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Abstract

Objective: This article aimed to investigate older adults visiting a geriatric institution
for a bone density measurement who reported dizziness on a daily or weekly basis
(but who are not seeking care for dizziness), according to BPPV, vestibular function,
walking abilities, and frequency of falls.

Methods: Patients coming for a bone density measurement answered questions
regarding occurrence of dizziness. Patients having dizziness on a daily or weekly basis
were considered eligible for the study and invited for investigation at the Ear, Nose,
and Throat clinic at Sédra Alvsborg Hospital, Sweden. The patients answered ques-
tions about history of dizziness, medications, and comorbidities. They were also
investigated for BPPV, vestibular deficits using the video head impulse test (VHIT),
walking speed, Timed Up and Go test (TUG), and for perception of verticality and
horizontality and Romberg test.

Results: A total of 55 patients with dizziness were included. Fifteen (27%) were diag-
nosed with BPPV. Forty (73%) patients reported falling during the previous year,
including 11 with BPPV. Dizziness when turning in bed was more common among
patients with BPPV and increased the risk of BPPV 8-fold.

Conclusion: BPPV is common among older adults with dizziness, including among
those not seeking medical care. It is important to identify older adults with BPPV and
treat the condition since BPPV may contribute to falls. Asking about dizziness when
turning in bed can help to distinguish patients with increased risk for BPPV and older
adults with dizziness should be investigated for BPPV even when typical history is
lacking.

Level of evidence: 4
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1 | INTRODUCTION
Dizziness, vertigo, and balance disturbances are a common yet striking
problem among older adults. Dizziness is reported to occur in about
30% to 40% of persons older than 70 years'? with frequency rising
with increasing age.® Having dizziness as well as disturbed balance is
one of the most important factors contributing to falls among older
adults*® and loss of balance and stumbling is one of the most com-
mon cause of falling.* Despite the high prevalence of dizziness in
older individuals, the condition is complex to diagnose and manage for
many clinicians as dizziness, especially for this age group, can have
multiple etiologies. Proprioceptive functions may be affected as well
as other sensory inputs related to aging. Dizziness is more common
among women than among men, at least in younger age groups, and
most vestibular conditions show female predominance.®

Benign paroxysmal positional vertigo (BPPV) is the single most
common cause of dizziness originating from the vestibular system’
and is characterized by repeated episodes of dizziness triggered by
positional changes like lying down or turning in bed.2 The symptoms
of BPPV are caused by displaced otoconia, which are normally
attached to the otolithic membrane but may detach and enter the
semi-circular canals where they can send false signals of movement to
the brain.” The majority of BPPV cases are idiopathic. The condition
gets more common with increasing age and is more frequently seen
among women, especially after menopause.® Association between
BPPV and impaired calcium metabolism and low vitamin D levels
exists, but current evidence recommends supplementation with vita-
min D only for recurrent BPPV.%1©

In contrast to younger individuals with BPPV, older adults suffering
from the same condition complain of less rotatory vertigo and more
often of nonspecific unsteadiness or dizziness. Older adults with BPPV
report fewer spinning sensations, less positional dizziness and more
unsteadiness by gait, than younger adults with the same condition.?%12
Because of milder symptoms, BPPV in older adults may go
unrecognized,*®* however, the condition may result in a feeling of
unsteadiness and tendency to fall wherefore treatment is recommended
to decrease symptoms.>Y” Diagnosis of BPPV is made through tests,
specifically the Dix-Hallpike test for posterior BPPV (pBPPV) and supine
roll-test for horizontal BPPV (hBPPV), and diagnostic criteria include diz-
ziness and canal-specific nystagmus during testing.'®

Dizziness is sometimes considered part of the geriatric syndrome
and aging. Degeneration of all balance-enhancing systems and pos-
tural control components occurs throughout life, including both sen-
sorial (vestibular, visual, proprioceptal) and muscle strength, flexibility
as well as central processing in the brain.?? Vestibular degeneration
and disfunction are more common in older populations than in youn-
ger although more poorly examined than cochlear degeneration.'’
The vestibular-ocular reflex (VOR) enables examination of the vestibu-
lar system through the head impulse test or video head impulse test
(VHIT).2° Despite the high frequency of dizziness among older individ-
uals, investigations with VHIT in this population remains relatively
unexplored and the procedure can be difficult to perform due to stiff-

ness of the neck. Walking speed can be a valuable indicator of health,

overall wellbeing and function,?* where a walking speed of >1 m/s
reflects good health and a good functional status.?%2% Older persons
with dizziness or impaired balance tend to walk more slowly and limit
their walking speed.?* The Timed Up and Go test (TUG) was origi-
nally used to predict the probability to fall, and a time of
<13.3 seconds is often uses as a cut of to identify fallers.?

