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1. Background information
1.1 Introduction to vertigo and dizziness

Vertigo and dizziness are among the most common complaints dealt with by
primary care practices (Mueller, Strobl et al. 2013, Grill, Strupp et al. 2014), referral
practices (Neuhauser, Radtke et al. 2008, Benecke, Agus et al. 2013) and emergency
departments (Kerber, Meurer et al. 2008, Post and Dickerson 2010). The terms vertigo
and dizziness are used to describe a variety of sensations, such as unsteadiness and
light-headedness and may be the symptoms many pathological or physiological
processes (Brandt 2013).

Generally three main forms of vertigo, namely, peripheral vestibular, central
vestibular, and non-vestibular forms can be differentiated (Mathieson, Darlington et al.
1999). The most common peripheral diagnosis is benign paroxysmal positioning
vertigo (BPPV), found to be prevalent in 9% of the general population (Kerrigan,
Costigan et al. 2013) and 17.1% of the patients of a specialized tertiary vertigo clinic
(Strupp, Dieterich et al. 2013). Central vestibular vertigo is caused by the dysfunction
or injury of the central nervous system (CNS), such as multiple sclerosis, migraines,
and acoustic neuromas (Foris and Dulebohn 2018). Other possible causes such as
mental disorders and side effects from medications can lead to non-vestibular vertigo.
Figure 1 (data from the German Centre for Vertigo and Balance Disorders (Strupp,
Dieterich et al. 2013)) shows the frequency of diagnostic classifications amongst
17,718 vertigo patients of a dedicated tertiary care facility .

Finding the potential risk factors could be beneficial for preventing and controlling
the disease. Being female significantly increases the risk of having dizziness (Bisdorff,
Bosser et al. 2013, Grill, Miiller et al. 2013) for both older (Kerrigan, Costigan et al.
2013) and young populations (Humphriss and Hall 2011). Some forms of vertigo such
as BPPV (Ferrari, Monzani et al. 2014, Yetiser and Ince 2015) and Meniere’s (Havia,
Kentala et al. 2005, Harris and Alexander 2010) are more frequent in women. Another
widely documented risk factor is age. Many studies (Maarsingh, Dros et al. 2010,
Fernandez, Breinbauer et al. 2015, Neuhauser 2016) have shown that older adults are
particularly likely to suffer from dizziness. Apart from these, consumption of
anticonvulsant, anti-hypertensive drugs (Chimirri, Aiello et al. 2013), as well as

sedatives and cholesterol-reducing drugs, (Tamber and Bruusgaard 2009) can also



increase the risk of experiencing dizziness. Dizziness is also associated with particular

psychiatric disorders, especially depression and anxiety (Wiltink, Tschan et al. 2009,
Kozak, Diindar et al. 2018, Wei, Sayyid et al. 2018).

8.8%

11.4%

15.0%

= Benign paroxysmal positional vertigo

= Somatoform phobic vestibular vertigo

= Central vestibular syndromes
Vestibular migraine

= Menié&e's disease

= Vestibular neuritis

= Bilateral vestibulopathy

= Vestibular paroxysmia

= Psychogenic vertigo (other)

= Perilymphatic fistula

= Vertigo of unknown origin

= Other*

Figure 1: The frequencies of different diagnoses of 17718 dizziness patients, data from the German Center

for Vertigo and Balance Disorders.

* Includes, among others, nonvestibular vertigo in neurodegenerative diseases, nonvestibular oculomotor
disorders in myasthenia gravis, and peripheral ocular muscle paresis

1.2 The burden of vertigo and dizziness

Burden of disease (BOD) is a concept that was developed in the 1990s (Mathers,

Lopez et al. 20006). It is a comprehensive approach to assess the overall impact of

disease, injury, and risk factors on society and the state across all regions globally

(Murray, Ezzati et al. 2012), by using indicators such as prevalence, mortality,
morbidity, disability adjusted life years (DALY), and quality adjusted life years (QALY)
to quantify the population health losses. The most important and comprehensive disease

burden research program is the Global Burden of Diseases, Injuries, and Risk Factors
(GBD) study sponsored by the World Bank and World Health Organisation (WHO).

Much research has been conducted to assess the burden of vertigo and dizziness

from different epidemiological perspectives (Neuhauser, Radtke et al. 2008, Lempert



and Neuhauser 2009, Holmes and Padgham 2011, Lai, Wang et al. 2011, Bittar, Oiticica
et al. 2013, Wojtczak, Narozny et al. 2017). Due to the high heterogeneity of studied
populations, report duration, and disease definition, the one-year prevalence of vertigo
and dizziness in the general adult population has been found to range from 3.1% in
Taiwan (Lai, Wang et al. 2011), 7% in Germany (Lempert and Neuhauser 2009), 16.4%
in Poland (Wojtczak, Narozny et al. 2017) to 42% in Brazil (Bittar, Oiticica et al. 2013).
By contrast, studies examining one-year incidence have found similar figures across
different studies, ranging from 1.4% (Neuhauser, Von Brevern et al. 2005, Neuhauser,
Radtke et al. 2008, Lempert and Neuhauser 2009) to 3.1% (Neuhauser 2016).

