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Introduction 

Worldwide, populations are aging. South Koreans aged 65 
years or older will constitute 37% of the population in 2045 
and 47% in 2067.1) Aged patients often complain of dizziness. 

Age-related vestibular impairment attains 50% in those aged 
over 60 years, compromising daily activities and quality of 
life.2,3) Such impairment is more common than vision loss 
(presbyopia) and hearing loss (presbycusis) the levels of which 
are 15% and 26% in those aged over 70 years.4) With age, his-
tological decreases in the levels of vestibular hair cells and 
otoconia are evident;5-7) reduction of vestibulo-ocular reflex 
(VOR) in slow harmonic acceleration (SHA) is observed;8) 
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Background and Objectives   With the growing acknowledgment of age-related vestibular 
impairments, consensus diagnostic criteria for presbyvestibulopathy (PVP) have been recently 
published. The PVP criteria retains its objectivity with video head impulse test (vHIT), rotatory 
chair test (RCT) and caloric test. These objective tests share testing principles, but targeted fre-
quencies vary across the tests. The PVP criteria are applicable for subjects of age over 60. How-
ever, there are different age cut-offs for older male in different areas. The purpose of the pres-
ent study was to explore whether the PVP diagnostic criteria were appropriate for early elderly 
(Eel) patients and to identify the most sensitive test for age-related loss of vestibular function.
Subjects and Method   Eligible patients, aged 60 years or older, complained of dizziness for 
at least 3 weeks, and have undergone at least one of the followings: vHIT, RCT, or caloric test. 
We selected two groups based on age: the Eel group (aged >60 years but <65 years) and the late 
elderly (Lel) group (aged ≥75 years). 
Results   The vestibulo-ocular reflex (VOR) gains differed significantly between the Eel and 
Lel groups for vHIT and caloric gain test. No Eel patient met the PVP criteria but 26.1% of Lel 
patients met the criteria for vHIT, and the proportions of such patients in the two groups dif-
fered significantly.
Conclusion   Eel subjects could be considered to differ from Lel subjects. Given the signifi-
cance of both averages, VOR difference and the proportional difference in terms of meeting 
the PVP criteria and vHIT may be optimal when evaluating age-related changes.
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VOR processing and velocity storage decrease;9) the video head 
impulse test (vHIT) gain falls;10) and otolith dysfunctions be-
come more apparent.11) 

As the growing acknowledgment of age related vestibular 
impairments and due to the recent development/improvement 
of vestibular function tests (VFT), consensus diagnostic cri-
teria for presbyvestibulopathy (PVP) have been published. 
Objective means in this diagnostic criteria are used to detect 
mild, bilateral, peripheral vestibular hypofunction that is not 
falls within a diagnostic criterion for other diseases. PVP is 
objectively measured by the vHIT, or via assessment of SHA 
or the caloric response (Table 1). These objective tests share 
common testing principles of VOR measurement, but targeted 
frequencies of measurements, sensitivity and specificity for 
VOR varies across the test modalities. Thus, for now, it is un-
clear which test method is suitable for accessing the age re-
lated VOR decline. The PVP criteria are (strictly) applicable 
only to those aged over 60 years; this is the United Nations 
cutoff for older adults in 2019.11) However, there are different 
age cut off for old aged male in different areas. For example, 
the Korean government categorized old age male of 65 year 
or older for Elderly Welfare Act. As the life expectancies of 
developed nations get higher, due to the development of med-
ical technology and enriched environmental resources, peo-
ple of age range between 60 to 70 don’t seem to face a lot of 
difficulties in social activities and don’t consider themselves 
as ‘old’ in several nations.

Of patients who visited our tertiary referral hospital with 
chronic dizziness, we compared the ‘early’ elderly (Eel) and 
‘late’ elderly (Lel). We averaged the objective VOR values of 
the three tests to define the percentages within the objective 
PVP criteria; we sought the test that revealed the greatest dif-

ference. The purposes of these comparisons were to explore 
whether the PVP diagnostic criteria were appropriate for Eel 
patients and to identify the test that most sensitively detected 
age-related loss of vestibular function in subjects with chronic 
dizziness. 