Due to the current state of knowledge, we know that dizziness
and impaired balance are frequent issues in older individuals, how-
ever, how often these experiences are due to a manageable condition
like BPPV is largely unknown. This article aims to investigate occur-
rence and characteristics of BPPV, vestibular function, walking ability,
frequency of falls, medications, and comorbidities in older adults visit-
ing a geriatric institution in Sweden who report at least weekly dizzi-

ness but are not seeking care for dizziness.

2 | MATERIALS AND METHODS

21 | Study population

Patients aged 70 to 85 years referred to the geriatric clinic for bone den-
sity measurements were provided with a screening questionnaire includ-
ing questions about occurrence of dizziness, imbalance and previous
falls. Patients reporting problems with dizziness or imbalance on a daily
or weekly basis were considered eligible for the study and contacted by
telephone. If they wanted to participate, they were invited to the Ear,
Nose and Throat (ENT) clinic at Sédra Alvsborg Hospital, Sweden, a sec-
ondary referral center, for a dizziness examination. All patients were
examined by the same ENT doctor and asked about symptoms of dizzi-
ness and previous falls within the last 12 months, medication use, condi-
tions, and diseases and were then investigated for vestibular function
and assessed for walking speed, and the Timed Up and Go (TUG) test.

Comorbidities were quantified using the Charlson comorbidity index.2®

2.2 | Vestibular function testing

2.2.1 | Head shake test and smooth pursuits

All patients underwent a standardized otoneurological examination
including evaluation for spontaneous nystagmus with and without
video Frenzel goggles, gaze deviation and smooth pursuits, and the
head shake test. In the head shake test, the patient was positioned
upright with video Frenzel goggles and their head was moved briskly
back and forth in the yaw plane for 20 cycles and then abruptly
stopped. More than three nystagmus beats to one side was consid-

ered a pathological test.

2.2.2 | Video head impulse test (VHIT)

The vHIT was performed for lateral semi-circular canals (SCC) using

the EyeSeeCamHIT (Interacoustic) vHIT system. The horizontal canals



Laryngoscope

LINDELL ET AL.

were evaluated. Patients were instructed to gaze at a target on the
wall 1.5 m ahead. Calibration was performed, then the examiner stood
behind the patient and quickly moved the patient's head in horizontal
(Iateral) head impulses within a small angle.?° Ten correct impulses in
each direction were performed. The mean horizontal vHIT gains were
recorded. Abnormal criteria were set for horizontal gain values <0.7,

corrective saccades peak >100°/s.

2.2.3 | Benign paroxysmal positional
vertigo (BPPV)

Tests for BPPV included the Dix-Hallpike test for pBPPV and the
supine roll test for hBPPV.2” The posterior canal was first tested with
the patient seated on a bed with the head rotated at 45°. The patient
was then quickly lowered into supine position with their neck
extended below the level of the bed. With the patient's head
extended, the examiner observed the patient for nystagmus. In the
supine roll test, the patient's head was turned about 90° to each side
while the patient was supine. Video Frenzel goggles with infrared
cameras were used during both tests. Tests were considered positive
when dizziness and canal specific nystagmus were observed as per

the Barany criteria.'®

224 | Subjective visual vertical (SVV) and
subjective visual horizontal (SVH) tests

SVV and SVH tests were performed using a bucket with a straight line
inside and no visual cues. A plumb line and a protractor on the back of
the bucket showed the degree of tilt. The patient was told to look into
the bucket to avoid visual cues and to set the straight line to be hori-
zontal as well as vertical. Deviations of 3° or above were considered

pathological.