Other than prevalence and incidence, quality of life (QoL) is also an important
indicator of the burden of disease. There is considerable evidence which demonstrates
that dizziness is associated with falling (Alyono 2018), disability(Lasisi and Gureje
2010, Mueller, Strobl et al. 2013) , daily life restriction (Tinetti, Williams et al. 2000,
Karatas 2008), emotional problems (Karatas 2008, Chang, Hwang et al. 2017), and thus
leads to a poor quality of life (Lopez-Escamez, Gamiz et al. 2005, Neuhauser, Radtke
et al. 2006, Aratani, Perracini et al. 2011).

Furthermore, dizziness has a notable negative impact on work productivity
(Yardley, Owen et al. 1998, Bronstein, Golding et al. 2010). Studies have shown that in
12% of cases orthostatic dizziness was associated with sick leave days (Radtke,
Lempert etal. 2011), and 50% of cases reported reduced efficiency (Bronstein, Golding
et al. 2010). Thus, dizziness resulted in an economic loss for both individual workers

and wider society loss which cannot be ignored.
1.3 The economic burden of vertigo and dizziness

The findings of BOD studies can provide benefits to governments and health care
systems for guiding the allocation of resources according to disease and risk priorities
(Hoy, March et al. 2010). However, it should be noted that the design of BOD studies
focuses only on the fact of losses in health and quality of life, and therefore do not
present a comprehensive economic description of the impact on individual income, or
the productivity losses for society as a whole (Murray, Ezzati et al. 2012).

To assess the economic burden of disease, cost of illness (COI) studies are widely
used to identify and measure the direct and indirect cost of disease (Rice 2000, Larg

and Moss 2011). Direct cost, indirect cost and the intangible costs of disease are usually



considered in such calculations in order to make an accurate estimate. Direct costs
include all the health care expenditures associated with diagnosis, treatment, and the
rehabilitation process. Indirect costs of disease reflect the productivity loss. Intangible
costs refer to the pain and sufferings associated with illness, which are hard to measure
or transfer into monetary results, and therefore are only conduct by a few COI studies
(Tarricone 2006, Xie, Thumboo et al. 2008).

By applying a COI study, we cannot only describe the total costs concisely, but also
identify the individual characteristics that could influence health care utilization and
expenditure. A widely used model is taken from Andersen’s study (Andersen and
Newman 1973), which divides factors that might affect health care utilization into three
domains: predisposing, enabling, and need factors. Within the research of a particular
disease, a comprehensive examination of these influence factors would allow policy
makers and health care payers to optimize resource allocation and control the escalation
of health care cost. Therefore, COI studies are regarded as useful and important
supplementary evidence to BOD studies (Byford, Torgerson et al. 2000).

However, when searching the literature, it can be easily found that even though
numerous studies have pointed out that the presence of vertigo and dizziness directly
consumed extensive amount of health care utilization due to its diagnostic and treatment
process (Wiltink, Tschan et al. 2009, Lai, Wang et al. 2011, Radtke, Lempert et al. 2011,
Li, Hoffman et al. 2016), as well as the social economic burden caused by related
disability, retirement and sick leave (Neuhauser, Radtke et al. 2008, Mueller, Schuster
et al. 2012, Mueller, Strobl et al. 2013, Liischer, Theilgaard et al. 2014), there is only
limited evidence on the economic burden of vertigo.

Up to now, the direct and indirect cost of vertigo and dizziness have not been
systematically assessed and thus the economic burden related to vertigo and dizziness
is still unclear. Also, determinants of health expenditure due to vertigo are poorly

understood.

2. Research objectives

The overall aim of this doctoral thesis is to evaluate the economic burden of vertigo
and dizziness among adults. To address this problem, the following research questions

will be studied:

1) What kind of existing economic evidence can be found from previous studies?



What is already known about the cost of vertigo and dizziness?

2) For the general population, what is the total cost of vertigo? Are there health care
costs or utilization differences between people with and without vertigo? What
individual factors could affect the health care cost of vertigo?

Therefore, this doctoral thesis was divided into two parts.

a) To answer question 1, a systematic review was conducted, and the existing
evidence was summarized and described.

b) Toanswer question 2, a cost of illness analysis was performed using cross sectional
data from the German Cooperative Health Research in the Augsburg Region
(KORA) cohort to quantify the utilization and cost of health care associated with
vertigo. Direct and indirect health care utilization data was collected, total cost was
calculated and compared between vertigo patients and a control group.

3. Method

To address the two research questions described in the previous chapter, two studies
were conducted and published. They build the core of this doctoral thesis. The methods

selected in these two publications are summaries and listed as below.
3.1 Publication 1: Economic burden of vertigo. A systematic review

We conducted an extensive systematic literature search on 01 October 2018. The
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA
statement)(Moher, Liberati et al. 2009) were followed for the organization of the
review. Three different electronic databases were searched, namely: Medline
(https://www.ncbi.nlm.nih.gov/pubmed ), EMBASE

(https://www.sciencedirect.com/science/search ) and Cochrane

(http://onlinelibrary.wiley.com/cochranelibrary/search/ ). All original studies

published in English between 2008-2018 about the economic evaluation of vertigo in
developed countries were considered as eligible. Based on the diagnosis
classifications of disease (Brandt, Dieterich et al. 2005, Strupp and Brandt 2008), a
search strategy was developed using terms including “BPPV”, “Meniere”, “vestib*”,
“labyrinthitis", “dizz*”, “vertigo” and “dizziness”. Terms like “cost”, “financ*”,

29 <e

“econom™*”, “burden”, “utilization or utilisation” and “pay*”” were used to target
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disease cost information.