Subjects and Methods

Patients and VFTs
A retrospective study was conducted with patients who vis-

ited the ENT outpatient department of Dankook University 
Hospital from January 2011 to December 2021. This study was 
approved by Institutional Review Board of Dankook Univer-
sity Hospital (2022-07-007). Eligible patients were aged 60 
years or older and complained of dizziness that had persisted 
for at least 3 weeks; all underwent at least one of the following 
VFTs: The vHIT, the rotatory chair test (RCT), or the caloric 
test. We selected two groups based on an age: an Eel group 
(aged >60 years but <65 years) and an Lel group (aged ≥75 
years; including thirty subjects from the oldest patient). This 
age criteria was determined based on other clinical research-
es12,13) and statistics data from Korean government which clas-
sified ‘older adults’ into ‘aged ≥65 year but <70 years,’ ‘aged 
≥70 year but <75,’ and ‘aged ≥75 years.’14) Patients diagnosed 
with Meniere’s disease, benign paroxysmal positional verti-
go, vestibular neuritis or otitis media were excluded and also 
patients who were taking any medication such as antidepres-
sants or anti-Alzheimers were excluded. The imaging studies 
with MR or CT was performed to exclude central pathologies.

To evaluate vestibular function, we performed the vHIT, 
RCT, and/or the caloric test. The vHIT employed an ICS Im-
pulse device (GN Otometrics, Taastrup, Denmark). Subjects 

Table 1. Objective diagnostic criteria of presbyvestibulopathy

All of Criteria A through D must be met
A. Chronic vestibular syndrome (at least 3 months duration) with at least two of the following symptoms:

1. Postural imbalance or unsteadiness
2. Gait disturbance
3. Chronic dizziness
4. Recurrent falls

B. Mild, bilateral, peripheral vestibular hypofunction documented by at least one of the following:
1. A VOR gain measured by the vHIT between 0.6 and 0.83 on both sides
2. A VOR gain between 0.1 and 0.3 on sinusoidal stimulation on an RCT (0.1 Hz, Vmax=50-60°/s)

3. �A reduced caloric test response (the sum of bithermal maximum peak, slow phase velocities on the two sides is between  
6 and 25°/s)

C. Age ≥60 years
D. The condition is not better explained by another disease or disorder
vHIT, video head impulse test; RCT, rotatory chair test; VOR, vestibulo-ocular reflex



Korean J Otorhinolaryngol-Head Neck Surg █ 2022;65(12):752-7

754

were seated while wearing goggles and facing a wall 1 m dis-
tant that bore a small LED target. The subject was instructed 
to stare at the target while an examiner, standing behind the 
subject, rotated his/her head in a brief, abrupt, and unpredict-
able manner. To test all semicircular canals, about 20 impulses 
in each direction were manually delivered at small ampli-
tudes (5º-15º) but high peak velocities (150-250º/s). But only 
the VOR gain of both lateral semicircular canals were finally 
used. As for objective PVP classification using VOR gain of 
vHIT, patient was classified into objective PVP when both ear 
gains are within the criteria or one ear gain is within the cri-
teria and the other ear is normal range. As for quantitative 
analysis of VOR gain, average gain of both lateral semicircu-
lar canal was used. The binaural, bithermal caloric test used 
30°C (cool) and 44°C (warm) water. Nystagmus was record-
ed using a System 2000 videonystagmography (VNG) device 
(Micromedical, Chatham, IL, USA). The System 2000 Rota-
tion Chair System (Micromedical) was used to record eye 
movements. The slow-phase velocities of eye movement (on 
the caloric test) were measured on both sides and compared 
between the Eel and Lel groups (Fig. 1). The four respective 
caloric gains were summed and compared (Table 1B). We 
studied the measured VOR gains or the VNG-measured slow-
phase velocity of eye movement (these are termed the ‘VOR 
gain’ and ‘caloric test gain’ below). 

