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Abstract

Background

Dizziness is common among older people and is associated with a cascade of debilitating

symptoms, such as reduced quality of life, depression, and falls. The multifactorial aetiology

of dizziness is a major barrier to establishing a clear diagnosis and offering effective thera-

peutic interventions. Only a few multidisciplinary interventions of dizziness have been con-

ducted to date, all of a pilot nature and none tailoring the intervention to the specific causes

of dizziness. Here, we aimed to test the hypothesis that a multidisciplinary dizziness assess-

ment followed by a tailored multifaceted intervention would reduce dizziness handicap and

self-reported dizziness as well as enhance balance and gait in people aged 50 years and

over with dizziness symptoms.

Methods and findings

We conducted a 6-month, single-blind, parallel-group randomized controlled trial in commu-

nity-living people aged 50 years and over who reported dizziness in the past year. We

excluded individuals currently receiving treatment for their dizziness, those with degenera-

tive neurological conditions including cognitive impairment, those unable to walk 20 meters,

and those identified at baseline assessment with conditions that required urgent treatment.

Our team of geriatrician, vestibular neuroscientist, psychologist, exercise physiologist,

study coordinator, and baseline assessor held case conferences fortnightly to discuss and

recommend appropriate therapy (or therapies) for each participant, based on their multidis-

ciplinary baseline assessments. A total of 305 men and women aged 50 to 92 years (mean

[SD] age: 67.8 [8.3] years; 62% women) were randomly assigned to either usual care
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(control; n = 151) or to a tailored, multifaceted intervention (n = 154) comprising one or more

of the following: a physiotherapist-led vestibular rehabilitation programme (35% [n = 54]),

an 8-week internet-based cognitive-behavioural therapy (CBT) (19% [n = 29]), a 6-month

Otago home-based exercise programme (24% [n = 37]), and/or medical management (40%

[n = 62]). We were unable to identify a cause of dizziness in 71 participants (23% of total

sample). Primary outcome measures comprised dizziness burden measured with the

Dizziness Handicap Inventory (DHI) score, frequency of dizziness episodes recorded with

monthly calendars over the 6-month follow-up, choice-stepping reaction time (CSRT), and

gait variability. Data from 274 participants (90%; 137 per group) were included in the inten-

tion-to-treat analysis. At trial completion, the DHI scores in the intervention group (pre and

post mean [SD]: 25.9 [19.2] and 20.4 [17.7], respectively) were significantly reduced com-

pared with the control group (pre and post mean [SD]: 23.0 [15.8] and 21.8 [16.4]), when

controlling for baseline scores (mean [95% CI] difference between groups [baseline

adjusted]: −3.7 [−6.2 to −1.2]; p = 0.003). There were no significant between-group differ-

ences in dizziness episodes (relative risk [RR] [95% CI]: 0.87 [0.65 to 1.17]; p = 0.360),

CSRT performance (mean [95% CI] difference between groups [baseline adjusted]: −15

[−40 to 10]; p = 0.246), and step-time variability during gait (mean [95% CI] difference

between groups [baseline adjusted]: −0.001 [−0.002 to 0.001]; p = 0.497). No serious inter-

vention-related adverse events occurred. Study limitations included the low initial dizziness

severity of the participants and the only fair uptake of the falls clinic (medical management)

and the CBT interventions.

Conclusions

A multifactorial tailored approach for treating dizziness was effective in reducing dizziness

handicap in community-living people aged 50 years and older. No difference was seen on

the other primary outcomes. Our findings therefore support the implementation of individual-

ized, multifaceted evidence-based therapies to reduce self-perceived disability associated

with dizziness in middle-aged and older people.

Trial registration

Australian New Zealand Clinical Trials Registry ACTRN12612000379819.

Author summary

Why was this study done?

• Dizziness is a frequent complaint amongst middle-aged and older people.

• Dizziness can lead to poor health outcomes, including reduced quality of life, depres-

sion, and falls.

• The increasingly multifactorial nature of dizziness with advancing age makes it difficult

to objectively establish a diagnosis and offer effective interventions.

Randomized controlled trial of dizziness interventions
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• Although few multidisciplinary studies have been conducted, none to date have exam-

ined whether tailoring the intervention to the specific cause(s) of dizziness can improve

dizziness in middle-aged and older community-dwellers.

What did the researchers do and find?

• We assessed 305 community-dwellers aged 50 years and above who reported dizziness

in the past year on a range of questionnaires and tests of sensory and physical function,

mental health, quality of life, and cardiovascular function, at baseline and 6 months.

• We randomly assigned the participants to usual care (control; n = 151) or to a 6-month

tailored, multifaceted intervention (n = 154) comprising one or more of the following:

vestibular rehabilitation (35% [n = 54]), cognitive-behavioural therapy (CBT) for anxi-

ety and depression (19% [n = 29]), a home-based exercise programme to train balance

and lower-limb strength (24% [n = 37]), and/or medical management (40% [n = 62]).

• We found that the multifactorial tailored intervention was effective in improving dizzi-

ness-related quality of life but did not affect balance, gait, or the frequency of dizziness

episodes over 6 months.

What do these findings mean?

• Our pragmatic study findings suggest that prescribing middle-aged and older people

with dizziness evidence-based therapies directly targeting their deficits is likely to reduce

their dizziness handicap but might not improve their physical function.

• Low-dizziness handicap on entry to the study and the inclusion of participants not cur-

rently receiving a dizziness treatment might partly explain the lack of intervention effect

on balance and gait, as well as explain why we were unable to identify a cause of dizzi-

ness in 71 participants (23% of total sample).

• We suggest that community-based dizziness clinics use existing healthcare services to

implement tailored and multifaceted dizziness interventions based on multidisciplinary

assessments.

Introduction

Dizziness is common in older people: prevalence rates in the community range between 10%

and 30% [1–4] and increase with age [1,2,5]. Dizziness is often associated with a marked

increase in self-reported functional disability [1,6], depressive symptoms [3,4], decreased par-

ticipation in social activities, poor self-reported health, and reduced falls efficacy [4]. In addi-

tion, the risk of experiencing multiple falls is significantly heightened among older people who

report dizziness in the past [7], and this is likely to translate into an increased number of fall-

related injuries. In fact, cross-sectional analysis from the 2008 United States National Health

Interview Survey reveals that, among people who had reported a fall in the past 12 months,

those who had reported dizziness or balance problems in that time were at 1.5-fold–increased

odds of injury from the fall compared with their healthy peers (46% versus 36%) [8], and this

association remained significant after controlling for age and sex [9]. Dizziness is a subjective
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complaint that is commonly referred to by patients as vertigo, light-headedness, imbalance, or

a ‘floating sensation’; terms that have traditionally been associated with vestibular, cardiovas-

cular, balance, and psychological disorders, respectively. An additional complication is the

variation in the natural course of dizziness that is very dependent on etiology, i.e., differential

patterns in the progression from mild to severe forms, the addition of secondary symptoms

such as anxiety, and potential spontaneous regression.

There is good evidence from Cochrane reviews, systematic reviews, and large randomized

controlled trials for effective therapies addressing aspects of each disorder: vestibular rehabili-

tation for peripheral vestibular disorders (including repositioning manoeuvres for benign

paroxysmal positional vertigo [BPPV]) [10], syncope assessment and management [11,12],

balance and strength training for older people [13,14], and cognitive-behavioural therapy

(CBT) for patients with psychogenic dizziness [15]. Despite the availability of such effective

treatments, a significant number of cases of dizziness remain unresolved—20% to 45%—

because the cause of dizziness could not be identified [16,17].

Older people often have symptomatology suggestive of more than one subtype of dizziness

[18–21]. Yet multidisciplinary interventions addressing this symptom have been scarce. Most

published trials to date have focused on a single therapy: vestibular rehabilitation (e.g., [22–

24]), balance training [25], CBT [26], or pharmacological therapy [27]. To our knowledge,

only a few trials targeting vertigo/dizziness published to date were multidisciplinary, combin-

ing vestibular rehabilitation and CBT [28–30]; balance training and vestibular rehabilitation

[31]; and education, vestibular rehabilitation, and CBT [24,32]. Three of these studies

[28,30,32], including a large randomized controlled trial [28], pointed to significant improve-

ment in dizziness handicap post intervention. Yet they either involved a highly selected sample

of patients (e.g., primary care patients with labyrinthine deficits [28])—precluding a potential

tailoring of the intervention—or were of a pilot nature, involving short follow-ups and fewer

than 45 participants [30,32].

In summary, despite significant evidence of the multifactorial nature of dizziness with

advancing age and the availability of a range of evidence-based therapies addressing multiple

aspects of dizziness, no study to date has investigated the effectiveness of a multidisciplinary

intervention to improve dizziness in the general older population. Therefore, within a ran-

domized controlled trial design, we designed a comprehensive, multidisciplinary battery of

vestibular, cardiovascular, neuromuscular, balance, and psychological assessments to improve

the likelihood of obtaining a diagnosis for the symptom of dizziness in middle-aged and older

people. The primary aim was to compare the effect of a tailored multifaceted intervention ver-

sus usual care on frequency of dizziness episodes, dizziness handicap, balance, and gait in peo-

ple aged 50 years and over with self-reported dizziness. Secondary aims were to determine the

effects of the programme on physiological falls risk, cardiovascular, and psychological mea-

sures associated with dizziness.

