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Abstract

Objectives Vertigo is a common reason for primary care consultations, and its diagnosis and treatment consume consider-
able medical resources. However, limited information on the specific cost of vertigo is currently available. The aim of this
study is to analyse the health care costs of vertigo and examine which individual characteristics would affect these costs.
Study design We used cross-sectional data from the German KORA (“Cooperative Health Research in the Augsburg
Region”) FF4 study in 2013.

Methods Impact of personal characteristics and other factors was modelled using a two-part model. Information on health
care utilisation was collected by self-report.

Results We included 2277 participants with a mean age of 60.8 (SD =12.4), 48.4% male. Moderate or severe vertigo was
reported by 570 (25.0%) participants. People with vertigo spent 818 Euro more than people without vertigo in the last
12 months (2720.9 Euro to 1902.9 Euro, SD=4873.3 and 5944.1, respectively). Consultation costs at primary care physi-
cians accounted for the largest increase in total health care costs with 177.2 Euro (p <0.01). After adjusting for covariates,
the presence of vertigo increased both the probability of having any health care costs (OR=1.6, 95% CI=[1.2;2.4]) and the
amount of costs (exp(f) =1.3, 95% CI=[1.1;1.5]). The analysis of determinants of vertigo showed that private insurance
and a medium level of education decreased the probability of any costs, while higher income increased it.

Conclusions The presence of vertigo and dizziness required considerable health care resources and created significantly
more related costs in different health care sectors for both primary and pertinent secondary care.

Keywords Health data - Population health - Medical care - Vertigo - Cost of illness - Health care cost - Two-part model -
Analysis of health care markets

Introduction

Acute or chronic vertigo and dizziness are common reasons
for primary care consultations [1, 2] but also for the use of
emergency services [3]. Still, management of vertigo and
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dizziness often remains insufficient with repeated primary
and secondary care consultations, irrational prescription pat-
terns [4], and unnecessary diagnostic procedures [5]. Since
burden of disease and burden of disability of vertigo are
considerable [1, 6], prolonged courses of diagnosis and treat-
ment do not only impair quality of life and employability of
the individual, they arguably also have an economic impact
on health systems.
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Attempts have been made to quantify current health care
utilization and its economic impact for diverse vestibular
diagnoses, e.g., for benign paroxysmal positional vertigo [7],
Meniere’s disease [8], or vestibular hypofunction [9]. How-
ever, these studies were designed using data samples from
specialized clinical settings, and results are, therefore, hardly
comparable across populations. In addition, the contribution
of vertigo to the total amount of health care utilization, i.e.,
its incremental monetary burden in the general population,
and the determinants of utilization in persons with vertigo
are currently unknown.

The objective of this study is to quantify health care uti-
lization and its costs in a population reporting vertigo and
dizziness and compare these results to the utilization that
could be expected in a control population without vertigo.
Specifically, we wanted to investigate if vertigo is an inde-
pendent predictor of health care resource utilization and of
costs when other relevant health-related factors are taken
into account, which factors are specifically driving utiliza-
tion among persons with vertigo.

Methods
Study design

This cross-sectional study used data from the German
KORA (“Cooperative Health Research in the Augsburg
Region”) FF4 study.

Setting

The KORA FF4 study is the 14-year follow-up of the KORA
S4 study, a population-based health survey conducted in the
city of Augsburg and two surrounding counties between
1999 and 2001. Of all 4261 participants of the S4 baseline
study, 2279 also participated in the FF4 study. More infor-
mation on the study population can be found in the Online
Appendix.

All investigations were carried out in accordance with
the Declaration of Helsinki. All participants gave written
informed consent. The study was approved by the ethics
committee of the Bavarian Chamber of Physicians, Munich
(FF4: EC No. 06,068).

