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VERSION 1 - REVIEW 

REVIEWER Eva Grill 
Ludwig-Maximilians-Universität München, Germany 

REVIEW RETURNED 31-May-2015 

 

GENERAL COMMENTS Thank you for giving me the opportunity to review this manuscript. 
The data and its analysis is generally good, the interpretation 
reasonable and relevant. Sound epidemiological data on the 
prevalence of vestibular disease in the general population is still 
scarce, so these results from a representative sample of the South 
Korean population add important insights.  
Methods of data collection and analysis are mainly derived from the 
US NHANES survey and appear sound and justified. My only point 
of concern here is the statistical analysis, namely the choice of 
covariates for multivariable analysis. The rationale is clear to include 
variables that are known to be risk factors for falls and dizziness, i.e. 
basic demographic characteristics and diseases that could cause 
balance problems. However, I see a methodological problem in 
including measures of quality of life (QOL) as covariates, because 
quality of life is known to be affected by dizziness. Here QOL could 
act as a collider and introduce severe bias. A collider is a variable 
that is an outcome or a consequence of two or more variables 
whose association should be tested. E.g. if decreased QOL is an 
outcome of dizziness, and if decreased QOL is also an outcome of 
diabetes, the association of diabetes and dizziness could be biased 
in a model that adjusts for QOL. You might want to consult the work 
by Greenland et al (Epidemiology 10 (1): 37–48) for the theory 
behind this. Also, conceptually, it does not seem clear to me why a 
potential outcome of dizziness and vestibular disease should be 
included as a covariate.  
I have one further concern regarding the interpretation of the 
prevalence findings. To me, given the current knowledge, it seems 
not appropriate to hypothesize any ethnic differences between Asian 
and Caucasian populations. It has been noted before that 
comparisons among studies are difficult because of varying time 
frames and methods. Table 4 is insofar interesting but not complete. 
E.g. the study by Agraval et al from the NHANES in the US 
population of 40+ reports a 5 year prevalence of 35.4%. The study 
by Yardley et al is not representative for the general population since 
it reports on patients randomly sampled from the patient lists of 
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London GP practices. Several other studies including the Swedish 
study by Mendel et al reporting a one year prevalence of 21% are 
missing in this comparison.  
Minor comments: The US NHANES used foam pads of 3’’ thickness 
which approximates 8cm. Please verify if the KNHANES used 18cm 
pads. The term “elderly” does not seem appropriate for a population 
of 40+. 

 

REVIEWER Murat Saglam 
Assistant Professor, Department of Biomedical Engineering, Gediz 
University, Izmir, Turkey. 

REVIEW RETURNED 23-Jul-2015 

 

GENERAL COMMENTS The present paper examines the prevalence of dizziness and 
vestibular dysfunction in Korean population and determines the 
associated factors. The paper is adequately written, and would 
definitely be an important contribution to the literature. I only have 
minor points to improve the manuscript. These points are:  
 
In general some literature review on similar studies conducted in 
other countries is given in the discussion. Some part of it should be 
in the introduction, which is too shallow at the moment.  
 
Pg 5, Line 46: The authors should explain the rationale to be able 
state that “Failure on the modified Romberg test from vestibular 
origin … and did not pass test condition 4, and was regarded as 
having vestibular dysfunction ”  
 
Statistics: Logistic regression test shows that with age dizziness and 
vestibular dysfunction increases, however a post-hoc approach 
would be useful after which age-segment the prevalence is 
significantly different than 40-49 segment, it seems the answer is not 
50-59. A quantitative statement on this matter would contribute to 
the present results.  
 
How strong is the correlation between dizziness and vestibular 
dysfunction? From Table 1, they seem to be parallel. It would be 
beneficial for the reader to have such information.  
 
Pg 6, Line 44: It would be better to include a sentence to help the 
reader while reading OR values, e.g. what does OR>1 and OR<1 
stand for.  
 
Discussion:  
I think the following statement is too subjective. “Although this 
method may ensure an exact diagnosis, it requires specially trained 
examiners and takes a long time to complete, so is not suitable for a 
large-scale study.” The authors should elaborate further to explain 
why it is not suitable.  
 