For data extraction, a Microsoft Excel form was built to obtain variables,
referring to general study characteristics and outcome items. Two independent
reviewers checked the papers after the literature collection; in lack of consensus, a
third made the decision.

The doctoral candidate was the second author of this article. She was primarily
responsible for paper collection, data extraction and study selection with the guidance
of the first author, Dr. Eva Kovacs. Together with the first author, the doctoral
candidate finished the systematic analysis and preparation of the manuscript. The
article was submitted to Health Economics Review on 06 March 2019 and accepted
for publication after revision on 25 October 2019. The impact factor of the journal
was 1.374 in the year of 2019.

3.2 Publication 2: Vertigo and dizziness cause considerable more health care

resource use and costs - results from the KORA FF4 study

In this cross-sectional study, data from the German Cooperative Health Research
in the Augsburg Region (KORA) FF4 study was used. The KORA FF4 study is the 14-
year follow-up of the KORA S4 study, and it is a population-based health survey
conducted in the city of Augsburg and two surrounding counties with 2279 participants.
The study was approved by the ethics committee of the Bavarian Chamber of
Physicians, Munich (FF4: EC No. 06068).

Eight health care cost components were measured to reflect the direct economic
burden of vertigo, namely doctor consultations, outpatient hospital visits, inpatient
hospital days, days in the intensive care unit (ICU), days in rehabilitation, alternative
practitioner consultations, physiotherapy sessions, and drug utilization. Standardized
unit prices were assigned to each cost component (see Appendix Table 1 of publication
2) (Bock, Brettschneider et al. 2015). To assess the indirect economic burden of disease
by asking gainfully employed participants the question: “How many days have you
been unable to work for the last 12 months because of illness?” An average calendar
day labour cost was used to calculate the monetary burden due to sick leave (Krauth,
Buser et al. 2002, Bundesamt 2013). A social perspective was taken to report all the
costs. No discount was considered since the cost data was collected within a single year.

Two questions were used to assess the presence of disease exposure, namely “Have



you ever had vertigo or dizziness?” and “During the last 12 months, have you had
vertigo or dizziness?”

Considering the Andersen health care utilization model (Andersen and Newman
1973) and the risk factors previously described which could affect the disease, sixteen
covariates were included. They were six predisposing factors (namely age, gender,
family status, education level, present job status, physical activity), two enabling factors
(namely personal monthly income and health insurance type) and eight comorbidities,
respectively.

Since the cost data were skewed, with considerable zero values and outliers, a
hurdle model (also known as two-part model) was applied to examine the relationship
between exposure and cost outcome. IBM SPSS Statistics for Windows Version 20.0
(Armonk, NY: IBM Corp.) was used for the descriptive tables, and R version 3.3.2 was
used to calculate the hurdle model (RCore 2016).

The doctoral candidate was the first author of this publication and primarily
responsible for the conception and the analysis, as well as for the preparation of the
manuscript with the guidance of Dr. Ralf Strobl and Prof. Eva Grill. This article was
submitted on 01 March 2019 and accepted on 15 May 2019 by The Journal of
Neurology after a single revision. The impact factor of the journal at this time was 4.204

in the year of 2019.

4. Results

In the following section each research question is answered based on the results of

the two studies:

Within the three databases, 154 original papers were identified and 16 were
included in our final systematic analysis. All 16 studies from seven countries presented
partial economic evaluation referring to different diagnostic classification of vertigo,
among which nine studies presented monetised cost results and seven studies reported
health care utilisation. The median quality score of selected studies was six out of 19
total from the Consensus on Health Economic Criteria (CHEC). Repeated and poorly
targeted consultations at all levels of health care practitioners, excessive use of
diagnostic imaging, and/or of emergency care accounted for the main reasons of high
direct cost of vertigo. Disease related sick leave and low workload as well as

comorbidity were reported to produce considerable social economic burden. Different



disease severity levels (Benecke, Agus et al. 2013), diagnosis types and setting
(Neuhauser, Radtke et al. 2008, Benecke, Agus et al. 2013, Saber Tehrani, Coughlan et
al. 2013, Grill, Strupp et al. 2014, Sun, Ward et al. 2014) may influence the cost and

health care utilization.

From the analysis of KORA FF4 data, 570 (25.0%) participants reported to have
had moderate or severe dizziness or vertigo at least one time within the last 12 months.
Evidences could be found that people with vertigo had a bigger economic burden than
people without vertigo. Their total health care cost in the last 12 months per person was
2641.9 Euro to 1902.9 Euro, SD=4786.2 and 5944.1, respectively. Among the cost
difference of 739 Euro between two groups, the direct cost of consultation fee
(especially at primary care physicians) accounted for the largest percentage with 177.2
Euro (461.8 to 284.6, p<0.01). Indirect cost due to sick leave among all the gainfully
employed participants with vertigo was 920.9 Euro (SD=2111.2) per person, and the
average duration of sick leave was 7.5 days (SD =17.2). After adjusting for covariates,
presence of vertigo still increased both the probability of having any health care costs
(OR=1.7, 95%CI=[1.2;2.4]) and the amount of health care costs (exp(p)=1.2, 95%CI=
[1.1;1.4]). The analysis of cost determinants among two groups showed that private
insurance and a medium level of education decreased the probability of having any
health care costs. Determents analysis among participants with vertigo showed that two
individual factors could affect the cost. The probability of having any cost was

significantly decreased by having private insurance and increased by higher income.

