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Background: Associations between dizziness-related handicap and a variety of self-

reported measures have been reported. However, research regarding associations

between dizziness-related handicap and aspects of functioning that includes both

physical tests and self-reported measures is scarce.

Objective: The purpose of the study was to describe the variations in signs and

symptoms in people with persistent dizziness using physical tests and self-reported

outcomes across three severity levels of the Dizziness Handicap Inventory (DHI) and

investigate their associations with the DHI.

Method: Participants with persistent dizziness (n = 107) were included in this cross-

sectional study. The participants underwent (1) physical tests (gait tests, grip strength,

body flexibility, and movement-induced dizziness) and completed questionnaires

regarding (2) psychological measures (Mobility Inventory of Agoraphobia, Body Sensation

Questionnaire, Agoraphobic Cognitions Questionnaire, and Hospital Depression and

Anxiety Questionnaire), and (3) fatigue, dizziness severity, and quality of life (Chalders

Fatigue Scale, Vertigo Symptom Scale-Short Form, and EQ visual analog scale), in

addition to the DHI. Data were presented by descriptive statistics for three DHI severity

levels (mild, moderate, and severe). A multiple linear backward regression analysis was

conducted for each group of measures in relation to the DHI total score, with additional

analyses adjusting for age and sex. Based on these results, significant associations were

tested in a final regression model.

Results: With increasing severity levels of DHI, the participants demonstrated

worse performance on most of the physical tests (preferred and fast gait velocity,
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dizziness intensity after head movements), presented with worse scores on the self-

reported measures (avoidance behavior, fear of bodily sensation, fear of fear itself,

psychological distress, fatigue, dizziness severity, quality of life). After adjusting for age

and sex, significant associations were found between total DHI and avoidance behavior,

psychological distress, dizziness severity, and quality of life, but not with any of the

physical tests, explaining almost 56% of the variance of the DHI total score.

Conclusion: There was a trend toward worse scores on physical tests and self-reported

measurements with increasing DHI severity level. The DHI seems to be a valuable tool in

relation to several self-reported outcomes; however, several signs and symptoms may

not be detected by the DHI, and thus, a combination of outcomes should be utilized

when examining patients with persistent dizziness.

Keywords: persistent dizziness, Dizziness Handicap Inventory, cross-sectional study, psychological

characteristics, physical characteristics, regression analysis

INTRODUCTION

Dizziness is a common complaint (1, 2) with 16% reporting
dizziness or balance problem in a recent Norwegian survey (3). It
is a common feature in acute vestibular diseases where an abrupt
start of symptoms, such as dizziness, nauseousness, reduced
balance, and visual problems occurs (4). The symptoms usually
subside within a couple of weeks; however, ∼30% of patients
develop persistent symptoms (5, 6). When dizziness persists,
it is important to also assess symptoms beyond those defined
as vestibular (7). These signs and symptoms include reduced
gait velocity (8), postural misalignment (9, 10), increased body
sway (11, 12), pain (13), and rigid body movements (14), in
addition to anxiety and depression (15–19), avoidance behavior
(20), and reduced quality of life (QoL) (21). Fatigue has also
been reported in patients with vestibular diagnoses (22). These
symptoms may influence everyday life, but to our knowledge,
a combination of physical tests and self-reported measures
on the perception of dizziness-related handicap has not been
investigated extensively.

A commonly used outcome measure related to dizziness
is the Dizziness Handicap Inventory (DHI) (23), which was
developed to evaluate perceived dizziness-related handicap (24).
There seems to be less relationship between diagnostic vestibular
function tests and DHI (25, 26), suggesting that dizziness-
related handicap may be more associated with the perception
of signs and symptoms that have a direct impact on everyday
life. Previous studies have found relationships between DHI
and functional balance tests involving locomotion (27), slower
walking velocity and reduced step and stride lengths (28), and
an increasing number of self-reported dizziness triggers (e.g.,
loud sounds and stress) (29). Severe scores on the DHI have
also been associated with poorer psychological outcomes such as
anxiety, depression, avoidance behavior, fear of bodily sensations,
illness perception, and cognitive responses (5, 30). However,
there seems to be a lack of knowledge regarding the relationship
between DHI and other outcomes, such as muscle strength, body
flexibility, movement-induced dizziness, dizziness-severity, and
health-related QoL.

