended VR.

8. Interviewer characteristics What characteristics were reported about the interviewer/
facilitator?

The current occupations of the interviewers were disclosed to the participants.

Domain 2: study design 

Theoretical framework

9. Methodological orientation 
and theory

What methodological orientation was stated to underpin the 
study? 

We carried out a thematic analysis approach according to Braun and Clarke. The transcripts were read 
several times and the texts were divided into fragments, and codes were assigned to these fragments 
(open coding). Subsequently, we assigned codes to themes and finally, we related the categories of several 
transcripts to one another (axial coding) using the qualitative software program ATLAS.ti ® (version 
7). Two authors (VvV and AdK) separately coded the first two transcripts and then compared codes, 
resolved discrepancies and reached consensus on an initial framework. We organised all the codes into 
a mind map. The preliminary conclusions based on this mind map were thoroughly discussed between 
VvV and AdK. The last phase of the analysis was selective coding. This implies that we identified the 
essence of what each theme is about, searched for relations through constant comparison across cases, 
looked for deviant cases, and analysed variation within and between cases. Finally, with the help of the 
different themes, we gained insight into the spectrum of differences and similarities of the results to 
answer the research question. All findings were discussed in the project team. 

Participant selection

10.  Sampling How were participants selected? e.g. purposive, convenience, 
consecutive, snowball

We used purposive sampling to select a heterogeneous group of patients and physiotherapists in 
which at least the following characteristics for both therapists and patients varied: gender, age and 
urbanisation. For patients we also strived for heterogeneity in intensity of vestibular symptoms, 
education level, number of completed online sessions, and living arrangements.

11.  Method of approach How were participants approached? e.g. face-to-face, 
telephone, mail, email

Telephone.

12. Sample size How many participants were in the study? 14 patients and 8 physiotherapists.

13.  Non-participation How many people refused to participate or dropped out? 
Reasons?

Four patients declined to participate due to time constraints. None of the physiotherapists declined.
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7.  Participant knowledge of the 
interviewer

What did the participants know about the researcher? e.g. 
personal goals, reasons for doing the research

The participants were informed that the researcher wanted to learn more about the participant 
experience of blended VR.

8. Interviewer characteristics What characteristics were reported about the interviewer/
facilitator?

The current occupations of the interviewers were disclosed to the participants.

Domain 2: study design 

Theoretical framework

9. Methodological orientation 
and theory

What methodological orientation was stated to underpin the 
study? 

We carried out a thematic analysis approach according to Braun and Clarke. The transcripts were read 
several times and the texts were divided into fragments, and codes were assigned to these fragments 
(open coding). Subsequently, we assigned codes to themes and finally, we related the categories of several 
transcripts to one another (axial coding) using the qualitative software program ATLAS.ti ® (version 
7). Two authors (VvV and AdK) separately coded the first two transcripts and then compared codes, 
resolved discrepancies and reached consensus on an initial framework. We organised all the codes into 
a mind map. The preliminary conclusions based on this mind map were thoroughly discussed between 
VvV and AdK. The last phase of the analysis was selective coding. This implies that we identified the 
essence of what each theme is about, searched for relations through constant comparison across cases, 
looked for deviant cases, and analysed variation within and between cases. Finally, with the help of the 
different themes, we gained insight into the spectrum of differences and similarities of the results to 
answer the research question. All findings were discussed in the project team. 

Participant selection

10.  Sampling How were participants selected? e.g. purposive, convenience, 
consecutive, snowball

We used purposive sampling to select a heterogeneous group of patients and physiotherapists in 
which at least the following characteristics for both therapists and patients varied: gender, age and 
urbanisation. For patients we also strived for heterogeneity in intensity of vestibular symptoms, 
education level, number of completed online sessions, and living arrangements.

11.  Method of approach How were participants approached? e.g. face-to-face, 
telephone, mail, email

Telephone.

12. Sample size How many participants were in the study? 14 patients and 8 physiotherapists.

13.  Non-participation How many people refused to participate or dropped out? 
Reasons?

Four patients declined to participate due to time constraints. None of the physiotherapists declined.
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Supplementary Table 1. Continued.

Setting

14. Setting of data collection Where was the data collected? e.g. home, clinic, workplace Home and physical therapy clinic.

15. Presence of non-participants Was anyone else present besides the participants and 
researchers?

No.

16. Description of sample What are the important characteristics of the sample? e.g. 
demographic data, date

See Table 1.

Data collection

17. Interview guide Were questions, prompts, guides provided by the authors? Yes, we had a separate topic list for both the patient and the physiotherapist interviews.

18.  Repeat interviews Were repeat interviews carried out? If yes, how many? No.

19.  Audio/visual recording Did the research use audio or visual recording to collect the 
data?

Yes, all interviews were audio-recorded.

20. Field notes Were field notes made during and/or after the interview or 
focus group?

Brief field notes were made during the interviews and used in the analysis.

21.  Duration What was the duration of the interviews or focus group? 25 to 43 minutes per interview.

22.  Data saturation Was data saturation discussed? Yes. VVV and ADK discussed saturation during the analysis process and decided saturation was used.

23.  Transcripts returned Were transcripts returned to participants for comment and/
or correction?

No.

Domain 3: analysis and findings

Data analysis

24. Number of data coders How many data coders coded the data? Two, VVV and ADK.

25. Description of the coding tree Did authors provide a description of the coding tree? Yes.

26.  Derivation of themes Were themes identified in advance or derived from the data? The themes were derived from the data.

27.  Software What software, if applicable, was used to manage the data? We used ATLAS.ti ® (version 7).

28. Participant checking Did participants provide feedback on the findings? No.

Reporting

29. Quotations presented Were participant quotations presented to illustrate the 
themes / findings? Was each quotation identified? e.g. 
participant number

Yes, we used 12 quotations in the article, each identified with a participant number.

30.  Data and findings consistent Was there consistency between the data presented and the 
findings?

Yes.

31. Clarity of major themes Were major themes clearly presented in the findings? Yes, there were three major themes identified: (1) perceived value of physiotherapist visits; (2) content 
and logistics of physiotherapist visits; and (3) experiences with Vertigo Training website and exercises.

32. Clarity of minor themes Is there a description of diverse cases or discussion of minor 
themes?

Yes, within each theme diverse cases were discussed.
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ABSTRACT 

Objectives: To develop and internally validate prediction models to assess treatment 
success of both stand-alone and blended online vestibular rehabilitation (VR) in patients 
with chronic vestibular syndrome. 

Design: Secondary analysis of a randomised controlled trial. 

Setting: 59 general practices in The Netherlands.

Participants: 202 adults, aged 50 years and older with a chronic vestibular syndrome who 
received either stand-alone VR (98) or blended VR (104). Stand-alone VR consisted of a 
six-week, internet-based intervention with weekly online sessions and daily exercises. In 
blended VR, the same intervention was supplemented with physiotherapy support.

Main outcome measures: Successful treatment was defined as: clinically relevant 
improvement of (1) vestibular symptoms (≥3 points improvement Vertigo Symptom 
Scale – Short Form); (2) vestibular-related disability (>11 points improvement Dizziness 
Handicap Inventory); and (3) both vestibular symptoms and vestibular-related disability. 
We assessed performance of the predictive models by applying calibration plots, Hosmer-
Lemeshow statistics, area under the receiver operating characteristic curves (AUC) and 
applied internal validation. 

Results: Improvement of vestibular symptoms, vestibular-related disability or both was 
seen in 121, 81 and 64 participants, respectively. We generated predictive models for each 
outcome, resulting in different predictors in the final models. Calibration for all models 
was adequate with non-significant Hosmer-Lemeshow statistics, but the discriminative 
ability of the final predictive models was poor (AUC 0.54 to 0.61). None of the identified 
models are therefore suitable for use in daily general practice to predict treatment success 
of online VR. 

Conclusion: It is difficult to predict treatment success of internet-based VR and it remains 
unclear who should be treated with stand-alone VR or blended VR. Because we were unable 
to develop a useful prediction model, the decision to offer stand-alone or blended VR 
should for now be based on availability, cost-effectiveness and patient preference.

Trial registration: Netherlands Trial Register NTR5712
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INTRODUCTION

Vestibular symptoms (i.e. vertigo, dizziness, vestibulovisual and postural symptoms)1 are 
common symptoms in general practice.2,3 Nowadays, the recommended way to approach a 
vestibular problem is to assess timing and triggers of vestibular symptoms to classify patients 
as having an acute vestibular syndrome, an episodic vestibular syndrome or a chronic vestibular 
syndrome.4-6 A chronic vestibular syndrome consists of vestibular symptoms, lasting months 
to years. Symptoms in chronic vestibular syndromes can have a progressively deteriorating 
course; reflect a stable, yet incomplete recovery after an acute vestibular event; or represent 
persistent, lingering symptoms between episodic vestibular attacks. 

Vestibular rehabilitation (VR), an exercise-based treatment that gradually stimulates the 
vestibular system, can be used to treat chronic vestibular syndromes. There is moderate 
to strong evidence that VR is safe and effective in reducing vestibular symptoms 
in unilateral and bilateral peripheral vestibular dysfunction.7,8 Currently, VR is the 
recommended therapy in US,9,10 UK11 and Dutch12 guidelines to treat chronic vestibular 
syndromes. Nevertheless, according to surveys in the UK13 and The Netherlands14 less 
than 10% of GPs uses VR in daily practice. To increase implementation of VR, an internet-
based form of VR was developed by the University of Southampton.15,16 In a randomised 
controlled trial this automated, stand-alone online VR treatment was shown to be able to 
reduce vestibular symptoms in patients aged 50 years and older with a chronic vestibular 
syndrome at six months follow-up compared to usual care.17 Stand-alone internet-based 
interventions are easily accessible, but because they are also prone to non-adherence and 
attrition they are often combined with face-to-face therapy (blended treatment).18-20 We 
recently used a Dutch translation of the stand-alone online VR treatment in a three-
armed randomised controlled trial in which we compared stand-alone VR and blended 
VR with physiotherapeutic support to usual care.14 Both stand-alone VR and blended VR 
were shown to be effective in reducing vestibular symptoms at six months compared to 
usual care.21 However, this does not mean that each eligible participant benefits equally 
from stand-alone VR and blended VR. Certain patient characteristics may have been 
associated with a different treatment effect. Exploring this heterogeneity may lead to 
identification of profiles of patients who benefit from stand-alone VR and / or blended VR. 
This information could be used to construct treatment guiding decision tools and provide 
patients with personalised medicine.22 This approach has already shown effectiveness 
in other health areas. In depression, prediction models provided better antidepressant 
therapy recommendations than the group average suggested by the RCT.23 In chronic 
stress, this method showed that an internet-based stress management intervention was 
most effective in patients with severe stress symptoms, even though the researchers were 
initially reluctant to offer this low-threshold treatment to severely burdened individuals.24 
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Results from a qualitative interview study with participants and physiotherapists from 
the blended VR group indicate that the value of physiotherapeutic support in addition to 
the stand-alone VR intervention may differ between patients.21 

The aim of this study was to develop and internally validate prediction models to predict 
treatment success of online VR in order to decide which patients with chronic vestibular 
syndrome should be offered stand-alone VR and who should be offered blended VR. 
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METHODS

Study design and participants
We used data that were prospectively collected in a recent pragmatic randomised controlled 
trial investigating the effectiveness of stand-alone and blended online VR compared to usual 
care in general practice. The study protocol14 and results of the effectiveness analyses21 can 
be found elsewhere. In short, 322 patients aged 50 years and older with a chronic vestibular 
syndrome were randomised to receive stand-alone VR (n=98), blended VR (n=104) or usual 
care (n=120). Stand-alone VR consisted of a six-week, internet-based intervention with weekly 
online sessions and daily VR exercises (10-20 minutes per day). In the blended VR group, the 
same internet-based intervention was supplemented by face-to-face physiotherapy support 
(home visits in week 1 and 3). Participants in the usual care group received usual GP care 
without any restrictions. Measurements were collected at baseline, three months, and six 
months follow-up. For this prediction study we only used data from participants who were 
allocated to stand-alone VR (n=98) or blended VR (n=104). We published a study protocol 
before the start of the trial,14 and followed the TRIPOD recommendations to report on this 
prediction model study.25 