Methods

Study design

We conducted a 6-month single-blind, parallel-group randomized controlled trial in a single

research centre (Neuroscience Research Australia, NeuRA) in Sydney, Australia. The trial was

approved by the Human Research Ethics Committee of the University of New South Wales

(HC 12152). All eligible participants provided written informed consent prior to participating

in the study. Details of the protocol and study design have been reported previously [33] and

can be found in the online supplemental material (S2 Text) and on the following webpage:

https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-017-0450-3. The study protocol
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is registered in the Australia New Zealand Clinical Trials Registry ACTRN12612000379819. A

data safety monitoring committee involving a NeuRA senior scientist not involved in the study

and the resident biostatistician oversaw the study.

Participants

We recruited community-living middle-aged and older adults through advertisements; flyers

in community facility, hospital, and university noticeboards; articles in newspapers and news-

letters for older people; the NeuRA website, newsletter, and mailing list; and by mailbox drops

within the local community. After an initial phone screening, eligible individuals were invited

to participate if they (i) were aged 50 years and over, (ii) had experienced at least one signifi-

cant episode of dizziness in the past 12 months, (iii) lived independently in the community,

and (iv) were able to understand the English language. Individuals were excluded if they (i)

had a degenerative neurological condition, (ii) were currently receiving treatment for their

dizziness, (iii) had a cognitive impairment (General Practitioner assessment of Cognition

[GPCOG] score <5) [34], and/or (iv) were unable to walk 20 metres without difficulty, with or

without the use of a walking aid. Participants identified at baseline assessment with conditions

that required urgent treatment such as suspected stroke, transient ischemic attack, or other

undiagnosed neurological or acute cardiovascular condition, severe depressive, or severe

anxiety symptoms (Patient Health Questionnaire nine-item [PHQ-9] [35]: total score�20; or

Generalized Anxiety Disorder seven-item [GAD-7] [36]: total score of�20, respectively; both

with or without expression of suicidal thoughts) were also excluded from the study and were

referred following consent for appropriate treatment.

Randomization and masking

Participants were randomly assigned to the intervention or control groups following baseline

assessment and case conference, using a computer-generated random number schedule with

permuted blocks (sizes: 2, 4, and 6). Allocation was concealed by using central randomization

performed by NeuRA personnel not otherwise involved in the study. Outcome assessors,

including those monitoring the dizziness episodes, were masked to study group allocation.

Due to the nature of the intervention, it was not possible to blind the staff administering inter-

ventions or the participants. Participants were instructed not to inform the assessors of their

intervention status.

Procedures

All eligible participants attended NeuRA for a 3-hour baseline assessment undertaken by

trained research staff. The assessments included diagnostic tests for descriptive purposes (e.g.,

clinical tests of vestibular function) and for allocating intervention participants to treatment

arms as well as baseline measures for the primary and secondary outcomes. Participants

returned to NeuRA for reassessment of outcomes at the end of the trial (6 months post

randomization).

Multidisciplinary case conferences were held fortnightly throughout recruitment. At these

meetings, consensus recommendations and baseline assessment results were used to prioritize

and guide appropriate therapies for each participant [33]. Panel members included a geriatri-

cian, a vestibular neuroscientist, a psychologist, an exercise physiologist, the study coordinator,

and a baseline assessor. The intervention plan was guided by published normative data for the

sensorimotor, balance, and psychological tests as well as the presence of abnormal results in

our vestibular and cardiovascular tests. Due to the multifactorial aetiology of dizziness in older

people, many participants required multiple interventions that were implemented in a staged
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manner within the 6-month follow-up period. The therapies selected to address the different

aspects of dizziness—vestibular rehabilitation, Otago home-based exercise programme, CBT,

and medical management—have been shown to be effective in addressing aspects of each dis-

order [10–15], as it was our intention to include evidence-based therapies available within

health services in our multifaceted intervention. The interventions are outlined below.

Vestibular rehabilitation. For participants with vestibular disorders, vestibular rehabili-

tation was administered at the study site, during a single or several sessions depending on the

pathology and its progress, by a physiotherapist (DM) specialized in vestibular rehabilitation.

For patients presenting with BPPV, the physiotherapist performed canalith repositioning

manoeuvres to treat the different variances of BPPV by removing vestibular debris from

the semicircular canals [13]. Given the high prevalence of posterior canal BPPV, the Epley

manoeuvre was the most commonly used. In most cases, BPPV symptoms would resolve after

one treatment. However, if the patient was still symptomatic after the manoeuvre, the therapist

performed a repeat manoeuvre at the next available opportunity, preferably within the next 24

hours. Other peripheral vestibular conditions were managed over 2 to 4 weeks with home-

based exercises prescribed according to evidence-based best practice [13] and principles of

adaptation, substitution, and habituation [37]. Patients with unilateral peripheral vestibulopa-

thy were prescribed a combination of gaze stabilization exercises (e.g., Cawthorne-Cooksey

exercises to stabilize the vestibulo-ocular reflex) as well as static and dynamic balance exercises

(e.g., reducing the base of support, altering the support surface while standing and walking).

Patients with bilateral peripheral vestibulopathy were prescribed substitution exercises to

potentiate the use of alternate inputs to the vestibular system (e.g., potentiating the neck

reflexes by asking participants to equate neck movement with head and eye movement when

looking between targets on the right and left of midline) and habituation exercises (e.g.,

encouraging the patient to repeat activities that moderately provoke their symptoms to desen-

sitize them), along with a combination of static and dynamic balance exercises.

In both instances, during an initial 45-minute-long consultation, the physiotherapist

reviewed the patients history, assessed them, and then prescribed 2 to 5 exercises (5- to

10-minute sets) for the patients to practice, a minimum of twice and up to 4 times a day, until

symptom resolution. Subsequent appointments were scheduled 2 weeks apart to review the

participants’ symptomatology and performance of the exercises and modify and/or increase

the exercises and their intensity accordingly. An example of exercise progression would

involve the transition from practicing static gaze stabilization exercises (during sitting or

standing) to dynamic ones (while walking). All cases were resolved within 2 to 4 weeks, which

is after 1 to 3 visits to the vestibular physiotherapist.

Home-based Otago exercise programme. The home-based Otago exercise programme

was delivered by an exercise physiologist for participants with lower-limb muscle weakness

and poor balance [13]. This evidence-based fall-prevention programme involved individual-

ized prescription of strength and balance training over 6 home visits. Home visits were sched-

uled at weeks 0, 1, 2, 4, 8, and 16, and a phone call was scheduled at 12 weeks. During the

home visits, the exercise physiologist reviewed exercise adherence, prescribed new exercises,

and/or increased the exercises’ intensity by increasing the number of sets, repetitions, and/or

asking participants to wear ankle cuff weights. Participants received a booklet with instructions

for each exercise prescribed as well as a set of ankle cuff weights (0.5 kg to 4 kg). Typical lower-

limb strengthening exercises included calf raises, stair walking, and knee bends. Typical bal-

ance exercises included walking sideways and heel-to-toe standing. Participants were required

to fill in weekly diaries detailing the number of repetitions achieved for each prescribed exer-

cise and the day on which it was practiced. Self-reported adherence was rated as participants

performing 25%, 50%, 75%, 100%, or 100%+ of the prescribed exercises in a given week.

Randomized controlled trial of dizziness interventions
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Participants were encouraged to exercise a minimum of 3 times per week (approximately 30

minutes each time, recommended 2 hours per week) for 6 months. Details of the publicly

available programme can be found online (https://www.acc.co.nz/assets/injury-prevention/

acc1162-otago-exercise-manual.pdf). The timing of the last home visit was brought forward to

16 weeks to align within the 6-month intervention.

CBT. Participants with anxiety, depression, and/or fear of falling were provided with an

online or booklet-based CBT programme with regular telephone support from a registered

psychologist [38,39]. The CBT programme involved 5 sessions, including a weekly homework

assignment over 8 weeks. The Wellbeing and the Wellbeing Plus courses for people aged up to

59 years old and for those aged 60 years and other, respectively, are internet-based treatment

courses designed to teach people about anxiety and depression as well as how to manage their

symptoms. These interventions teach core transdiagnostic psychological principles and skills

—such as cognitive challenge, exposure, and behavioural activation—that have been found to

be effective at reducing symptoms of depression and anxiety in older adults [38,39]. The course

consists of 5 online lessons, homework assignments, and case-enhanced stories that detail the

experiences of adults (older adults in Wellbeing Plus programme) recovering from symptoms

of depression and anxiety. Each lesson is presented in a slideshow format that combines didac-

tic material (i.e., text-based instructions and information) with case-enhanced stories. Partici-

pants are instructed to read the lessons over 8 weeks according to a timetable. Participants

also receive regular automatic emails that notify them of new course materials as well as rein-

force completion of materials and practice of skills. Participants are encouraged to complete 1

lesson every 7 to 10 days and to attempt to regularly practice the skills covered within the les-

son summaries. Participants also receive weekly contact from clinicians during treatment.

Two registered and experienced psychologists provided all clinical contact with participants,

via telephone or a secure email system. In accordance with previous research [40], clinicians

were instructed to (a) answer participants’ questions, (b) summarise content, (c) encourage

skills practice, (d) resolve difficulties applying skills, and (e) reinforce progress. Clinicians

were instructed not to introduce therapeutic skills not covered within the course and, unless

clinically indicated, to limit the time spent in contact with or contacting participants to

approximately 10 to 15 minutes per week.

