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Abstract

Background The elderly often complain of faintness,
lightheadedness, dizziness, and unsteadiness, which may be
associated with the orthostatic hypotension (OH), but most
of them are subclinical. The pathogenic mechanism of sub-
jective symptoms in the elderly with OH is controversial.
Aims The aim of this study was to assess the involvement
of the irregularity of the vertical perception in the dizzy
elderly with OH.

Methods This study consisted of 403 patients seeking treat-
ment for dizziness in our hospital. The neurotological exami-
nations include the subjective visual vertical (SVV) test and the
bithermal caloric test. The self-perceived handicapping effects
imposed by dizziness were assessed by the dizziness handicap
inventory (DHI). The variability (standard deviation) and the
average deviation of eight trials (four trials in each direction)
were calculated. In addition, they underwent the orthostatic
Schellong test for the diagnosis of the OH. They were separated
into three groups, including patients aged >65 years, patients
aged 5064 years, and patients aged <50 years.

Results The variability of the SVV in the patients aged
>65 years with OH was significantly larger than that in the
patients aged >65 years without OH. There was no sig-
nificant difference in the average deviation of the SVV, the
canal paresis % by the bithermal caloric test, and the DHI
score among groups.
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Conclusions The result suggests that the elderly patients
with OH have subclinical impairment in the perception of
the verticality independent of the peripheral vestibular
function.
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Introduction

The elderly often complain of symptoms associated with
orthostatic hypotension (OH) which has been explained by
a decline of venous return associated with muscle weak-
ness, the decrease in fluid volume, the increase of venous
compliance, dysfunction of the baroreflex, and the degra-
dation of cardiac performance [1]. Symptoms of dizziness,
faintness, or lightheadedness on standing occur in 5.8 % of
the elderly >70 years old, and thus, orthostatic dizziness is
not uncommon [2]. The compensatory mechanisms that
regulate blood pressure upon standing are dysfunctional in
subjects with OH, and the condition may lead to inadequate
cerebral perfusion with accompanying symptoms of
dizziness, falls, and fractures. However, the pathogenic
mechanism of dizziness and unsteadiness in the elderly
with OH has not been understood.

Clinical studies emphasize that the subjective visual
vertical (SVV) is a sensitive tool for detecting an imbal-
ance in otolith function [3]. Normal subjects can adjust an
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illuminated rod in an otherwise totally dark room to
approximate real vertical. The ability depends primarily on
proprioceptive and vestibular cues, the latter usually
equated with the tonic afferent input from otolith organs
and central graviceptive pathways [4], and a large intra-
individual variability of the SVV indicates abnormal sub-
jective perception of verticality independent of the
peripheral vestibular function [5].

Various studies have also shown that assessing SVV
along with other clinical indicators can allow accurate
localization of lesions in the central nervous system
involved in the vestibular system (e.g., pontomedullary
lesions, pontomesencephalic lesions, thalamic lesions, and
parietoinsular vestibular cortex) [6, 7]. The certainty in the
perception of the verticality decreases with age, and
especially, very old subjects show high uncertainty in
determining with their body against the internal vertical
[8].

Hypothetically, the elderly with the OH, even if it is
asymptomatic, may show the uncertainty in the perception
of the verticality, resulting in inducing dizziness or
increasing the risk of falls. However, few studies have
examined the relationship between the perception of the
verticality and the presence of OH in the elderly. The aim
of this study was to assess the involvement of the irregu-
larity of the vertical perception in the dizzy elderly with
OH.

Materials and methods
Subjects and ethical considerations

This study consisted of 403 patients seeking treatment for
dizziness in our hospital. We separated the participants into
three groups and analyzed the data of 115 patients aged
>65 years (male: 64, female: 51, range of age:
65-80 years), 129 patients aged 50-64 years (male: 57,
female: 72), and 159 patients aged <50 years (male: 64,
female: 95). They routinely underwent the SVV test,
bithermal caloric test, and orthostatic Schellong test on the
same day within 1 week from the first visit to our hospital.
The local Ethics Committee of Gifu University Graduate
School of Medicine approved this study. After a complete
description of the study, written informed consent was
obtained from all patients.