Outcome variable
We assessed improvement six months after baseline with the Vertigo Symptom Scale-Short 
Form (VSS-SF),26 which assessed vestibular symptoms; and the Dizziness Handicap Inventory 
(DHI),27,28 which assessed vestibular-related impairment. In this prediction study we defined 
the dependent dichotomous outcome variable ‘successful treatment’ in three different ways: 
(1) a decrease in vestibular symptoms by improvement in VSS-SF score with at least three 
points (clinically significant change)17,29-31; (2) a decrease in vestibular-related impairment by 
improvement in the DHI score with at least 11 points (clinically significant change)28,32; and 
(3) a decrease in vestibular symptoms and vestibular-related impairment defined as clinically 
significant improvement in both the VSS-SF and DHI score. Although we planned to include 
subjective improvement compared to baseline (yes/no) as a dichotomous outcome measure 
in the study protocol, we decided to only use VSS-SF and DHI because, unlike dichotomous 
subjective improvement, these questionnaires have been validated in general practice.14 

Predictor variables
We chose to use candidate predictors that can be easily obtained by general practitioners in 
daily practice. The final selection was based on a combination of previous studies10, 33-37 and 
clinical reasoning, which can be explained as the cognitive process of clinicians underlying 
diagnosis and management of a patient’s presenting problem.38 We identified the following 
six candidate predictors before conducting the analyses: (1) age (continuous);10,33,35-37 (2) level 
of education (dichotomous, i.e. low vs. middle/high);10,35,36 (3) time since onset (dichotomous, 
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i.e. less vs. more than two years);10,34,37 (4) sex (dichotomous);36 (5) living status (dichotomous, 
i.e. alone vs. together with partner);34,36,37 and (6) the presence of a panic disorder, generalised 
anxiety disorder or major depressive disorder at baseline (dichotomous).10,34,37 For the continuous 
variable age, we used restricted cubic spline regression functions to test for non-linearity in 
each model.39 

Statistical analyses
Development of prediction models
We developed multiple prediction models using multivariable logistic regression models. We 
used logistic regression models to develop the prediction models as these models have shown 
to perform similar as machine learning techniques. Moreover, machine learning techniques are 
developed for high dimensional data situations, i.e. much more variables compared to subjects, 
which is not the case in our study.40 To deal with missing values, multiple imputation according 
Multivariate Imputation by Chained Equations (MICE) was applied (m=5) and the models 
were created using the Rubin’s Rules pooled estimates. To develop the prediction models, we 
first assessed if successful treatment of stand-alone and blended online VR was associated 
with specific candidate predictors by adding predictor-treatment interactions to the model. 
Subsequently, we developed new models for each of the three different outcomes of ‘successful 
treatment’ and used the initial set of candidate predictors for all models. Because adding 
more than one interaction caused model instability, we only included the interaction with 
the lowest p-value from the first step in each model. Finally, we excluded candidate predictors 
with a p< 0.157 from the multivariable logistic regression models through backwards selection, 
i.e. the model with all potential predictor variables and the interaction term with the lowest 
p-value included. In addition, we also performed secondary analyses without interaction 
terms to assess predictors of successful treatment separately in stand-alone internet-based 
VR participants (n=98) and blended internet-based VR participants (n=104).

Internal validation and performance of prediction models
Prediction models perform better in development cohorts than in other similar populations 
due to overfitting.39,41,42 Therefore we performed an internal validation bootstrapping procedure 
in order to validate the final models and to adjust (shrink) the estimated performance and 
regression coefficients. To assess the calibration of the final models, we calculated the 
Hosmer-Lemeshow goodness-of-fit statistic and constructed calibration plots. To assess 
the discriminative ability of the models, we calculated the area under the curve (AUC). We 
performed all statistical analyses with RStudio statistical software (version 1.1.463), the mice 
(version 3.7.0), the rms (version 5.1-3.1) and psfmi (version 0.2.0) package. 
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RESULTS

We analysed 204 participants, 98 who received stand-alone VR and 104 who received blended 
VR. Follow-up data for outcomes at six months was complete for 176 out of 202 patients 
(87%). Clinically relevant improvement after six months in vestibular symptoms was seen 
in 121 participants, clinically relevant improvement in vestibular-related disability was seen 
in 81 participants, and 64 participants experienced both. The baseline characteristics of the 
predictors and outcomes for all participants are summarised in Table 1.

Developed predictive models
In the main analysis, where we assessed if successful treatment was associated with different 
candidate predictors for stand-alone and blended online VR (n=202), we found different 
predictors for the three defined outcomes of ‘successful treatment’ (Table 2). For the first 
defined outcome of ‘successful treatment’, clinically significant improvement in vestibular 
symptoms, living alone decreased the chance of treatment success (OR 0.38; 95% CI 0.19 to 
0.78) and having a psychiatric disorder increased the chance (OR 2.48; 0.86-7.16). 
For the second outcome of ‘successful treatment’, clinically significant improvement in 
vestibular-related impairment, patients who both lived alone and received blended VR had 
a lower chance of treatment success (OR 0.33; 0.10 to 1.15). Being older (OR 0.96; 0.93 to 1.00) 
and having a middle or high level of education (OR 0.54; 0.29 to 1.02) also reduced the chance 
of successful treatment. For the third outcome of ‘successful treatment’, clinically significant 
improvement in both vestibular symptoms and vestibular-related impairment, patients who 
both experienced vestibular symptoms since more than two years and received blended VR 
had a decreased chance of treatment success (OR 0.34; 0.09 to 1.25).

In secondary analyses, where we looked at predictors of treatment success of internet-based 
VR separately in stand-alone (stand-alone VR participants; n=98) and blended VR (blended 
VR participants; n=104), the predictors in the final models also differed for the three outcomes 
of ‘successful treatment’. In stand-alone VR participants, living alone decreased the chance 
of improvement of vestibular symptoms (OR 0.39; 0.15 to 1.00) but increased the change of 
improvement of vestibular-related disability (OR 2.79; 1.07 to 7.27). In blended VR participants, 
the chance of combined improvement in both vestibular symptoms and vestibular-related 
impairment was reduced when participants had experienced vestibular symptoms for more 
than two years (OR 0.42; 0.18 to 0.96). The complete final models are shown in Supplementary 
Table 1 (stand-alone VR participants; n=98) and Supplementary Table 2 (blended VR 
participants; n=104). 
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Table 1. Baseline characteristics. Figures are numbers (percentages) unless stated otherwise. 

Stand-alone VR 
(n=98)

Blended VR 
(n=104)

Total sample 
(n=202)

Predictors

Mean age in years (SD) 67 (9.5) 67 (9.8) 67 (9.6)

Level of education

Low 33 (34) 37 (36) 70 (35)

Middle/high 65 (66) 67 (64) 132 (65)

Time since onset*

One month to two years 43 (44) 49 (47) 92 (46)

More than two years 54 (56) 55 (53) 109 (54)

Sex

Female 64 (65) 69 (66) 133 (66)

Male 34 (35) 35 (34) 69 (34)

Living situation

With partner 64 (65) 71 (68) 135 (67)

Alone 34 (35) 33 (32) 67 (33)

Panic disorder, generalised anxiety disorder or major depressive disorder at baseline according to PHQ

Absent 84 (86) 88 (85) 172 (85)

Present 14 (14) 16 (15) 30 (15)

Outcomes

Clinically relevant improvement in vestibular symptoms after six months**

No 23 (24) 34 (33) 57 (28)

Yes 62 (63) 59 (57) 121 (60)

Clinically relevant improvement in vestibular-related disability after six months***

No 48 (49) 50 (48) 98 (49)

Yes 39 (40) 42 (40) 81 (40)

Clinically relevant improvement in both vestibular symptoms and vestibular-related disability after 
six months****

No 50 (51) 62 (60) 112 (55)

Yes 34 (35) 30 (29) 64 (32)

VR = vestibular rehabilitation; SD = standard deviation; PHQ = Patient health questionnaire
Figures are numbers (percentages) unless stated otherwise.
* Data on variable missing for 1 participant (n=1 stand-alone VR).
** Data on variable missing for 24 participants (n=13 stand-alone VR, n=11 blended VR).
*** Data on variable missing for 23 participants (n=11 stand-alone VR, n=12 blended VR).
**** Data on variable missing for 26 participants (n=14 stand-alone VR, n=12 blended VR).
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Table 2. Pooled estimates of the final prediction models for treatment success after internet-based VR 
at six months follow-up (stand-alone and blended VR participants; n=202).

Predictors Regression 
coefficient

Odds ratio 
(95% confidence 
interval)

p-value

‘Successful treatment’ 1:
Clinically relevant improvement in VSS-SF score #

Living alone -0.97 0.38 (0.19 to 0.78) 0.01

Presence of a psychiatric disorder 0.90 2.48 (0.86 to 7.16) 0.09

‘Successful treatment’ 2:
Clinically relevant improvement in DHI score ##

Interaction living alone * blended VR treatment -1.10 0.33 (0.10 to 1.15) 0.08

Living alone 0.95 2.69 (1.04 to 6.45) 0.04

Blended VR treatment 0.45 1.57 (0.75 to 3.29) 0.23

Age -0.04 0.96 (0.93 to 1.00) 0.03

Middle/high level of education -0.61 0.54 (0.29 to 1.02) 0.06

‘Successful treatment’ 3:
Clinically relevant improvement in both VSS-SF and DHI score ###

Interaction > two years since onset * blended VR 
treatment

-1.07 0.34 (0.09 to 1.25) 0.10

> Two years since onset 0.19 1.21 (0.46 to 3.16) 0.69

Blended VR treatment 1.34 3.82 (0.50 to 29.41) 0.45

VR = vestibular rehabilitation; VSS-SF = vertigo symptom scale - short form; DHI = dizziness handicap 
inventory
# predictor-treatment interaction with ‘time since onset’ had the lowest p-value of all interactions 
(p=0.19) and was included in the model.
## predictor-treatment interaction with ‘living status’ had the lowest p-value of all interactions 
(p=0.09) and was included in the model. 
### predictor-treatment interaction with ‘time since onset’ had the lowest p-value of all interactions 
(p=0.10) and was included in the model.
*Age was analysed as a linear predictor in all models, spine regression modelling revealed no non-linear 
relationship of age with the outcome.

Internal validation and performance of the models
For the first outcome, clinically significant improvement in vestibular symptoms, calibration 
of the prediction model was adequate based on the both the calibration plot (Figure 1) and the 
non-significant Hosmer-Lemeshow statistic (p=0.77). Internal validation revealed substantial 
overfitting with a shrinkage factors of 0.70. The corrected median AUC was poor with 0.61. 
The second outcome of ‘successful treatment’, clinically significant improvement in vestibular-
related impairment, also showed adequate calibration (Figure 1; Hosmer-Lemeshow statistic 
p=0.94), substantial overfitting (shrinkage factor 0.60) and a poor performance of the model 
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(corrected median AUC 0.56). The prediction model for the third outcome, both clinically 
significant improvement in vestibular symptoms and vestibular-related impairment, showed 
similar results upon internal validation (calibration plot Figure 1; Hosmer-Lemeshow statistic 
p=1.00; shrinkage factor 0.57; corrected median AUC 0.54). The ROC curves for the updated 
models for all outcomes of the main analysis are shown in Figure 2. The results of the internal 
validation of the secondary analyses, in which we assessed predictors of ‘successful treatment’ 
separately in stand-alone (stand-alone VR participants; n=98) and blended VR (blended VR 
participants; n=104) are shown in Supplementary Table 3. 
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DISCUSSION

Principal findings
In this study we developed and internally validated several models to predict clinically relevant 
improvement of vestibular symptoms and/or vestibular-related impairment after internet-
based VR. Our final predictive models showed adequate calibration, but they all showed 
poor discriminative abilities, with AUCs ranging from 0.54 to 0.61. Our findings indicate that 
treatment success of internet-based VR is difficult to predict when using common and easy 
obtainable variables.