Measures

Outcome: health care utilization and costs

All information about health care utilization was collected
by self-report in the face-to-face interview. Eight different

cost components of health care utilization were recorded,
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. The informa-
tion of each cost component referred to different time spans
which reflect the ability to remember in- and outpatient visits
[10-14], e.g., the time spans referred to the last 3 months
for medical consultation and outpatient treatment, while, for
components that are easily remembered or rare, it referred to
the last 12 months. The mean direct costs per contact were
based on the unit costs provided by Bock et al. [15]. Here,
each unit cost was calculated from a societal perspective,
and covered the societal opportunity costs, e.g., for main-
tenance and staff. The unit costs can be found in Online
Appendix Table 1. However, since sick leave was the only
measure in this study to reflect indirect costs, it is reasonable
to adopt the health system perspective [16, 17].

The yearly health care costs of each component were esti-
mated as the product of frequency of utilization and the unit
price cost of each. If health care utilization referred to the
period of the last 3 months, its frequency was multiplied by
four to get an estimate for the year.

Sick leave was quantified as an indirect economic burden
by the question: “How many days have you been unable to
work for the last 12 months because of illness?” In this part,
only gainfully employed persons were included. An average
calendar day labor cost of 122.9 Euro was used to calculate
the monetary burden due to sick leave [18, 19]. Since all
costs were reported for the last 12 months, no discount was
applied.

Exposure

The presence or absence of vertigo or dizziness was assessed
using a standardized question from the balance section of
the National Health and Nutrition Examination Survey
(NHANES) questionnaire [20] in the face-to-face inter-
view. If the initial question on life-time vertigo “Have you
ever had vertigo or dizziness?” was affirmed, the following
question “During the last 12 months, have you had vertigo
or dizziness?”” was used to confirm the presence of vertigo
or dizziness.

Covariates—determinants of utilization

Covariates selection for determinants of utilization was
based on the Andersen health care utilization model [21].
This conceptual model divides factors that might affect
health care utilization into three domains: predisposing fac-
tors, enabling factors, and need factors. It has been widely
used and shown its applicability [22]. We included six pre-
disposing factors (namely, age, gender, family status, edu-
cation level, present job status, and physical activity) and
two enabling factors (namely, personal monthly income
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and health insurance type). Comorbidities were included as
need factors. Age was divided into five 10-year age groups
(39-48, 49-58, 59-68, 69-78, 79-88). Education level
was categorized into three levels: standard education as up
to 9 years of schooling, medium education as 10 years of
schooling, and high education as 12 or 13 years of schooling
and entering a university [23]. Family status was defined as:
single and lives alone, single and live with partner, married
and live separately, married and live with partner, divorced,
and widowed. The present job status was categorized as full-
time employed, part-time employed or temporary employed,
and not at work. Leisure time physical activity was assessed
with two separate questions concerning leisure time sport
activity in winter and in summer (cycling included) and was
categorized into inactive (‘no activity’ and ‘low activity’)
and active (‘moderate activity’ and ‘high activity’) [24].
Personal monthly income was measured in Euro. Health
insurance type was measured as either public or private.
We included the following health conditions as comorbidi-
ties for need factors: obesity, high blood pressure, myo-
cardial infarction, cancer, stroke, angina pectoris, anxiety,
and depression. Obesity was defined as a BMI (Body Mass
Index) > 30. Information on myocardial infarction, angina
pectoris, and cancer was self-reported. Anxiety was assessed
by the German version of Generalized Anxiety Disorder
scale (GAD-7) [25] and categorized as minimal (score < 5),
mild (5 <score < 10), and moderate-to-severe (10 <score)
level. As anxiety was only measured in participants aged
73 and younger, we did not include it in the main regression
analysis. Results of regression analyses including anxiety
are shown in Online Appendix Table 5. Depression was
assessed using the German version of “Patient Health Ques-
tionnaire” (PHQ-D) questionnaire [26] and categorized into
no depression, mild depression, and severe depression. High
blood pressure was defined as a pressure of 140/90 mmHg
or higher [26].