Pg 10, Line 15: it would be better to provide a more detailed 
comparison on the age discussion. Is the age where changes are 
significant in the present paper in accordance with the ages reported 
in references 19-21?  
 
Pg 10, Line 31: for non-vestibular origin of dizziness a correlation-
based approach is necessary. At the moment means are compared 
and this could be misleading depending on how variable the data is. 
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So, either such an analysis should be done or this claim should be 
tuned down to suggest further investigation.  
 
Pg 10, Line 17-21: The assumption that severity of over-nutrition 
should be supported by a scientific argument. If similar data were 
available from surveys from countries excluding Asian countries and 
USA, it would be helpful to discuss them as well and improve the 
rationale of this conclusion. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  
Reviewer Name Eva Grill  
Institution and Country Ludwig-Maximilians-UniversitätMünchen, Germany  
Please state any competing interests or state ‘None declared’: None declared  
Please leave your comments for the authors below Thank you for giving me the opportunity to review 
this manuscript.  
 
The data and its analysis is generally good, the interpretation reasonable and relevant. Sound 
epidemiological data on the prevalence of vestibular disease in the general population is still scarce, 
so these results from a representative sample of the South Korean population add important insights.  
Methods of data collection and analysis are mainly derived from the US NHANES survey and appear 
sound and justified.  
 

 Thank you.  
 
My only point of concern here is the statistical analysis, namely the choice of covariates for 
multivariable analysis. The rationale is clear to include variables that are known to be risk factors for 
falls and dizziness, i.e. basic demographic characteristics and diseases that could cause balance 
problems. However, I see a methodological problem in including measures of quality of life (QOL) as 
covariates, because quality of life is known to be affected by dizziness. Here QOL could act as a 
collider and introduce severe bias. A collider is a variable that is an outcome or a consequence of two 
or more variables whose association should be tested. E.g. if decreased QOL is an outcome of 
dizziness, and if decreased QOL is also an outcome of diabetes, the association of diabetes and 
dizziness could be biased in a model that adjusts for QOL. You might want to consult the work by 
Greenland et al (Epidemiology 10 (1): 37–48) for the theory behind this. Also, conceptually, it does 
not seem clear to me why a potential outcome of dizziness and vestibular disease should be included 
as a covariate.  
 

 This suggestion is quite reasonable. Thank you for the important points that we might have 
overlooked. QOL was removed from the co-variables in the multivariable analysis. Since the results 
were changed a little bit (Body weight turn out to be not significant), the ‘result’ sections were 
changed accordingly as follows (changes are highlighted). For the same reason, parts in discussion 
section regarding lower body weight associated with dizziness were removed.  
 
 
"Analysis of associated factors  
In the univariable analysis, dizziness was associated with several factors (table 1). Among the 
variables significantly associated with dizziness, age, gender, body weight, level of education, 
objective hearing loss (unilateral or bilateral), alcohol consumption, angina pectoris, emotional stress, 
hypertension, retinopathy and macular degeneration were selected for the multivariable analysis. We 
did not include variables with multicollinearity problems such as waist circumference, volume of 
alcohol consumption, depressive mood, limitation of activity due to depressive mood or anxiety, and a 
diagnosis of depression in the logistic regression model. Quality of life (QOL) was not included in 
multivariable analysis as well since QOL is known to be affected by dizziness. In the multivariable 
analysis, age (P=0.02, OR 1.85; 95% CI: 1.07-3.18 for 60-69, P=0.005, OR 2.1; 95% CI: 1.20-3.68 for 
≥70), gender (P<0.001, OR 1.82; 95% CI:1.38-2.41), objective hearing loss (unilateral or bilateral) 
(P=0.03, OR 1.43; 95% CI:1.03-1.98), and emotional stress (P<0.001, OR 1.99; 95% CI:1.53-2.59) 
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remained as independent factors associated with dizziness (table 1).  
For vestibular dysfunction, several factors were associated on univariable analysis (table 2). Among 
the variables significantly associated with vestibular dysfunction, age, gender, body weight, annual 
household income, level of education, history of dizziness, objective hearing loss (unilateral or 
bilateral), hypertension, diabetes mellitus, retinopathy, and macular degeneration were selected for 
the multivariable analysis. We did not include variables with multicollinearity problems such as body 
mass index (BMI), fall history, positional dizziness, subjective hearing loss, unilateral hearing loss and 
bilateral hearing loss in the logistic regression model. The multivariable analysis demonstrated that 
age (P=0.0004, OR 1.09; 95% CI:1.09-1.15), history of dizziness (P=0.02, OR 8.29; 95% CI: 1.31-
52.33 for 60-69, P=0.01, OR 15.32; 95% CI: 1.53-153.59 for ≥70), and objective hearing loss 
(unilateral or bilateral) (P=0.02, OR 2.30; 95% CI: 1.16-4.56) were associated with vestibular 
dysfunction (table 2)."  
 