Comparison with previous studies
This is the first study to predict successful treatment with internet-based VR in patients with 
a chronic vestibular syndrome. However, the effects of personal characteristics on outcomes 
has been investigated in vestibular rehabilitation delivered by physiotherapists.10 According 
to the vestibular rehabilitation guideline of the American Physical Therapy Association age, 
sex and time since onset are stated not to influence treatment success of (not internet-
based) vestibular rehabilitation based on respectively strong, weak and moderately strong 
evidence.10 Psychiatric disorders and the use of vestibular-suppressant medications were 
identified as negative factors in recovery following vestibular rehabilitation.10 In our study, 
age appeared to be a negative predictor for an improvement of vestibular-related disability 
and the presence of a psychiatric disorder surprisingly appeared to be a positive predictor for 
improvement of vestibular symptoms. However, the implications of these findings have to be 
interpreted with caution, considering the poor discriminative abilities of the final prediction 
models. We also attempted to identify favourable treatment profiles to guide a treatment 
decision for stand-alone VR or blended VR, by analysing interactions in the total dataset and 
developing prediction models for each group of VR participants separately. Participants who 
lived alone and received blended VR had a lower chance of treatment success on the second 
outcome, improvement of vestibular-related impairment. Similarly, a decreased chance of 
treatment success on the third outcome, combined improvement of vestibular symptoms 
and vestibular-related disability, was seen in participants with vestibular symptoms for 
more than two years who received blended VR. These findings indicate that patients who 
live alone and have experienced vestibular symptoms for more than two years may be less 
suited to receive blended VR. This is unexpected, since previous studies suggest that these 
factors are related to lower adherence, which would theoretically make blended VR more 
appropriate.20,43 However, as noted before, the discriminative abilities of the final predictive 
models are not good enough to conclusively state that stand-alone VR should be the treatment 
of choice for these patients. Unlike previously mentioned applications in conditions such as 
depression23 and chronic stress,24 predictive models in internet-based VR are not yet ready to 
help personalise treatment. By including more potential predictors the discriminative ability 
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of the predictive models might be increased. The use of vestibular-suppressant medication,10 
comorbidities,34,44 the severity and type of vestibular symptoms,33 overall self-rated quality of 
life,34 previous falls45 and level of self-efficacy46,47 are all factors that may influence treatment 
success of stand-alone and blended VR. Unlike the predictors used in our study, collecting 
information on these personal characteristics will take more time because patients will have 
to fill out extra questionnaires. By investigating both the easily obtainable predictors we used 
in our study and these additional potential predictors in a larger dataset, we may be able to 
produce a prediction model suitable for clinical practice in the future.

Strengths and limitations
Our study has several strengths. Performing the study in a randomised controlled trial setting 
provided accurate, consistent data collection and a relatively low level of missing data. The 
generalisability of this prediction study is also relatively high because of the pragmatic nature 
of the randomised controlled trial and the choice we made to only include potential predictors 
that can be easily obtained in general practice. There were also some limitations. Firstly, 
the relatively small number of 202 participants limited the number of predictors we could 
include in the study and the discriminative ability of the models. For the secondary analyses 
we conducted in the separate stand-alone VR and blended VR populations the number of 
participants was even lower. However, a small sample size is common in prediction studies 
that use data from RCTs and would have been less of an issue if the chosen predictors had 
been stronger.48 Secondly, adding more than one predictor-treatment interaction caused the 
models to become unstable. We therefore only added the interaction with the lowest p-value 
to the model. A result of this approach could be that viable interactions were missing in 
the final predictive model. Thirdly, the selection of potential predictors was based on results 
from previous studies, clinical expertise, the availability in the study data and the possibility 
to easily collect the data in daily general practice. As a result of this pre-modelling selection 
strategy important predictors may have been missed. For instance, we had no complete 
data on the daily use of vestibular-suppressant medications during the six-month follow-
up period and the number of comorbidities was thought to be too difficult to apply in daily 
general practice. When choosing the potential predictors before the analyses, we assumed 
that, based on previous studies and clinical reasoning, our selection reflected the strongest 
possible predictors. 
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Conclusions and implications for research and/or practice
Our study results suggest that treatment success with internet-based vestibular rehabilitation 
is difficult to predict. Although we were able to develop several prediction models, the 
discriminative abilities of these models are currently insufficient to endorse their use in daily 
general practice. Further research should first be aimed at improving the discriminative ability 
of the models. Unfortunately, it is still unclear who should be treated with stand-alone VR and 
who should be offered blended VR. At the moment, choosing between both effective forms 
of online VR should therefore be dependent on other factors such as availability, costs and 
personal patient preference.
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SUPPLEMENTARY FILES

Supplementary Table 1. Pooled estimates of the final prediction models for treatment success after 
stand-alone internet-based VR at six months follow-up (stand-alone participants; n=98).

Predictors Regression 
coefficient

Odds ratio 
(95% confidence 
interval)

p-value

‘Successful treatment’ 1:
Clinically relevant improvement in VSS-SF score

Living alone -0.95 0.39 (0.15 to 1.00) 0.05

‘Successful treatment’ 2:
Clinically relevant improvement in DHI score

Living alone 1.02 2.79 (1.07 to 7.27) 0.04

Age -0.05 0.95 (0.90 to 1.00) 0.06

‘Successful treatment’ 3:
Clinically relevant improvement in both VSS-SF and DHI score

NO VARIABLES IN FINAL MODEL

VR = vestibular rehabilitation; VSS-SF = vertigo symptom scale short-form; DHI = dizziness handicap 
inventory
*Age was analysed as a linear predictor in all models, spine regression modelling revealed no non-linear 
relationship of age with the outcome.

Supplementary Table 2. Pooled estimates of the final prediction models for treatment success after 
blended internet-based VR at six months follow-up (blended participants; n=104).

Predictors Regression 
coefficient

Odds ratio 
(95% confidence 
interval)

p-value

‘Successful treatment’ 1:
Clinically relevant improvement in VSS-SF score

Living alone -1.06 0.35 (0.13 to 0.95) 0.04

Presence of a psychiatric disorder 1.12 3.05 (0.77 to 12.14) 0.11

‘Successful treatment’ 2:
Clinically relevant improvement in DHI score

Level of education -0.85 0.43 (0.18 to 0.99) 0.05

‘Successful treatment’ 3:
Clinically relevant improvement in both VSS-SF and DHI score

Time since onset -0.88 0.42 (0.18 to 0.96) 0.04

VR = vestibular rehabilitation; VSS-SF = vertigo symptom scale short-form; DHI = dizziness handicap 
inventory
*Age was analysed as a linear predictor in all models, spine regression modelling revealed no non-linear 
relationship of age with the outcome.
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Supplementary Table 3. Internal validation and performance of the final prediction models for 
treatment success after stand-alone internet-based VR (stand-alone participants; n=98) and blended 
internet-based VR (blended participants; n=104).

Stand-alone internet-based VR (n=98) Hosmer-
Lemeshow 
statistic (p-value)

Shrinkage 
factor

Corrected 
median 
AUC

‘Successful treatment’ 1:
Clinically relevant improvement in VSS-SF score

0.69 0.59 0.53

‘Successful treatment’ 2:
Clinically relevant improvement in DHI score

0.92 0.61 0.58

‘Successful treatment’ 3:
Clinically relevant improvement in both VSS-SF and 
DHI score

0.99 0.49 0.42

Blended internet-based VR (n=104) Hosmer-
Lemeshow 
statistic

Shrinkage 
factor

Corrected 
median 
AUC

‘Successful treatment’ 1:
Clinically relevant improvement in VSS-SF score

0.93 0.61 0.56

‘Successful treatment’ 2:
Clinically relevant improvement in DHI score

0.87 0.61 0.53

‘Successful treatment’ 3:
Clinically relevant improvement in both 
VSS-SF and DHI score

0.38 0.61 0.54

VR = vestibular rehabilitation; VSS-SF = vertigo symptom scale short-form; DHI = dizziness handicap 
inventory
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GENERAL DISCUSSION

This thesis is about vertigo and dizziness in general practice, and the potential of vestibular 
rehabilitation to treat these symptoms. Vestibular symptoms such as vertigo and dizziness are 
commonly encountered by general practitioners (GP).1-3 The symptoms are often debilitating4-6 
and associated with high healthcare costs.7-9 In this research project we conducted several 
studies to investigate the prognosis, measurement and treatment of vestibular symptoms. 
Furthermore, we designed and performed a large randomized controlled trial to investigate the 
value of online vestibular rehabilitation without and with physiotherapy support compared 
to usual care. 

In this final chapter I will first discuss the answers we found to the nine research questions 
posed in the general introduction. In addition to summarizing the results of our studies, I will 
talk about the methodological considerations and view them in the light of previous studies. 
Lastly, I will discuss the implications of these findings both for science and clinical practice 
and provide recommendations for the future. 

Research questions- Vertigo and dizziness in general practice
1) Is the prognosis and survival of vertigo and dizziness in older general practice patients associated 

with the primary cause of the symptoms? 

We answered this question by conducting a 10-year prospective cohort study in general 
practice. We included 417 older adults (≥65 years) who experienced vertigo and/or dizziness and 
performed a full diagnostic workup to assess the primary cause of their vestibular symptoms. 
We found that at 10-years follow-up, patients with vertigo or dizziness lived longer when the 
symptoms were caused by peripheral vestibular disease compared to cardiovascular disease. 
We found no significant association in our study between the cause of vestibular symptoms 
and the presence of substantial impairment ten years later.

Methodological considerations
All patients received an extensive set of diagnostic tests, based on information from a systematic 
review and Delphi procedure.10 The cause of vestibular symptoms was then determined by an 
expert panel of physicians, which is the preferred diagnostic method when a gold standard 
is not available.11 Considering this time-intensive inclusion process, we managed to include a 
sizable cohort of 417 patients and collect mortality data for most patients. However, it should 
be noted that due to the advanced age of our cohort (mean age 79 years at baseline) just 103 
patients (25%) filled out the 10-year follow-up measurement on substantial impairment. A 
larger prospective cohort study with more follow-up moments may be needed to definitively 
determine differences in prognosis between primary causes of vestibular symptoms. 
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Contribution to body of knowledge
Our study was the first to investigate the long-term prognosis of different causes of vestibular 
symptoms in general practice. Although a large population-based cohort study previously 
demonstrated an association between dizziness in general and early mortality,12 ours is the 
first study that shows that causes of vestibular symptoms are associated with a different 
mortality rate. 

2) What is the chance of persistence of dizziness in older general practice patients over time? 

To investigate if dizziness is likely to be persistent in older patients in general practice (≥65 
years), we conducted a 1-year prospective cohort study with community-dwelling people 
who received home care (home care recipients) from six different European countries. We 
defined dizziness persistence as the odds for dizzy people at baseline to also report dizziness 
at subsequent follow-up moments at 6 and 12 months, compared with people who were not 
dizzy at baseline. We found high dizziness persistence at 6 and 12 months (odds ratio 57.8 and 
30.2). Almost 80% of home care recipients who were dizzy at baseline also reported dizziness 
after 6 and 12 months. We therefore conclude that dizziness in older general practice patients 
has a high chance of persistence and clinicians should not consider it to be self-limiting. 

Methodological considerations
The large sample size of 2616 home care recipients from six different countries who participated 
can be considered a major strength of this study. However, we remain uncertain if this sample 
was representative for all home care recipients in the participating countries. Also, we did not 
use the International Classification of Vestibular Disorders (ICVD) by the Bárány society13 
to classify dizziness in this study. Still, we do not assume this would have led to markedly 
different results since previous studies in older patients with dizziness have shown similar 
results on dizziness persistence. 

Contribution to body of knowledge
Our study was the first to assess the prevalence of dizziness in home care recipients, which 
may be helpful to home care organisations and GPs across Europe. Longitudinal studies in 
community-dwelling older patients with dizziness are scarce, which may explain why dizziness 
is still sometimes seen as mostly self-limiting.14-17 This is the largest study to date to confirm 
the high persistence of dizziness in older patients. 

3) What are the psychometric properties of the 10-item DHI-S questionnaire in Dutch general practice 
patients with vertigo and/or dizziness? 
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The 25-item Dizziness Handicap Inventory (DHI) is worldwide the most used questionnaire to 
measure impairment due to vestibular symptoms such as vertigo and dizziness. An abbreviated 
10-item version of the Dizziness Handicap Inventory (DHI-S) was available, but had not been 
validated for use in general practice yet. We conducted a psychometric evaluation of the DHI-S 
questionnaire in a general practice population. The DHI-S demonstrated excellent criterion 
validity (r = 0.93-0.96), test-retest reliability (ICC =0.86) and responsiveness (r = 0.89). The 
DHI-S reliably distinguished substantial impairment and identified minimally important 
change, with optimal DHI-S cut-off scores of ≥12 points and >5 points, respectively. Our results 
show that the DHI-S questionnaire is a valid, reliable and responsive instrument to measure 
vestibular symptoms in general practice. 