Medical management. Medical management intervention was divided into complex and

simple cases. For complex cases, such as those with multiple comorbidities, frailty, cardiovas-

cular problems (including orthostatic hypotension and abnormal electrocardiogram findings),

high physiological risk of falls and/or history of multiple falls, multiple medication use and

likely drug interactions, etc.—we organised an appointment to an outpatient Falls Clinic

staffed by a geriatrician and a physiotherapist. Individualised interventions following compre-

hensive geriatric assessment comprised medical and medication management by a geriatrician

and strength and balance training. For simpler issues, we sent a letter to participants’ general

practitioners outlining factors identified at the baseline assessment that could contribute to

dizziness or imbalance. These included problematic medication use, an abnormal electrocar-

diogram finding, the presence of low blood pressure that could be addressed with fluid intake

or medication management, etc., undiagnosed reduced lower-limb sensation that warranted

follow-up, and the use of multifocal glasses that could increase fall risk during ambulatory out-

door activities.

Control group. During the 6-month trial period, participants assigned to the control

group received usual care, i.e., care as usually received by patients in daily practice in this prag-

matic clinical trial [41]. We did not give any specific instructions to the control participants.

At completion of the trial, participants were provided with their baseline and reassessment

reports and offered referrals for recommended interventions.

Randomized controlled trial of dizziness interventions
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Outcomes

The primary outcome measures captured 4 crucial aspects of the trial: dizziness episodes, dizzi-

ness handicap, balance, and walking stability. The total number of dizziness episodes during

the 6-month follow-up were monitored with monthly dizziness diaries (S3 Text) and follow-

up telephone calls as required. The Dizziness Handicap Inventory (DHI) score was computed

from a 25-item scale that assesses an individual’s perception of handicap due to dizziness and

encompasses emotional, functional, and physical burden [42]. Increased DHI scores have been

significantly associated with low mental and physical health-related quality of life, as well as

with increased emotional distress [43]. Scores of 0 to 30 represent mild symptoms, 31 to 60

moderate symptoms, and 61 to 100 severe symptoms [42]. Balance was assessed using the

choice-stepping reaction time (CSRT), a validated measure of fall risk that also incorporates

strength and reaction time [44]. Based on published data, normal mean times for CSRT should

range between 750 to 1,200 milliseconds [44]. Walking stability was assessed by the mean step-

time variability (coefficient of variation of step time; seconds), recorded as participants per-

formed 3 walking trials at self-selected speed along on a 4-m-long electronic mat placed in the

middle of an 8-m-long walkway [45].

Secondary outcome measures were used to elucidate how the interventions might have

assisted in ameliorating dizziness symptoms. These measures included assessments of the fol-

lowing: orthostatic hypotension (positive tilt table test) [46], composite physiological fall risk

(physiological profile assessment) [47], dynamic balance (coordinated stability) [48], fear of

falling (Iconographical Falls Efficacy Scale) [49], anxiety (GAD-7 scale; GAD-7 score >7 indi-

cates clinically significant anxiety symptoms) [36], depression (PHQ-9 scale; PHQ-9 score >9

indicates clinically significant depressive symptoms) [35], and neuroticism (scale from the

NEO Five-Factor Inventory) [50]. Clinical tests of vestibular function including the Dix-Hall-

pike test of BPPV [10] and the head-shake test for the presence of vestibular asymmetry [51]

were also conducted. These vestibular tests were not secondary outcome measures (according

to our clinical trial registration and published protocol) but were used for diagnostic purposes

and for allocating participants into treatment arms. Therefore, we have not presented the

results of these tests in the Results section.

Adverse events (e.g., a fall during an exercise session) were monitored with monthly calen-

dars and telephone calls as required. Uptake and adherence to all interventions was docu-

mented with therapist records and/or participant diaries. Deviations from the original

protocol (clinical registration) were the inclusion of participants aged 50 to 64 years to increase

generalizability to a wider demographic, as well as removal of the vertigo symptom scale as a

secondary outcome measure because it was clear early in the study that this scale was not useful

in documenting types of dizziness and was poorly completed by participants. Cost-effective-

ness of the intervention will be addressed in a subsequent paper.

Statistical analysis

A power analysis determined that 300 participants (150 per group) were required to provide

80% power to detect a statistically significant 20% between-group difference in the primary

outcome measures. For these calculations, we assumed an alpha of 0.05 and a dropout rate of

15%. We assumed the following control group means (SDs) based on values from previous

studies of older people: CSRT: 1,322 (331) milliseconds; step-time variability: 0.02 (0.01) sec-

onds; and DHI score: 37 (2) [44,45,52,53]. These data represent clinically significant differ-

ences based on relevant randomized controlled trials and cohort studies [22,23,28,52,54,55].

All analyses were completed with an intention-to-treat approach (we analysed all available

data in the groups to which participants were allocated), and analysis of the primary outcomes

Randomized controlled trial of dizziness interventions
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was conducted masked to group allocation (S4 Text). Due to the Poisson-like distribution of

the dizziness episodes, these data were contrasted between groups with negative binomial

regression adjusting for length of follow-up and the outcome presented as a relative risk (RR)

(95% CI). Non-normally distributed continuous variables were presented as median (inter-

quartile range) in addition to mean (SD). Between-group comparisons of retest performance

for the continuously scored primary and secondary outcome measures were made using gen-

eralized linear models controlling for baseline performance. A priori–specified analyses focus-

ing on participants eligible for the vestibular rehabilitation, exercise, CBT, and/or medical

management interventions were also conducted for relevant outcome measures. Multiple

imputations of the missing primary outcome data were conducted followed by sensitivity anal-

yses; the results are provided in the supplemental files (S5 Text). Values of p< 0.05 were con-

sidered statistically significant. Holm-Bonferroni adjustments for multiple comparisons were

also performed for the primary outcome measures. Analyses were conducted using the SPSS

Version 24.0 software package (IBM, Armonk, NY).

Results

A total of 424 individuals were assessed for eligibility to participate in the study. Predomi-

nantly because they did not satisfy the inclusion criteria or declined to participate (Fig 1), 119

participants were deemed ineligible. Between 15 October 2012 and 2 March 2015, 305 people

were recruited, consented to participate, and were then randomly allocated to the control

(n = 151) or intervention (n = 154) groups. The included participants (62% women; n = 190)

were aged 50 to 92 years (mean [SD]: 67.8 [8.3]). All had intact cognitive function according to

their performance on the GPCOG tool of cognitive impairment. Participants in the 2 groups

were well-matched with regard to baseline characteristics (Table 1).

Baseline assessments combined with dizziness history identified at least one potential cause

of dizziness for most participants (77%; n = 234 of total n = 305: 1 cause, n = 115 [38%]; 2

causes, n = 92 [30%]; 3 to 4 causes, n = 27 [9%]). A total of 126 participants (41%) were identi-

fied with vestibular disorders (suspected BPPV [n = 71], other peripheral vestibular problem

[n = 48], vestibular migraines [n = 7]), 54 (18%) with clinically significant symptoms of anxiety

and/or depression, 79 (26%) with lower-limb weakness and poor balance, and 18 (6%) with

multiple comorbidities. In addition, 107 participants (35%) had medical or medication issues

that could precipitate dizziness warranting treatment or advice from a general practitioner. In

71 participants (23%), no cause of dizziness could be identified from the assessments, ques-

tionnaires, and interviews.

Two participants fainted at baseline assessment (S1 Table) and were medically managed

appropriately. No serious adverse events were reported over the course of the multifaceted

intervention.

For the 154 participants randomly assigned to the intervention group, 21% were assigned

no intervention, 39% assigned a single intervention, 32% assigned 2 interventions, and 8%

assigned 3 or 4 interventions (Fig 2).

Intervention uptake and adherence

There was a 79% (n = 45) uptake into the vestibular rehabilitation for those assigned to that

therapy (n = 57)—5 participants could not be contacted by the vestibular physiotherapist, 2

declined participation because they lived too far from the assessment site, 2 others declined

participation because they were not feeling dizzy anymore, 2 had medical issues, and 1 was

not interested anymore. All of those who took up the vestibular rehabilitation programme

did attend all their sessions with the vestibular physiotherapist. Uptake for the Otago home
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Fig 1. CONSORT diagram (CONSORT; GPCOG; DHI). CONSORT, Consolidated Standards of Reporting Trials; DHI, Dizziness

Handicap Inventory; GPCOG, General Practitioner assessment of Cognition.

https://doi.org/10.1371/journal.pmed.1002620.g001
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exercise programme in those assigned to that intervention (n = 39) was 85% (n = 33)—4 par-

ticipants discontinued the programme for medical reasons, 1 was erroneously not enrolled in

the programme, and 1 moved to a care facility. Regarding adherence to the Otago home exer-

cise programme, 25 of 33 assigned participants (76%) completed 75% or more of the recom-

mended number of exercise sessions (32 of 33 completed 50% or more of the recommended

number of sessions). Uptake for the CBT programme was 31% among intervention partici-

pants whose anxiety and depression scores met the criteria for inclusion in this therapy

(n = 31)—6 declined (1 was too busy, 1 had medical reasons, 1 had just moved to a care facility,

2 were no longer interested, and 1 was unknown), 1 could not be contacted, and 15 expressed

interest and enrolled in the course but never completed the modules. All the participants who

took up the CBT completed the programme. Finally, among participants requiring medical

management, only 2 of 9 intervention participants eligible for a falls clinic appointment took

up the recommendation. Reasons for failing to attend the falls clinic intervention included liv-

ing out of area and declining to attend (1), failing to obtain a referral from their general practi-

tioner (4), concurrent referral by general practitioner to a neurology clinic (1), or already

attending a community-health programme (1).