2.3 | Walking speed and TUG test

Walking speed was calculated using time consumed for walking a dis-
tance of 20 m at a self-selected walking speed. The TUG test was per-
formed as per.2® Briefly, the patient was seated in an armchair and the
time for the patient to stand up, walk 3 m to a marked line, turn, and
then walk back to the chair and sit down again was measured for the
entire maneuver. The maneuver was performed twice and the best out-
come (shortest time) was used. The Romberg test was performed where
the patient stood with the feet together, eyes closed and the arms
along the side and the time was registered, maximum time 30 seconds.

2.4 | Ethical considerations

The study was conducted according to the Declaration of Helsinki

and approved by the Regional Ethical Review Board in Gothenburg,

Sweden. Written informed consent for participation in the study was

obtained from all participants.

2.5 | Statistics

Mean, median, and 95% confidence intervals (Cl) of the mean or
SD (SD) were calculated for descriptive purposes. Mean and Cl or
SD were determined for continuous variables while number and
percent were calculated for categorical variables. Fisher's exact
test was used for comparison between groups for dichotomous
variables, Mantel-Haenszel chi square for ordered categorical vari-
ables, and the Mann-Whitney U-test for continuous variables. To
identify variables indicative of having a BPPV diagnosis, logistic
regression analyses were performed. Results were presented as
odds ratios with 95% Cl, P value and area under the receiver oper-
ating characteristic (ROC) curve. All significance tests were two-
sided and conducted at 5% significance level. SAS 9.4 was used for
analyses.

3 | RESULTS

Of the 380 patients who received the screening questionnaire, a total
of 241 answered and returned the questionnaire at their bone density
measurement appointment. Of those, 170 initially reported interest to
participate in the study and 71 declined participation. Of the
170 patients who expressed interest, 113 reported problems with diz-
ziness and 57 had no problems with dizziness. In total, 74 patients
met the inclusion criteria, that is, having dizziness as often as daily or
weekly, and 55 patients (74.3%) agreed to come for investigation
regarding dizziness and were thus included in the study (Figure 1).
Nine patients could not be reached due to invalid phone number
(n = 7) or incomplete personal identity number (n = 2), while a further
10 patients were too sick to participate (n = 7) or otherwise declined
due to too far to travel (n = 2) or not able to communicate in Swed-
ish (n = 1).

31 | BPPV
BPPV was identified among 15 (27%) patients during testing (Table 1).
Two-thirds of these patients (n = 10) had pBPPV and five had hBPPV.
Two-thirds of the patients (n = 10) with confirmed BPPV reported
dizziness when lying down and/or turning in bed. Of the questions
and tests performed, univariable analysis revealed a significant rela-
tionship between a positive BPPV diagnosis and experiencing dizzi-
ness when lying down and/or turning in bed. The odds ratio of having
BPPV if reporting dizziness when turning in bed was 8.23 (95% ClI
2.1-32.2) and 3.94 (95% Cl 1.1-13.8) if having dizziness when lying
down in bed (Table 2). Eleven (73%) patients with BPPV reported feel-
ing unsteadiness when walking and 53% reported dizziness problems

on a daily basis.
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Screening
questionnaire sent to
patients 70-85 years

old going for bone
density measurements
(n=380)

Did not answer questionnaire (n=139)

Answered the
screening
questionnaire
(n=241)

Declined participation (n=71)

Reported interest to
participate in the
study
(n=170)

No problems with dizziness (n=55)
Dizziness more rarely (n=39)

Dizziness daily or
weekly
(n=74)

Could not be reached (n=9)

Too sick to participate or declined for

e g other reasons (n=10)

investigated
(n=55)

FIGURE 1

Population flow chart over study inclusion

3.2 | Vestibular tests and BPPV

Eight patients (22%) demonstrated pathological gain on horizontal
testing of the VHIT. There was no significant difference observed
between patients with BPPV and no BPPV in vestibular tests (VHIT,
SVV/SVH) (Tables 1 and 2), nor regarding vestibular disfunction
defined as pathological vHIT (horizontal gain <0.7) or reported dura-
tion of symptoms of dizziness. Two patients with BPPV had pathologi-
cal vHIT (Table 1).