Methodological considerations
Strengths of the study were the large study population and the use of multiple longitudinal 
measurements. A possible limitation is the use of the original DHI to extract DHI-S scores, since 
filling out the 10-item DHI-S separately might give different results. However, we anticipate 
these differences will be small because of the high internal consistency and excellent test-
retest reliability of the DHI.

Contribution to body of knowledge
Ours was the first study to validate the DHI-S for use in general practice. It was also the 
first study to measure responsiveness, identify a cut-off point for substantial impairment (≥12 
points) and establish minimally important change (>5 points), which will increase the usability 
of the DHI-S in scientific studies and daily clinical practice. 

Research questions –Vestibular rehabilitation in general practice
4) What is the stated use of VR for vertigo and/or dizziness in Dutch general practice, and what are 

reasons to deter VR treatment? 

We carried out a survey in which we asked a sample of 426 Dutch GPs to fill out an online 
questionnaire about their stated use of canalith repositioning manoeuvres and VR. The 
repositioning manoeuvres were used by approximately half of all GPs (Epley manoeuvre 57.3%; 
Brandt-Daroff exercises 50.2%), while only a small group applied VR in daily practice (6.8%). 
GPs stated not knowing how to perform the techniques as the most important reason for not 
using repositioning manoeuvres and VR. 

Methodological considerations
Our online survey reached a substantial sample of the Dutch GP population with a response 
rate of 36.4%. Surveys under physicians are often characterized by lower response rates and 
online surveys are filled out less than traditional mail surveys.18 The underuse of VR we 



270

found was comparable to a previously conducted survey study in British general practice.19 
Because GP trainers in our sample where overrepresented, the use of VR in the total Dutch 
GP population may be even less. 

Contribution to body of knowledge
Our study was the first to investigate the stated use of canalith repositioning manoeuvres and 
VR among Dutch GP. Discovering the most important reason for GPs to deter VR treatment 
is essential for planning how to increase uptake of VR in general practice. 

5) What is the current management of chronic vestibular symptoms in general practice, and how should 
clinical practice be changed? 

We searched the literature to assess current management of chronic vestibular symptoms in 
general practice. We found that the drug betahistine is prescribed regularly, while VR is used 
by less than 10% of GPs. Assessment of the evidence showed that there is low quality evidence 
for the effectiveness of betahistine, while there is moderate quality evidence that VR is a safe 
and effective treatment for chronic vertigo. Barriers to changing clinical practice may be a lack 
of knowledge on how to deliver VR, and a perceived ease of betahistine treatment over VR. 

Methodological considerations
This was an educational article, designed to signal a discrepancy between scientific evidence 
and clinical practice and offer recommendations for change. Due to the limited amount of 
space in the article we were not able to describe all forms of treatment in detail, but decided 
to focus on betahistine and VR. 

Contribution to body of knowledge
This paper was the first to compare the evidence for betahistine and VR in the treatment of 
chronic vertigo in general practice. We also explained why we think less betahistine and more 
VR should be prescribed, and offered recommendations on how to change clinical practice. 

6) What is the clinical effectiveness and safety of stand-alone and blended internet-based VR versus 
usual care for adults aged 50 and older with a chronic vestibular syndrome in general practice? 

We designed and performed the three-armed randomized controlled VERTIGO-trial to 
investigate internet-based VR both without and with support (stand-alone and blended VR) 
compared to usual care. In the VERTIGO-trial we randomised 322 patients (aged ≥50 years) 
with a chronic vestibular syndrome to stand-alone VR, blended VR or usual care. Stand-alone 
VR was comprised of a six-week, internet-based intervention with weekly online sessions 
and daily exercises (10-20 minutes a day). In the blended VR group, the same internet-based 
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intervention was supplemented by face-to-face physiotherapy support (home visits in weeks 1 
and 3). In the usual care group patients received standard care from their general practitioner, 
without any restrictions. The primary outcome was vestibular symptoms after six months as 
measured by the vertigo symptom scale-short form (VSS-SF range 0-60, clinically relevant 
difference ≥3 points). In the intention-to-treat analysis, participants in the stand-alone and 
blended VR groups had lower VSS-SF scores at six months than participants in the usual 
care group (adjusted mean difference −4.1 points, 95% confidence interval −5.8 to −2.5; and −3.5 
points, −5.1 to −1.9, respectively). Participants in the stand-alone and blended VR groups also 
experienced less dizziness related impairment and anxiety at three and six months. No serious 
adverse events related to online VR occurred during the trial. We therefore concluded that 
stand-alone and blended internet-based VR are clinically effective and safe interventions to 
treat adults aged 50 and older with a chronic vestibular syndrome. 

Methodological considerations
Results of well-designed, large randomized controlled trials are regarded as one of the highest 
levels of evidence in medicine.20 The VERTIGO-trial was conducted exactly according to the 
predetermined design, and we managed to reach the sample size of 300 patients within the 
course of one year. Nevertheless, as in most randomized controlled trials, participants in the 
VERTIGO-trial may not have been completely representative for all patients aged 50 years and 
older with a chronic vestibular syndrome. Less than 10 percent of patients invited to participate 
enrolled in the trial, which may indicate a possible selection bias. Patients motivated to treat 
their vestibular symptoms with exercises may have been more inclined to enter the study, 
which should be taken into account for implementation in daily general practice. 

Contribution to body of knowledge
Our study was the first randomized controlled trial to investigate the clinical effectiveness of 
internet-based blended VR, and the second to investigate the clinical effectiveness of internet-
based stand-alone VR.21 Our study consolidated the body of knowledge for the effectiveness 
of VR in general, since the results were in line with previous well-designed large randomized 
controlled trials (>100 participants) on this topic.21-24 No serious adverse events related to VR 
occurred in our study, which further confirms the safety of VR, found in previous studies.21,25 

7) What is the cost-effectiveness of stand-alone and blended internet-based VR versus usual care for 
adults aged 50 and older with a chronic vestibular syndrome in general practice? 

We used data from the VERTIGO-trial to investigate the cost-effectiveness of stand-alone and 
blended VR compared to usual care. We measured the societal costs, quality-adjusted life years 
(QALY) and vestibular symptoms (VSS-SF) in all three groups. After six months stand-alone 
and blended VR participants had significantly less vestibular symptoms and non-significantly 
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more QALY’s, but the mean societal costs were also non-significantly higher than in usual 
care. For stand-alone VR compared to usual care, the probability of cost-effectiveness was 
0.95 at a willingness-to-pay ratio of 24,161 €/QALY and 600 €/point improvement in VSS-SF, 
and for blended VR compared to usual care this was 123,335 €/QALY and 900 €/point VSS-SF 
improvement. However, in a sensitivity analysis where we excluded costs unlikely to be related 
to vestibular disorders or internet-based VR, stand-alone VR was significantly more effective 
and less costly than usual care. We concluded that stand-alone VR has the highest probability 
to be cost-effective compared to usual care. 

Methodological considerations
We conducted this economic evaluation alongside the large randomized controlled VERTIGO-
trial. This is a strength of our study, because it allowed us to easily measure multiple outcome 
measures (VSS-SF, QALYs and costs) and achieve high follow-up rates. However, it is also a 
limitation since the main trial was powered for the primary outcome measure VSS-SF and 
not for QALYs and costs. Also, because of the six-month follow-up period, long-term cost-
effectiveness could not be ascertained. 

Contribution to body of knowledge
This was the first study to examine the cost-effectiveness of internet-based VR versus usual 
care in general practice. The results provide important information to help decide future 
implementation of internet-based VR in general practice.

8) What are the experiences of patients and physiotherapists with blended internet-based VR in 
general practice? 

We conducted a qualitative interview study with participants and physiotherapists from the 
blended VR group of the VERTIGO-trial to investigate their experiences. We thematically 
analysed semi-structured interviews with 14 patients and 8 physiotherapists that were 
performed after the six-month follow-up of the randomised trial. According to both participants 
and physiotherapists, the physiotherapist visits provided personal attention, helped patients 
safely execute exercises, and improved patients’ adherence to therapy. Some patients said they 
did not need physiotherapist support, and according to physiotherapists both the necessity 
and the optimal way to deliver guidance differed greatly between patients. The study does 
indicate that physiotherapeutic visits in blended VR appear to offer benefits above the Vertigo 
Training website and VR exercises alone. For optimal results the form of physiotherapy support 
may best be tailored to the individual patient.
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Methodological considerations
The combination of quantitative and qualitative research methods is essential to investigate 
new treatments. Qualitative studies can provide important novel insights on how patients and 
health care providers experienced treatment. A strength of our study was that we assessed 
blended VR from different viewpoints by both interviewing patients and physiotherapists. 
However, since this was a qualitative study with a purposive sample of participants, the results 
may not apply to all patients receiving blended VR.

Contribution to body of knowledge
Our study was the first to qualitatively investigate experiences with internet-based blended 
VR. It indicates that physiotherapy support may be beneficial for some patients, but the 
required level of support is not the same for everyone. The new insights on how blended VR 
works, for whom it works best and how it should ideally be delivered will be important in the 
implementation process of internet-based VR in general practice.

9) Can we predict treatment success with stand-alone or blended VR, and could a predictive model help 
decide the form of internet-based VR that should be offered? 

We used data from the VERTIGO-trial to develop and internally validate predictive models 
for treatment success with stand-alone and blended VR to decide who should be offered 
which intervention. We defined successful treatment after internet-based VR as clinically 
relevant improvement of (1) vestibular symptoms (≥3 points improvement VSS-SF); (2) 
vestibular-related disability (>11 points improvement Dizziness Handicap Inventory); and (3) 
both vestibular symptoms and vestibular-related disability. We generated predictive models 
for each outcome, but all final predictive models had poor discriminative abilities (AUC 0.54 
to 0.61). We therefore conclude that predicting treatment success of internet-based VR is 
difficult. Since an adequate predictive model could not be developed, the decision between 
stand-alone VR and blended VR should for now be based on availability, cost-effectiveness 
and patient preference.

Methodological considerations
An important strength of our study was a randomised controlled trial setting of the VERTIGO-
trial, which provided accurate, consistent data collection and a relatively low level of missing 
data. However, the relatively small sample size of 202 stand-alone and blended VR participants 
limited the number of predictors and predictor-interactions we could include in the models. 
Also, the preselection of potential predictors based on results from previous studies, clinical 
expertise, the availability in the study data and our wish to easily collect the data in daily 
general practice may have caused us to omit a potentially important predictor. 
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Contribution to body of knowledge
Our study was the first to investigate if treatment success with internet-based VR can be 
predicted. We have shown that predicting treatment success in internet-based VR is difficult. 
Future studies may be able to expand upon the models we developed to create a prediction 
model usable in daily general practice to help decide between stand-alone and blended VR. 

Implications for science and daily practice
As a scientist and GP registrar, I believe that the aim of conducting research in general practice 
should always be to improve daily practice. The implications of the results of this thesis for 
science and daily practice will therefore be discussed in unison. 

1. Adopt uniform nomenclature in vestibular medicine
An essential step forward we have to take in vestibular medicine is to adopt a uniform 
nomenclature to assess vertigo and dizziness. As explained in chapter 1, the Bárány society 
ICVD is slowly being implemented worldwide as the preferred classification method. Therefore, 
in some older studies in this thesis we still used old definitions for vertigo and dizziness, while 
in the VERTIGO-trial we used the new ICVD criteria. In the ICVD the four types of vestibular 
symptoms (vertigo, dizziness, vestibulovisual and postural) are described non-hierarchical, 
non-overlapping and are not considered to be specific to a certain etiology. The diagnosis of 
vestibular disorders should be based on an assessment of timing and triggers of symptoms, and 
not solely on the way the patient describes the vestibular symptom. I strongly feel it is time 
to commit to the ICVD criteria, even though the transition period in terminology does pose 
challenges. It will take time before all clinicians and reviewers are used to the ICVD criteria. 
It will also be difficult to perform long-term follow-up of vestibular studies and conduct 
comparisons to historic data. Nevertheless, if all new studies and clinical guidelines would 
assess and diagnose vestibular symptoms uniformly according to the ICVD criteria, it would 
increase the ease of comparing future study results and may improve communication between 
clinicians in daily practice. 