Statistics
The results were expressed as means±standard deviations 

(SDs) and compared using GraphPad Prism software (La 
Jolla, CA, USA) or SPSS software (IBM Corp., Armonk, NY, 
USA). The independent t-test and the chi-squared test were 

employed to compare demographic characteristics. Signifi-
cant differences in the VFT results of the Eel and Lel groups 
were sought using the independent t-test, Mann-Whitney U-
test, Fisher test, and the chi-squared test (as appropriate). A 
p-value<0.05 was considered statistically significant.

Results 

Demographic characteristics 
The 60 included patients were divided into Eel (n=30) and 

Lel (n=30) groups. We compared the sex ratio, age, and hyper-
tension (HTN) and diabetes mellitus (DM) status of the two 
groups; all differed significantly. The Eel group was predom-
inantly male but the Lel group predominantly female; the dif-
ference was significant (chi-squared test p=0.020). The average 
Eel group age was 61.3 years and that of the Lel group 81.5 
years (independent t-test p<0.001). As expected, the Lel group 
reported significantly more histories of HTN (chi-squared 
test p=0.001) and DM (chi-squared test p=0.044) (Table 2). 
We considered that DM might affect the VOR gain based on 
several prior reports.15,16) Thus, we compared the VORs of Lel 
subjects with and without DM, and of Eel and Lel subjects 
without DM (Table 3).

Differences in the VOR gains of the three VFT tests 
between the Eel and Lel groups 

VOR gains were measured based on the objective PVP di-
agnostic criteria (‘Criteria B’) (Table 1). There are several pur-
poses for comparing the VOR gains of the three tests between 
the Eel and Lel groups. Firstly, given the average age differ-
ence of about 20 years, this would reveal decreases in VOR 

Fig. 1. The average VOR gains measured by the three different tests (the vHIT, RCT, and caloric test) and the differences between early 
and late elderly patients. A: The average vHIT gain of early elderly patients was very close to normal (1.0), The average vHIT gain of late 
elderly patients was lower than 0.8. The difference was significant. B: The average RCT gain of the early elderly was somewhat higher 
than that of the late elderly, but statistical significance was not attained. C: The average caloric gain was lower in the late than the early 
elderly, with statistical significance. *p<0.05. VOR, vestibulo-ocular reflex; vHIT, video head impulse test; RCT, rotatory chair test.
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gains. Second, this would also identify the test revealing the 
greatest differences; this test would optimally evaluate PVP. 
Last, the comparison might suggest major differences between 
the groups; the Eel group might require additional diagnostic 
measures. Indeed, the VOR gains differed significantly be-
tween the Eel and Lel groups on the vHIT (Mann-Whitney 

test p<0.001) and caloric gain test (Mann-Whitney test p= 

0.036) (Fig. 1). The average vHIT VOR gain of the Eel group 
was almost 1.0 but that of the Lel group only 0.77; the caloric 
test gains were about 30 (Eel) and 20 (Lel). The average RCT 
VOR gain was lower in the Lel than the Eel group, but statis-
tical significance was not attained (Mann-Whitney test p= 

0.143). Thus, age-related decreases in VOR gain are evident in 
those with chronic dizziness and the vHIT and caloric tests de-
tect these rather sensitively. As mentioned above, as we thought 
it possible that DM could affect the VOR gain, we performed 
a subgroup analysis by non-DM status. The results were sim-
ilar to those described above. Significant decreases in the VOR 
gains of the non-DM Lel group compared to the non-DM Eel 
group were identified by both the vHIT (independent t-test 
p<0.001) and the caloric gain test (Mann-Whitney test p= 

0.019) but not by the RCT (Mann-Whitney test p=0.140) (Ta-
ble 3). We also compared the VOR gains between DM and 
non-DM patients in the Lel group; we found no difference. As 
expected, the VOR gains revealed by the vHIT (Mann-Whit-
ney test p=0.968), RCT (Mann-Whitney test p=0.909), and 
caloric test (Mann-Whitney test p=0.291) did not differ be-
tween DM and non-DM patients in the Lel group (Table 4). 