Dizziness Handicap Inventory is measured on a continuous
scale (0–100 points). Attempts have been made to establish
severity levels of the DHI that links to functional abilities on
several occasions (31), but less seems to have been published
apart from one study categorizing the DHI into mild (0–30
points), moderate (31–60 points), and severe handicap (61–100
points) (32). Patients with a severe DHI level have shown larger
functional impairment on balance confidence and number of
falls, compared with patients presenting with mild DHI level
scores (32), implying that patients in the severe DHI level may
need more clinical attention.

Several studies have reported correlations between DHI and
a variety of signs and symptoms. However, there seems to be
less scientific evidence examining the relationship between DHI
and aspects of function which includes both physical tests and
self-reported outcomes. This is an important knowledge in the
clinical assessment and treatment of these patients. Therefore,
the objectives of this study were to describe both physical tests
and self-reported outcomes in people with persistent dizziness in
relation to DHI severity levels and to investigate the associations
between these outcomes and increasing severity of the DHI
total score.

METHOD

Setting
This cross-sectional study used baseline data from a randomized
controlled trial (RCT) for treating participants with persistent
dizziness (LODIP) (33), and the data are presented according
to the STROBE guidelines (34). No sample size calculation
was conducted as this study was a part of a larger study and
explorative in nature (33). Participants were recruited from
primary health care, primarily from general practitioners (GPs),
directly, or via the general public. Some were also recruited from
physiotherapists and ear, nose, and throat specialists (ENTs).
Participants attended the Western Norway University of Applied
Sciences (HVL) for testing and data were collected from 1
February 2016 to 1 May 2019. Details regarding recruitment
and testing procedures have been described elsewhere (33). The
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LODIP trial was registered in ClinicalTrials.gov (NCT02655575)
and approved by the Regional Committee for Medical Research
Ethics (2014-00921).

Participants
A total of 107 participants were included in the LODIP trial.
Participants were included if they were within working age (18–
70 years old) and presented with perceived dizziness that had
started abruptly with symptoms lasting for at least 3 months.
In addition, the dizziness symptoms had to be initiated or
exacerbated by movement. Exclusion criteria were the following:
patient-reported non-vestibular reasons for dizziness, diagnoses
with fluctuating vestibular symptoms (e.g., Ménière’s disease),
plans for/had treatment for benign paroxysmal positional
vertigo (BPPV) within 1 month, conditions where fast head
movements were contraindicated (e.g., whiplash-associated
injuries, osteoporosis of the neck), and severe/terminal pathology
(e.g., cancer, psychiatric diagnosis). People were also excluded if
they had attended group therapy for dizziness within the past
year, if they were unable to attend the testing location, or if they
could not understand Norwegian sufficiently.

Data Collection Procedure
Data collection included physical testing and self-reported
questionnaires. The physical testing was conducted according to
an established protocol, and three physiotherapists were trained
to conduct the testing. A detailed description of the testing
procedure has been published earlier (33).

Variables
Dizziness Handicap Inventory (DHI) was used to quantify
perceived dizziness-related handicap (24). It consists of 25 items
where each item is scored “0” (no), “2” (sometimes), or “4” (yes),
summing up to a score between 0 and 100 points. Higher scores
represent higher levels of perceived dizziness-related handicap.
The DHI scores were categorized into mild (0–30), moderate
(31–60), or severe (60–100) dizziness-related handicap (32). It
has been translated and validated in several languages, including
Norwegian (35–38). The Norwegian version of the DHI has
shown a high reliability (38).

Physical Tests
Preferred (walking at their preferred pace) and fast (walking
as fast as they could) gait velocity was tested by timing the
participants as they walked through the middle 6m of an 8-m
pathway. A number of twowalking trials were performed for each
condition, and the average gait velocity for preferred and fast gait
was calculated. Gait velocity assessment has been shown to have
high reliability in a vestibular population (39).