Subjective visual vertical testing
Each subject was seated in an upright position with their
head held in place by a chin rest. A 15-cm-long rod of

charged fluorescent tape 5-mm wide was placed in front of
the subjects at a distance of 1 m. The rod was positioned at
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eye level in complete darkness (i.e., no frame, no disc) and
its starting position was tilted to either the left or the right
(approximately 40°). Without time constraints, the subjects
were required to adjust the rod to gravitational vertical by
rotating the handle of a potentiometer [9]. Eight trials (four
trials in each direction) were performed for each subject.
The subjects’ performance of SVV adjustment was
expressed as a deviation from gravitational vertical (0°)
measured in degrees of deviation. Deviations to the left
(counter clockwise) were counted as negative, and devia-
tions to the right (clockwise) were counted as positive. The
mean as an average deviation and the standard deviation as
variability using the absolute value of the deviations to
both sides of eight trials were calculated. The greater
deviation of SVV indicates an imbalance in otolith func-
tion, and the larger variability of SVV may be associated
with an abnormal subjective perception of verticality
independent of the peripheral vestibular function [5].

Bithermal caloric testing

The bithermal caloric test is a useful clinical test to assess
the semicircular canal function. Surface electrodes were
placed beside the lateral angle of both eyes and frontal
region of the head to detect eye movements as
electronystagmography (ENG). The signal was amplified,
monitored, and recorded continuously at a rate of 120 Hz
using an analog-to-digital converter with programming
software (CHARTR VNG/ENG, LCS Medical, Schaum-
burg, IL, USA). The ENG data were passed a low-pass
filter with a high cut-off frequency of 30 Hz. The ampli-
tude was calibrated with the angle of the eye movement in
advance. Subjects were shielded light using goggle and
positioned in supine with head inclined 30 deg up from
horizontal. The external auditory canals were alternately
irrigated with warm air (50 °C) for 60 s, and then, after a
recovery period, cool air (24 °C) for 60 s using the air
caloric stimulator (CHARTR NCA 200, LCS Medical,
Schaumburg, IL, USA). The maximal slow phase eye
velocity (MSPV) of nystagmus was calculated following
each irrigation. Jongkees’s formula was used to determine
the semicircular canal paresis (CP) using the MSPV (with a
25 % difference in the CP being considered significant)
[10]. The bilateral hypofunction (MSPV of nystagmus for
cold and warm caloric stimulus: <10°/s) was defined as
100 % in CP.

The orthostatic Schellong test

The orthostatic Schellong test was performed in the mid-
morning and the blood pressure (BP) and heart rate (HR)
were automatically assessed with Automated Blood Pres-
sure Monitor (Colin Corporation) with subjects in the
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supine position for 10 min. After that, the patients were
asked to get up from the bed and stand up naturally without
support or any standing device, such as forearm crutches or
leg braces. All patients stood up within 20 s, and their
systolic blood pressure (SBP), diastolic blood pressure
(DBP), and HR were measured at approximately 1 min
after actively changing from the supine position to the
upright position. Following that, they were asked to
maintain an upright posture quietly for 3 min and their
SBP, DBP, and HR were monitored at 1-min intervals.

The changes in the SBP, DBP, and HR after standing up in
comparison to the average data for the 10 min in the supine
position were calculated at 1, 2, and 3 min after standing up.
We adopted the criteria for OH based on the American
Autonomic Society (AAS), which define the OH as an SBP
decrease of at least 20 mm Hg or a DBP decrease of at least
10 mm Hg within 3 min of standing up [11].

Dizziness handicap inventory questionnaire

The dizziness handicap inventory includes 25 questions
designed to assess a patient’s physical (seven questions),
emotional (nine questions), and functional (nine questions)
limitations. Each question provides a choice of three
replies: “yes” (4 points), “sometimes” (2 points), and
“no” (0 points). A maximum score of 100 points indicates
the greatest possible disturbance to the patient, and the
minimum score of 0 points indicates a lack of any handicap
[12]. The dizziness handicap inventory assesses the pre-
cipitating physical factors associated with dizziness/un-
steadiness and the functional/emotional consequences of
symptoms as measures of disability in patients with
dizziness and unsteadiness. The patients were asked to
answer each question, as it pertains to dizziness or dise-
quilibrium problems during the last month. The score on
the DHI has been thought to reflect the impact on quality-
of-life in patients with dizziness [13].