5. Discussion and conclusions

According to the results of both the cross sectional study and the systematic review,
vertigo and dizziness were common complaints with a high prevalence and incidence
(Neuhauser, Radtke et al. 2008) in both primary care and hospital care system, which
was also in line with other relevant literatures(Davis and Moorjani 2003, Neuhauser
2007, Wiltink, Tschan et al. 2009)

To the best of our knowledge, this is the first systematic review of the existing
evidence of the economic burden of vertigo. Referring to our findings in the review, the
current evidences for economic burden of vertigo and dizziness were limited. They did
not cover the comprehensive assessment of the economic burden and the quality of

studies was mostly mediocre. However, the exiting evidences still proved that the
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presence of vertigo/dizziness consumed considerable health care resources and could
bring quite a large amount of either direct (Neuhauser, Radtke et al. 2008, Wiltink,
Tschan et al. 2009, Ahsan, Syamal et al. 2013, Benecke, Agus et al. 2013, Saber Tehrani,
Coughlan et al. 2013, Grill, Strupp et al. 2014, Sun, Ward et al. 2014, Gandolfi, Reilly
et al. 2015, McDowell and Moore 2016, Ammar, Govindu et al. 2017) or indirect
economic burden (Neuhauser, Radtke et al. 2008, Wiltink, Tschan et al. 2009, Benecke,
Agus et al. 2013, Sun, Ward et al. 2014) to patient, health care system and the whole
society. Furthermore, the lack of conclusive evidence revealed apparent targets for
future research. Future economic evaluation shall address the main cost drivers detected
above, where evidence-based vertigo management may curb the increasing direct costs
by improving the quality of care. These results are further confirmed by the COI study.

With the findings from the KORA FF4 study, it could be shown that in the general
population persons who reported at least one relevant episode of vertigo or dizziness
during the last 12 months had significantly higher health care costs across almost all
cost components. Another notable point is that the cross-sectional study found excess
costs caused by medical consultation (especially in the primary care system) and
emergency care services, which is just in line with current knowledge (Kerber, Meurer
et al. 2008, Ahsan, Syamal et al. 2013) and our systematic review. Benecke et al. found
in their study (Benecke, Agus et al. 2013) that, from 13 countries, 63.3% of persons
with vertigo had lost working days during the three months preceding the baseline visit
which confirms our indirect cost results.

Based on the above findings and current literatures, there are many methods worth
trying to control the rising cost of vertigo. Since inappropriate or unnecessary
diagnostic tests and examinations lead to waste of medical resources (Neuhauser,
Radtke et al. 2008, Grill, Strupp et al. 2014), it is highly recommended that health care
givers pay attention to the effectiveness of imaging and avoid overuse. As the cost and
health care utilization may varied from different diagnose types (Neuhauser, Radtke et
al. 2008, Benecke, Agus et al. 2013, Saber Tehrani, Coughlan et al. 2013, Grill, Strupp
et al. 2014, Sun, Ward et al. 2014), so health care givers should notice that these
differences and diagnostic pathways should be assessed; more strict and practical
guidelines should be developed for physicians(Ahsan, Syamal et al. 2013, Grill, Strupp
et al. 2014, Ammar, Govindu et al. 2017). Since it was mentioned that the frequency of
specialist consultation was high and only half of the vertigo patients were seen by
primary care doctors (Neuhauser, Radtke et al. 2008), training and education of primary

11



care givers might also be a suggestion to reduce unnecessary treatment and
medication(Grill, Strupp et al. 2014, Ammar, Govindu et al. 2017).

To sum up, vertigo and dizziness are common in both the primary care and hospital
care system and consume considerable health care resources and costs. Directed cost,
such as diagnosis cost, medical consultation cost and emergency visit cost, largely
contribute to the economic burden of vertigo. Indirect cost should also receive more
attention since dizziness and vertigo could lead to a severe decrease in productivity of
the working-age group. Evidence-based vertigo management may help to curb the
increasing costs by improving the quality of care, thus reducing the long-term impact

of vertigo. Further researches should be carried out to control the rising cost of vertigo.
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6. Summary of both articles

Vertigo is a common reason for medical consultations, and its diagnosis and
treatment consume considerable medical resources. However, there is limited
information on the specific cost of vertigo currently available. Therefore, the objective
of both studies is to analyse the economic cost of vertigo.

In the first publication, we aimed to target and summarise the existing evidence
from available quantitative researches through a systematic review. All original studies
about different kinds of vestibular diseases including unspecified vertigo published in
the past ten years about economic evaluation of vertigo in developed countries were
considered eligible. By searching three databases (PubMed, Embase, and Cochrane),
154 studies were identified and 16 were finally qualified for inclusion after screening
the abstracts and reading the full texts. Nine studies reported monetised results while
seven offered health care utilization information. These studies showed that
considerable costs were spent on diagnostic imaging, emergency care, and repeated
medical consultations. The increased indirect costs (mainly from sick leave)
demonstrated that vertigo and dizziness had incurred non-negligible societal burden.