The grip strength test was used as an indicator of overall
muscle strength (40). The test has also shown to inform regarding
muscle mass, physical function, and health status, as well as
to predict future physical function and health across various
clinical populations (40). Maximal grip strength of the dominant
hand was used as an indication of general muscle health (40)
and was measured using a dynamometer (Mie Medical Systems
myometer). The average strength (in kg) from two trials of the

dominant hand was calculated. The grip strength test testing has
shown to have a high reliability and validity in healthy individuals
as well as in various patient populations (41).

A total of four elements (lumbosacral flexion, head-
nod flexion, shoulder retraction, and elbow-drop) from the
movement domain of the Global Physiotherapy Examination

(GPE) (10, 14) were examined to investigate body flexibility. Each
element was scored on a predefined ordinal scale with 15 levels
between “−2.3” (hypotonus) and “+2.3” (hypertonus), with “0”
representing the normal standard. The absolute values of the
positive and negative scores were added to create a sum score,
and the median scores were presented. The GPE body flexibility
domain has been reported to be reliable and valid in individuals
with musculoskeletal pain (42).

Dizziness severity after head movements was tested by a
head movement-induced dizziness test (NRS_dizziness). The
test involved active head oscillations at 1Hz and guided by a
metronome, for 1min. The perceived intensity of dizziness after
head movements was scored on a Numeric Rating Scale (NRS)
from “0” (no dizziness) to “10” (as bad as it can be). The NRS
has shown acceptable psychometric properties in patients with
chronic pain (43).

Psychological Measures
Avoidance behavior when being alone was assessed using the
Mobility Inventory of Agoraphobia, alone (MI-A). The MI-A
contains 27 items, each rated from 1 (never avoid) to 5 (always
avoid), and higher scores indicate greater avoidance behavior
(44). The Body Sensation Questionnaire (BSQ) was used to
evaluate fear of bodily sensations associated with panic and
anxiety (45). It contains 18 items, each scoring from 1 (not at all
frightened) to 5 (extremely frightened), and higher scores imply
greater fear of somatic sensations. The Agoraphobic Cognitions
Questionnaire (ACQ) was used to measure fear (45). It contains
14 items, each scoring from 1 (thought never occurs) to 5
(thought always occurs), and higher scores indicate greater levels
of fear of physical, social, and mental consequences related to
the symptoms of anxiety. All of these (MI-A, BSQ, and ACQ)
have shown acceptable reliability and internal consistency in a
population with anxiety (45). In addition, psychological distress
was evaluated using theHospital Anxiety and Depression Scale

(HADS) (46). The HADS contains 14 items, each rated from 0
(not present) to 3 (considerably present). The sum score (0–42) is
reported, and higher scores indicate higher levels of psychological
distress. The scale has shown good internal consistency and
acceptable validity in people with dizziness (47).

Fatigue, Dizziness Severity, and QoL Measures
To evaluate perceived fatigue, the participants completed the
Chalder Fatigue Questionnaire (CFQ) (48). The score of
the 11 items, with each item scoring from 0 (better than
usual) to 3 (much worse than usual), is summed, and higher
scores indicate more fatigue. The Vertigo Symptom Scale-Short

Form (VSS-SF) measures the perceived severity of dizziness
symptoms during the past month (49). The questionnaire is
a 15-item scale, and each item is scored between 0 (never)
and 4 (very often). The sum score (0–60) is reported, and a
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TABLE 1 | Demographic data among participants with persistent dizziness, presented for the total population and categorized into three levels of severity of the Dizziness

Handicap Inventory (DHI).