Statistical analyses

We reported means and standard deviations for continuous
variables, and absolute and relative frequencies for categori-
cal variables. Student’s 7 test and Chi-squared test were used
to compare the baseline characteristics for continuous vari-
ables and categorical variables.

Since the cost data were skewed, contained considerable
zero values, and few outliers, we applied a hurdle model,
also known as two-part model to examine both, the bivariate
and multivariable relationship between the dependent and
independent variables, following recent recommendations
[27].

In brief, hurdle models separate the analysis into two
parts: the hurdle part and the non-zero part. In the hurdle
part, each participant’s probability to cross the threshold

@ Springer

of non-zero costs was modeled using a logistic regression
model. In the non-zero part, the magnitude of costs among
those who crossed the threshold, i.e., whose costs exceeded
zero, was modeled using a log-normal model. We used a
log-normal model, as it performed best by comparing the
Akaike Information Criterion [28]. We reported the natural
exponential of the coefficients as odds ratios (OR) for the
hurdle part and for the non-zero part, each together with
their respective 95%-confidence intervals (95% CI). The
natural exponential in the log-normal model corresponds
to the magnitude of costs and can be interpreted as changes
in the ratio of the expected geometric means of the untrans-
formed outcome variable. For example, given exp(f;)=1.15,
we can say that an increase of one unit in x; means a 15%
higher outcome.

For all analyses, the predefined level of significance was
set to 0.05. 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 [29].

Results

Of the 2279 participants in the KORA FF4 study, two had to
be excluded due to missing values in the exposure variable.
Thus, data were available for 2277 participants with a mean
age of 60.8 (SD=12.4), 48.4% male. 570 (25.0%) partici-
pants reported to have had moderate or severe dizziness or
vertigo at least once in the last 12 months.

Table 1 shows the characteristics of the participants
stratified by the presence of vertigo. Participants with ver-
tigo were on average 3 years older (63.0-60.0), more likely
to be female (62.1-48.2%), more likely to live without a
partner (31.7-24.6%), and more likely to be not at work
(54.2-41.1%). “Mild-to-severe” depression (9.1-2.7%) and
anxiety (47.5-29.7%) symptoms were more frequent in this
group. Cases with stroke were more prevalent in persons
with vertigo (4.8-2.1%). In addition, compared to those
without vertigo, individuals with vertigo were less active
regarding leisure time physical activity (46.7-41.4%), more
likely to have statutory health insurance (84.4-78.9%) and
they had a lower average monthly income (1274.4 Euro to
1338.5 Euro).