Effect of the multifaceted tailored intervention on primary outcomes

At the completion of the 6-month trial and when controlling for baseline performance, DHI

scores in the intervention group were significantly reduced compared with the control group

Table 1. Baseline characteristics of the intention-to-treat population.

Control (n = 151) Intervention (n = 154)

Age, mean (SD), years 67.6 (8.0) 68.0 (8.6)

No. (%) women 101 (67) 92 (60)

GPCOG, mean (SD), score (out of 9) 8.6 (0.7) 8.5 (0.8)

Symptom duration, months, mean (SD) 116 (163) 128 (176)

Symptom duration, months, median (IQR) 42 (18–120) 57 (14–147)

No. (%) with�2 falls in previous year 22 (15) 18 (12)

No. (%) with hearing impairment 50 (33) 53 (34)

No. (%) with vision impairment 37 (25) 37 (24)

No. (%) with diagnosed depression 22 (15) 13 (8)

No. (%) with diagnosed anxiety 15 (10) 12 (8)

No. (%) with history of head injury with loss of consciousness 21 (14) 21 (14)

No. (%) with self-reported neck pain 70 (46) 78 (51)

No. (%) with unexplained collapses 14 (9) 19 (12)

Prescription medications, mean (SD), number 3.3 (3.1) 2.9 (2.5)

No. (%) with cardiovascular medications 83 (55) 79 (51)

No. (%) with medications acting on the nervous system 60 (40) 48 (31)

DHI, mean (SD), score 23.6 (16.7) 27.1 (19.5)

No. (%) DHI

Mild handicap (0–30) 110 (73) 100 (65)

Moderate handicap (31–60) 38 (25) 43 (28)

Severe handicap (61–100) 3 (2) 11 (7)

CSRT, mean (SD), milliseconds 1,059 (175) 1,078 (203)

Step-time variability, mean (SD), s 0.014 (0.008) 0.015 (0.009)

Abbreviations: CSRT, Choice-Stepping Reaction Time; DHI, Dizziness Handicap Inventory; GPCOG, General

Practitioner assessment of Cognition score; IQR, interquartile range.

https://doi.org/10.1371/journal.pmed.1002620.t001
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(mean [95% CI] difference between groups [baseline adjusted]: −3.7 [−6.2 to −1.2]; p = 0.003).

There were no statistically significant between-group differences in dizziness episode fre-

quency during the follow-up period, when controlling for length of follow-up (RR [95% CI]:

0.87 [0.65 to 1.17]; p = 0.360). There were also no statistically significant between-group differ-

ences in CSRT performance (mean [95% CI] difference between groups [baseline adjusted]:

−15 [−40 to 10]; p = 0.246) and step-time variability during gait (mean [95% CI] difference

between groups [baseline adjusted]: −0.001 [−0.002 to 0.001]; p = 0.497) (Table 2).

Effect of the multifaceted tailored intervention on secondary outcomes

The intention-to-treat analysis revealed no significant improvements in composite physiologi-

cal fall risk and dynamic balance measures, anxiety, depression, neuroticism, fear of falling, or

orthostatic hypotension (Table 3).

Intervention-specific effects on primary and secondary outcomes

There were indications for intervention-specific improvements at the 6-month reassessment

(S2–S5 Tables). Compared with the control group and controlling for baseline scores, DHI

Fig 2. Percentage of intervention group participants (n = 154) assigned to the range of intervention combinations (CBT; VR). CBT, cognitive-

behavioural therapy; VR, vestibular rehabilitation.

https://doi.org/10.1371/journal.pmed.1002620.g002
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scores were significantly lower in the intervention versus the control group following vestibu-

lar rehabilitation (mean [95% CI] difference between groups [baseline adjusted]: −6.3 [−10.2

to −2.3]; p = 0.002), CBT (mean [95% CI] difference between groups [baseline adjusted]: −9.2

[−16.7 to −1.8]; p = 0.015), and medical management (mean [95% CI] difference between

Table 2. Primary outcome measures for the intervention and control groups at baseline and follow-up assessments.

Baseline Follow-up Mean (95% CI) difference between

groupsa or RR (95% CI), pb, padj
c,

ESadj
d

Control (n = 148) Intervention

(n = 146)

Control (n = 137) Intervention (n = 137)

DHI, mean (SD), score 23.0 (15.8) 25.9 (19.2) 21.8 (16.4) 20.4 (17.7) −3.7 (−6.2 to −1.2), p = 0.003, padj =

0.012, ESadj = 0.25 (0.08 –[−0.17])

Dizziness frequency (total number

over 6 months), median (IQR)

33 (10 to 120) 37 (10 to 106) RR = 0.87 (0.65 to 1.17), p = 0.360, padj

= 0.720, ESadj = N/A

Follow-up length, median (IQR),

days

197 (185 to 219) 202 (187 to 228) N/A

CSRT, median (IQR), mean (SD),

milliseconds

1,022 (934 to

1,148); 1,056 (175)

1,034 (951 to

1138); 1,066 (194)

1,011 (929 to 1,119);

1,032 (148)

1,009 (932 to 1,092);

1,027 (171)

−15 (−40 to 10), p = 0.246, padj = 0.738,

ESadj = 0.08 (0.03 –[−0.05])

Step-time variability, median

(IQR), mean (SD), s

0.012 (0.010 to

0.017); 0.014

(0.008)

0.013 (0.009 to

0.017); 0.015

(0.009)

0.013 (0.009 to

0.017); 0.014 (0.008)

0.012 (0.009 to 0.016);

0.015 (0.008)

−0.001 (−0.002 to 0.001), p = 0.497, padj

= 0.497, ESadj = 0.00 (−0.118 –[−0.118])

aAt follow-up (baseline adjusted).
bp-Values were computed using generalized linear models for continuous variables and negative binomial regression for dizziness frequency.
cAdjusted p-values were computed using the Holm-Bonferroni procedure.
dEffect sizes were computed using Cohen’s d formula; adjusted effect size = follow-up effect size minus baseline effect size.

Abbreviations: CSRT, Choice-Stepping Reaction Time; DHI, Dizziness Handicap Inventory; ESadj, adjusted effect size; IQR, interquartile range; N/A, not applicable;

padj, adjusted p; RR, relative risk.

https://doi.org/10.1371/journal.pmed.1002620.t002

Table 3. Secondary outcome measures of participants in intervention and control groups at baseline and follow-up assessments.

Baseline Follow-up Mean (95% CI) difference between

groupsa or OR (95% CI), pb, ESadj
c

Control (n = 148) Intervention

(n = 146)

Control (n = 137) Intervention

(n = 137)

PPA, mean (SD), score 0.78 (0.79) 0.73 (0.85) 1.06 (0.81) 0.89 (0.68) −0.13 (−0.27 to 0.02), p = 0.085, ESadj =

0.17 (0.23 − 0.06)

Coordinated stability, median

(IQR), mean (SD), score

2.0 (0.0 to 8.0); 5.2

(7.8)

2.0 (0.0 to 9.0); 5.7

(8.2)

1.0 (0.0 to 5.0); 4.6

(8.1)

1.0 (0.0 to 8.0); 5.6

(9.3)

0.6 (−0.6 to 1.8), p = 0.327, ESadj = 0.18

(0.12 − [−0.06])

GAD-7, median (IQR), mean

(SD), score

2.0 (0.0 to 4.0); 2.4

(2.7)

2.0 (0.0 to 5.0); 3.4

(4.0)

1.0 (0.0 to 4.0); 2.5

(3.4)

2.0 (0.0 to 4.0); 2.7

(3.2)

−0.4 (−1.0 to 0.3), p = 0.261, ESadj = 0.35

(0.06 − [−0.29])

PHQ-9, median (IQR), mean

(SD), score

2.0 (1.0 to 5.0); 3.8

(4.4)

3.0 (1.0 to 6.0); 4.0

(4.1)

3.0 (1.0 to 5.0); 3.6

(4.2)

2.0 (1.0 to 4.0); 3.5

(4.1)

−0.3 (−0.9 to 0.3), p = 0.397, ESadj = 0.07

(0.02 − [−0.05])

Neuroticism, mean (SD), score 17.2 (8.1) 19.0 (7.7) 16.6 (7.2) 17.4 (7.7) −0.6 (−1.6 to 0.3), p = 0.203, ESadj = 0.34

(0.11 − [−0.23])

Icon-FES, median (IQR), mean

(SD), score

17.0 (14.0 to 22.0);

18.3 (6.9)

18.0 (14.0 to 23.0);

19.6 (7.4)

16.0 (13.0 to 20.0);

17.6 (5.7)

17.0 (13.0 to 20.0);

17.8 (6.2)

−0.4 (−1.6 to 0.7), p = 0.453, ESadj = 0.21

(0.03 − [−0.18])

Orthostatic hypotension, No (%) 30 (20) 35 (24) 30 (23) 34 (26) OR = 1.002 (0.537 to 1.869), p = 0.995

aAt follow-up (baseline adjusted).
bp-Values were computed using generalized linear models for continuous variables and binary logistic regression for orthostatic hypotension at follow-up, controlling

for baseline orthostatic hypotension.
cEffect sizes were computed using Cohen’s d formula; adjusted effect size = follow-up effect size minus baseline effect size.