DHI category

Total population Mild (0–30 points) Moderate (31–60 points) Severe (61–100 points)

107) (n = 19, 18%) (n = 60, 56%) (n = 28, 26%)

Mean age, years (95% CI) 49 (46; 51) 54 (48; 61) 47 (43; 50) 49 (45;, 54)

Females, % (95% CI) 76 (0.66; 0.83) 84 (0.60; 0.97) 73 (0.60; 0.84) 75 (0.55; 0.89)

Median dizziness duration, months (95% CI) 23a (17; 40) 36b (17; 100) 33c (14; 74) 18d (6; 21)

24+ months, % (95% CI) 50 (0.49; 0.51) 53 (0.28; 0.77) 53 (0.39; 0.66) 39 (0.20; 0.61)

Educational level

High school or below, % (95% CI) 31e (0.22; 0.41) 21 (0.06; 0.46) 32f (0.21; 0.46) 35g (0.17; 0.56)

Work situation

Working, % (95% CI) 41h (0.31; 0.51) 58 (0.33; 0.80) 42f (0.30; 0.56) 25 (0.11; 0.45)

Sick leave or incapacity, % (95% CI) 42 (0.33; 0.52) 21 (0.06; 0.46) 41f (0.28; 0.54) 61 (0.41; 0.78)

Other, % (95% CI) 17 (0.10; 0.26) 21 (0.06; 0.46) 17f (0.84; 0.29) 14 (0.04; 0.33)

DHI, Dizziness Handicap Inventory; CI, Confidence Interval.
an = 95, bn = 17, cn = 55, dn = 23, en = 104, fn = 59, gn = 26, hn = 106. The term “other” includes students, persons staying at home, retired, and other.

TABLE 2 | Physical test (Group 1) and self-reported psychological measures (Group 2), and fatigue, dizziness severity and quality of life (Group 3) among participants with

persistent dizziness, presented for the total population, and categorized into three levels of severity of the Dizziness Handicap Inventory (DHI).

DHI categories

Total population Mild (0–30 points) Moderate (31–60 points) Severe (61–100 points)

Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

DHI 49 (45.3; 52.4) 24 (20.7; 27.8) 47 (44.5; 48.9) 72 (68.6; 75.6)

Physical tests (Group 1)

Preferred gait velocity (m/s) 1.18 (1.10; 1.18) 1.22 (1.12; 1.32) 1.20 (1.15; 1.24) 1.11 (1.01; 1.20)

Fast gait velocity (m/s) 1.79 (1.74; 1.84) 1.80 (1.69; 1.91) 1.85 (1.78; 1.91) 1.66 (1.55; 1.77)

Grip strength (kg)* 25.4 (24.2; 27.0) 24.9 (22.2; 27.3) 26.2 (24.0; 28.4) 24.3 (21.7; 29.3)

GPE movement 3.80 (3.47; 4.13) 3.40 (2.65; 4.15) 3.78 (3.33; 4.23) 4.13 (3.44; 4.93)

NRS_dizziness* 6.0 (5.0; 7.0) 5.5 (3.0; 7.0) 6.0 (5.0; 7.0) 7.0 (6.0; 8.0)

Psychological measures (Group 2)

MI-A* 1.41 (1.30; 1.70) 1.11 (1.04; 1.26) 1.39 (1.26; 1.76) 2.30 (1.70; 3.00)

BSQ* 1.70 (1.50; 1.82) 1.35 (1.12; 1.71) 1.59 (1.47; 1.82) 2.06 (1.76; 2.24)

ACQ* 1.30 (1.26; 1.42) 1.16 (1.11; 1.26) 1.37 (1.26; 1.42) 1.66 (1.32; 2.06)

HADS* 11.0 (9.0; 12.0) 5.0 (1.0; 7.0) 10.5 (9.0; 13.0) 15.5 (13.0; 22.0)

Fatigue, dizziness severity, QoL (Group3)

CFQ* 18.0 (16.0; 20.0) 13.0 (11.0; 17.0) 18.5 (16.0; 21.0) 24.0 (18.0; 27.0)

VSS-SF 20.58 (18.66; 22.49) 12.53 (7.14–18.43) 20.22 (18.47; 22.76) 27.04 (23.39; 31.25)

EQ-VAS (%) 56.73 (53.52; 60.79) 73.22 (67.38–85.91) 59.05 (54.36; 62.76) 42.82 (36.69; 48.11)