2. Expect persistence of vertigo and dizziness  and act accordingly
In chapter 2 and 3 of this thesis we used the old terminology and regarded dizziness as an 
umbrella term for all vestibular symptoms. We found that the mortality in older general practice 
patients is higher when the vestibular symptoms are primarily caused by cardiovascular 
disease instead of peripheral vestibular disease. However, we are still uncertain if the long-
term prognosis of vestibular symptom severity is also affected by the primary cause. To more 
definitively assess differences in prognosis between primary causes of vestibular symptoms, 
we need to set up a large well-controlled cohort study with a representative sample of older 
general practice patients in the future. We were able to show in this thesis that vestibular 
symptoms in older patients have a high risk of persistence. This has important implications 
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for clinical practice, since physicians should actively manage vestibular symptoms and cannot 
expect vertigo and dizziness to be self-limiting. 

3. Use the DHI-S to help manage vestibular symptoms
An easy tool to measure severity of impairment due to vestibular symptoms and monitor 
treatment effect may be able to help GPs manage vertigo and dizziness. We validated the 
abbreviated DHI-S for general practice and defined the minimally important change. New 
vestibular studies will now be able to replace the 25-item DHI for the 10-item DHI-S to limit the 
questionnaire load for participants. Unlike the original DHI, the 10-item DHI-S can be filled out 
in a couple of minutes and is short enough to be used in daily general practice consultations. 
Furthermore, a high DHI-S score was recently shown to be key predictor of future impairment 
due to vestibular symptoms. Incorporated in an easy-to-use risk score, general practitioners 
can apply the DHI-S to identify older patients at high risk for substantial dizziness-related 
impairment after six months.26

4. Apply effective vestibular treatments in general practice
The high persistence of vestibular symptoms in general practice also indicates that current 
treatment strategies are suboptimal. An important example of an underused, effective 
treatment in vestibular medicine is the Epley manoeuvre. For decades, the Epley manoeuvre 
has been the preferred treatment for one of the most common causes of vertigo.27 In posterior 
canal benign paroxysmal positional vertigo, the Epley manoeuvre is both safe and effective 
according to a Cochrane review.27 The manoeuvre can be easily performed by GPs and patients 
can be “cured” within 15 minutes.28,29 Yet, the survey we performed in Dutch general practice 
showed that less than 60% of GPs ever used (or referred for) the Epley manoeuvre. I believe 
incorporating the Epley manoeuvre in the GP specialty training and better educating GPs in 
continued education courses may be able to remedy this problem. Our survey also showed that 
this underuse was even higher for vestibular rehabilitation. Most GPs stated that they did not 
know how to apply vestibular rehabilitation and less than 5% stated ever using (or referring 
for) VR. This is surprising, given VR has been a safe and effective treatment in vestibular 
medicine for over 70 years. 

5. Chronic vertigo? Stop drugs, start VR 
Back in 1946, one of the ENT surgeons present during the presentation of Cooksey’s landmark 
vestibular rehabilitation paper remarked optimistically that “he could foresee the time when 
rehabilitation could cure vertigo and the labyrinth operations would be unnecessary”.30 Now in 
2020, experts widely agree that vestibular rehabilitation is the preferred treatment for chronic 
vestibular syndromes.31-34 Drugs only have a limited role in vestibular medicine and should 
especially be discouraged in chronic vestibular syndromes.35 We therefore propose that GPs 
reassess all patients with vestibular symptoms after one month to check if vestibular symptoms 



276

persist. At this follow-up consultation, we advise discontinuing all daily anti-vertigo drugs 
and initiating VR. There is moderate evidence, based on moderate to high quality randomized 
controlled trials, that VR is a safe and effective treatment for chronic vestibular symptoms.35 
There is a lower quality of evidence for the effectiveness of the anti-vertigo drug betahistine, 
even though this treatment is prescribed substantially more often than VR.35 A possible reason 
for this mismatch between scientific evidence and clinical practice may be that VR is not 
easily available in general practice. A new method to deliver treatment, internet-based VR, 
may remedy this.

6. Implement internet-based VR in general practice
We found that both stand-alone VR and blended VR are clinically effective and safe 
interventions to treat chronic vestibular syndromes. Deciding between stand-alone and 
blended VR should therefore be guided by other factors. The cost-effectiveness analysis 
showed that stand-alone VR had a higher probability than blended VR to be cost-effective 
compared to usual care. Also, it may be easier to implement stand-alone VR than blended VR 
across the Netherlands. Stand-alone VR can be delivered from one central location, while 
blended VR also requires recruitment of local physiotherapists. Although our qualitative study 
indicated that the physiotherapy visits may offer additional benefits and some patients may 
be more suited to receive blended VR instead of stand-alone VR, we were unable to develop 
a prediction model to help decide whom should be offered stand-alone or blended VR. Based 
on the higher probability of cost-effectiveness and ease of implementation, I recommend we 
start by implementing stand-alone VR in Dutch general practice first. 

In order to successfully implement stand-alone VR in general practice the following steps 
need to be taken:

First, we will need to adjust the Vertigo Training website to be suitable for use in daily practice. 
This process includes applying for a medical device EU certification mark, setting up dedicated 
customer support and arranging secure hosting on a dedicated server. 

Second, to reach patients with chronic vestibular syndromes we will need to collaborate 
with important stakeholders such as the Dutch College of General Practitioners (NHG), 
secondary/tertiary care institutions like the Apeldoorn Dizziness Center (ADC) and the patient 
organisation Stichting Hoormij. Incorporation of hyperlinks to the Vertigo Training website in 
clinical guidelines and the popular non-commercial evidence-based public website thuisarts.
nl may be powerful tools to increase uptake across The Netherlands. 
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Third, the implementation process of internet-based VR should be monitored and evaluated. 
By combining science and daily practice in a process of continuous improvement, internet-
based VR may become a stable treatment in general practice for chronic vestibular symptoms.

Ending note
I started this thesis with a famous quotation about how hard and depressing it is for physicians 
to manage dizziness. After studying vestibular symptoms these last years, I feel that vertigo 
and dizziness deserve to be viewed with more enthusiasm. For GPs, managing vertigo and 
dizziness can be challenging, but it is also fun and interesting. Vestibular symptoms truly 
belong in general practice, because (1) most patients do not require referral; (2) diagnosis is 
primarily based on medical history and physical examination, and (3) effective treatment can 
be provided by the GP. I hope, in addition to advancing vestibular science, this thesis will also 
reach practicing GPs who consider vertigo and dizziness as (depressingly) hard symptoms to 
manage. Intuitively, we feel a difficult problem also requires a complex solution. Perhaps the 
apparent simplicity of VR still hampers uptake among GPs, despite all of the merits shown 
in this thesis. I would therefore like to end this thesis with another quotation, less famous 
but more uplifting. This comment was made by one of the participants of the VERTIGO-trial 
when reflecting on online vestibular rehabilitation. 

“It is surprising that something so simple, can have such an impact.” 

This thesis has scientifically shown the merits of vestibular rehabilitation in treating vertigo 
and dizziness. With internet-based vestibular rehabilitation, an easy method of treatment has 
become available in general practice. Now is the time for patients and GPs to embrace a simple 
solution for a difficult problem. 
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SUMMARY

Chapter 1 is the general introduction of this thesis about vertigo, dizziness and vestibular 
rehabilitation in general practice. In this chapter, I provide a brief overview of the nomenclature 
of vestibular symptoms, the epidemiology of chronic vertigo and dizziness in general practice 
and the background of vestibular rehabilitation (VR). I also introduce the nine research 
questions that are addressed in this thesis:

Part I: Vertigo and dizziness in general practice
1) Is the prognosis and survival of vertigo and dizziness in older general practice patients 

associated with the primary cause of the symptoms? 
2) What is the chance of persistence of dizziness in older general practice patients over time? 
3) What are the psychometric properties of the 10-item DHI-S questionnaire in Dutch 

general practice patients with vertigo and/or dizziness? 

Part II: Vestibular rehabilitation in general practice
4) What is the stated use of VR for vertigo and/or dizziness in Dutch general practice, and 

what are reasons to deter VR treatment? 
5) What is the current management of chronic vestibular symptoms in general practice, and 

how should clinical practice be changed? 
6) What is the clinical effectiveness and safety of stand-alone and blended internet-based 

VR versus usual care for adults aged 50 and older with a chronic vestibular syndrome in 
general practice? 

7) What is the cost-effectiveness of stand-alone and blended internet-based VR versus usual 
care for adults aged 50 and older with a chronic vestibular syndrome in general practice? 

8) What are the experiences of patients and physiotherapists with blended internet-based 
VR in general practice? 

9) Can we predict treatment success with stand-alone or blended VR, and could a predictive 
model help decide the form of internet-based VR that should be offered? 

In chapter 2, we present a 10-year prospective cohort study that investigated whether prognosis 
and survival were associated with the primary cause of vestibular symptoms. In 2006-2008 we 
prospectively included 417 older adults (≥65 years) in general practice who experienced vertigo 
and/or dizziness. All patients received a full diagnostic workup and the primary cause of their 
vestibular symptoms was classified by a panel of physicians. The main outcome measures 
of the cohort study were mortality and dizziness-related impairment at 10-year follow-up. 
We found that patients with vertigo or dizziness primarily caused by peripheral vestibular 
disease lived longer than patients with vertigo or dizziness caused by cardiovascular disease. 
No significant association was seen between the primary cause of vestibular symptoms and 
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the presence of substantial impairment 10 years later. Almost 50% of patients experienced 
substantial dizziness-related impairment at 10 years follow-up, suggesting there may be room 
for therapeutic improvement in general practice.

In chapter 3, we describe an international 1-year prospective cohort study that aimed to 
determine whether dizziness was likely to be persistent. We included 2616 community-
dwelling older home care patients (≥65 years) from six different countries in Europe. We 
defined dizziness persistence as the odds for people, dizzy at baseline, to also report dizziness 
at subsequent follow-up moments at 6 and 12 months, compared with people who were not 
dizzy at baseline. These odds ratios can be interpreted as follows: compared with HC recipients 
who were not dizzy at baseline, dizzy HC recipients at baseline had an X (OR) times higher 
chance to report dizziness at a follow-up measurement. The prevalence of dizziness at baseline 
was 25.1%, ranging from 16.2% (Belgium) to 39.7% (Italy). The majority (79.1%) of dizzy recipients 
at baseline also experienced dizziness after 6 and 12 months. Dizziness persistence was high 
at 6 months (odds ratio (OR) 57.8, 95% confidence interval (CI) 43.1-77.5) and at 12 months (OR 
30.2, 95% CI 22.3-41.1). We concluded that dizziness is common in older home care recipients 
in Europe and is highly likely to become persistent. 

In chapter 4 we report a psychometric evaluation of the abbreviated version of the Dizziness 
Handicap Inventory (DHI-S) questionnaire in a general practice population. We aimed to 
assess the validity, reliability, responsiveness, optimal cut-off point for substantial impairment 
and minimally important change (MIC) of the DHI-S. We used data from the same 10-year 
prospective cohort study described in chapter 2. The DHI-S demonstrated excellent criterion 
validity (r = 0.93-0.96), test-retest reliability (ICC = 0.86) and responsiveness (r = 0.89). The 
DHI-S reliably distinguished substantial impairment and identified MIC, with optimal DHI-S 
cut-off scores of ≥12 points and >5 points, respectively. Our findings indicate that the DHI-S 
questionnaire is a valid, reliable and responsive tool to measure vestibular symptoms such as 
vertigo and dizziness in general practice. The DHI-S could prove to be a valuable instrument 
for GPs. 

We start Part II of this thesis with chapter 5, where we describe a survey we conducted to 
assess the stated use of VR in general practice. A sample of 426 Dutch GPs filled out a 22-
item online questionnaire about the utilisation of canalith repositioning manoeuvres and 
VR to manage vertigo and dizziness. Approximately half of all GPs stated using repositioning 
manoeuvres (Epley manoeuvre 57.3%; Brandt-Daroff exercises 50.2%), while only a small group 
applied VR in daily practice (6.8%). The most important reason for GPs not to use repositioning 
manoeuvres and VR was that they did not know how to perform the technique. The underuse 
of these easily applicable treatments in general practice indicates that efforts should be made 
to increase the knowledge and skills of GPs in this area.
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In chapter 6 we assessed the current management of chronic vertigo and discussed reasons 
why clinical practice should be changed. In this educational article we found there is moderate 
quality evidence that VR is a safe and effective treatment for chronic vertigo, while only low 
quality evidence exists for betahistine. Yet, betahistine is still prescribed regularly and VR is 
used by less than 10% of GPs. Barriers to change may be a lack of knowledge on how to deliver 
VR, and a perceived ease of betahistine treatment over VR. We recommend to carefully assess 
all patients with vertigo and offer disease-specific treatments. We advise to regularly plan 
follow-up visits to evaluate if chronic vertigo has developed. When chronic vertigo is present, 
clinicians should stop all anti-vertigo drugs used for acute vertigo and start VR. 