Abbreviations: DHI, Dizziness Handicap Inventory; ESadj, adjusted effect size; GAD-7, Generalized Anxiety Disorder seven-item scale; Icon-FES, Iconographical Falls

Efficacy Scale; IQR, interquartile range; OR, odds ratio; PHQ-9, Patient Health Questionnaire nine-item scale; PPA, Physiological Profile Assessment.

https://doi.org/10.1371/journal.pmed.1002620.t003
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groups [baseline adjusted]: −4.6 [−8.4 to −0.8], p = 0.019). At completion of the trial and con-

trolling for baseline performance, compared with their control counterparts, participants

in the vestibular rehabilitation group also significantly improved their CSRT performance

(mean [95% CI] difference between groups [baseline adjusted]: −43 [−84 to −2]; p = 0.040),

and those in the exercise intervention group significantly reduced their composite physiologi-

cal fall risk (mean [95% CI] difference between groups [baseline adjusted]: −0.37 [−0.68 to

−0.06]; p = 0.018). At the 6-month follow-up, the CBT recipients significantly improved GAD-

7 scores of anxiety (mean [95% CI] difference between groups [baseline adjusted]: −3.6 [−6.6

to −0.7]; p = 0.015).

Discussion

This study investigated the effects of a multifactorial tailored intervention on dizziness

handicap, frequency of dizziness episodes, and physical function in a sample of middle-aged

and older people suffering from dizziness. Overall, our intervention significantly improved

dizziness handicap. Given that around 12% of the community aged over 50 years report diz-

ziness [5], using comprehensive objective assessment and individualized evidence-based

interventions has the potential to offer a more effective and efficient approach to this com-

mon problem.

The need for multifactorial assessment and intervention has been apparent for some time.

Nearly 2 decades ago, Sloane and Dallara advocated for the development and implementation

of strategies to more effectively reduce symptoms and dizziness disability. They recommended

focusing on improving functional ability to increase the quality of life when the cause of dizzi-

ness is uncertain and/or when subsequent treatment does not decrease dizziness symptoms

[56]. More recently, Maarsingh and colleagues recommended a simultaneous diagnosis-

and prognosis-oriented approach for dizzy older people in primary care, whereby therapies

can be prescribed based on deficits identified at assessment [57,58]. However, the majority

of dizziness interventions have focused on a single cause of dizziness–most often vestibular

impairment [22–24,27–29,31,59,60]—with very few studies combining 2 therapies [29,30,32]

despite accumulating evidence to show that dizziness becomes increasingly multifactorial in

older age [18–21]. Our comprehensive baseline assessment identified 2 or more potential

causes of dizziness in 39% of participants, clearly supporting the need for tailored interven-

tions comprising evidence-based therapies as a crucial aspect of an effective dizziness manage-

ment plan.

The adjusted effect size of the intervention on dizziness handicap was small (0.25) and

lower than anticipated in the power calculation (0.37), and potential reasons for this are dis-

cussed in the limitations. However, given our sample’s low mean DHI score at baseline (mean

[SD]: 25.4 [18.3]), a between-group mean difference of 3.7 points in DHI score is between

the 10% score change suggested by Treavalen [61] as clinically relevant for this scale and the

11-point minimally important change computed by Tamber and colleagues [62]. This score

difference is also similar to that reported in recent large randomized controlled trials of vestib-

ular rehabilitation (mean between-groups difference in DHI range: 4.3 to 6.15 points) (sample

sizes, n range: 170–337) [22,23,28]. The intervention had no significant effects on the remain-

ing primary outcomes: frequency of dizziness episodes, CSRT, and gait variability. In retro-

spect, these measures may have been suboptimal choices for the interventions tested. The

dizziness frequency measure proved to be fluctuating and highly variable, with participants

suffering dizziness episodes of markedly different severity and ranging from no episodes over

the follow-up period to omnipresent. It was therefore (a) unlikely to have been a uniform mea-

sure and (b) difficult to effect change.
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The intervention-specific analyses revealed that the individual interventions were effective

in managing specific aspects of dizziness, as hypothesized: fall risk (composite physiological

function) for the Otago exercise programme [13,63], psychogenic dizziness-related anxiety for

the CBT programme [15], and balance (CSRT) for vestibular rehabilitation [23,60]. The faster

CSRTs in the group receiving vestibular rehabilitation is particularly encouraging because

CSRT is a composite measure of balance, strength, and reaction time and a proxy-measure of

fall risk. The improved performance in this dynamic balance test may have resulted from the

incorporation of visual motion and head/eye coordination exercises along with exercises to

enhance balance confidence.

The fortnightly multidisciplinary meeting was crucial to the success of the intervention

because it allowed us to examine the participants’ results from an interdisciplinary perspective,

which has been a major limitation of previous research in the field. We recommend that

smaller clinics adopt a multidisciplinary approach to the assessment of their patients even if

they do not have the specialist on site. Such approach can be done by selecting key measures

from each domain.

Strengths and limitations of the study

Strengths of the study included the broad sample of middle-aged and older people reporting

dizziness, the multidisciplinary input and objective criteria for assigning participants to inter-

ventions, [33] the prospective ascertainment of dizziness episodes, the timely implementation

of the interventions, and the pragmatic study design that utilised available healthcare services.

The approach therefore represents a model for multidisciplinary assessment and intervention

that could be incorporated into clinical practice.

We also acknowledge certain limitations. First, the single-centre nature of the study

together with the reliance on self-selected volunteers as participants may limit the generaliz-

ability of the study. Second, our intervention comprised one or more individualized evidence-

based components. As such, we cannot determine the effect of specific interventions, and it

may be that certain interventions were key and others less efficacious. Third, in 23% of the

sample, no cause of dizziness could be identified from the assessments, questionnaires, and

interviews. Maarsingh and colleagues reported unclear causes of dizziness in only 8% of 417

older people comprehensively assessed in a primary care setting; however, their participants

suffered from persistent dizziness [19] and accordingly reported a higher mean (SD) DHI of

36.3 (19.9). In contrast, eligibility for our study only required having suffered from at least one

episode of dizziness in the past year. In addition, people receiving treatment for their dizziness

at the time of baseline assessment were excluded from participating in our study; these individ-

uals might otherwise have reported more severe dizziness and/or dizziness handicap. Low ini-

tial dizziness severity (mean [SD]: 25.4 [18.3]) leaves less room for improvement and could

potentially contribute to the difficulty in establishing a diagnosis of dizziness in some of the

participants with unclear causes; participants with no obvious cause of dizziness on baseline

assessments (n = 71) had significantly lower mean DHI scores (mean [SD]: 15.8 [10.1]) than

the rest of the sample (mean [SD]: 28.2 [19.1]; p< 0.001). Other possible reasons include but

are not limited to the following: the need for the condition to be present at baseline testing

(e.g., misplaced otoconia in the vestibular system producing BPPV), a previous dizziness epi-

sode triggered by severe circumstances (e.g., participant thrown to sea floor by a dumping

wave) unlikely to reoccur or be reproducible in the laboratory, and a rare cause requiring spe-

cific testing (e.g., carotid massage).

Fourth, uptake of the interventions was only good (exercise, vestibular rehabilitation) to

fair (CBT, Falls Clinic). Evident factors leading to non-adoption of the interventions included
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the receipt of healthcare through other care providers (specialist clinics and community

health programmes), the requirement of a general practitioner referral letter for a Falls Clinic

appointment, delays in organising the interventions, and dizziness symptoms being consid-

ered insufficiently disabling by participants to warrant action. Some participants referred to

CBT declined this intervention, reporting that they expected a therapy for dizziness and not

one for anxiety and depression. Comparative data regarding uptake and adherence to CBT

within dizziness interventions are lacking. In fact, to our knowledge, only few randomized

controlled trials to reduce dizziness have included CBT as an intervention. These trials

included small sample sizes (n� 41) and delivered CBT either on its own or integrated within

a vestibular rehabilitation programme [26,30,32]. The face-to-face delivery method might have

ensured good adherence and might explain why uptake and adherence were not reported in

any of these trials. Future trials might consider the following strategies to improve CBT uptake:

providing education on anxiety and depression and the good evidence base for CBT to effec-

tively reduce depression and anxiety, additional follow-up (via telephone calls) from the

research investigators and/or the general practitioner, together with exploration of potential

barriers (prior beliefs and expectations) once the participant has signed up for the CBT course.

However, in those who took up the interventions, adherence to the intervention was good

(exercise, vestibular rehabilitation) to excellent (CBT), possibly owing to efforts to minimise

potential barriers to participation in the interventions (i.e., appointments arranged with vestib-

ular physiotherapist, provision of home-based exercise programme, and CBT offered in an

internet-based or booklet form).

Finally, it is likely that participation in this study involving a comprehensive assessment

may have reassured a number of participants, particularly those who were forwarded a report

indicating no interventions were indicated, and subsequently reduced perceptions of dizziness

and handicap. This is consistent with the finding that negative beliefs about the consequences

of dizziness can be modified by vestibular rehabilitation therapy [64], for example, and the

large body of research showing the powerful role of reassurance in healthcare [65].

Conclusion

Our randomized controlled trial provides evidence that a multifactorial, tailored pragmatic

approach, involving evidence-based therapies, is effective in improving dizziness handicap in a

sample of community-living people aged 50 years and over self-reporting dizziness. Our find-

ings therefore support the implementation of a multifactorial assessment combined with tai-

lored interventions to reduce self-perceived disability associated with dizziness in middle-aged

and older community-living people.

Supporting information

S1 Text. CONSORT checklist. CONSORT, Consolidated Standards of Reporting Trials.