Proportions of patients meeting the PVP objective 
criteria in the Eel and Lel groups 

The lack of any difference in VOR gain between DM and 
non-DM patients in the Lel group and the fact that aging in-
evitably increases the HTN and DM rates indicated that our 
measurements of the proportions of patients who met the PVP 
objective criteria were reasonable. No Eel patient met the PVP 
criteria but 26.1% Lel patient met the criteria on the vHIT, 
and the proportions of such patients in the two groups differed 
significantly (Fisher test p=0.009). On the other hand, even 
though somewhat fewer patients met the objective PVP cri-
teria on the RCT and caloric test in the Eel compared to the 
Lel group, the differences were not significant (RCT: Fisher 
test p=0.414; Caloric test: Fisher test p=0.391) (Table 5). Of 
the two VFT tests, the results of which differed significantly 
between the Eel and Lel groups, use of the vHIT to evaluate 

Table 5. Vestibular function tests results meeting the objective diagnostic criteria for presbyvestibulopathy

Eel group Lel group p-value

At least one of the following: 20.0% (6/30) 53.3% (16/30) 0.007*
vHIT (0.6-0.8 bilaterally) 0% (0/24) 26.1% (6/23) 0.009†

RCT (0.1-0.3) 41.7% (5/12) 66.7% (8/12) 0.414†

Caloric test (6-25°/s on either side) 16.7% (2/12) 35.7% (5/14) 0.391†

*chi-square test; †Fisher’s test. Eel, early elderly; Lel, late elderly; vHIT, video head impulse test; RCT, rotatory chair test

Table 2. Demographic characteristics of the patients 

Eel patients (n=30) Lel patients (n=30) p-value

Male:female 18:12 9:21 0.020†

Age (year) 61.3±1.24 81.5±4.13 ＜0.001*
HTN 33.3 69.7 0.001†

DM 3.3 20.0 0.044†

Values are presented as number, mean±standard deviation, or 
percentage. *independent t-test; †chi-square test. Eel, early el-
derly; Lel, late elderly; HTN, hypertension; DM, diabetes mellitus

Table 3. The average VOR gains measured in three different 
ways (using the vHIT, the RCT, and the caloric test) and the dif-
ferences between Eel and Lel non-DM patients

Non-DM Eel 
patients (n=29)

Non-DM Lel 
patients (n=24)

p-value

vHIT gain 1.00±0.14 
(n=23)

0.77±0.20 
(n=19)

＜0.001*

RCT gain 0.31±0.11 
(n=12)

0.26±0.09 
(n=10)

0.140† 

Caloric test gain 31.38±9.64 
(n=12)

22.64±4.14 
(n=11)

0.019† 

Values are presented as mean± standard deviation. *inde-
pendent t-test; †Mann–Whitney test. VOR, vestibulo-ocular re-
flex; vHIT, video head impulse test; RCT, rotatory chair test; DM, 
diabetes mellitus; Eel, early elderly; Lel, late elderly

Table 4. The average VOR gains measured using three different 
tests (the vHIT, RCT, and caloric test) and the differences be-
tween DM and non-DM patients in the Lel group

DM Lel 
patients (n=6)

Non-DM Lel 
patients (n=24)

p-value

vHIT gain 0.75±0.30
(n=4)

0.77±0.20
(n=19)

0.968*

RCT gain 0.27±0.01
(n=2)

0.25±0.09
(n=10)

0.909*

Caloric test gain 29.67±14.51
(n=3)