In chapter 7 we describe the design of the three-armed randomized controlled VERTIGO-trial 
to investigate internet-based VR both without and with support (stand-alone and blended 
VR) compared to usual care. Stand-alone VR was comprised of a six week, internet-based 
intervention with weekly online sessions and daily exercises (10-20 minutes a day). In the 
blended VR group, the same internet-based intervention was supplemented by face-to-face 
physiotherapy support (home visits in weeks 1 and 3). In the usual care group, patients received 
standard care from their general practitioner, without any restrictions. We described the 
four research areas of online VR we planned to study within the VERTIGO-trial: 1) clinical 
effectiveness and safety; 2) cost-effectiveness; 3) qualitative experiences; and 4) prediction of 
treatment success. 

In chapter 8 we report the clinical effectiveness and safety of stand-alone and blended VR, 
compared to usual care. In the VERTIGO-trial we randomised 322 patients (aged ≥50 years) 
with a chronic vestibular syndrome to stand-alone VR, blended VR or usual care. The primary 
outcome was the frequency and severity of vestibular symptoms after six months as measured 
by the vertigo symptom scale-short form (VSS-SF range 0-60, clinically relevant difference 
≥3 points). In the intention-to-treat analysis, participants in the stand-alone and blended 
VR groups had lower VSS-SF scores at six months than participants in the usual care group 
(adjusted mean difference −4.1 points, 95% confidence interval −5.8 to −2.5; and −3.5 points, −5.1 
to −1.9, respectively). Participants in the stand-alone and blended VR groups also experienced 
less dizziness related impairment and anxiety at three and six months. No serious adverse 
events related to online VR occurred during the trial. We therefore concluded that stand-alone 
and blended internet-based VR are clinically effective and safe interventions to treat adults 
aged 50 and older with a chronic vestibular syndrome. 

In chapter 9 we discuss the cost-effectiveness of stand-alone and blended VR compared to 
usual care. In the VERTIGO-trial we measured the vestibular symptoms (VSS-SF), societal 
costs and quality-adjusted life years (QALY) in all three groups. After six months, patients in 
the stand-alone and online VR groups had significantly less vestibular symptoms and non-
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significantly more QALY’s, but also produced non-significantly higher mean societal costs than 
usual care. For stand-alone VR compared to usual care, the probability of cost-effectiveness was 
0.95 at a willingness-to-pay ratio of 24,161 €/QALY and 600 €/point improvement in VSS-SF, 
and for blended VR compared to usual care this was 123,335 €/QALY and 900 €/point VSS-SF 
improvement. However, in a sensitivity analysis where we excluded costs unlikely to be related 
to vestibular disorders or internet-based VR, stand-alone VR was significantly more effective 
and less costly than usual care. We concluded that stand-alone VR has the highest probability 
to be cost-effective compared to usual care. 

Chapter 10 reports on the qualitative interview study we conducted with patients and 
physiotherapists from the VERTIGO-trial to investigate experiences with blended VR. We 
conducted and thematically analysed semi-structured interviews with 14 patients and 8 
physiotherapists after the six-month follow-up of the randomised trial. According to patients 
and physiotherapists, the physiotherapist visits were useful in providing personal attention, 
helping patients safely execute exercises, and improving patients’ adherence to therapy. Some 
patients said they did not need physiotherapist support, and according to physiotherapists 
both the necessity and the optimal way to deliver guidance differed greatly between patients. 
We conclude that in blended VR, physiotherapeutic visits appear to offer benefits above 
the Vertigo Training website and VR exercises alone but physiotherapy support should be 
individually tailored.

In chapter 11 we report on a prediction study. In this study we attempted to develop and 
internally validate predictive models for treatment success with stand-alone and blended 
VR to decide whom should be offered which intervention. We defined successful treatment 
after online VR as clinically relevant improvement of (1) vestibular symptoms (≥3 points 
improvement VSS-SF); (2) vestibular-related disability (>11 points improvement Dizziness 
Handicap Inventory); and (3) both vestibular symptoms and vestibular-related disability. We 
generated predictive models for each outcome, but the discriminative abilities of all final 
predictive models turned out to be poor (AUC 0.54 to 0.61). None of the identified models are 
therefore suitable for use in daily general practice to predict treatment success of online VR. 
Because we were unable to develop a useful prediction model, the decision to offer stand-
alone or blended VR should for now be based on availability, cost-effectiveness and patient 
preference.

In the final chapter of this thesis, chapter 12, I summarize and discuss the answers to the nine 
research questions posed in chapter 1. I also consider the implications of the main findings for 
both science and clinical practice and offer recommendations for the future. 
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NEDERLANDSE SAMENVATTING

Dit proefschrift gaat over (draai)duizeligheid en vestibulaire revalidatie (VR) in de 
huisartsenpraktijk. VR is een gepersonaliseerde oefenbehandeling met eenvoudige, dagelijkse 
oefeningen bedoeld om het evenwichtssysteem te activeren. 

In hoofdstuk 1 beschrijf ik kort wat er tot nu toe bekend is over de terminologie van vestibulaire 
symptomen zoals (draai)duizeligheid, de epidemiologie van chronische (draai)duizeligheid in 
de huisartsenpraktijk en de achtergrond van vestibulaire revalidatie. Vervolgens introduceer 
ik negen onderzoeksvragen die behandeld worden in dit proefschrift. 

Deel I: (Draai)duizeligheid in de huisartsenpraktijk
1) Is de prognose en overleving van (draai)duizeligheid bij oudere patiënten in de 

huisartsenpraktijk geassocieerd met de primaire oorzaak van hun klachten? 
2) Wat is de kans dat klachten van duizeligheid bij oudere patiënten in de huisartsenpraktijk 

langdurig blijven bestaan? 
3) Wat zijn de psychometrische eigenschappen van de verkorte versie van de Dizziness 

Handicap Inventory vragenlijst (DHI-S) bij gebruik door Nederlandse patiënten met 
(draai)duizeligheid? 

Deel II: Vestibulaire revalidatie in de huisartsenpraktijk
4) In welke mate wordt VR ingezet bij de behandeling van (draai)duizeligheid in de 

Nederlandse huisartsenpraktijk, en wat zijn redenen om VR niet te gebruiken? 
5) Hoe worden chronische vestibulaire symptomen momenteel behandeld in de 

huisartsenpraktijk, en waar zijn mogelijkheden voor verbetering? 
6) Hoe effectief en veilig is online VR, met en zonder fysiotherapeutische ondersteuning, ten 

opzichte van gebruikelijke zorg bij vijftigplussers met chronische vestibulaire klachten in 
de huisartsenpraktijk?

7) Hoe kosteneffectief is online VR, met en zonder fysiotherapeutische ondersteuning, ten 
opzichte van gebruikelijke zorg bij vijftigplussers met chronische vestibulaire klachten in 
de huisartsenpraktijk?

8) Hoe ervaren patiënten en fysiotherapeuten online VR met fysiotherapeutische 
ondersteuning? 

9) Kunnen we behandelsucces bij online VR met en zonder fysiotherapeutische ondersteuning 
voorspellen, en kan dit helpen om te bepalen welke online VR vorm het best kan worden 
aangeboden? 
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In hoofdstuk 2 presenteren we een prospectief cohortonderzoek met een tienjarige follow-up, 
waarin we onderzocht hebben of de prognose en overleving van patiënten is geassocieerd met de 
oorzaak van hun duizeligheidsklachten. We hebben tussen 2006 en 2008 in de huisartsenpraktijk 
417 volwassenen van 65 jaar of ouder met (draai)duizeligheid bereid gevonden om mee te werken. 
Alle patiënten ondergingen uitgebreid diagnostisch onderzoek, waarbij de oorzaak van hun (draai)
duizeligheid werd bepaald door een panel van dokters. De belangrijkste uitkomstmaten waren 
mortaliteit en de ervaren beperking door duizeligheid na 10 jaar. We zagen dat patiënten waarbij de 
(draai)duizeligheid veroorzaakt werd door een perifeer vestibulaire aandoening langer leefden dan 
patiënten met (draai)duizeligheid door een cardiovasculaire aandoening. Er was geen statistisch 
significant verband tussen de oorzaak van de (draai)duizeligheid en de ervaren beperking door 
duizeligheid 10 jaar later. Bijna 50% van de patiënten ervoer substantiële beperkingen bij de follow-
up na 10 jaar, wat suggereert dat in de huidige behandelstrategieën ruimte voor verbetering is. 

In hoofdstuk 3 beschrijven we een internationaal prospectief cohortonderzoek met een eenjarige 
follow-up, waarin we de kans hebben onderzocht of duizeligheid blijft bestaan. We includeerden 
2616 oudere patiënten (≥65 jaar) met thuiszorg uit zes verschillende Europese landen. De prevalentie 
van duizeligheid bij de beginmeting was 25.1%. De meerderheid (79.1%) van de patiënten met 
duizeligheid bij de beginmeting ervoer dit ook na 6 en 12 maanden. Om de kans op blijvende 
duizeligheid (duizeligheid persistentie) te berekenen keken we naar de verhouding (“odds ratio”) 
tussen patiënten die niet duizelig waren bij de beginmeting en patiënten die wel duizelig waren. De 
odds ratio kan worden geïnterpreteerd als volgt: vergeleken met patiënten die niet duizelig waren 
bij de beginmeting, hadden duizelige patiënten bij de beginmeting een X (odds ratio) hogere kans 
om duizeligheid te hebben bij de vervolgmetingen na 6 en 12 maanden. Duizeligheid persistentie 
was hoog na 6 maanden (odds ratio 57.8, 95% betrouwbaarheidsinterval (BI) 43.1-77.5) en na 12 
maanden (odds ratio 30.2, 95% BI 22.3-41.1). We concludeerden dat duizeligheid vaak voorkomt onder 
oudere patiënten die thuiszorg krijgen in Europa en een grote kans heeft om te blijven bestaan. 

In hoofdstuk 4 rapporteren we een psychometrische evaluatie van de verkorte Dizziness 
Handicap Inventory vragenlijst (DHI-S) in de huisartsenpraktijk. Ons doel was om de validiteit, 
betrouwbaarheid, responsiviteit en het optimale afkappunt voor substantiële beperking en 
minimaal belangrijk verschil van de DHI-S vast te stellen. We hebben hierbij gebruik gemaakt van 
data uit het prospectieve cohortonderzoek dat we al eerder beschreven in hoofdstuk 2. De DHI-S 
toonde een excellente criteriumvaliditeit (r = 0.93-0.96), test-retest betrouwbaarheid (ICC = 0.86) 
en responsiviteit (r = 0.89). De DHI-S was in staat om substantiële beperking door duizeligheid 
betrouwbaar te onderscheiden met een optimaal afkappunt van ≥12 punten, en een minimaal 
belangrijk verschil werd vastgesteld bij >5 punten. Deze bevindingen laten zien dat de DHI-S 
vragenlijst een valide, betrouwbaar en responsief instrument is om vestibulaire klachten zoals 
(draai)duizeligheid te meten in de huisartsenpraktijk. 
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Deel II van dit proefschrift begint met hoofdstuk 5, waarin we een survey beschrijven die we 
hebben uitgevoerd om het gebruik van VR in de huisartsenpraktijk te onderzoeken. In totaal 
hebben 426 Nederlandse huisartsen een online vragenlijst met 22 items ingevuld over hun 
gebruik van repositiemanoeuvres en VR om (draai)duizeligheid te behandelen. Ongeveer de 
helft van de huisartsen gaf aan gebruik te maken van repositiemanoeuvres (Epley-manoeuvre 
57.3%; Brandt-Daroff oefeningen 50.2%), terwijl slechts een kleine groep aangaf VR toe te 
passen in de dagelijkse praktijk (6.8%). De belangrijkste reden om geen gebruik te maken van 
repositiemanoeuvres en VR was volgens de huisartsen dat ze niet wisten hoe de behandeling 
moest worden uitgevoerd. Het ondergebruik van deze makkelijk toepasbare behandelingen in 
de huisartsenpraktijk impliceert dat verbetering van de kennis en vaardigheden van huisartsen 
op dit vlak nuttig zou kunnen zijn.