(DOC)

S2 Text. Published study protocol.

(PDF)

S3 Text. Example of monthly dizziness episodes diary.

(DOCX)

S4 Text. Statistical analysis plan.

(DOCX)

Randomized controlled trial of dizziness interventions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002620 July 24, 2018 16 / 21

http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s003
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s004
https://doi.org/10.1371/journal.pmed.1002620


S5 Text. Sensitivity analysis of primary outcome measures with imputed data.

(DOCX)

S1 Table. Adverse events recorded during the study.

(DOCX)

S2 Table. Primary and relevant secondary outcome measures for the intervention and

control participants eligible for vestibular rehabilitation, at baseline and follow-up assess-

ments.

(DOCX)

S3 Table. Primary and relevant secondary outcome measures for the intervention and con-

trol participants eligible for the Otago home exercise programme, at baseline and follow-

up assessments.

(DOCX)

S4 Table. Primary and relevant secondary outcome measures for the intervention and con-

trol participants eligible for the CBT, at baseline and follow-up assessments. CBT, cogni-

tive-behavioural therapy.

(DOCX)

S5 Table. Primary and relevant secondary outcome measures for the intervention and con-

trol participants eligible for the medical management (letter to general practitioner, Falls

Clinic), at baseline and follow-up assessments.

(DOCX)

S1 Data. Study data including baseline descriptive measures and primary and secondary

outcome measures.

(XLSX)

Acknowledgments

We thank all of the dizziness study participants and staff for their time and commitment to the

study. We also thank Blake Dear for assistance with the CBT programme, William Figtree and

Georg Poller for assistance with the vestibular assessments, Holly Hawtin for assistance with

the physiological function assessment, Barbara Toson and Professor Rob Herbert for provid-

ing statistical advice, and Esther Vance for performing the concealed allocation. All authors

take responsibility for the accuracy and completeness of the reported data and vouch for the

fidelity of the trial to the protocol.

Author Contributions

Conceptualization: Jasmine C. Menant, Americo A. Migliaccio, Joanne Lo, Kim Delbaere,

Nickolai Titov, Jacqueline C. T. Close, Stephen R. Lord.

Data curation: Jasmine C. Menant, Cameron Hicks, Joanne Lo, Mayna Ratanapongleka, Jes-

sica Turner.

Formal analysis: Jasmine C. Menant.

Funding acquisition: Jasmine C. Menant, Americo A. Migliaccio, Kim Delbaere, Nickolai

Titov, Jacqueline C. T. Close, Stephen R. Lord.

Randomized controlled trial of dizziness interventions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002620 July 24, 2018 17 / 21

http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s005
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s006
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s007
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s008
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s009
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s010
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002620.s011
https://doi.org/10.1371/journal.pmed.1002620


Investigation: Jasmine C. Menant, Americo A. Migliaccio, Cameron Hicks, Joanne Lo, Mayna

Ratanapongleka, Jessica Turner, Daniela Meinrath, Catherine McVeigh, Jacqueline C. T.

Close, Stephen R. Lord.

Methodology: Daniela Meinrath.

Project administration: Jasmine C. Menant, Daina L. Sturnieks, Stephen R. Lord.

Supervision: Jasmine C. Menant, Daina L. Sturnieks, Stephen R. Lord.

Visualization: Jasmine C. Menant.

Writing – original draft: Jasmine C. Menant, Stephen R. Lord.

Writing – review & editing: Jasmine C. Menant, Americo A. Migliaccio, Daina L. Sturnieks,

Cameron Hicks, Joanne Lo, Mayna Ratanapongleka, Jessica Turner, Kim Delbaere, Nicko-

lai Titov, Daniela Meinrath, Catherine McVeigh, Jacqueline C. T. Close, Stephen R. Lord.

References
1. Aggarwal NT, Bennett DA, Bienias JL, Mendes de Leon CF, Morris MC, Evans DA. The prevalence of

dizziness and its association with functional disability in a biracial community population. J Gerontol A

Biol Sci Med Sci. 2000; 55(5):M288–92. PMID: 10819319

2. Colledge NR, Wilson JA, Macintyre CC, MacLennan WJ. The prevalence and characteristics of dizzi-

ness in an elderly community. Age Ageing. 1994; 23(2):117–20. PMID: 8023718

3. Stevens KN, Lang IA, Guralnik JM, Melzer D. Epidemiology of balance and dizziness in a national popu-

lation: findings from the English Longitudinal Study of Ageing. Age Ageing. 2008; 37(3):300–5. https://

doi.org/10.1093/ageing/afn019 PMID: 18270246

4. Tinetti ME, Williams CS, Gill TM. Health, functional, and psychological outcomes among older persons

with chronic dizziness. J Am Geriatr Soc. 2000; 48(4):417–21. PMID: 10798469

5. Penger M, Strobl R, Grill E. Country-specific and individual determinants of dizziness in Europe: results

from the Survey of Health Ageing and Retirement in Europe (SHARE). Public health. 2017; 149:1–10.

https://doi.org/10.1016/j.puhe.2017.04.002 PMID: 28501789

6. Mueller M, Strobl R, Jahn K, Linkohr B, Peters A, Grill E. Burden of disability attributable to vertigo and

dizziness in the aged: results from the KORA-Age study. Eur J Public Health. 2014; 24(5):802–7.

https://doi.org/10.1093/eurpub/ckt171 PMID: 24213583

7. Menant JC, Wong A, Sturnieks DL, Close JC, Delbaere K, Sachdev PS, et al. Pain and anxiety mediate

the relationship between dizziness and falls in older people. J Am Geriatr Soc. 2013; 61(3):423–8.

https://doi.org/10.1111/jgs.12131 PMID: 23351026

8. Lin HW, Bhattacharyya N. Impact of dizziness and obesity on the prevalence of falls and fall-related inju-

ries. Laryngoscope. 2014; 124(12):2797–801. https://doi.org/10.1002/lary.24806 PMID: 24986701

9. Lin HW, Bhattacharyya N. In response to Impact of dizziness and obesity on the prevalence of falls and

fall-related injuries. Laryngoscope. 2015; 125(10):E351. https://doi.org/10.1002/lary.25185 PMID:

25640669

10. McDonnell MN, Hillier SL. Vestibular rehabilitation for unilateral peripheral vestibular dysfunction.

Cochrane Database Syst Rev. 2015; 1:Cd005397. https://doi.org/10.1002/14651858.CD005397.pub4

PMID: 25581507

11. Brignole M, Alboni P, Benditt DG, Bergfeldt L, Blanc JJ, Bloch Thomsen PE, et al. Guidelines on man-

agement (diagnosis and treatment) of syncope—update 2004. Europace. 2004; 6(6):467–537. https://

doi.org/10.1016/j.eupc.2004.08.008 PMID: 15519256

12. Mills PB, Fung CK, Travlos A, Krassioukov A. Nonpharmacologic management of orthostatic hypoten-

sion: a systematic review. Arch Phys Med Rehabil. 2015; 96(2):366–75. https://doi.org/10.1016/j.apmr.

2014.09.028 PMID: 25449193

13. Campbell AJ, Robertson MC, Gardner MM, Norton RN, Tilyard MW, Buchner DM. Randomised con-

trolled trial of a general practice programme of home based exercise to prevent falls in elderly women.

BMJ. 1997; 315(7115):1065–9. PMID: 9366737

14. Howe TE, Rochester L, Jackson A, Banks PM, Blair VA. Exercise for improving balance in older people.

Cochrane Database Syst Rev. 2007;( 4):CD004963.

15. Schmid G, Henningsen P, Dieterich M, Sattel H, Lahmann C. Psychotherapy in dizziness: a systematic

review. J Neurol, Neurosurg, Psychiatry. 2011; 82(6):601–6.

Randomized controlled trial of dizziness interventions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002620 July 24, 2018 18 / 21

http://www.ncbi.nlm.nih.gov/pubmed/10819319
http://www.ncbi.nlm.nih.gov/pubmed/8023718
https://doi.org/10.1093/ageing/afn019
https://doi.org/10.1093/ageing/afn019
http://www.ncbi.nlm.nih.gov/pubmed/18270246
http://www.ncbi.nlm.nih.gov/pubmed/10798469
https://doi.org/10.1016/j.puhe.2017.04.002
http://www.ncbi.nlm.nih.gov/pubmed/28501789
https://doi.org/10.1093/eurpub/ckt171
http://www.ncbi.nlm.nih.gov/pubmed/24213583
https://doi.org/10.1111/jgs.12131
http://www.ncbi.nlm.nih.gov/pubmed/23351026
https://doi.org/10.1002/lary.24806
http://www.ncbi.nlm.nih.gov/pubmed/24986701
https://doi.org/10.1002/lary.25185
http://www.ncbi.nlm.nih.gov/pubmed/25640669
https://doi.org/10.1002/14651858.CD005397.pub4
http://www.ncbi.nlm.nih.gov/pubmed/25581507
https://doi.org/10.1016/j.eupc.2004.08.008
https://doi.org/10.1016/j.eupc.2004.08.008
http://www.ncbi.nlm.nih.gov/pubmed/15519256
https://doi.org/10.1016/j.apmr.2014.09.028
https://doi.org/10.1016/j.apmr.2014.09.028
http://www.ncbi.nlm.nih.gov/pubmed/25449193
http://www.ncbi.nlm.nih.gov/pubmed/9366737
https://doi.org/10.1371/journal.pmed.1002620


16. Kwong EC, Pimlott NJ. Assessment of dizziness among older patients at a family practice clinic: a chart

audit study. BMC Fam Pract. 2005; 6(1):2. https://doi.org/10.1186/1471-2296-6-2 PMID: 15636636

17. Lawson J, Fitzgerald J, Birchall J, Aldren CP, Kenny RA. Diagnosis of geriatric patients with severe diz-

ziness. J Am Geriatr Soc. 1999; 47(1):12–7. PMID: 9920224

18. Kroenke K, Lucas CA, Rosenberg ML, Scherokman B, Herbers JE Jr., Wehrle PA, et al. Causes of per-

sistent dizziness. A prospective study of 100 patients in ambulatory care. Ann Intern Med. 1992; 117

(11):898–904. PMID: 1443950

19. Maarsingh OR, Dros J, Schellevis FG, van Weert HC, van der Windt DA, ter Riet G, et al. Causes of per-

sistent dizziness in elderly patients in primary care. Ann Fam Med. 2010b; 8(3):196–205.