I have one further concern regarding the interpretation of the prevalence findings. To me, given the 
current knowledge, it seems not appropriate to hypothesize any ethnic differences between Asian and 
Caucasian populations. It has been noted before that comparisons among studies are difficult 
because of varying time frames and methods.  
 
 
 

 We agreed and have revised "discussion" section as follows. The commentaries about ethnic 
differences was removed and revised.  
 
"The prevalence of dizziness from the Japanese questionnaire-based survey (6.1%) was markedly 
lower than those from the other studies. It is interesting to contrast the prevalences from Europe and 
the USA which are usually 20–30%, with those from Asian countries including the South Korea (this 
study, 16.70%) and Japan. Although the age distribution and prevalence period of each study 
differed, there seems to exist an ethnic difference in the prevalence of dizziness."  
 
→ “As the method of evaluating dizziness, age distribution and survey period of each study differ, 
substantial differences in prevalence of dizziness may exist and subsequently, direct comparisons 
among the studies are difficult. However, except for the result from the Japanese questionnaire-based 
survey (6.1%), the prevalences of dizziness from the previous studies ranged from 15 to 30 %.”  
 
Table 4 is insofar interesting but not complete. E.g. the study by Agraval et al from the NHANES in 
the US population of 40+ reports a 5 year prevalence of 35.4%. The study by Yardley et al is not 
representative for the general population since it reports on patients randomly sampled from the 
patient lists of London GP practices. Several other studies including the Swedish study by Mendel et 
al reporting a one year prevalence of 21% are missing in this comparison.  
 

 As recommended, we have added the results of the study by Mendel et al into Table 4 (revised 
Table 3).  
 
Minor comments: The US NHANES used foam pads of 3’’ thickness which approximates 8cm. Please 
verify if the KNHANES used 18cm pads.  
 

 Thank you for your comment. We have revised "discussion" section as follows (highlighted).  
 
In the present study, participants were asked to stand with their feet 10 cm apart as in the test 
protocol of CDP on a 18 cm-thick medium density polyurethane foam pad. In the NHANES, 
participants were asked to stand with their feet together on a 12 cm-thick foam pad (the exact 
characteristics of foam pad not specified), and probably, it is more difficult task for participants than 
ours.  
 
→ “In US NHANES, subjects were asked to stand with their feet together with both heels and great 
toes touching. However, in the present study, participants were asked to stand with their feet 10 cm 
apart as in the test protocol of Computerized Dynamic Posturography (CDP) in the vestibular 
laboratory. The results of 4 test conditions of balance test using foam pad were correlated well with 
those of CDP.17 Standing with feet apart also increased the test compliance of the subjects and 
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reflected more realistic balance function of daily living. Another difference was the thickness of the 
foam pad. The purpose of using foam pad during the Romberg test is to mask somatosensory input 
during the test. Since a 3 inch-thick medium density foam pad was used in US NHANES, a 
commercially available medium density (22 kg/m3) 6 cm-thick foam pad was checked for its feasibility 
before launching of this survey. However, all the subjects could easily feel the surface and 
proprioception was not masked enough. Therefore, we investigated the sensitivity, specificity, and 
ORs of the modified Romberg test depending on the thickness of foam pad in conditions,17 and 
finally, we adopted an 18-cm-thick, medium-density foam pad for field test to evaluate vestibular 
function. These disparities in sensitivity of test seem to be the main cause of difference between the 
two surveys.”  
 
The term “elderly” does not seem appropriate for a population of 40+.  
 