In hoofdstuk 6 hebben we de wetenschappelijke onderbouwing voor medicamenteuze 
behandeling en oefentherapie bij chronische draaiduizeligheid in kaart en bediscussieerd 
waarom het beleid in de dagelijkse huisartsenpraktijk gewijzigd zou moeten worden. In 
dit onderwijsartikel vonden we matige kwaliteit van wetenschappelijk bewijs voor de 
effectiviteit van VR als behandeling voor chronische draaiduizeligheid, en alleen lage 
kwaliteit van bewijs voor de effectiviteit van het medicijn betahistine. Desondanks wordt 
betahistine nog steeds veel voorgeschreven en wordt VR gebruikt door minder dan 10% 
van de huisartsen. Hier staat wetenschappelijk inzicht dus haaks op de dagelijkse praktijk. 
Een belemmerende factor voor verandering kan zijn dat er een gebrek aan kennis is bij 
huisartsen om VR toe te passen. Het kan ook meespelen dat betahistine meer wordt ervaren 
als een snelle, gemakkelijke oplossing dan VR. Onze aanbeveling is om alle patiënten 
met draaiduizeligheid zorgvuldig te diagnosticeren en waar mogelijk de onderliggende 
vestibulaire aandoening te behandelen. We adviseren om standaard een controleafspraak 
in te plannen op het spreekuur om te kijken of de patiënt chronische draaiduizeligheid heeft 
ontwikkeld. Bij chronische draaiduizeligheid dienen clinici te stoppen met alle medicijnen 
tegen acute draaiduizeligheid en starten met VR. 

In hoofdstuk 7 beschrijven we het ontwerp van het driearmige gerandomiseerd gecontroleerde 
VERTIGO-onderzoek waarin online VR, met en zonder fysiotherapeutische ondersteuning, 
werd vergeleken met gebruikelijke zorg. De op zichzelf staande online interventie bestond uit 
een website met informatie over vestibulaire klachten en instructies om dagelijks oefeningen 
uit te voeren (10-20 minuten per dag). Gedurende zes weken volgden patiënten iedere week een 
nieuwe sessie over vestibulaire klachten, waarbij ze aangaven hoe duizelig ze van elke oefening 
werden. De website gebruikte deze informatie om telkens een gepersonaliseerd oefenschema 
samen te stellen voor de aankomende week. In de groep VR met fysiotherapeutische 
ondersteuning werd dezelfde online interventie aangevuld door huisbezoeken van de 
fysiotherapeut in week 1 en week 3. In de derde en laatste groep kregen deelnemers de 
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gebruikelijke zorg van hun huisarts zonder beperkingen. In dit artikel beschrijven we de 
plannen om vier onderzoeksgebieden van online VR te analyseren in het VERTIGO-onderzoek: 
1) klinische effectiviteit en veiligheid; 2) kosteneffectiviteit; 3) kwalitatieve ervaringen; en 4) 
voorspelling van behandelsucces. 

In hoofdstuk 8 rapporteren we de klinische effectiviteit en veiligheid van online VR, met 
en zonder fysiotherapeutische ondersteuning, ten opzichte van gebruikelijke zorg. In het 
VERTIGO-onderzoek hebben we 322 vijftigplussers met een chronisch vestibulair syndroom 
gerandomiseerd in de groepen op zichzelf staande online VR, online VR met fysiotherapeutische 
ondersteuning en gebruikelijke zorg. De primaire uitkomstmaat was de frequentie en ernst 
van vestibulaire klachten na zes maanden, gemeten met de Vertigo Symptoms Scale – Short 
Form (VSS-SF; range 0-60 punten; klinisch relevant verschil ≥3 points). Na zes maanden hadden 
zowel de vestibulaire revalidatie deelnemers met als zonder ondersteuning klinisch relevant 
minder vestibulaire klachten dan de gebruikelijke zorg deelnemers (gemiddeld verschil 3.5 
punt, 95% BI 1.9 tot 5.1; en 4.1 punt, 95% BI 2.5 tot 5.8). De vestibulaire revalidatie deelnemers 
hadden ook significant minder angst en beperking door vestibulaire klachten. Er traden geen 
ernstige ongewenste voorvallen op gerelateerd aan vestibulaire revalidatie. Onze conclusie was 
dat online VR met en zonder fysiotherapeutische ondersteuning klinisch effectieve en veilige 
interventies zijn om vijftigplussers met een chronisch vestibulair syndroom te behandelen. 

In hoofdstuk 9 bespreken we de kosteneffectiviteit van online VR, met en zonder 
fysiotherapeutische ondersteuning, ten opzichte van gebruikelijke zorg. In het VERTIGO-
onderzoek hebben we de vestibulaire klachten (VSS-SF), de kosten voor de maatschappij en 
de “quality-adjusted life years” (QALY) gemeten in alle drie groepen. Na zes maanden bleken 
deelnemers in de online VR groepen met en zonder ondersteuning minder vestibulaire 
klachten (statistisch significant) en meer QALY’s (niet statistisch significant) te hebben dan 
deelnemers in de groep die gebruikelijke zorg ontving. De gemiddelde kosten in de online 
VR groepen waren (niet statistisch significant) hoger dan de kosten in de gebruikelijke zorg 
groep. Voor op zichzelf staande online VR ten opzichte van gebruikelijke zorg was de kans op 
kosteneffectiviteit 0.95 bij een betalingsbereidheid van 24,161 € per QALY en 600 € per punt 
verbetering in VSS-SF. Voor online VR met fysiotherapeutische ondersteuning ten opzichte 
van gebruikelijke zorg was de kans op kosteneffectiviteit 0.95 bij een betalingsbereidheid van 
123,335 € per QALY en 900 € per punt verbetering in VSS-SF. Echter, in een sensitiviteitsanalyse 
waarin we de kosten excludeerden die niet gerelateerd waren aan vestibulaire aandoeningen 
of online VR, vonden we dat op zichzelf staande online VR statistisch significant effectiever 
én goedkoper was dan gebruikelijke zorg. We concludeerden dat op zichzelf staande online VR 
de grootste kans heeft om kosteneffectief te zien ten opzichte van gebruikelijke zorg. 
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Hoofdstuk 10 gaat over een kwalitatief onderzoek dat we hebben uitgevoerd met patiënten 
en fysiotherapeuten uit het VERTIGO-onderzoek om ervaringen in de groep online VR met 
fysiotherapeutische ondersteuning te analyseren. We voerden semigestructureerde interviews 
uit met 14 patiënten en 8 fysiotherapeuten na afloop van de zesmaands follow-up van het 
onderzoek. De resultaten werden thematisch geanalyseerd. Volgens zowel patiënten als 
fysiotherapeuten waren de bezoeken van de fysiotherapeut nuttig doordat ze persoonlijke 
aandacht brachten, hulp boden bij het veilig uitvoeren van de oefeningen en de therapietrouw 
verbeterden. Sommige patiënten gaven aan dat ze de ondersteuning door de fysiotherapeut 
niet nodig hadden. Fysiotherapeuten gaven ook aan dat de behoefte aan begeleiding en 
de optimale manier om ondersteuning te bieden sterk verschilde tussen patiënten. We 
concludeerden dat de bezoeken van de fysiotherapeut bij online VR met fysiotherapeutische 
ondersteuning voordelen lijken te geven die de Vertigo Training website en VR oefeningen niet 
bieden. De vorm van fysiotherapeutische ondersteuning idealiter toegepast moeten worden 
op de individuele patiënt. 

In hoofdstuk 11 beschrijven we een predictieonderzoek waarin we geprobeerd hebben 
predictiemodellen te ontwikkelen en intern te valideren voor behandelsucces met online VR 
met en zonder fysiotherapeutische ondersteuning. Een dergelijk predictiemodel zou kunnen 
helpen bij de beslissing wie behandeld moet worden met online VR met ondersteuning en 
wie met online VR zonder ondersteuning. We definieerden behandelsucces na online VR als 
een klinisch relevante verbetering van (1) vestibulaire symptomen (≥3 punten verbetering 
VSS-SF); (2) beperking door vestibulaire klachten (>11 punten verbetering Dizziness Handicap 
Inventory); en (3) zowel vestibulaire symptomen als beperking door vestibulaire klachten. 
We genereerden predictiemodellen voor elke uitkomst, maar de mate waarin de uiteindelijke 
modellen onderscheid konden maken waren zwak (AUC 0.54 tot 0.61). Geen van de ontwikkelde 
predictiemodellen is daarom bruikbaar om behandelsucces van online VR te voorspellen in de 
huisartsenzorg. Aangezien we vooralsnog niet beschikken over een toepasbaar predictiemodel, 
zou de beslissing tussen online VR met ondersteuning en online VR zonder ondersteuning 
momenteel gericht moeten zijn op andere factoren zoals beschikbaarheid, kosteneffectiviteit 
en voorkeur van de patiënt. 

In het laatste hoofdstuk van dit proefschrift, hoofdstuk 12, beschrijf en bediscussieer ik de 
antwoorden op de negen onderzoeksvragen gesteld in hoofdstuk 1. Daarna ga ik in op de 
gevolgen van deze bevindingen voor de wetenschap en de dagelijkse praktijk. Tenslotte rond 
ik af met mijn aanbevelingen voor de toekomst. 
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DANKWOORD

Gefeliciteerd, als je op dit punt van het proefschrift nog steeds enthousiast aan het lezen bent 
beschik je over een ongekende interesse in duizeligheid. Het kan natuurlijk ook dat je vooruit 
gebladerd hebt naar dit dankwoord en de rest hebt overgeslagen. Dat is absoluut niets om 
je voor te schamen: ik heb bij andere proefschriften vaak genoeg dezelfde route gekozen. Ik 
smulde dan vooral van de verdekte bewoordingen waarmee promovendi de begeleiders, die 
in werkelijkheid het bloed onder hun nagels vandaan hadden gehaald, toch nog probeerden 
te “bedanken”. Helaas voor de sensatiebeluste lezer zijn dat soort spitsvondigheden niet te 
vinden in dit dankwoord. Promoveren is voor mij namelijk nooit een vervelende taak geweest. 
Mijn promotietraject was een extreem leuke tijd zonder noemenswaardige tegenslagen. Ik ben 
ontzettend dankbaar voor de fantastische mensen om mij heen, en de forse portie geluk, die 
dit mogelijk hebben gemaakt. Het is de hoogste tijd om die mensen nu het podium te geven 
dat zij verdienen.

Allereerst mijn geweldige promotieteam: Henriëtte, Hans en Otto. Ik prijs mij bijzonder 
gelukkig met jullie drieën, en denk dat jullie begeleiding een voorbeeld zou moeten zijn voor 
ieder promotietraject. We hebben veel gelachen tijdens de projectgroepoverleggen en onze 
successen feestelijk gevierd. Jullie gaven mij de ruimte om mijn eigen keuzes te maken, boden 
extra ondersteuning wanneer ik dat nodig had, en kwamen altijd de afspraken na die we 
samen maakten. Mijn fijne promotietraject is volledig mogelijk gemaakt door de perfecte 
omstandigheden die jullie gecreëerd hebben.

Henriëtte, ik beschouw het als een grote eer om jou als promotor te hebben gehad. Tijdens het 
promotietraject ben jij onmisbaar geweest in het bewaken van de rode draad. Jouw scherpe 
blik heeft ook vele manuscripten verbeterd. Ik heb veel geleerd van jouw stijl van leidinggeven. 
Je schetste duidelijke kaders en bood structuur, maar gaf mij vervolgens wel de vrijheid om 
daarin mijn eigen pad te kiezen. Ik hoop dat we nog veel mogen samenwerken in de toekomst. 