In the second publication, a cross-sectional data from the KORA FF4 study in 2013
was used to analyse the economic burden of vertigo and dizziness and examine which
individual characteristics would affect the utilization of health care. The extent of
vertigo and dizziness was assessed by a standardized question “During the last 12
months, have you had vertigo or dizziness?”. Eight different cost components of health
care utilization were recorded to show the outcome of direct costs, and sick leave
information was collected to reflect the indirect cost. Considering the dispersion
tendency of the cost data, a hurdle model was applied as a statistic approach. The results
showed that, among 2,277 participants (mean age 60.8, 48.4% male), 570 (25%) people
were reported to have had dizziness or vertigo in the last year, and it costed 818 Euros
more on average than people without vertigo (2720.9 Euro to 1902.9 Euro, respectively).
Moreover, vertigo was an independent predictor of health care resource utilization and
related costs after adjusting for covariates. These findings confirmed that vertigo
requires considerable health care resources and could create significantly more health
care related costs in both primary and pertinent secondary health care. Establishing care
pathways and streamlined management with primary care physicians as gatekeepers

and decision makers would be a promising way to decrease the costs of disease.
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7. Zusammenfassung beider Publikationen

Schwindel und Benommenheit gehGen zu den hiufigsten Beschwerden mit denen
sich Patienten beim Arzt vorstellen und dessen Diagnose und Behandlung verbraucht
erhebliche medizinische Ressourcen. Derzeit sind nur begrenzt Informationen zu den
spezifischen Kosten -von Schwindel verfiigbar. Ziel dieser Arbeitest es daher, die
direkten und indirekten Kosten von Schwindel zu analysieren.

Das Ziel der ersten Veroffentlichung war, den derzeitigen Wissensstand aus
verfiigbaren,  quantitativen = Untersuchungen  durch  eine  systematische
Literaturrecherche zusammenzufassen. Eingeschlossen wurden alle in den letzten zehn
Jahren verdffentlichten Originalstudien zu den Okonomischen und sozialen
Auswirkungen von Schwindelerkrankungen. In drei Datenbanken (PubMed, Embase
und Cochrane) wurden 154 Studien identifiziert. Nachdem die Zusammenfassungen
und Volltexte gelesen wurden 16 schlieBlich in der Studie eingeschlossen. Neun Studien
enthielten monetir-relevante  Ergebnisse, und sieben Informationen zur
Inanspruchnahme des Gesundheitswesens. Diese Studien zeigten, dass erhebliche
Kosten fiir diagnostische Bildgebung, Notfallversorgung und wiederholte &rztliche
Konsultationen aufgewendet wurden. Die hohen indirekten Kosten (hauptsdchlich
durch Krankheitstage) zeigten, dass Schwindel und Benommenheit eine nicht zu
vernachlédssigende gesellschaftliche Belastung darstellten.

In der zweiten Publikation wurden anhand von Querschnittsdaten aus der
deutschen KORA-FF4-Studie 2013 die direkten und indirekten Kosten durch
Schwindel analysiert und untersucht. —Das Vorliegen von Schwindel wurde anhand
einer standardisierten Frage beurteilt: ,,Hatten Sie in den letzten 12 Monaten
Schwindelgefiihle oder -Anfdlle? “. Die Inanspruchnahme des Gesundheitswesens
wurde in acht Kostenkomponente aufgeteilt, Unter Beriicksichtigung der Verteilung
von Kostendaten wurde ein Hurdle Modell als statistischer Ansatz angewendet. Die
Ergebnisse zeigten, dass unter 2.277 Teilnehmern (mittleres Alter 60.8, 48.4% Minner)
570 (25%) im letzten Jahr Schwindel hatten und durchschnittlich 818 Euro mehr Kosten
verursachten als Menschen ohne (2720.9 Euro zu 1902.9 Euro). Dariiber hinaus war
Schwindel ein unabhidngiger Pradiktor fir die Inanspruchnahme der
Gesundheitsversorgung und der damit verbundenen Kosten. Diese Ergebnisse
bestitigten, dass Schwindel und Benommenheit erhebliche Ressourcen fiir die

Gesundheitsversorgung verursachen; sowohl in der priméren als auch in der sekundéren

14



Gesundheitsversorgung. Um diese Kosten zu kontrollieren, konnten weitere
Untersuchungen durchgefiihrt werden, um das optimierte Management von

Schwindelpatienten im ambulanten Bereich zu untersuchen.

15



References

® Ahsan, S. F., M. N. Syamal, K. Yaremchuk, E. Peterson and M. Seidman (2013).
"The costs and utility of imaging in evaluating dizzy patients in the emergency room."
Laryngoscope 123(9): 2250-2253.

® Alyono, J. C. (2018). "Vertigo and Dizziness: Understanding and Managing Fall
Risk." Otolaryngologic Clinics of North America 51(4): 725-740.

® Ammar, H., R. Govindu, R. Fouda, W. Zohdy and E. Supsupin (2017). "Dizziness
in a community hospital: central neurological causes, clinical predictors, and diagnostic
yield and cost of neuroimaging studies.” J Community Hosp Intern Med Perspect 7(2):
73-78.

® Andersen, R. and J. F. Newman (1973). "Societal and individual determinants of
medical care utilization in the United States.” The Milbank Memorial Fund Quarterly.
Health and Society 51(1): 95-124.