 It was deleted or corrected as “aged” appropriately.  
 
 
Reviewer: 2  
Reviewer Name Murat Saglam  
Institution and Country Assistant Professor, Department of Biomedical Engineering, Gediz University, 
Izmir, Turkey.  
Please state any competing interests or state ‘None declared’: None  
 
Please leave your comments for the authors below  
The present paper examines the prevalence of dizziness and vestibular dysfunction in Korean 
population and determines the associated factors.  
The paper is adequately written, and would definitely be an important contribution to the literature. I 
only have minor points to improve the manuscript. These points are:  
 
In general, some literature review on similar studies conducted in other countries is given in the 
discussion. Some part of it should be in the introduction, which is too shallow at the moment.  
 

 The following sentence was added into "introduction" as suggested.  
 
“The epidemiological survey of dizziness and vestibular dysfunction in the general population was 
rarely carried out. The prevalence of dizziness for one year has been reported ranging from 6.1% to 
27.0%.9 10 The prevalence of vestibular dysfunction was also reported with wide variability; 3.1% to 
4.9% for one year prevalence,5 8 and 35.4% in a cross-sectional study from USA.6 These wide 
variability in the population based studies may be attributed to the different survey period, target 
population and variable protocols.”  
 
Pg 5, Line 46: The authors should explain the rationale to be able state that “Failure on the modified 
Romberg test from vestibular origin … and did not pass test condition 4, and was regarded as having 
vestibular dysfunction ”  
 

 Thanks for your recommendation. The following sentence was added in the method section to 
explain the rationale.  
“Romberg test on a foam pad with their eyes closed (condition 4) can provide information on the 
vestibular system’s contribution to postural stability because motion related to visual input is 
eliminated and somatosensory inputs are masked in this condition.”  
 
 
Statistics: Logistic regression test shows that with age dizziness and vestibular dysfunction increases, 
however a post-hoc approach would be useful after which age-segment the prevalence is significantly 
different than 40-49 segment, it seems the answer is not 50-59. A quantitative statement on this 
matter would contribute to the present results.  
 

 We have performed univariable analysis and multivariable analysis using age-segment as 
suggested and the manuscript was revised accordingly in the “methods”, “results” and “discussion”. 
And Table 1 was removed and the results in table 1 were incorporated into table 2 and 3.  
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(Method)  
“In univariable analysis, the Rao-Scott Chi-square test (using PROC SURVEYFREQ in SAS) and 
logistic regression analysis (using PROC SURVEYLOGISTIC in SAS) were used to test the 
association between dizziness/vestibular dysfunction and associated factors in a complex sampling 
design. In the multivariable analysis, adjusted odds ratios (ORs) with 95% CIs were estimated using 
logistic regression analysis (using PROC SURVEYLOGISTIC in SAS).”  
 
->“In the univariable and multivariable analysis, logistic regression analysis (using PROC 
SURVEYLOGISTIC in SAS) were used to test the association between dizziness/vestibular 
dysfunction and associated factors in a complex sampling design. P values and 95% CIs for odds 
ratio (OR) were corrected by Bonferroni's method due to multiple testing.”  
 
(Result)  
“In the multivariable analysis, age (P=0.02, OR 1.85; 95% CI: 1.07-3.18 for 60-69, P=0.005, OR 2.1; 
95% CI: 1.20-3.68 for ≥70), gender (P<0.001, OR 1.82; 95% CI:1.38-2.41), objective hearing loss 
(unilateral or bilateral) (P=0.03, OR 1.43; 95% CI:1.03-1.98), and emotional stress (P<0.001, OR 
1.99; 95% CI:1.53-2.59) remained as independent factors associated with dizziness (table 1).”  
 
“The multivariable analysis demonstrated that age (P=0.0004, OR 1.09; 95% CI:1.09-1.15), history of 
dizziness (P=0.02, OR 8.29; 95% CI: 1.31-52.33 for 60-69, P=0.01, OR 15.32; 95% CI: 1.53-153.59 
for ≥70), and objective hearing loss (unilateral or bilateral) (P=0.02, OR 2.30; 95% CI: 1.16-4.56) were 
associated with vestibular dysfunction (table 2).”  
 