Statistical analysis

Mann—Whitney U-test was used to compare the parameters
of the above examinations between groups due to unequal
variances in the data among groups evaluated in this study.
The level of significance of the two-tailed p < 0.05 was
adopted throughout the study. The data in this text and
table represent means (95 % confidence intervals).

Results

The OH was diagnosed in 16.5 % of all patients in this study
and the positive rate of the OH in patients aged >65 years
(31.3 %) was much higher than that in patients aged

<50 years old (12.0 %) and patients aged 50-64 years
(11.0 %). There was no significant difference in mean age
between patients with OH and without OH in each group
(p > 0.05, Table 1). The average SBP and average DBP for
supine position in the patients aged >65 years with OH were
significantly higher than those in the patients aged >65 years
without OH (p < 0.01, Table 1). The average SBP and
average DBP at 1 min after standing in the patients aged
>65 years with OH were significantly lower than those in the
patients aged >65 years without OH (p < 0.01, Table 1).
The average DBP at 1 min after standing in the patients aged
50-64 years with OH was significantly lower than that in the
patients aged 50-64 years without OH (p < 0.01, Table 1).

In this study, the peripheral causes of dizziness were the
most common in all groups and they included benign
paroxysmal positional vertigo (BPPV), vestibular neuritis,
labyrinthitis, and Meniere’s disease (Table 2). The medical
causes of dizziness (hypotension, low blood sugar, and
anemia) were found in 30.6 % of the patients aged
>65 years with OH, and most of them were attributed to
medications for hypertension, prostatic hypertrophy, or
insomnia. Depression, hyperventilation, panic disorder, and
phobic postural vertigo were classified into the category of
psychogenic dizziness. Central causes of dizziness were
migraine, brain tumor, meningitis, and vertebral artery
insufficiency. Post-traumatic vertigo, non-specific, or
unlocalized dizziness was classified into others (Table 2).

The highest prevalence of the dizziness in all groups was
peripheral causes, which was followed by the central and
medical causes of dizziness. The disease distribution may be
due to referral bias, because the population in this study was
the patients sent to the otolaryngology department. Dizziness
in patients aged more than 65 years was less likely to be due
to the psychogenic cause regardless of the presence or
absence of the OH. In patients with the OH, the medical
causes of dizziness in patients aged more than 65 years were
much common in comparison with other groups (Table 2).
Most of dizzy patients in this study were managed with
symptomatic therapy, and patients with BPPV were treated
with the Epley maneuver or repositioning maneuver.

The ratios of patients with the treatment of antihyper-
tensive drugs in patients aged more than 50 years with OH
and patients aged more than 65 years without OH were the
highest, more than 35 % (Table 2). They were treated with
different antihypertensive regimens which were compre-
hensive (e.g., angiotensin-converting enzyme inhibitors,
angiotensin-receptor blockers, beta blockers, and calcium
channel blockers). The relative higher prevalent comor-
bidity in the dizzy patients aged more than 50 years was
diabetes, followed by hyperlipidemia and hyperuricemia.

The CP% of patients with OH were not significantly
different from those of patients without OH in each group
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Table 1 Number of patients, the mean age, average SBP, and DBP for supine position and at 1 min after standing of each group

Group N Age SBP (mmHg) DBP (mmHg)
Supine 1 min after standing Supine 1 min after standing

With OH

<50 y.o. 19 39.8 (36.3-43.3) 118 (114-123) 112 (104-120) 73 (69-77)* 67 (62-72)

50-64 y.o. 14 55.8 (54.1-57.5) 129 (123-136) 120 (109-131) 77 (72-82) 65 (60-71)**

>65 y.o. 36 71.8 (70.7-72.9) 136 (131-141)** 117 (111-124)* 77 (74-80)** 67 (62-70)**
Without OH