The resulting total direct health care costs are shown in
Table 2. Persons with vertigo spent on average 8§18 Euro
more for health care services than those without vertigo in
the last 12 months (2720.9 Euro to 1902.9 Euro). Consul-
tation costs at physicians accounted for the largest incre-
ment in total health care costs with 177.2 Euro (p value
hurdle < 0.01, p value magnitude < 0.01). This increment
was most prominently seen in the costs for primary care
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Table 1 Descriptive statistics of basic demographic factors (n=2277) from KORA FF4 survey
Individuals with vertigo (n=570) Individuals without vertigo (n=1707) p value
Mean (SD)/frequency (%) Mean (SD)/frequency (%)
Predisposing factors
Age
Mean 63.0 (12.5) 60.00 (12.2) <0.01
39-48 94 (16.5%) 381 (22.3%)
49-58 118 (20.7%) 437 (25.6%)
59-68 154 (27.0%) 416 (24.4%)
69-78 127 (22.3%) 340 (19.9%)
79-88 77 (13.5%) 133 (7.8%)
Gender <0.01
Male 216 (37.9%) 885 (51.8%)
Family status <0.01
Single, live alone 43 (7.5%) 113 (6.6%)
Single, live with partner 18 (3.2%) 45 (2.6%)
Married, live with partner 371 (65.1%) 1243 (72.8%)
Married, live separately 11 (1.9%) 35 (2.1%)
Divorced 52 (9.1%) 142 (8.3%)
Widowed 75 (13.2%) 129 (7.6%)
Education level <0.01
Standard education level 303 (53.4%) 806 (47.3%)
Medium education level 148 (26.1%) 437 (25.6%)
High education level 116 (20.5%) 462 (27.1%)
Present job status <0.01
Full employed 142 (24.9%) 636 (37.3%)
Part time job 91 (16.0%) 259 (15.2%)
Temporary employed 28 (4.9%) 109 (6.4%)
Not at work 309 (54.2%) 701 (41.1%)
Physical activity 0.03
Active 304 (53.3%) 1001 (58.6%)
Need factors
Depression <0.01
No depression 517 (90.9%) 1660 (97.2%)
Mild depression 29 (5.1%) 24 (1.4%)
Severe depression 23 (4.0%) 22 (1.3%)
Anxiety® <0.01
Minimal anxiety 218 (52.5%) 988 (70.3%)
Mild anxiety 151 (36.4%) 359 (25.6%)
Moderate-to-severe anxiety 46 (11.1%) 58 (4.1%)
Diabetes 73 (12.8%) 146 (8.6%) <0.01
High blood pressure® 67 (11.8%) 234 (13.7%) 0.23
Myocardial infarction 20 (3.5%) 59 (3.5%) 1.00
Angina pectoris 73 (12.9%) 111 (6.5%) <0.01
Stroke 27 (4.8%) 36 (2.1%) <0.01
Cancer 71 (12.5%) 185 (10.8%) 0.29
Obesity® 177 (31.1%) 461 (27.0%) 0.06
Enabling factors
Mean monthly income in Euro 1274.4 (613.5) 1338.5 (673.3) 0.05
Insurance type <0.01
Statutory 481 (84.4%) 1346 (78.9%)
Private 87 (15.3%) 358 (21.0%)

SD Standard deviation

#Anxiety was measured for participants younger than 73 years only, i.e., for 415 participants with vertigo and for 1405 participants without ver-

tigo
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Table 1 (continued)

"Blood pressure classification is defined as: normal, < 140/90 mmHg; high, > 140/90 mmHg
“Obesity is defined as: normal, body mass index (BMI) < 30; overweight, BMI > 30

physicians (PCP) (108.8 Euro to 75.5 Euro) and psycho-  Among persons with vertigo, 57.1% reported having been
therapist consultations (88.8 Euro to 21.6 Euro). on sick leave in the last 12 months (without vertigo: 44.5%).

Indirect costs due to sick leave among the 1262 (55.4%) The average duration of sick leave was 7.5 days (SD=17.2),
gainfully employed participants are shown in Table 3.  while persons without vertigo reported 7.2 days (SD =25.0).

Table 2 Descriptive statistics of total direct cost and component cost per person per year (n=2277)

With vertigo (n=570) Without vertigo (n=1707) Difference in € p value hurdle  p value magnitude
Mean (€) (SD) Mean (€) (SD)