3.3 | Walking tests and falls

The mean time for walking 20 m was 20.5 seconds (Table 1), or a
mean walking speed of 1 m/s. Twenty (39%) patients managed the
TUG test under 10 seconds. No significant difference regarding walk-
ing speed and TUG was observed between the group of patients with
BPPV compared to patients without BPPV (Table 2). Twenty-two
(44%) patients had a walking speed of less than 1 m/s. No significant
differences were seen between patients with low (<1 m/s) or normal

(>1 m/s) walking speed regarding results on vestibular tests, including

vHIT, SVV/SVH or having BPPV (Table 2). A total of 40 (73%) patients
reported experiencing at least one fall during the previous year and
18 (33%) had fallen three times or more (Table 1). There was no signif-
icant difference regarding the number of falls among those with or
without BPPV.

3.4 | Characteristics of conditions and diseases

The diseases and conditions of the patients are listed in Table 3,
where several showed multimorbidity and were diagnosed with more
than one condition.

4 | DISCUSSION

This study investigated a group of older adults coming to the geriatric
clinic for bone density measurements, who reported dizziness on a
daily or weekly basis, but who did not seek medical care for their
symptoms. Following testing, as many as 27% of these older adults
with dizziness were diagnosed with BPPV. We also found that vestib-
ular impairment, measured with vHIT, as well as impairment in percep-
tion of verticality and horizontality, are common among seniors with
dizziness and unsteadiness.

Meeting patients with dizziness and unsteadiness can be frustrat-
ing for clinicians since these conditions can have several etiologies in
older patients, while serving as major contributors to falls and poten-
tial injuries. Finding persons with extended risk for falls for preventive
interventions can be cost effective and reduce suffering. Accidental
falls generate around 300 000 health care visits annually in Sweden of
which 1700 (2%) patients die in fall-related injuries?’; the majority
of these patients are over 75 years of age.

BPPV is a common cause of dizziness, especially among older

630 and is a condition that in most cases can easily be treated

women,
and managed through canalith reposition maneuvers (CRM), such as
Epley's or Semont's manuevers.!” Treatment is highly recommended
to reduce symptoms.'” The most effective question to distinguish
patients with BPPV from those not having other causes of dizziness,
was asking about dizziness when turning in bed. Reporting dizziness
when turning in bed enhanced the risk of BPPV diagnosis by eight
times, and thus this question can assist the examiner when investigat-
ing older adults for dizziness.

As many as 73% of patients included in this study had fallen due
to dizziness during the past year and half of them had fallen twice or
more. This is a considerably higher frequency of falls in dizzy patients
compared to other similar age groups, where an estimate of 30% to
40% of adults over 70 years of age fall annually is reported.>3* Our
findings highlight the importance of identifying older adults with dizzi-
ness and engaging them in fall prevention programs to help them
avoid fall-related accidents and injuries.

Dizziness of all causes often results in a feeling of unsteadiness
and a tendency to fall, and being dizzy is connected to a reduction in

health-related quality of life.*° Huebner et al showed significant
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TABLE 1 Descriptive characteristics of the study cohort

Characteristics of the study cohort
Women
Men
Age (years)

Mean (SD)

Median
Dizziness how often

Every day, n (%)

Every week, n (%)
Dizziness symptoms since how long ago:

<6 months
6-12 months
1-2 years
>2 years

Dizziness when lying down in bed, n (%)
Dizziness when turning in bed, n (%)
Dizziness when lying down and/or turning in bed, n (%)
Duration of dizziness

Seconds

Minutes

Hours

Continuously
Unsteadiness when walking
Dizziness resulting in stopping activities, n (%)
Fallen last year, mean (SD)
Number of falls in previous year, n (%)

0

1

2

3

>3

Spontaneous nystagmus, n (%)
Pathological head shake test (>3 nystagmus beats), n (%)
Saccadic smooth pursuits, n (%)
Walking 20 m, mean time seconds (SD)

Median (min; max)

Timed up and go, mean time seconds (SD)
Median (min; max)

Romberg, n (%)
0-10 seconds
11-20 seconds
21-30 seconds
Subjective visual vertical, n (%)
< +3 normal
> +3
Subjective visual horizontal, n (%)
< #3 normal

> +3

Total n =55
52(95)
3(5)

78 (4)
77

34 (62)
21(38)

30 (63)
11(23)
3(6)

4(8)

13 (24)
16 (29)
22 (40)

28 (51)
20.5(5.2)

3(6)
2(4)
43 (90)

46 (87)
7(13)

45(85)
8(15)