<50 y.o. 140 38.8 (37.2-39.3) 114 (112-116) 116 (113-118) 67 (66-69) 69 (68-71)

50-64 y.o. 115 57.1 (56.3-57.5) 122 (119-125) 121 (118-124) 73 (71-75) 74 (72-76)

>65 y.o. 79 71.1 (70.4-71.9) 126 (123-129) 126 (122-129) 72 (70-74) 72 (71-75)

SBP: systolic blood pressure, DBP: diastolic blood pressure. OH: orthostatic hypotension. The data represent means (95 % confidence intervals).
** * significant difference from patients without OH at p < 0.01, p < 0.05

Table 2 Main causes of
dizziness and the comorbidity

With OH Without OH
<50 y.o. 50-64 y.o. >65 y.o. <50 y.o. 50-64 y.o. > 65 y.o.
N 19 14 36 140 114 79
Main cause
Peripheral 7 (36.8) 8 (57.1) 15 (41.7) 67 (47.9) 67 (58.8) 44 (55.7)
Central 4 (21.1) 2 (14.3) 5(13.9) 21 (15.0) 19 (16.7) 10 (12.7)
Psychological 2 (10.5) 1(7.1) 1 (2.8) 20 (14.3) 5 4.4) 1(1.3)
Medical 3 (15.8) 0 (0.0) 11 (30.6) 7(17.9) 5 (4.4) 10 (12.7)
Others 3 (15.8) 3 (21.4) 4 (11.1) 25 (17.9) 18 (15.8) 14 (17.7)
Comorbidity
Hypertension 1(5.3) 5357 16 (44.4) 4 (2.9 22 (19.3) 30 (38.0)
Diabetes 1(5.3) 5357 6 (16.7) 3 2.0 13 (11.4) 7 (8.9)

The value on the table means the number of patients and the value in parentheses means the percentage to

total number in

each group

(p > 0.05, Table 3). There was no significant difference in
the score on the DHI among groups (p > 0.05, Table 3).
No age-related difference in the variability of the SVV
was found in patients without OH (p > 0.05). The patients
aged >65 years with OH showed the larger variability of
the SVV than the patients aged <50 years with OH

Table 3 Difference in the
average SVV, the variability of
the SVV, CP%, and DHI score
among each group

(p < 0.05, Fig. 1); however, no significant difference in the
variability of the SVV was found between the patients aged
>65 years with OH and patients aged 50-64 years with
OH (p > 0.05, Fig. 1). There was no age-related difference
in the average deviation of the SVV as well as the vari-
ability of the SVV (p > 0.05, Fig. 2).

Group

Average SVV (deg)

Variability SVV (deg)

CP (%)

DHI score

With OH

@ Springer

<50 y.o.

50-64 y.o.

>65 y.o.

Without OH

<50 y.o.

50-64 y.o.

>65 y.o.

1.24 (0.92-1.55)
1.62 (0.96-2.23)
1.43 (1.07-1.79)

1.25 (1.03-1.47)
1.52 (1.22-1.82)
1.41 (1.17-1.66)

0.94 (0.67-1.22)
1.17 (0.79-1.54)

1.36 (1.14-1.57)**

0.92 (0.80-1.03)
0.93 (0.82-1.03)
1.01 (0.91-1.11)

20.6 (9.4-31.7)
30.2 (13.6-46.8)
21.8 (14.8-28.7)

17.6 (14.2-21.0)
25.1 (20.3-29.9)
20.6 (15.8-25.3)

37.7 (27.1-48.2)
30.7 (20.0-41.5)
33.3 (25.2-41.3)

35.9 (32.2-39.5)
33.2 (28.8-37.6)
32.0 (27.3-36.7)

CP%: canal paresis %, SVV: subjective visual vertical, DHI: Dizziness Handicap Inventory. The data
represent means (95 % confidence intervals). ** significantly different from patient aged >65 years
without OH at p < 0.01
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Fig. 1 Difference in the variability of the SVV among groups. The
vertical bar means average £1 SD. **significant difference from
patients aged >65 years without OH at p < 0.01, #significant
difference between patients aged >65 years with OH, and patients
aged <50 years with OH at p < 0.05