Total cost® 2720.9 (4873.3) 1902.9 (5944.1) 818.0 <0.01 <0.01
Doctor consultations 461.8 (753.8) 284.6 (568.8) 177.2 <0.01 <0.01
Primary care 108.8 (179.1) 75.5 (129.7) 334 <0.01 0.01
Specialist internist 48.5(192.4) 39.5 (240.1) 9.0 0.04 0.93
Gynecologist 17.1 (44.9) 11.2 (40.9) 6.0 <0.01 0.23
Ophthalmologist 39.7 (106.8) 23.1 (77.8) 16.5 <0.01 0.05
Orthopedist 42.4 (112.7) 27.4 (89.3) 15.0 <0.01 0.35
ENT 16.6 (59.7) 10.5 (57.0) 6.2 <0.01 0.92
Surgeon 12.1 (71.1) 9.9 (82.2) 2.2 0.25 0.99
Dermatologist 15.2 (45.1) 11.7 (45.1) 3.5 <0.01 0.27
Urologist 8.6 (33.18) 7.0 (31.2) 1.6 0.19 0.82
Neurologist 24.0 (79.9) 11.9 (84.0) 12.1 <0.01 0.49
Radiologists 31.0 (106.7) 24.2 (218.1) 6.8 0.06 0.12
Psychotherapist 88.9 (522.7) 21.6 (214.3) 67.3 <0.01 0.10
Other doctors 8.9 (53.9) 11.3 (181.1) —-24 0.25 0.58
Inpatient hospital 1014.3 (3194.1) 879.0 (4985.4) 135.3 0.01 0.76
Outpatient hospital 37.4 (394.0) 21.7 (183.3) 15.7 0.09 0.69
ICU 181.0 (1103.4) 63.6 (560.0) 1174 <0.01 0.12
Rehabilitation 202.7 (1042.5) 97.7 (511.6) 105.1 0.05 0.06
Alternative practitioners 34.0 (242.0) 18.2 (94.2) 15.8 0.12 0.75
Physiotherapy 134.8 (308.0) 76.7 (217.5) 58.1 <0.01 <0.01
Medication 682.1 (1597.9) 463.4 (1624.0) 218.7 <0.01 <0.01

“Total cost was measured in the cost of eight components: doctor consultations, outpatient hospital days, inpatient hospital days, days in inten-
sive care units (ICU), rehabilitation, alternative practitioners, physiotherapy, and medicine utilization

ENT Ear, nose and throat specialist

Table 3 Descriptive statistics of inability to work among gainfully employed participants from KORA FF4 survey (n=1262)

Individuals with vertigo (n=261) Individuals without vertigo Difference p value hurdle p value

(n=1001) magni-
Frequency (percentage)/mean Frequency (percentage)/mean tude
(SD) (SD)
Persons on sick leave during the 149 (57.1%) 445 (44.5%) 12.6% <0.01 -
last 12 months
Average duration of sick leave 7.5(17.2) 7.2 (25.0) 0.3 <0.01* 0.75%
(days)
Average cost per year in Euro 920.9 (2111.2) 880.3 (3072.2) 40.6

2Same result for both outcomes, because cost is calculated as a linear transformation of days, i.e., each day is multiplied by €122.95
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The projected difference of sick leave costs between two
groups was 40.6 Euro per year (p value hurdle <0.01, p
value magnitude =0.75).

For the multivariable analyses, 149 (6.6%) participants
had to be excluded due to missing covariate values, yielding
a total of 2128 participants for the hurdle model analysis. No
health care costs were observed in 303 participants. After
controlling for predisposing, enabling, and need factors, the
presence of vertigo (OR=1.6,95% CI=[1.2; 2.4]) increased
the odds of having any health care costs. The presence of
vertigo was also a significant and independent predictor of
the magnitude of costs (exp(f)=1.3, 95% CI=[1.1; 1.5])
(see Table 4).

Persons with vertigo also had significantly higher
combined consultation costs for primary care physicians,
internal medicine specialists, otorhinolaryngologists,

Table 4 Determinants of direct health care costs (n=2128)

Variables Health Magnitude of costs
care-related (log-normal model,
costs >0 n=1825)

(hurdle model,

n=2128)

(Logistic

Regression)

OR?* 95% CI  exp(p)* 95% CI

Vertigo (ref=No Vertigo) 1.6 [1.2;2.4] 1.3 [1.1;1.5]

Gender (ref =male) 1.8 [1.3;2.5] 1.0 [0.9;1.2]

Age (ref =39-48)

49-58 1.1 [0.8;1.5] 1.2 [0.9;1.4]
59-68 14 [1.0;2.2] 1.2 [0.9; 1.4]
69-78 20 [1.1;3.8] 1.1 [0.8;1.4]
79-88 22 [0.9;5.7] 1.4 [1.0;2.0]

Insurance (ref=Public) 09 [0.7;1.3] 1.2 [1.0;1.4]