*Indicates median score. DHI, Dizziness Handicap Inventory; CI, confidence interval; m/s, meters per second; kgs, kilograms; GPE, Global Physiotherapy Examination; NRS_dizziness,

head movement-induced dizziness; MI-A, Mobility Inventory of Agoraphobia-Alone; BSQ, Body Sensation Questionnaire; ACQ, Agoraphobic Cognitions Questionnaire; HADS, Hospital

Anxiety and Depression Scale; QoL, quality of life; CFQ, Chalders Fatigue Questionnaire; VSS-SF, Vertigo Symptom Scale-Short Form.

higher score indicates greater symptom severity. The Norwegian
version of VSS-SF has shown good reliability and construct
validity (50). To evaluate the quality of life (QoL), the
participants completed the EQ-VAS section of the EQ5D-

5L (a generic quality of life measure) (51, 52). This section
contains a visual analog scale scoring from 0 to 100, where
higher scores indicate better health-related QoL. The EQ-

VAS has shown good reliability in patients with rheumatoid
arthritis (53).

Statistical Methods
Continuous data were checked for normality using Shapiro–Wilk
tests and QQ plots. Demographic data (age, sex, duration of
dizziness, educational level, and work situation) were collected
and presented for the total population, as well as for the three
dizziness-related handicap levels (described above). Depending
on the nature of the measure, the data were presented using
means, medians, or proportions and their respective 95% CI
around the point estimate. Due to the number of measures
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TABLE 3 | Associations between total DHI score and measures in the physical (Models 1 & 4), psychological (Models 2 & 5), and “other” domains (Models 3 & 6) in

participants with persistent dizziness.

Models Models with covarites (Age, sex)

β 95% CI p Adjusted R2 β 95% CI P Adjusted R2

Physical tests Model 1 0.15 Model 4 0.13

Preferred gait velocity (m/s)

Fast gait velocity (m/s) −12.69 −25.09; −0.29 0.045 −16.55 −29.95; −3.15 0.016

Grip strength (kg)

GPE movement

NRS_dizziness 2.14 0.88; 3.40 0.001 2.04 0.79; 3.29 0.002

Psychological questionnaires Model 2 0.44 Model 5 0.43

MI-A 8.21 3.83; 12.59 <0.001 8.47 4.07:12.87 <0.001

HADS 1.05 0.60; 1.50 <0.001 1.04 0.58; 1.50 <0.001

BSQ

ACQ

Other questionnaires Model 3 0.44 Model 6 0.41

CFQ

VSS-SF 0.66 0.37; 0.95 <0.001 0.65 0.34; 0.96 <0.001

EQ-VAS −0.40 −0.55; −0.25 <0.001 −0.42 −0.57; −0.26 <0.001

Shaded outcomes removed from models due to p-values above 0.100. β, beta coefficient; CI, confidence interval; p, p-value; GPE, Global Physiotherapy Examination; NRS_dizziness,

head movement-induced dizziness; MI-A, Mobility Inventory of Agoraphobia-Alone; HADS, Hospital Anxiety and Depression Scale; BSQ, Body Sensation Questionnaire; ACQ,

Agoraphobic Cognitions Questionnaire; CFQ, Chalders Fatigue Questionnaire; VSS-SF, Vertigo Symptom Scale-Short Form; EQ-VAS, self-rated quality of life.

TABLE 4 | Association between the significant outcomes from models 4–6 and the total Dizziness Handicap Inventory (DHI) score, in participants with persistent dizziness.