Dizziness no BPPV n = 40

38 (95)
2 (5)

78 (4.5)
77

9(23)
7(18)
12 (30)

24 (65)
8(22)
1(3)
4(11)
33(83)
24 (60)
2.0(2.1)

20 (50)
1.05 (0.22)
1.08 (0.53; 1.67)

12 (4)
12 (6; 26)

2 (6)
1(3)
39(92)

35(88)
5(13)

34 (85)
6 (15)

Dizziness BPPV n = 15
14 (93)
1(7)

79 (3.8)
80

8(53)
7 (47)

6 (40)
6 (40)
1(7)
2(13)
8(53)
9 (64)
10 (67)

7 (50)
5(3¢6)
1(7)

1(7)

11 (73)
10 (67)
2.1(2.3)

4(27)

5(33)

1(7)

2(13)

3(20)

1(7)

2(13)

8(53)

0.95 (0.20)
1(0.49; 1.18)

13(5)
12 (7; 25)

1(8)
1(8)
10 (83)

11(85)
2(15)

11 (85)
2(15)

P value

1.0

.07
.002
.03

1.0

1.0

1.0

1.0
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TABLE 1 (Continued)
Characteristics of the study cohort Total n = 55 Dizziness no BPPV n = 40 Dizziness BPPV n = 15 P value
VHIT, n (%) 1.0
20.7 normal 30(79) 6(21) 11 (20)
<0.7 8(21) 22 (79) 2(80)
Number of medications, n (%)
0 11 (20) 5(13) 6 (40) .09
1-4 20 (36) 16 (40) 4(27)
5-8 16 (29) 13(33) 3(20)
>8 8 (15) 6 (15) 2(13)
Charlson comorbidity index, mean (SD) 0.58 (0.70) 0.54 (0.68) 0.73(0.8)
Median (highest; lowest) 0.5(0; 2) 0(0;2) 1(0; 2) 4

Note: P values based on Fisher's exact test for dichotomous variables and Mantel-Haenszel chi square-test for continuous variables. P values representing
differences between patients with and without BPPV.
Abbreviation: BPPV, Benign paroxysmal positional vertigo.

TABLE 2 Univariable analysis of questions, tests, and diagnosis of BPPV (n = 15) in a cohort of older adults with dizziness (total n = 55)

Variable Value n (%) of events OR (95% Cl) BPPV P value Area under ROC-curve (95% Cl)

Dizziness when lying down in bed No 7 (18) 3.94(1.1-13.8) 0.033 0.65 (0.5-0-8)
Yes 8(47)

Dizziness when turning in bed No 9 (56) 8.23(2.1-32.2) 0.0025 0.73 (0.6-0.9)
Yes 5(15)

Dizziness how often Every day 8(23) 1.63 (0.49-5.2) 0.43 0.56 (0.4-0.7)
Every week 7 (33)

Duration of dizziness Seconds 2(22) 1.14 (0.6-2.1) 0.69 0.56 (0.4-0.7)
Minutes 5(38)
Hours 1(50)
Continuously 1 (50)

Romberg test 0-10 seconds 1(33) 0.69 (0.2-2.2) 0.52 0.54 (0.4-0.7)
11-20 seconds 1 (50)
21-30 seconds 10 (23)

SVV/SVH < 3 norm 12 (28) 0.86 (0.2-3.7) 0.84 0.51 (0.4-0.6)
> +3 3(25)

VHIT >0.7 normal 13 (28) 0.87 (0.16-4.9) 0.88 0.51 (0.4-0.6)
<0.7 2 (25)

Walking speed <1 m/second 7 (32) 0.47 (0.1-1.7) 0.26 0.59 (0.4-0.7)
>1 m/second 5(18)

Timed Up and Go test <10 second 4 (20) 1.25 (0.4-3.6) 0.68 0.54 (0.4-0.7)
11-20 second 7 (25)
>20 second 1(25)

Charlson comorbidity index 0 7 (24) 1.46 (0.6-3.3) 0.37 0.56 (0.4-0.7)
1 5(28)
2 3(43)

Number of medications 0 6 (54) 0.46 (0.2-1.08) 0.073 0.64 (0.5-0.8)
1-5 5(21)
>5 4 (20)