Income in 1000 € 1.0 [0.8;1.3] 1.1 [1.0;1.2]

Education (ref= Standard

level)
Medium 0.8 [0.6;1.1] 1.1 [0.9;1.2]
High 1.0 [0.7;1.4] 1.0 [0.8;1.2]
Marita;lhstatus (ref =Sin-
gle) ™
Married 1.0 [0.6;1.5] 0.8 [0.6;1.0]
Divorced 0.9 [0.5;1.6] 1.2 [0.9;1.7]
Widowed 0.9 [04;1.9] 1.0 [0.7; 1.3]
Physical activity 0.7 [0.6;1.0] 09 [0.9;1.3]
(ref = Active)
Intercept 2.1 [1.1;3.9] 398.7 [285.3;557.1]

Coefficients were adjusted for job status, obesity, high blood pres-
sure, myocardial infarction, cancer, angina pectoris, and depression in
the count part. Stroke was excluded in the hurdle part

"Due to small-cell count, we combined “Married, live with partner”
and “Married, live separately” into the category “Married”, and “Sin-
gle, live with partner” and “Single” into the category “Single”

ophthalmologists and neurologists (OR =1.3, 95%CI
[1.0;1.6]), and also an increased magnitude of these costs
(exp(B)=1.2, 95%CI=[1.1;1.3]) (see Online Appendix
Table 2). The presence of vertigo increased the probability
of any costs in primary care alone (see Online Appendix
Table 3). Anxiety was a significant predictor for increased
health care costs in the age bracket under 73 years of age
(see Online Appendix Table 5).

Determents of health care costs among the 570 par-
ticipants with vertigo (see Online Appendix Table 4). Of
these, 49 (8.6%) had missing values in covariates and were
excluded for analysis. Of the remaining 521 participants, 42
(8%) had no costs during the last 12 months. Private insur-
ance significantly decreased the probability of any costs,
while higher income increased it.

Discussion

This representative study of the general population in Ger-
many found that persons who reported at least one relevant
episode of vertigo or dizziness during the last 12 months
had higher health care costs across almost all cost compo-
nents. This is the first time that costs of vertigo treatment
in the general population have been made transparent. In
our study, vertigo was an independent predictor of health
care resource utilization and related costs after adjusting for
covariates, especially in older persons. In addition, persons
with vertigo had a higher probability for non-zero costs, con-
sequently, even when controlling for other common factors
that might drive heath care costs such as gender, age and
chronic disease.

The economic burden of people with vertigo has been
postulated repeatedly. Several studies found considerable
health care resource use of these people [9, 30, 31]. How-
ever, these studies had a major structural problem by asking
patients to decide which of the procedures and consultations
they experienced in the past were due to vertigo, thus induc-
ing recall bias. In contrast, our study could show the excess
costs that were directly attributable to vertigo in compari-
son with a control group without vertigo and controlling for
covariates.

A further notable result is that our study found excess
costs caused by psychotherapy, emergency services, and
medication. This also accords with our earlier observa-
tions that patients with peripheral vestibular disease were
mostly over diagnosed but yet without appropriate therapy
[4], although diagnosis and therapy of the most frequent
vestibular disorders are mostly manageable by the primary
care physician without the need for medication, imaging, or
emergency services. Likewise, others have also noted the
excess utilization of emergency services by persons present-
ing with vertiginous symptoms in the emergency room [32].
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The higher utilization of primary care services in those
with vertigo or dizziness found in our study is in line
with earlier observations. Using data from the Taiwan
insurance database, Lai found that vertigo cases were pre-
dominantly treated in primary care [31]. Another study
stated an average of 1.6 primary care consultations in
the last 3 months for persons with vertigo [30] which is
even more extreme than our estimate of 1.35 in the last
3 months, i.e., 5.4 GP consultations in the last 12 months.
In the same study [30], the amount of specialist consulta-
tions was half of our result, 1.4 to 2 times per 3 months.
It has to be noticed that the results in Benecke’s study
were based on vertigo patients in a multinational registry
setting from 2007 to 2009, counting only consultations
due to vertigo.