(Discussion) “Our study also showed that the prevalence of dizziness and vestibular dysfunction 
increase with age.”  
->“Our study also showed that the prevalence of dizziness and vestibular dysfunction of "60-69" and 
"more than 70" age segment are significantly higher than those of “40-49” age segment.”  
 
 
How strong is the correlation between dizziness and vestibular dysfunction? From Table 1, they seem 
to be parallel. It would be beneficial for the reader to have such information.  
 

 Thank you. Table 1 was removed and the results in table 1 were incorporated into table 2 and 3. 
And the following sentence was added into “discussion” as suggested.  
“Lastly, the association between dizziness and vestibular dysfunction was analyzed (table 2), and a 
history of dizziness remained as an independent factor for vestibular dysfunction in the multivariable 
analysis (p=0.0053, OR 2.56; 95% CI: 1.32-4.95). These results confirm that vestibular dysfunction 
diagnosed by the modified Romberg test reflects participants’ vestibular vertigo properly.”  
 
 
Pg 6, Line 44: It would be better to include a sentence to help the reader while reading OR values, 
e.g. what does OR>1 and OR<1 stand for.  
 

 The following sentence was added into “methods” as suggested.  
“If the OR is equal to 1, there is no association between given variables of interest and 
dizziness/vestibular dysfunction. If the OR is higher than 1 (or lower than 1), the associated factor is 
positively (or negatively) related to dizziness/vestibular dysfunction.”  
 
Discussion:  
I think the following statement is too subjective. “Although this method may ensure an exact 
diagnosis, it requires specially trained examiners and takes a long time to complete, so is not suitable 
for a large-scale study.” The authors should elaborate further to explain why it is not suitable.  
 

 The sentence was rephrased as follows  
“Although this method may reach an appropriate category of dizziness by using structured history 
taking, it could not collect the subjects’ objective health information related to dizziness such as blood 
pressure, complete blood count, and balance function.”  
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Pg 10, Line 15: it would be better to provide a more detailed comparison on the age discussion. Is the 
age where changes are significant in the present paper in accordance with the ages reported in 
references 19-21?  
 

 We have revised "discussion" as suggested.  
 
“Previous studies have noted an association between age and dizziness.6”  
 
→ “Several studies have noted an association between age and dizziness.6-8 12 14 US NHANES 
reported that age was significantly associated with vestibular dysfunction.6 GNT-HIS also reported 
that moderate-to-severe dizziness or vertigo increased with age and the prevalence reached 37% in 
the age group 60 years and older.14 Hannaford et al. showed that balance problem increased with 
age.7”  
 
 
Pg 10, Line 31: for non-vestibular origin of dizziness a correlation-based approach is necessary. At 
the moment means are compared and this could be misleading depending on how variable the data 
is. So, either such an analysis should be done or this claim should be tuned down to suggest further 
investigation.  
 

 We admit that it would be better to remove that part in the discussion. The following sentences were 
deleted.  
 
“It is expected that stress and poor QOL were associated as a result of dizziness rather than a 
causative factor. As shown in this study, a significant effect of dizziness on psychological well-being 
and QOL can be one of the greatest contributors to disability in the elderly.9”  
 
Pg 10, Line 17-21: The assumption that severity of over-nutrition should be supported by a scientific 
argument. If similar data were available from surveys from countries excluding Asian countries and 
USA, it would be helpful to discuss them as well and improve the rationale of this conclusion.  
 

 We admit that this assumption should be supported by more evidences. Actually, another reviewer 
recommended to remove QOL in a multivariable analysis, because QOL is a potential outcome of 
dizziness/vestibular dysfunction. As a result, parameters representing nutritional status (Body weight, 
BMI) became not significantly associated with dizziness and vestibular dysfunction in the multivariable 
analysis after removal of EQ-5D index (QOL). Consequently, the paragraphs related to nutritional 
status was removed.  

 

VERSION 2 – REVIEW 

REVIEWER Murat Sağlam 
Gediz University, Department of Biomedical Engineering, Turkey 

REVIEW RETURNED 07-Sep-2015 

 

GENERAL COMMENTS The reviewer completed the checklist but made no further 
comments. 
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