22.64±13.74
(n=11)

0.291*

Values are presented as mean± standard deviation. *Mann–
Whitney test. VOR, vestibulo-ocular reflex; vHIT, video head im-
pulse test; RCT, rotatory chair test; DM, diabetes mellitus; Lel, 
late elderly
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the objective PVP criteria seemed to discriminate, optimally, 
the Eel and Lel groups. The vHIT may thus be the test of choice 
when evaluating age-related changes in VOR gain. Finally, 
as only one of the three tests must meet the PVP, we assessed 
how many subjects met the PVP ‘Criteria B’ in each group. 
The Eel proportion was 20% and the Lel proportion over 50% 
(53.3%); the difference was significant (chi-squared test p= 

0.007) (Table 5). 

Discussion 

Subjects with chronic dizziness evidenced reduced VOR 
gains on the vHIT and caloric test by age; we compared the 
average gains of the Eel and Lel groups. In terms of the objec-
tive PVP diagnostic criteria, a much higher proportion of the 
Lel group met the criteria. This may suggest that Eel subjects 
should be considered to differ from Lel subjects, and should 
perhaps be diagnosed using modified criteria. Given the sig-
nificance of both the average VOR difference and the propor-
tional difference in terms of meeting the PVP criteria, the 
vHIT may be optimal when evaluating age-related changes.

To meet the PVP diagnostic criteria, Criteria A through D 
must be met (Table 1). As mentioned above, Criteria B objec-
tively diagnose mild vestibular hypofunction and Criterion C 
considers age. Criterion D rules out other vestibular diseases. 
We have not discussed Criteria A. To fulfill the Criteria A, 
at least two chronic symptoms among postural imbalance/
unsteadiness, gait disturbance, chronic dizziness, and recur-
rent falls must be present. As we included only subjects with 
chronic dizziness only one out of four symptom is identified 
and one more symptom must be confirmed to meet Criteria 
A. Thus, for now, even if patients fulfill Criteria B-D, they 
cannot be diagnosed with PVP. Furthermore, as recurrent 
falls and gait disturbances are rare in Eel populations, the 
PVP diagnostic rate will be low especially in Eel group. 

The vHIT is a recent introduction in balance clinics. It has 
been readily accepted; many scholars have reported that that 
the data are valuable and that the vHIT should be included in 
the test battery for vestibular examination. This is very good 
news; the test does not (excessively) distress subjects when 
carefully performed.17) The vHIT revealed the greatest dif-
ference between the Eel and Lel groups. Therefore, if using 
only one test, the vHIT is perhaps optimal. However, as the 
vHIT was performed more commonly than the RCT and the 
caloric test in present study (Table 5), a further study with 
more subjects or study with all subjects performing all three 

tests would be helpful.
There are several limitations of the present study. First, we 

analyzed the same subjects at different time points, and there 
were only 30 subjects in each group; the study design was not 
optimal. Second, as did an earlier work on the diagnostic cri-
teria for PVP, we focused on diagnosis, not therapy. It is not 
clear that PVP can be managed either pharmacologically or 
via vestibular rehabilitation. We did not seek differences in 
therapeutic efficacies between the two groups; it is possible 
that the groups have different diseases. Lastly, even though 
several studies have observed the correlation between DM 
and vestibular dysfunction,18,19) we found that the effect of DM 
on VOR gain was not statistically significant in the subgroup 
analysis. On the otherhand, subgroup analysis of hypertension 
and dizziness20) was not possible because that most of Lel pa-
tients had history of hypertension and taking medication for 
it. Thus, these points have to be considered before the inter-
pretation of the data of the present study.   

Despite the limitations, the two facts that the Eel and Lel 
groups differed markedly in terms of the VOR gains, and the 
vHIT may optimally reveal age-related mild vestibulopathy 
should not be underestimated and must be considered in plan-
ning future studies.
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