The patients aged >65 years with OH showed a sig-
nificantly larger variation of the SVV (mean 1.36, 95 % CI
1.14-1.57 degree) than the patients aged >65 years with-
out OH (mean: 1.10, 95 % CI 0.96-1.24 degree, p < 0.05,
Table 3, Fig. 1). No significant difference in the variability
of the SVV was found between patients aged 50-64 years
with OH (mean: 1.26, 95 % CI 0.86-1.65 degree, p > 0.05,
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Fig. 2 Difference in the average SVV among groups. The vertical

bar means average =1 SD

Table 3, Fig. 1) and the patients aged 50-64 years without
OH (mean: 091, 95 % CI 0.84-0.99 degree, p > 0.05,
Table 3, Fig. 1). In patients aged <50 years, no significant
difference in the wvariability of the SVV was found
regardless of the presence or absence of the OH (p > 0.05,
Table 3; Fig. 1).

There was no significant difference in the average
deviation of the SVV among each group (p > 0.05,
Table 3; Fig. 2). No significant difference in the average
deviation of the SVV was found regardless of the presence
or absence of the OH (p > 0.05, Table 3; Fig. 2).

Discussion

The OH occurs in about 20 % of the elderly and the
morbidity of the OH increases with aging [14]. The elderly
with dizziness are prone to move more slowly to avoid
transient positional vertigo, and they are in physical
deconditioning. It may aggravate the recovery of the
graviceptive responses to the changes of gravitational
acceleration, resulting in being predisposed to develop the
OH. Our study showed that the ratio of the OH in dizzy
patients aged >65 years was 31 %, which was much higher
than that in the healthy elderly in a previous study [15]. If
the orthostatic Schellong test is normal in patients with
orthostatic symptoms, further examination by head-up tilt
(HUT) test may be required, because the sensitivity of the
orthostatic Schellong test is lower to detect postural
tachycardia syndrome (POTS) and neutrally mediated
syncope (NCS) rather than the HUT test [16, 17]. The
POTS and NCS are more frequent in young people than the
elderly [18, 19]. In addition, the ideal orthostatic test
should be similar to real-life situations; however, the HUT
test is far from a representation of the real-life situation.
Therefore, we applied the orthostatic Schellong test as a
screening test for the diagnosis of the OH in this study.
The larger variation of the SVV in the patients aged
>65 years with OH in this study never seems to be induced
by only the distress due to dizziness, because there was no
significant difference in the CP%, the average deviation of
the SVV, and the DHI score among all groups. The DHI,
which reflects the self-perceived handicapping effects
imposed by dizziness, has become crucial to diagnose the
severity of handicap in the elderly, because elderly patients
>65 years have balance affections due to dizziness.
However, the previous study reported that the DHI score in
the elderly with dizziness showed lower levels of self-
perceived handicap [20]. Although the DHI is the most
popular index of self-perceived handicap due to dizziness
in clinical practice, the frequency of dizziness attacks is not
always correlated with the perceived severity of the
handicap. Patients with fewer dizziness attacks would
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report that they were severely handicapped and those that
had many attacks of dizziness did not necessarily report
being severely handicapped [13]. Therefore, the larger
variability of the SVV in the elderly patients with OH may
be associated with the subclinical impairment of the sub-
jective perception of the verticality independent of the
peripheral function and the severity due to dizziness.

Most of the patients who met the criteria for OH showed
asymptomatic OH and non-pharmacologic treatment were
offered to patients with OH initially. They were instructed
to drink enough fluids, such as water, drink little to no
alcohol, avoid walking during hot weather, elevate the head
of your bed, and stand up slowly. The exercise programs to
strengthen your leg muscles were recommended. The
change of medications for hypertension and prostatic
hypertrophy was required in 5 of 11 patients with medical
dizziness among patients aged >65 years with OH. How-
ever, no patients aged >65 years were treated with addi-
tional pharmacological management for the OH.