20. Sloane PD, Coeytaux RR, Beck RS, Dallara J. Dizziness: state of the science. Ann Intern Med. 2001;

134(9):823–32.

21. Tinetti ME, Williams CS, Gill TM. Dizziness among older adults: a possible geriatric syndrome. Ann

Intern Med. 2000; 132(5):337–44. PMID: 10691583

22. Yardley L, Barker F, Muller I, Turner D, Kirby S, Mullee M, et al. Clinical and cost effectiveness of book-

let based vestibular rehabilitation for chronic dizziness in primary care: single blind, parallel group, prag-

matic, randomised controlled trial. BMJ. 2012; 344:e2237. https://doi.org/10.1136/bmj.e2237 PMID:

22674920

23. Yardley L, Donovan-Hall M, Smith HE, Walsh BM, Mullee M, Bronstein AM. Effectiveness of primary

care-based vestibular rehabilitation for chronic dizziness. Ann Intern Med. 2004; 141(8):598–605.

PMID: 15492339

24. Ricci NA, Aratani MC, Caovilla HH, Gananca FF. Effects of Vestibular Rehabilitation on Balance Control

in Older People with Chronic Dizziness: A Randomized Clinical Trial. Am J Phys Med Rehabil. 2016; 95

(4):256–69. https://doi.org/10.1097/PHM.0000000000000370 PMID: 26368833

25. Kammerlind AS, Hakansson JK, Skogsberg MC. Effects of balance training in elderly people with non-

peripheral vertigo and unsteadiness. Clin Rehabil. 2001; 15(5):463–70. https://doi.org/10.1191/

026921501680425180 PMID: 11594636

26. Edelman S, Mahoney AE, Cremer PD. Cognitive behavior therapy for chronic subjective dizziness: a

randomized, controlled trial. Am J Otolaryngol. 2012; 33(4):395–401. https://doi.org/10.1016/j.amjoto.

2011.10.009 PMID: 22104568

27. Horak FB, Jones-Rycewicz C, Black FO, Shumway-Cook A. Effects of vestibular rehabilitation on dizzi-

ness and imbalance. Otolaryngol Head Neck Surg. 1992; 106(2):175–80. PMID: 1738550

28. Geraghty AWA, Essery R, Kirby S, Stuart B, Turner D, Little P, et al. Internet-Based Vestibular Rehabili-

tation for Older Adults With Chronic Dizziness: A Randomized Controlled Trial in Primary Care. Ann

Fam Med. 2017; 15(3):209–16. https://doi.org/10.1370/afm.2070 PMID: 28483885

29. Holmberg J, Karlberg M, Harlacher U, Rivano-Fischer M, Magnusson M. Treatment of phobic postural

vertigo. A controlled study of cognitive-behavioral therapy and self-controlled desensitization. J Neurol.

2006; 253(4):500–6. https://doi.org/10.1007/s00415-005-0050-6 PMID: 16362533

30. Johansson M, Akerlund D, Larsen HC, Andersson G. Randomized controlled trial of vestibular rehabili-

tation combined with cognitive-behavioral therapy for dizziness in older people. Otolaryngol Head Neck

Surg. 2001; 125(3):151–6. https://doi.org/10.1067/mhn.2001.118127 PMID: 11555746

31. Hansson EE, Mansson NO, Hakansson A. Effects of specific rehabilitation for dizziness among patients

in primary health care. A randomized controlled trial. Clin Rehabil. 2004; 18(5):558–65. https://doi.org/

10.1191/0269215504cr771oa PMID: 15293490

32. Andersson G, Asmundson GJ, Denev J, Nilsson J, Larsen HC. A controlled trial of cognitive-behavior

therapy combined with vestibular rehabilitation in the treatment of dizziness. Behav Res Ther. 2006; 44

(9):1265–73. https://doi.org/10.1016/j.brat.2005.09.008 PMID: 16290817

33. Menant JC, Migliaccio AA, Hicks C, Lo J, Meinrath D, Ratanapongleka M, et al. Tailored multifactorial

intervention to improve dizziness symptoms and quality of life, balance and gait in dizziness sufferers

aged over 50 years: protocol for a randomised controlled trial. BMC Geriatr. 2017; 17(1):56. https://doi.

org/10.1186/s12877-017-0450-3 PMID: 28202037

34. Brodaty H, Pond D, Kemp NM, Luscombe G, Harding L, Berman K, et al. The GPCOG: a new screening

test for dementia designed for general practice. J Am Geriatr Soc. 2002; 50(3):530–4. PMID: 11943052

35. Spitzer RL, Kroenke K, Williams JB. Validation and utility of a self-report version of PRIME-MD: the

PHQ primary care study. Primary Care Evaluation of Mental Disorders. Patient Health Questionnaire.

JAMA. 1999; 282(18):1737–44. PMID: 10568646

36. Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing generalized anxiety disor-

der: the GAD-7. Arch Intern Med. 2006; 166(10):1092–7. https://doi.org/10.1001/archinte.166.10.1092

PMID: 16717171

37. Herdman SJ. Vestibular Rehabilitation, 3rd ed. Philadelphia: F. A Davis Company; 2007.

Randomized controlled trial of dizziness interventions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002620 July 24, 2018 19 / 21

https://doi.org/10.1186/1471-2296-6-2
http://www.ncbi.nlm.nih.gov/pubmed/15636636
http://www.ncbi.nlm.nih.gov/pubmed/9920224
http://www.ncbi.nlm.nih.gov/pubmed/1443950
http://www.ncbi.nlm.nih.gov/pubmed/10691583
https://doi.org/10.1136/bmj.e2237
http://www.ncbi.nlm.nih.gov/pubmed/22674920
http://www.ncbi.nlm.nih.gov/pubmed/15492339
https://doi.org/10.1097/PHM.0000000000000370
http://www.ncbi.nlm.nih.gov/pubmed/26368833
https://doi.org/10.1191/026921501680425180
https://doi.org/10.1191/026921501680425180
http://www.ncbi.nlm.nih.gov/pubmed/11594636
https://doi.org/10.1016/j.amjoto.2011.10.009
https://doi.org/10.1016/j.amjoto.2011.10.009
http://www.ncbi.nlm.nih.gov/pubmed/22104568
http://www.ncbi.nlm.nih.gov/pubmed/1738550
https://doi.org/10.1370/afm.2070
http://www.ncbi.nlm.nih.gov/pubmed/28483885
https://doi.org/10.1007/s00415-005-0050-6
http://www.ncbi.nlm.nih.gov/pubmed/16362533
https://doi.org/10.1067/mhn.2001.118127
http://www.ncbi.nlm.nih.gov/pubmed/11555746
https://doi.org/10.1191/0269215504cr771oa
https://doi.org/10.1191/0269215504cr771oa
http://www.ncbi.nlm.nih.gov/pubmed/15293490
https://doi.org/10.1016/j.brat.2005.09.008
http://www.ncbi.nlm.nih.gov/pubmed/16290817
https://doi.org/10.1186/s12877-017-0450-3
https://doi.org/10.1186/s12877-017-0450-3
http://www.ncbi.nlm.nih.gov/pubmed/28202037
http://www.ncbi.nlm.nih.gov/pubmed/11943052
http://www.ncbi.nlm.nih.gov/pubmed/10568646
https://doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
https://doi.org/10.1371/journal.pmed.1002620


38. Dear BF, Zou JB, Ali S, Lorian CN, Johnston L, Sheehan J, et al. Clinical and cost-effectiveness of ther-

apist-guided internet-delivered cognitive behavior therapy for older adults with symptoms of anxiety: a

randomized controlled trial. Behav Ther. 2015; 46(2):206–17. https://doi.org/10.1016/j.beth.2014.09.

007 PMID: 25645169

39. Titov N, Fogliati VJ, Staples LG, Gandy M, Johnston L, Wootton BM, et al. Treating anxiety and depres-

sion in older adults: randomised controlled trial comparing guided v. self-guided internet-delivered cog-

nitive-behavioural therapy. BJPsych Open. 2016; 2:50–8. https://doi.org/10.1192/bjpo.bp.115.002139

PMID: 27703754

40. Johnston L, Titov N, Andrews G, Spence J, Dear BF. A RCT of a transdiagnostic internet-delivered

treatment for three anxiety disorders: examination of support roles and disorder-specific outcomes.