Model 7 Model 8 (with covariates age, sex)

β 95% CI p Adjusted R2 β 95% CI p Adjusted R2

0.58 0.56

Fast gait velocity (m/s) −7.59 −16.92; 1.74 0.110 −6 to 69 −17.21; 3.83 0.209

NRS_dizziness 0.35 −0.63; 1.33 0.483 0.33 −0.67; 1.32 0.518

MI-A 6.34 2.21; 10.46 0.003 6.71 2.45; 10.98 0.002

HADS 0.58 0.13; 1.03 0.012 0.60 0.14; 1.06 0.011

VSS-SF 0.50 0.23; 0.77 <0.001 0.51 0.22; 0.79 <0.001

EQ-VAS −0.21 −0.36; −0.06 0.008 −0.20 −0.36; −0.04 0.015

Shaded outcomes; p-values above 0.100. β, beta coefficient; CI, confidence interval; p, p-value; NRS_dz, head movement-induced dizziness; MI-A, Mobility Inventory of Agoraphobia-

Alone; HADS, Hospital Anxiety and Depression Scale; VSS-SF, Vertigo Symptom Scale-Short Form.

investigated, they were split into three groups for all the analyses.
Group 1 included measures collected during testing, termed
“Physical tests,” Group 2 was termed psychological measures
and included measures related to anxiety, avoidance behavior,
and psychological distress, whereas Group 3 comprised comprise
other relevant self-reported measures (fatigue, dizziness severity,
and QoL) which were also believed to have an impact on
DHI scores. The measures were presented according to three
groups of outcomes in relation to the severity level of the DHI.
Possible differences between the DHI severity levels in each of
the measures were investigated by comparing means/ medians in
relation to CI in the different measures.

All the assumptions for linear regressions were met. Backward
multiple linear regression analyses were used to test for

associations between DHI total score and the measures within
each group. Tests for assumptions were conducted to investigate
for multicollinearity and normality of residuals. The regression
analyses for each group were calculated as one model, including
all the measures in each group, which resulted in three separate
backward regression models. Regression analyses were afterward
adjusted for age and sex. A positive beta coefficient implied
a positive association with the DHI, whereas a negative beta
coefficient indicated a negative association. The significant
measures in each of the unadjusted models were presented in
scatterplots in relation to DHI total score (Figure 1). Finally,
a regression model including only the measures with p-values
below 0.10 from each of the three models was conducted, with
similar adjustments as conducted for the separate blocks.
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FIGURE 1 | Scatterplots of the outcomes significantly associated with the total Dizziness Handicap Inventory (DHI) score, in particicpants with persistent dizziness.

Each plot presents the strength of the linear relationship, with DHI scores along x-axis and the different outcome measures on the y-axis. The dotted line represents

the unadjusted regression coefficient for each outcome.
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The statistical program IBM SPSS Statistics 26 was used for
analysis, and p-values <0.05 were considered significant.

RESULTS

A total of 107 participants were included, with a mean age of
49 years (20–70 years), most of the participants were women
(76%), and 50% of the participants reported a dizziness duration
of at least 2 years (Table 1). The mean DHI score was 49 points
(Table 2). Based on the DHI scores, 18% of the participants
were classified as having mild dizziness-related handicap, 56%
had moderate dizziness-related handicap, and 26% had severe
dizziness-related handicap. Participants in the mild category
tended to be older (mean age= 54 years) with a higher percentage
of women (84%). A similar proportion of participants in the
mild and moderate categories experienced dizziness for more
than 24 months (53%), but almost two times as many in the
moderate category (41%) were currently on sick leave compared
with those in the mild category (21%), slightly over a third of
the participants in the severe category presented with dizziness
for more than 24 months; and 61% of these reported being on
sick leave.

Participants presented with poorer scores in all groups of
measures with increasing severity levels of DHI (Table 2). In
Group 1, there was a tendency of higher preferred and fast gait
velocities for those in the mild and moderate DHI categories
compared with the severe category, and the participants in the
mild DHI severity level demonstrated a trend toward lower
NRS_dizziness scores compared with the severe group. The
Group 2 measures all presented with low scores in the mild
DHI severity level, which increased with DHI severity levels.
The measures in Group 3 showed a similar trend of worsening
symptoms with increasing severity levels of the DHI (increasing
scores in CFQ and VSS-SF, decreasing scores on the EQ-
VAS).