® Avratani, M. C., M. R. Perracini, H. H. Caovilla, J. M. Gazzola, M. M. Ganan@ and
F. F. Ganan@ (2011). "Disability rank in vestibular older adults." Geriatrics &
gerontology international 11(1): 50-54.

® Benecke, H., S. Agus, D. Kuessner, G. Goodall and M. Strupp (2013). "The Burden
and Impact of Vertigo: Findings from the REVERT Patient Registry." Front Neurol 4:
136.

® Bisdorff, A., G. Bosser, R. Gueguen and P. Perrin (2013). "The epidemiology of
vertigo, dizziness, and unsteadiness and its links to co-morbidities." Frontiers in

Neurology 4: 29.

® Bittar, R. S. M., J. Oiticica, M. A. Bottino, F. F. GananG and R. Dimitrov (2013).
"Population epidemiological study on the prevalence of dizziness in the city of S&
Paulo." Brazilian journal of otorhinolaryngology 79(6): 688-698.

® Bock, J.-O., C. Brettschneider, H. Seidl, D. Bowles, R. Holle, W. Greiner and H.
Kdnig (2015). "Ermittlung standardisierter Bewertungss&ize aus gesellschaftlicher
Perspektive fUr die gesundheitsékonomische Evaluation." Das Gesundheitswesen
77(01): 53-61.

® Brandt, T. (2013). Vertigo: its multisensory syndromes, Springer Science &
Business Media.

® Brandt, T., M. Dieterich and M. Strupp (2005). Vertigo and dizziness, Springer.

® Bronstein, A. M., J. F. Golding, M. A. Gresty, M. Mandala D. Nuti, A. Shetye and
Y. Silove (2010). "The social impact of dizziness in London and Siena." Journal of
neurology 257(2): 183-190.

® Bundesamt, S. (2013). "Statistisches Jahrbuch 2013." Die Jugend im
wirtschaftlichen und sozialen Leben der Bundesrepublik Deutschland.

® Byford, S., D. J. Torgerson and J. Raftery (2000). "Cost of illness studies.”" Bmj
320(7245): 1335.

® Chang, J., S. Y. Hwang, S. K. Park, J. H. Kim, H.-J. Kim, S.-W. Chae and J.-J.
Song (2017). "Prevalence of dizziness and associated factors in South Korea: a cross-

16



sectional survey from 2010 to 2012." Journal of epidemiology: JE20160113.

® Chimirri, S., R. Aiello, C. Mazzitello, L. Mumoli, C. Palleria, M. Altomonte, R.
Citraro and G. De Sarro (2013). "Vertigo/dizziness as a Drugs’ adverse reaction."
Journal of pharmacology & pharmacotherapeutics 4(Suppl1): S104.

® Davis, A. and P. Moorjani (2003). "The epidemiology of hearing and balance
disorders." Textbook of Audiological Medicine. London: Martin Dunitz: 89-99.

® Fern&dez, L., H. A. Breinbauer and P. H. Delano (2015). "Vertigo and dizziness
in the elderly."” Frontiers in neurology 6: 144.

® Ferrari, S., D. Monzani, S. Baraldi, E. Simoni, G. Prati, M. Forghieri, M. Rigatelli,
E. Genovese and L. Pingani (2014). "Vertigo "in the pink": The impact of female gender
on psychiatric-psychosomatic comorbidity in benign paroxysmal positional vertigo
patients." Psychosomatics 55(3): 280-288.

® Foris, L. A. and S. C. Dulebohn (2018). Vertigo, Central. StatPearls [Internet],
StatPearls Publishing.

® Gandolfi, M. M., E. K. Reilly, J. Galatioto, R. B. Judson and A. H. Kim (2015).
"Cost-effective analysis of unilateral vestibular weakness investigation." Otol Neurotol
36(2): 277-281.

® Grill, E., M. Mdler, T. Brandt and K. Jahn (2013). "Vertigo and dizziness:
challenges for epidemiological research.” OA Epidemiology 1(2): 12.

® Grill, E., M. Strupp, M. Muller and K. Jahn (2014). "Health services utilization of
patients with vertigo in primary care: a retrospective cohort study.” J Neurol 261(8):
1492-1498.

® Harris, J. P. and T. H. Alexander (2010). "Current-day prevalence of Meniere’s
syndrome.” Audiology and Neurotology 15(5): 318-322.

® Havia, M., E. Kentala and 1. Pyykko (2005). "Prevalence of Meniere’s disease in
general population of Southern Finland.” Otolaryngology-Head and Neck Surgery
133(5): 762-768.

® Holmes, S.and N. D. Padgham (2011). "A review of the burden of vertigo." Journal
of Clinical Nursing 20(19-20): 2690-2701.

® Hoy, D., L. March, P. Brooks, A. Woolf, F. Blyth, T. Vos and R. Buchbinder
(2010). "Measuring the global burden of low back pain." Best practice & research
Clinical rheumatology 24(2): 155-165.

® Humphriss, R. L. and A. J. Hall (2011). "Dizziness in 10 year old children: an
epidemiological study." International journal of pediatric otorhinolaryngology 75(3):
395-400.

® Karatas, M. (2008). "Central vertigo and dizziness: epidemiology, differential
diagnosis, and common causes.” The neurologist 14(6): 355-364.