The otolith organs related with the SVV are vulnerable
to degradation due to aging, and the vestibular-cardiovas-
cular response may be diminished with age [21, 22]. In this
study, the elderly patients with OH showed normal average
deviation, but the abnormal variability of the SVV. The
SVV depends primarily on proprioceptive and vestibular
cues, and the average deviation is usually equated with the
tonic afferent input from otolith organs and central gravi-
ceptive pathways [4]. The large variability of the SVV
indicates abnormal subjective perception of verticality
independent of the peripheral vestibular function [5]. Our
results may indicate an association between the impairment
of central graviceptive pathways and the development of
the OH in the elderly.

The postural cerebral hypoperfusion in frontal and
parietal cortices has been found in patients with OH [23],
which is conversely implicated in cerebral hypoperfusion
among the elderly [24]. The cerebral hypoperfusion also
occurs with age, especially in the periventricular white
matter region, basal ganglia, hippocampus, and the regions
of the brain with more than one source of blood supply
[25]. The OH possibly contributes to significant declines in
sustained attention, visual memory, and visual perception
[26]. These brain regions overlap regions in the inferior
parietal cortex and parietoinsular cortex, in which the
vestibular, sensory, and visual inputs for the construction of
the gravitational referential are integrated [7, 27]. Acute
cerebral hemispheric stroke with lesions involved in visu-
ospatial disturbance exacerbated both the deviation and the
variability of the SVV [5]. Another study demonstrated that
right hemispheric lesion patients, in particular, exhibit
larger variability in the SVV than age-matched healthy
subjects and patients with left hemispheric lesions, not a
deviation of SVV [9]. Our previous study found a
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significant correlation between the variability of the SVV
and the white matter regions on the MRI in dizzy elderly
patients [28]. The greater variability of SVV in the elderly
with OH in this study may, therefore, be induced by a
disturbance at the level of polymodal sensory integration,
resulting in inducing subjective dizzy symptoms.

The vertical perception may be dissociated from tilt per-
ception identified by the deviation of the SVV [29]. The tilt
perception may be compensated by other regions associated
with the vestibular network. This phenomenon is caused by a
probable dependence on non-vestibular information, such as
proprioception, which may facilitate the compensation of
static vestibular deficits. One study reported that the OH
possibly contributes to significant declines in sustained
attention, visual memory, and visual perception [25].
Therefore, the development of the OH may aggravate the
sense of the verticality, independent of the tilt perception.
The orthostatic test has not been routinely performed in
clinical practice in the elderly patients suffering from
dizziness. Furthermore, the OH diagnosed in the elderly may
be asymptomatic OH, because the OH was gradually
developed with age. Our results suggest that the OH in the
elderly, even if the OH is asymptomatic, may be related to the
impairment of the subjective perception of the verticality,
and the subjective dizziness in the elderly may be conse-
quently developed with the OH. It may indicate an efficiency
of the orthostatic test, because OH is one of the main causes
of chronic intolerance and falls, which lead to bone fractures
and head injuries in the elderly [30].

This potential dysregulated blood pressure mechanism
may be associated with latent neurobehavioral dysfunction
as well as a silent cerebrovascular disease [31]. Subjects
with asymptomatic OH showed poorer scoring on neu-
robehavioral function tests and more advanced
leukoaraiosis than subjects without OH in the community-
dwelling elderly population [32]. This result may support
our result that less accuracy was found in vertical percep-
tion among elderly patients with OH than elderly patients
without OH. However, the association between the vari-
ability of the SVV and the subjective symptoms in the
elderly with the OH remains unclear. Additional research
on the relating the OH to the impaired vertical perception
in the elderly provides valuable information for treatment
of elderly patients with dizziness and disequilibrium.

Conclusions

The pathogenic mechanism of dizziness and unsteadiness in
the elderly is often controversial. Especially, many of the
elderly suffering from dizziness have OH, of which the mor-
bidity increases with age. In this study, the elderly with OH
showed the larger variability of the SVV which indicates the
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impaired perception of the verticality. Although further study
needs to evaluate the mechanism, the result may provide
efficient information for treatment of dizzy elderly patients.
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