Abbreviations: BPPV, benign paroxysmal positional vertigo; Cl, confidence interval; OR, odds ratio; ROC, receiver operating characteristic.

improvement of symptoms measured with the Dizziness Handicap part of aging and therefore not treatable. As a result, older adults tend
Inventory scale after treatment with canalith repositioning maneu- to adapt to their condition by avoiding situations that may cause dizzi-

vers.3? Some older adults, as well as clinicians, consider dizziness a ness. In this study, 27% of patients had previous undetected BPPV
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TABLE 3 Characteristics of conditions and diseases of the study
cohort

Diagnosis potentially affecting balance

BPPV, n (%) 15(27)
Central neurological disorder, n (%)

Parkinson 2(4)
Dementia 3(5)
Prior stroke or multiple TIA 4(7)
Meniere's disease, n (%) 1(2)
Otosclerosis, n (%) 2(4)
Bilateral vestibulopathies, n (%) 3(5)
Unilateral vestibulopathies, n (%) 2(4)
Normal otoneurological examination, n (%) 19 (35)
Comorbidity

Rheumatoid arthritis, n (%) 7 (13)
Diabetes, n (%) 5(9)
Polymyalgia rheumatic, n (%) 10 (18)
Joint problems/back pain, n (%) 29 (53)
Hypertonia, n (%) 29 (53)
Osteoporosis, n (%) 25 (45)
Atrial fibrillation, n (%) 9 (16)
Hypothyroidism, n (%) 5(9)
Vision impairment, n (%) 15(27)
Glaucoma 5(9)
Cataract 9 (16)
Other 5(9)
Daily use of walking aids, n (%) 20 (36)
walker 13 (24)
walking stick 7 (13)
Use of wheelchair 2(4)

Abbreviations: BPPV, benign paroxysmal positional vertigo; TIA, transient
ischemic attack.

and had not been seeking medical care for their symptoms, even
though the dizziness symptoms made them stop doing activities. As
BPPV is curable in most people, it is of great importance for every cli-
nician meeting older people with dizziness and balance problems to
have knowledge of BPPV testing and treatment options and to test
for the condition in every patient after cardiac and vascular or neuro-
logical causes have been eliminated.

Vestibular decline measured with vHIT was found among one-
fifth of the patients herein. Patients with vestibular impairment may
benefit from vestibular rehabilitation, also in older ages.33 For exam-
ple, Jung et al showed that vestibular rehabilitation therapy for older
adults can reduce symptoms of dizziness also of unspecific origin,
which is why this form of exercise should be widely considered.3* As
vestibular impairment is so frequent, vestibular training together with
balance and weight training may be a way to reduce dizziness symp-

toms, enhance balance, and prevent falls in older populations.3>3¢

There were no statistically significant differences between
patients with or without BPPV in terms of number of falls, walking
tests (TUG, 20 m), or vestibular tests (vHIT, SVV/SVH). However, the
investigated patients were similar in that they all reported dizziness
on a daily or weekly basis. The groups compared in this study are
small and it is possible that a larger study population would have
yielded statistically significant results.

Older adults with dizziness reported on a daily or weekly basis
can have multiple causes of dizziness as well as vestibular impairment.
It is of importance to widely test all older adults with dizziness using
positioning tests to identify BPPV when present. Reported dizziness
when turning in bed may enhance the examination findings for the
condition.

4.1 | Strengths and limitations

This is one of few studies investigating older adults not actively seek-
ing medical care for dizziness, by using otoneurological examinations
including testing for BPPV with video Frenzel goggles and vHIT. One
limitation is the small population included in the study and the skewed
gender distribution with more women than men. The reason for more
women included in the study is due to patient selection; more women
require bone measurements (original population for selection) and
more women than men reported dizziness on a daily or weekly basis.
Not all patients completed all investigations as some had too poor
function to complete walking tests and some patients did not give
their consent for vHIT or had too fragile or stiff of a neck to perform
this test.

5 | CONCLUSION

BPPV is a common cause of dizziness among older adults not seeking
medical care for dizziness. As BPPV is often treatable, it is important
to identify older adults with BPPV and treat the condition since BPPV
may contribute to falls. Asking about dizziness when turning in bed
can help to distinguish patients with increased risk for BPPV, but older
adults with dizziness should be investigated for BPPV even if no typi-

cal medical history exists.
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