® Kerber, K. A.,, W. J. Meurer, B. T. West and A. Mark Fendrick (2008). "Dizziness
presentations in US emergency departments, 1995-2004." Academic Emergency
Medicine 15(8): 744-750.

17



® Kerrigan, M. A., M. F. Costigan, K. J. Blatt, M. A. Mathiason and M. E. Domroese
(2013). "Prevalence of benign paroxysmal positional vertigo in the young adult
population." PM&R 5(9): 778-785.

® Kozak, H. H., M. A. Diindar, A. U. Uca, F. Uguz, K. Turgut, M. Altas, G. Tekln
and S. K. Aziz (2018). "Anxiety, mood, and personality disorders in patients with
benign paroxysmal positional Vertigo." Archives of Neuropsychiatry 55(1): 49.

® Krauth, C., K. Buser and H. Vogel (2002). "How high are the costs of eating
disorders-anorexia nervosa and bulimia nervosa—for German society?" The European
Journal of Health Economics 3(4): 244-250.

® Lai, Y.-T., T.-C. Wang, L.-J. Chuang, M.-H. Chen and P.-C. Wang (2011).
"Epidemiology of vertigo: a National Survey." Otolaryngology--Head and Neck
Surgery 145(1): 110-116.

® larg, A. and J. R. Moss (2011). "Cost-of-illness studies." Pharmacoeconomics
29(8): 653-671.

® Lasisi, A. O. and O. Gureje (2010). "Disability and quality of life among
community elderly with dizziness: report from the Ibadan study of ageing.” The Journal
of Laryngology & Otology 124(9): 957-962.

® Lempert, T. and H. Neuhauser (2009). "Epidemiology of vertigo, migraine and
vestibular migraine.” Journal of neurology 256(3): 333-338.

® Li, C.-M., H. J. Hoffman, B. K. Ward, H. S. Cohen and R. M. Rine (2016).
"Epidemiology of dizziness and balance problems in children in the United States: a
population-based study.” The Journal of pediatrics 171: 240-247. e243.

® Lopez-Escamez, J. A., M. J. Gamiz, A. Fernandez-Perez and M. Gomez-Fifana
(2005). "Long-term outcome and health-related quality of life in benign paroxysmal
positional vertigo." European Archives of Oto-Rhino-Laryngology and Head & Neck
262(6): 507-511.

® L ischer, M., S. Theilgaard and B. Edholm (2014). "Prevalence and characteristics
of diagnostic groups amongst 1034 patients seen in ENT practices for dizziness." The
Journal of Laryngology & Otology 128(2): 128-133.

® Maarsingh, O. R., J. Dros, F. G. Schellevis, H. C. van Weert, P. J. Bindels and H.
E. van der Horst (2010). "Dizziness reported by elderly patients in family practice:
prevalence, incidence, and clinical characteristics." BMC family practice 11(1): 2.

® Mathers, C. D., A. D. Lopez and C. J. Murray (2006). "The burden of disease and
mortality by condition: data, methods and results for 2001." Global burden of disease
and risk factors 45: 88.

® Mathieson, A., C. L. Darlington and P. F. Smith (1999). "Dizziness in the elderly
and age-related degeneration of the vestibular system.” New Zealand journal of

psychology 28: 10-16.

® McDowell, T. and F. Moore (2016). "The Under-Utilization of the Head Impulse
Test in the Emergency Department.” Can J Neurol Sci 43(3): 398-401.

® Moher, D., A. Liberati, J. Tetzlaff, D. G. Altman and P. Group (2009). "Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA statement.”

18



PLoS medicine 6(7): €1000097.

® Mueller, M., E. Schuster, R. Strobl and E. Grill (2012). "Identification of aspects
of functioning, disability and health relevant to patients experiencing vertigo: a
qualitative study using the international classification of functioning, disability and
health." Health and quality of life outcomes 10(1): 75.

® Mueller, M., R. Strobl, K. Jahn, B. Linkohr, A. Peters and E. Grill (2013). "Burden
of disability attributable to vertigo and dizziness in the aged: results from the KORA-
Age study." The European Journal of Public Health 24(5): 802-807.

® Murray, C. J., M. Ezzati, A. D. Flaxman, S. Lim, R. Lozano, C. Michaud, M.
Naghavi, J. A. Salomon, K. Shibuya and T. VVos (2012). "GBD 2010: design, definitions,
and metrics." The Lancet 380(9859): 2063-2066.

® Neuhauser, H. (2016). The epidemiology of dizziness and vertigo. Handbook of
clinical neurology, Elsevier. 137: 67-82.

® Neuhauser, H., A. Radtke, M. Von Brevern, M. Feldmann, F. Lezius, T. Ziese and
T. Lempert (2006). "Migrainous vertigo: prevalence and impact on quality of life."
Neurology 67(6): 1028-1033.

® Neuhauser, H., M. Von Brevern, A. Radtke, F. Lezius, M. Feldmann, T. Ziese and
T. Lempert (2005). "Epidemiology of vestibular vertigo: a neurotologic survey of the
general population.” Neurology 65(6): 898-904.

® Neuhauser, H. K. (2007). "Epidemiology of vertigo.” Current opinion in neurology
20(1): 40-46.

® Neuhauser, H. K., A. Radtke, M. Von Brevern, F. Lezius, M. Feldmann and T.
Lempert (2008). "Burden of dizziness and vertigo in the community.” Archives of
Internal Medicine 168(19): 2118-2124.