Hans, het was fantastisch om met jou te mogen werken de afgelopen jaren. Jouw liefde voor 
de wetenschap en alles wat daarmee te maken heeft was inspirerend. Dat je iedere dag op 
de afdeling aanwezig was en vrijwel geen gezamenlijke lunch miste was daarbij minstens 
zo belangrijk. Ik hoop ooit jouw snelheid en grondigheid te ontwikkelen in het (taalkundig) 
doorgronden van stukken, maar voorlopig blijft het bij dromen. Ik ben er ook van overtuigd 
dat we zonder jouw oog voor detail het VERTIGO-onderzoek nooit hadden gepubliceerd in 
de BMJ. Persoonlijk heb ik ook erg genoten van onze gesprekken over petanque, films en alle 
andere zaken die het leven de moeite waard maken. Onze trip naar de NAPCRG in Colorado 
Springs en de fles Southern Comfort die we daar soldaat hebben gemaakt zal ik nooit vergeten. 
Ik zie uit naar nog veel mooie samenwerkingsprojecten in de toekomst. 
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Otto, ik heb ontzettend veel geluk gehad met jou als de drijvende kracht in mijn promotieteam. 
Je tomeloze energie en vernieuwende ideeën zijn van onschatbare waarde geweest tijdens dit 
traject. Onze wekelijkse overleggen liepen bijna altijd uit en resulteerden steeds in nieuwe 
enthousiaste plannen. Bij het schrijven van manuscripten zaten we vaak op één lijn waardoor 
het schrijfproces altijd vlot verliep. Klein kritiekpunt, hierdoor zijn de pagina’s en daarmee de 
drukkosten van dit proefschrift wel flink opgelopen. Als goede begeleider, en huisarts met oog 
voor werk-privé balans, vroeg je mij vaak of ik misschien niet iets te veel ballen in de lucht 
probeerde te houden. Als ik vertelde dat ik het gevoel had dat ik het wel aankon, gaf je mij 
ook de vrijheid om mijn eigen keuzes te maken en ondersteunde je waar nodig. Dit gaf mij 
het gevoel dat we echt samen, op een gelijkwaardige manier, aan de huisartsgeneeskundige 
zorg voor duizeligheid aan het werken waren. De manier waarop jij onderzoek en klinisch 
werk combineert is een belangrijk voorbeeld voor mij. Jouw liefde voor onderzoek en de 
huisartsgeneeskunde zag ik duidelijk terug in de nascholingen die we gaven aan huisartsen. 
Naast al deze serieuze zaken hebben we ook ontzettend veel kunnen lachen door de jaren heen. 
Ik zie er naar uit om in de toekomst de onderzoekslijn Duizeligheid van het Amsterdam UMC 
samen verder te ontwikkelen. 

Alle patiënten met duizeligheid die meegewerkt hebben aan mijn onderzoek, ontzettend bedankt. 
In de afgelopen jaren heb ik veel geleerd over de enorme invloed die duizeligheid op het dagelijks 
leven kan hebben. De gesprekken met jullie waren bijzonder leerzaam voor mij als dokter. Jullie 
hoop op een betere behandeling en het vertrouwen dat jullie in ons stelden stimuleren mij om te 
blijven onderzoeken. Meewerken aan wetenschappelijk onderzoek kost tijd en energie, en levert 
vaak weinig persoonlijke voordelen op. Ik waardeer jullie inzet daarom enorm en hoop dat we 
samen de huisartsgeneeskundige zorg van duizeligheid verder kunnen verbeteren. 

Alle huisartsen en fysiotherapeuten die meegewerkt hebben aan het VERTIGO-onderzoek 
naast hun drukke werkdag. Het contact met jullie is een van de hoogtepunten geweest van mijn 
onderzoek. In het hele land heb ik optimistische, nieuwsgierige huisartsen en fysiotherapeuten 
leren kennen die graag de huisartsgeneeskundige zorg verder willen brengen. Ik hoop dat ik 
de tijd die jullie in mij geïnvesteerd hebben kan terugbetalen door betere manieren te creëren 
om duizeligheid aan te pakken.

Welmoed, Marlieke en Claudia, mijn trouwe onderzoeksassistenten in het VERTIGO-
onderzoek. Het is ongelooflijk hoeveel werk jullie hebben verzet in de afgelopen jaren. Meer 
dan 1000 telefoontjes, 5000 brieven en 300 huisbezoeken bij patiënten waren nodig om dit 
onderzoek uit te voeren. Zonder jullie had ik dit nooit voor elkaar gekregen. Welmoed, jou 
wil ik in het bijzonder bedanken. Je was er bij van het begin tot het eind. Jouw flexibiliteit 
en bovenmatige inzet hebben ervoor gezorgd dat we alles binnen de tijd konden afronden. Ik 
wens je veel succes in je nieuwe carrière. 
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Rosie and Lucy, my friends from Southampton. I thoroughly enjoyed collaborating with you 
on the VERTIGO project. All your help with LifeGuide has been invaluable in completing the 
research. I hope that we will be able to work together again in the future.

Miriam, my friend from Sydney. The three months I spent with you and the Balance Clinic 
team at the Royal Prince Alfred Hospital have been amazing. I learned a tremendous amount 
about managing vestibular symptoms clinically. I also loved working on our project together 
on vertigo in Australian general practice. Let’s keep the Amsterdam-Sydney connection alive! 

Alle andere coauteurs die meegewerkt hebben aan de artikelen in dit proefschrift, bedankt 
voor jullie expertise en de fijne samenwerking. Ik hoop dat we elkaar nog vaak tegen gaan 
komen in de toekomst. 

De SBOH en de huisartsopleiding van de VU. Het aiototraject is een fantastische constructie 
waar ik heel dankbaar voor ben. De afwisseling tussen onderzoek en opleiding heeft 
een grote rol gespeeld in het plezier wat ik de afgelopen jaren heb gehad. Na een jaar 
betrouwbaarheidsintervallen snakte ik weer naar het werken als huisarts in opleiding, en 
na een tijdje in de kliniek wilde ik graag weer nieuwe stappen maken in mijn onderzoek. De 
werkomstandigheden voor huisartsen in opleiding zijn bijzonder goed. Er is genoeg ruimte 
voor ontspanning.  Er is ook volop ruimte om buiten het gebaande pad te treden zoals ik deed 
met mijn bestuurstaak bij de LOVAH en mijn stage in Australie. Ik hoop dat dit nog vele jaren 
zo blijft. Tenslotte wil ik in het bijzonder mijn huisartsopleiders Ingrid en Remco bedanken. 
Jullie zijn de beste rolmodellen geweest die ik mij kon wensen en ik hoop in de toekomst net 
zo’n goede huisarts te worden als jullie.

Alle lieve collega’s van de afdeling huisartsgeneeskunde en ouderengeneeskunde), jullie 
(morele) steun heeft mij geweldig geholpen. Er zijn op dit vlak veel te veel leuke mensen om 
op te noemen dus ik beperk mij even tot mijn kamergenoten Aafke, Danielle, Hanneke, Hieke, 
Kate, Marlous en Mette. We hebben zo veel gelachen, geroddeld, gehuild (van het lachen 
vooral) en serieuze gesprekken gehad. Zonder jullie waren het lange dagen geweest achter het 
computertje. Bedankt en hopelijk blijven we elkaar nog veel zien!

Alle vrienden van de arts-assistentenvereniging LOVAH en de VU huisartsopleiding, wat heb 
ik veel aan jullie te danken. Zonder vrienden kom je nergens en dat gold hier zeker: de helft van 
de patiënten uit het VERTIGO-onderzoek komt uit praktijken waar jullie mij binnengeloodst 
hebben. Ik heb ontzettend genoten van mijn jaren binnen de LOVAH als lid van de Werkgroep 
Sport, lid van het landelijk bestuur en voorzitter van de Werkgroep Sport. Op vergaderingen, 
feesten, wintersporten, fietsweekenden, LOVAH congressen en WONCA congressen (Krakau, 
Praag en Bratislava) heb ik zo veel fantastische, grappige, gekke en lieve huisartsen (in 
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opleiding) leren kennen. Het zijn er veel te veel om op te noemen, maar geloof mij, de toekomst 
van de huisartsgeneeskunde is in goede handen. Mijn vrienden uit het landelijk LOVAH-
bestuur Astrid, Jannes, Odile en Robbert wil ik nog wel in het bijzonder bedanken voor alle 
fantastische momenten samen: hopelijk volgen er nog vele mooie uitjes! Hetzelfde geldt voor 
alle vrienden uit mijn eerste terugkomdaggroep van de VU. Ik vind het heel leuk dat we na al
die jaren nog steeds vaak samen eten. Ik hoop dat we dat vast kunnen houden. 

Alex, Daan, Dirk, Roel en Robert-Jan, de Masters uit Maastricht. Nu ik eindelijk ook een 
proefschrift geschreven heb wordt het misschien tijd om een nieuwe naam te bedenken. We 
hebben in de afgelopen 15 jaar veel samen gesport, bijzonder veel gelachen, af en toe gehuild, 
en een ongezonde hoeveelheid alcohol gedronken. Mijn vriendschap met jullie is een belangrijk 
en groot onderdeel van mijn leven. Bedankt daarvoor! 

Fedde, Loes en Marijn, onze tijd in Ferrara heeft een mooie vriendschap voor het leven gevormd. 
Pim, de afgelopen jaren in Amsterdam hebben we veel leuks meegemaakt, al was er af en toe 
een traumatische ervaring voor mij in café ’t Centrum. Hopelijk blijven jij en Ineke hier nog 
lang wonen. De Hayé-groep, ik ben blij dat ik jullie via Eveline heb leren kennen. Voor mijn 
andere vrienden uit Maastricht, door de afstand zien we elkaar minder vaak dan vroeger maar 
het blijft altijd leuk om jullie weer te spreken! 

De oude garde, mijn trouwe jeugdvrienden uit Etten-Leur. Gosro, Paul, Pim, Tom, Tom en 
Robbert, na meer dan 20 jaar kunnen we met zijn allen nog steeds keihard lachen om niets. 
Laten we hier nooit mee ophouden. 

Mijn lieve schoonfamilie, Jacqueline & Jac en Hedy & Joris, ik ben ontzettend blij dat ik jullie 
heb leren kennen. Ik geniet altijd van onze weekendjes in Frankrijk en het was fantastisch dat 
jullie ons kwamen opzoeken in Australië. Ik zie uit naar nog vele gezellige etentjes en uitjes 
samen. 

Oma, wat ben je toch een inspiratie voor mij. Honderd jaar en nog steeds zo scherp als een mes. 
Ik bewonder jouw optimistische kijk op het leven, je liefdevolle acceptatie van nieuwe mensen 
in de familie en je vermogen om boeiende verhalen te blijven vertellen. Jij en de rest van de 
familie Van Vugt en Ten Doeschate hebben mij mede gevormd tot wie ik nu ben, bedankt! 

Ruben, ik ben blij dat jij als mijn broer naast mij staat bij de verdediging. Van jongs af aan 
zitten jij en ik al heel anders in elkaar en we doen dingen op onze eigen manier. Het is leuk 
om te zien dat we nu als volwassenen hierdoor veel van elkaar kunnen leren. Ik waardeer het 
ook dat jij en Jenny nieuwe ervaringen brengen in onze levens. Hopelijk maken we nog veel 
mooie momenten mee samen. 
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Mijn lieve ouders, aan jullie heb ik alles te danken. De gelukkige jeugd en liefdevolle basis die 
jullie mij hebben gegeven heeft ervoor gezorgd dat ik dit proefschrift succesvol kon afronden. Ik 
geniet van de leuke uitjes die we samen ondernemen en de tijd die we met elkaar doorbrengen. 
Die tijd vullen we vaak ook met praten over ons mooie vak, de huisartsgeneeskunde. Als 
hardwerkende huisartsen vonden jullie al dit onderzoek eigenlijk maar onzin. Desondanks 
hebben jullie mij altijd volledig gesteund in alles wat ik doe en dat betekent veel voor mij. 
Het geeft mij vertrouwen dat ik weet dat ik altijd op jullie kan rekenen. Bedankt voor alles, 
ik houd van jullie. 

Eveline, mijn verloofde en de liefde van mijn leven, zonder jou had ik dit nooit voor elkaar 
gekregen. We hebben veel gemeen, maar mijn interesse voor onderzoek deel jij niet. Als 
radioloog in spe met een grote liefde voor de kliniek zie jij zelf onderzoek doen als een kolossale 
tijdsverspilling. Uit dit proefschrift heb je ook alleen artikelen gelezen die ik in de BMJ heb 
gepubliceerd. Je gaf aan dat ik de rest maar wat leesbaarder had moeten maken als ik wilde dat 
jij ze zou lezen. Groot voordeel, met zo’n criticus op de bank thuis valt elk peer-review proces 
mee. De afgelopen 7 jaar met jou zijn de beste uit mijn leven. Of we nu samen zijn in Sydney, 
ergens sporten op de tennisbaan of de wielrenfiets, of gewoon tijd in ons huis in Amsterdam 
doorbrengen: zolang ik bij jou ben voel ik mij thuis. Ik zie er naar uit om de rest van mijn leven 
met je door te brengen. 
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