PLoS ONE. 2011; 6(11):e28079. https://doi.org/10.1371/journal.pone.0028079 PMID: 22132216

41. Roland M, Torgerson DJ. What are pragmatic trials? BMJ. 1998; 316(7127):285. PMID: 9472515

42. Jacobson GP, Newman CW. The development of the Dizziness Handicap Inventory. Arch Otolaryngol

Head Neck Surg. 1990; 116(4):424–7. PMID: 2317323

43. Weidt S, Bruehl AB, Straumann D, Hegemann SC, Krautstrunk G, Rufer M. Health-related quality of life

and emotional distress in patients with dizziness: a cross-sectional approach to disentangle their rela-

tionship. BMC Health Serv Res. 2014; 14:317 https://doi.org/10.1186/1472-6963-14-317 PMID:

25052136

44. Lord SR, Fitzpatrick RC. Choice stepping reaction time: a composite measure of falls risk in older peo-

ple. J Gerontol A Biol Sci Med Sci. 2001; 56(10):M627–32. PMID: 11584035

45. Hausdorff JM, Rios DA, Edelberg HK. Gait variability and fall risk in community-living older adults: a 1-

year prospective study. Arch Phys Med Rehabil. 2001; 82(8):1050–6. https://doi.org/10.1053/apmr.

2001.24893 PMID: 11494184

46. Kenny RA, Ingram A, Bayliss J, Sutton R. Head-up tilt: a useful test for investigating unexplained syn-

cope. Lancet. 1986; 1(8494):1352–5. PMID: 2872472

47. Lord SR, Menz HB, Tiedemann A. A physiological profile approach to falls risk assessment and preven-

tion. Phys Ther. 2003; 83(3):237–52. PMID: 12620088

48. Lord SR, Ward JA, Williams P. Exercise effect on dynamic stability in older women: a randomized con-

trolled trial. Arch Phys Med Rehabil. 1996; 77(3):232–6. PMID: 8600863

49. Delbaere K, Smith ST, Lord SR. Development and initial validation of the Iconographical Falls Efficacy

Scale. J Gerontol A Biol Sci Med Sci. 2011; 66(6):674–80. https://doi.org/10.1093/gerona/glr019 PMID:

21350244

50. Costa PT, McCrae RR. Revised NEO Personality Inventory (NEO PI-R) and NEO Five-Factor Inventory

(NEO-FFI). Odessa: Psychological Assessment Resources Inc.; 1992.

51. Katsarkas A, Smith H, Galiana H. Head-shaking nystagmus (HSN): the theoretical explanation and the

experimental proof. Acta Otolaryngol. 2000; 120(2):177–81. PMID: 11603767

52. Callisaya ML, Blizzard L, Schmidt MD, McGinley JL, Srikanth VK. Ageing and gait variability—a popula-

tion-based study of older people. Age Ageing. 2010; 39(2):191–7. https://doi.org/10.1093/ageing/

afp250 PMID: 20083617

53. Hansson EE, Mansson NO, Ringsberg KA, Hakansson A. Falls among dizzy patients in primary health-

care: an intervention study with control group. Int J Rehabil Res. 2008; 31(1):51–7. https://doi.org/10.

1097/MRR.0b013e3282f28e2c PMID: 18277204

54. Schoene D, Lord SR, Delbaere K, Severino C, Davies TA, Smith ST. A randomized controlled pilot

study of home-based step training in older people using videogame technology. PLoS ONE. 2013; 8(3):

e57734. https://doi.org/10.1371/journal.pone.0057734 PMID: 23472104

55. Schoene D, Valenzuela T, Toson B, Delbaere K, Severino C, Garcia J, et al. Interactive Cognitive-

Motor Step Training Improves Cognitive Risk Factors of Falling in Older Adults—A Randomized Con-

trolled Trial. PLoS ONE. 2015; 10(12):e0145161. https://doi.org/10.1371/journal.pone.0145161 PMID:

26673919

56. Sloane PD, Dallara J. Clinical research and geriatric dizziness: the blind men and the elephant. J Am

Geriatr Soc. 1999; 47(1):113–4. PMID: 9920240

57. Maarsingh OR, Stam H, van de Ven PM, van Schoor NM, Ridd MJ, van der Wouden JC. Predictors of

dizziness in older persons: a 10-year prospective cohort study in the community. BMC Geriatr. 2014;

14:133. https://doi.org/10.1186/1471-2318-14-133 PMID: 25510936

58. Maarsingh OR, Stam H, van der Horst HE. A Different Approach of Dizziness in Older Patients: Away

from the Diagnostic Dance between Patient and Physician. Front Med. 2014; 1:50.

59. Smaerup M, Gronvall E, Larsen SB, Laessoe U, Henriksen JJ, Damsgaard EM. Computer-assisted

training as a complement in rehabilitation of patients with chronic vestibular dizziness—a randomized

Randomized controlled trial of dizziness interventions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002620 July 24, 2018 20 / 21

https://doi.org/10.1016/j.beth.2014.09.007
https://doi.org/10.1016/j.beth.2014.09.007
http://www.ncbi.nlm.nih.gov/pubmed/25645169
https://doi.org/10.1192/bjpo.bp.115.002139
http://www.ncbi.nlm.nih.gov/pubmed/27703754
https://doi.org/10.1371/journal.pone.0028079
http://www.ncbi.nlm.nih.gov/pubmed/22132216
http://www.ncbi.nlm.nih.gov/pubmed/9472515
http://www.ncbi.nlm.nih.gov/pubmed/2317323
https://doi.org/10.1186/1472-6963-14-317
http://www.ncbi.nlm.nih.gov/pubmed/25052136
http://www.ncbi.nlm.nih.gov/pubmed/11584035
https://doi.org/10.1053/apmr.2001.24893
https://doi.org/10.1053/apmr.2001.24893
http://www.ncbi.nlm.nih.gov/pubmed/11494184
http://www.ncbi.nlm.nih.gov/pubmed/2872472
http://www.ncbi.nlm.nih.gov/pubmed/12620088
http://www.ncbi.nlm.nih.gov/pubmed/8600863
https://doi.org/10.1093/gerona/glr019
http://www.ncbi.nlm.nih.gov/pubmed/21350244
http://www.ncbi.nlm.nih.gov/pubmed/11603767
https://doi.org/10.1093/ageing/afp250
https://doi.org/10.1093/ageing/afp250
http://www.ncbi.nlm.nih.gov/pubmed/20083617
https://doi.org/10.1097/MRR.0b013e3282f28e2c
https://doi.org/10.1097/MRR.0b013e3282f28e2c
http://www.ncbi.nlm.nih.gov/pubmed/18277204
https://doi.org/10.1371/journal.pone.0057734
http://www.ncbi.nlm.nih.gov/pubmed/23472104
https://doi.org/10.1371/journal.pone.0145161
http://www.ncbi.nlm.nih.gov/pubmed/26673919
http://www.ncbi.nlm.nih.gov/pubmed/9920240
https://doi.org/10.1186/1471-2318-14-133
http://www.ncbi.nlm.nih.gov/pubmed/25510936
https://doi.org/10.1371/journal.pmed.1002620


controlled trial. Arch Phys Med Rehabil. 2015; 96(3):395–401. https://doi.org/10.1016/j.apmr.2014.10.

005 PMID: 25450134

60. Yardley L, Beech S, Zander L, Evans T, Weinman J. A randomized controlled trial of exercise therapy

for dizziness and vertigo in primary care. Br J Gen Prac. 1998; 48(429):1136–40.

61. Treleaven J. Dizziness Handicap Inventory (DHI). Aust J Physiother. 2006; 52(1):67. PMID: 16555410

62. Tamber A-L, Wilhelmsen KT, Strand LI. Measurement properties of the Dizziness Handicap Inventory

by cross-sectional and longitudinal designs. Health Qual Life Outcomes. 2009; 7:101. https://doi.org/10.

1186/1477-7525-7-101 PMID: 20025754

63. Campbell AJ, Robertson MC, Gardner MM, Norton RN, Buchner DM. Falls prevention over 2 years: a

randomized controlled trial in women 80 years and older. Age Ageing. 1999; 28(6):513–8. PMID:

10604501

64. Yardley L, Beech S, Weinman J. Influence of beliefs about the consequences of dizziness on handicap

in people with dizziness, and the effect of therapy on beliefs. J Psychosom Res. 2001; 50(1):1–6. PMID:

11259793

65. Pincus T, Holt N, Vogel S, Underwood M, Savage R, Walsh DA, et al. Cognitive and affective reassur-

ance and patient outcomes in primary care: a systematic review. Pain. 2013; 154(11):2407–16. https://

doi.org/10.1016/j.pain.2013.07.019 PMID: 23872104

Randomized controlled trial of dizziness interventions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002620 July 24, 2018 21 / 21

https://doi.org/10.1016/j.apmr.2014.10.005
https://doi.org/10.1016/j.apmr.2014.10.005
http://www.ncbi.nlm.nih.gov/pubmed/25450134
http://www.ncbi.nlm.nih.gov/pubmed/16555410
https://doi.org/10.1186/1477-7525-7-101
https://doi.org/10.1186/1477-7525-7-101
http://www.ncbi.nlm.nih.gov/pubmed/20025754
http://www.ncbi.nlm.nih.gov/pubmed/10604501
http://www.ncbi.nlm.nih.gov/pubmed/11259793
https://doi.org/10.1016/j.pain.2013.07.019
https://doi.org/10.1016/j.pain.2013.07.019
http://www.ncbi.nlm.nih.gov/pubmed/23872104
https://doi.org/10.1371/journal.pmed.1002620