® Post, R. E. and L. M. Dickerson (2010). "Dizziness: a diagnostic approach.” Am
Fam Physician 82(4): 361-368.

® Radtke, A., T. Lempert, M. von Brevern, M. Feldmann, F. Lezius and H.
Neuhauser (2011). "Prevalence and complications of orthostatic dizziness in the general
population.” Clinical autonomic research 21(3): 161-168.

® RCore, T. (2016). "R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria.” URL http://www. R-project.

org.

® Rice, D. P. (2000). "Cost of illness studies: what is good about them?" Injury
Prevention 6(3): 177-179.

® Saber Tehrani, A. S., D. Coughlan, Y. H. Hsieh, G. Mantokoudis, F. K. Korley, K.
A. Kerber, K. D. Frick and D. E. Newman-Toker (2013). "Rising annual costs of
dizziness presentations to U.S. emergency departments.” Academic Emergency
Medicine 20(7): 689-696.

® Saber Tehrani, A. S., D. Coughlan, Y. H. Hsieh, G. Mantokoudis, F. K. Korley, K.
A. Kerber, K. D. Frick and D. E. Newman-Toker (2013). "Rising annual costs of
dizziness presentations to US emergency departments.” Academic Emergency
Medicine 20(7): 689-696.

19


http://www/

® Strupp, M. and T. Brandt (2008). "Diagnosis and treatment of vertigo and
dizziness." Deutsches Arzteblatt International 105(10): 173.

® Strupp, M., M. Dieterich and T. Brandt (2013). "The treatment and natural course
of peripheral and central vertigo." Deutsches Arzteblatt International 110(29-30): 505.

® Sun,D.Q., B.K.Ward, Y.R. Semenov, J. P. Carey and C. C. Della Santina (2014).
"Bilateral Vestibular Deficiency: Quality of Life and Economic Implications.” JAMA
Otolaryngol Head Neck Surg 140(6): 527-534.

® Tamber, A.-L. and D. Bruusgaard (2009). "Self-reported faintness or dizziness—
comorbidity and use of medicines. An epidemiological study." Scandinavian journal of
public health 37(6): 613-620.

® Tarricone, R. (2006). "Cost-of-illness analysis: what room in health economics?"
Health policy 77(1): 51-63.

® Tinetti, M. E., C. S. Williams and T. M. Gill (2000). "Health, functional, and
psychological outcomes among older persons with chronic dizziness." Journal of the
American Geriatrics Society 48(4): 417-421.

® Wei, W, Z. N. Sayyid, X. Ma, T. Wang and Y. Dong (2018). "Presence of anxiety
and depression symptoms affects the first time treatment efficacy and recurrence of
benign paroxysmal positional vertigo." Frontiers in neurology 9: 178.

® \Wiltink, J., R. Tschan, M. Michal, C. Subic-Wrana, A. Eckhardt-Henn, M.
Dieterich and M. E. Beutel (2009). "Dizziness: Anxiety, health care utilization and
health behavior—: Results from a representative German community survey." Journal
of psychosomatic research 66(5): 417-424.

® Wojtczak, R., W. Narozny, J. Kuczkowski and J. Siebert (2017). "Epidemiology
of dizziness in northern Poland—The first Polish neurootologic survey of the general
population.” Ann Agric Environ Med 24(3): 502-506.

® Xie, F., J. Thumboo, K. Y. Fong, N. N. Lo, S. J. Yeo, K. Y. Yang and S. C. Li
(2008). "A study on indirect and intangible costs for patients with knee osteoarthritis in
Singapore.” Value in Health 11: S84-S90.

® Yardley, L., N. Owen, I. Nazareth and L. Luxon (1998). "Prevalence and
presentation of dizziness in a general practice community sample of working age
people.” Br J Gen Pract 48(429): 1131-1135.

® Yetiser, S. and D. Ince (2015). "Demographic analysis of benign paroxysmal
positional vertigo as a common public health problem." Annals of medical and health
sciences research 5(1): 50-53.

20



Publication 1: Economic burden of vertigo. A systematic review

See: Kovacs E, Wang X, Grill E. Economic burden of vertigo: a systematic review[J]. Health
Economics Review, 2019, 9(1): 1-14.

21



Publication 2: Vertigo and dizziness cause considerable more health care

resource use and costs — results from the KORA FF4 study

See: Wang X, Strobl R, Holle R, et al. Vertigo and dizziness cause considerable more health
care resource use and costs: results from the KORA FF4 study[J]. Journal of neurology,

2019, 266(9): 2120-2128.

22



Acknowledgement

First, I want to thank my professor Eva Grill. I am grateful to her for giving me the
opportunity to work and study at LMU and for offering a lot of professional guidance

and support in my research and life. Without her, I can't complete my study here.

I would also like to thank Ralf Strobl as my supervisor. He is very professional in

academically. And working with him always makes me feel encouraged and enjoyable.

Then, I want to give my thank to Eva Kovacs. She taught me a lot of detailed skills

about how to complete a research.

Many thanks to Mandy, Anna, and the whole team, thank you for your great support.

We spent a lot of memorable time.

My dear dear friends. Special thanks for WXZ, ZW, YHK, ZT, LM, YHY, SQY.
Wish you all the best in the future.

Finally, to my beloved family. All my achievements are because of your love and

understanding.

23