We did find a significant difference in lost working
days due to vertigo; however, the difference was too
small to be relevant. These results do not confirm the
results from a European study that found for Germany
that persons with vestibular disease had lost on average
27 working days during the last 3 months due to vertigo
[30]. However, it can be argued that participants of the
mentioned study were patients of specialized tertiary care
centers and, therefore, highly selected, whereas our study
presented data from a population-based sample more rep-
resentative of the general population. Likewise, Benecke
et al. found in their study from 13 countries that 63.3%
of persons with vertigo had lost working days during the
three months preceding the baseline visit which is in line
with our results.

The previous studies showed that mental disorders,
such as depression or anxiety, were associated with vertigo
[33, 34], and could influence health care utilization [34,
35]. This is also reflected in our study, where anxiety was
shown to be a significant predictor to health care cost in
the younger age groups. However, vertigo remains an inde-
pendent factor for increased health care utilization, even
after controlling for mental disorders including anxiety.

It has to be noted that comparison with the literature
is difficult, because most of these studies aim to assess
cost-effectiveness of specific treatment methods, technolo-
gies, or medicines [5, 7, 36-39]. Other studies discussed
resource utilization of a specific component of the health
care system, such as the emergency unit [32] or diagnostic
procedure costs [40, 41] or nursing cost [42].

In line with the discussion about the role of age for
health care costs [43], we did not find any relevant age
effects when looking at the determinants of costs in the
group of persons with vertigo. This is also plausible,
because older participants in surveys tend to be healthier
than their non-participant contemporaries [44]. In addi-
tion, in line with literature female sex increased, the prob-
ability of utilization [45, 46].
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Limitations

Our study has several limitations. As the KORA FF4 sur-
vey is the second follow-up of a cohort, the mean age of
participants was over 60. However, the prevalence of ver-
tigo of 25% is still in line with the literature [1]; thus, we
can assume that the results of our study can be generalized
to the general population. However, the sample might not
be representative of the general population with regard to
the exclusion of individuals who chose not to participate
because of their health status. Consequently, our study
might have underestimated the true impact of vertigo on
health care costs. These issues of non-participation in aging
research have been studied before [44]. In addition, data of
health care utilization were collected based on self-report
which is prone to recall bias and might lead to an inaccurate
estimation of the true costs. To minimize this bias different
time spans were used for out- and inpatient services [10-14].

The 12-month medical consultation and outpatient care
were estimated based on participants’ last 3-month report.
To collect cost data from limited time periods and extrapo-
late them to 1 year are an efficient method in economic tri-
als when the assumption holds that they are representative
of other periods [14]. Considering that all the participants
were in a good health state at the time, the questionnaire was
filled out [44], our extrapolated cost estimation could have
been inaccurate. However, it can still be assumed that the
cost difference between the vertigo and non-vertigo groups
would not be affected systematically, since the overall bias
is likely to be equal to both groups.

Other important factors of indirect cost including job loss,
reduction of work capacity, patient traveling expenses, or
time spent utilizing health care services [17, 47, 48] were
not measured in the FF4 survey. Thus, in our study, indi-
rect costs were underestimated. This is a more conservative
approach, but arguably underestimates the true burden of
vertigo on society.

Another noteworthy point is that the terms “dizziness
and vertigo” in our study were not referring to a specific
vestibular disease entity. The NHANES questionnaire [20]
used here was already successfully applied in several other
studies as a valid approach to characterize these symptoms
in absence of a clinically more valid diagnosis [49-51].

Conclusion

In summary, the presence of vertigo and dizziness required
considerable health care resources and created significantly
more health care-related costs in different health care sec-
tors, both in primary care and pertinent secondary care.
Research is needed to design interventions that might
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streamline management of vertigo patients in the ambula-
tory sector.
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