A total of three separate backward stepping multivariable
models, with additional analyses including age and sex, were
fitted to determine which measures within each group were
associated with DHI (Table 3). After adjusting for age and sex,
we found a significantly negative association between fast gait
velocity and the DHI, and a significantly positive association
between head movement-induced dizziness and the DHI (Model
4). For the measures in Group 2, the adjusted model showed
significantly positive associations between both the MI-A and
HADS scores and the DHI (Model 5). In Group 3, there was a
significantly positive association between the VSS-SF scores and
the DHI, and a significantly negative association between the
EQ-VAS and the DHI after including age and sex in the model
(Model 6). Model 4 could explain 13% of the variance in the
DHI scores, whereas Models 5 and 6 explained 43 and 41% of
the variance.

The independent variables associated with changes in DHI
scores are presented as scatterplots (Figure 1). The plots
showed a small negative association between DHI and fast
gait, whereas NRS_dizziness presented with a larger variety
of scores, with a small positive association. The MI-A,
HADS, and VSS-SF all had a clear positive association,

whereas the EQ5D-Vas illustrated a negative association with
the DHI.

The independent variables in the final model (Model 7) could
explain 58% of the variance (Table 4). After adjusting for age and
sex, the MI-A, HADS, VSS-SF, and EQ-VAS (Model 8) remained
significantly associated, and together, they explained 56% of the
variance in the DHI scores.

DISCUSSION

There was a clear trend toward worse scores for the different
outcomes in each of the DHI levels. In Group 1, gait
velocity and head movement-induced dizziness (NRS_dizziness)
became poorer with increasing severity level of the DHI.
This also applied to avoidance behavior (MI-A), fear of
bodily sensations (BSQ), fear itself (ACQ), and psychological
distress (HADS) in Group 2, and fatigue (CFQ), dizziness
severity (VSS-SF), and health-related QoL (EQ-VAS) in Group
3. In the adjusted multiple regression analyses, significant
associations were found between increasing DHI severity and
two measures within each of the three groups; fast gait
velocity and NRS_dizziness in Group 1, MI-A and HADS
in Group 2, and VSS-SF and EQ-VAS in Group 3. In
the final adjusted combined model, only the MI-A, HADS,
VSS-SF, and EQ-VAS remained significantly associated with
increasing DHI severity, explaining 56% of the variance in the
DHI score.

The participants scoring in the severe DHI category walked
slower than the individuals in both the mild and moderate
categories, at both preferred and fast velocities. The current
results are in conflict with a previous study that demonstrated
no significant difference in gait velocity between severity levels
of DHI (32). The participants in this study were generally
younger than those in the study by Whitney et al. (32) which
could be one explanation for the different findings. However,
different analysis methods and description of pace hamper direct
comparisons. In this study, the adjusted regression analyses
found that fast, but not preferred, gait velocity was significantly
associated with DHI. This is in contrast to a previous study
(28) and possibly due to the differences in versions of the DHI
and statistical methods used. Since both studies suggest gait to
influence DHI scores, results are considered not to be conflicting.
The adjusted model also found significant associations between
DHI and NRS_dizziness, but the lack of previous studies using
this measure hampers comparison. Overall, less than half of the
physical tests were significantly associated with the DHI, and the
model explained only 13% of the DHI variance. These results
indicate that the selected physical tests were unable to capture
the current population’s perception of dizziness-related handicap
as measured by the DHI.

There was a trend for worse scores with increasing severity
level of the DHI in the psychological measures. However, since
ACQ and BSQ scores were within normal range (equal to a
community sample) (54) across all DHI severity levels, the
symptoms of panic and anxiety were of limited importance in
this study population. Also, the MI-A (avoidance) and HADS
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(psychological distress) scores increased with each DHI level,
in line with the previous studies on populations with dizziness
(30, 55, 56). Although only participants in the severe DHI
level presented with abnormal scores for MI-A and HADS,
[MI-A 2.30 points (cutoff value; 1.65 points (54), HADS 15.5
(cutoff value; 12 points (57)], the regression model including
the psychological outcomes (Group 2) explained a relatively
large part of the DHI variance (43%), with half of the selected
measures being significantly associated with the DHI. This
indicates that psychological outcomesmay play an important role
when dizziness-related handicap increase. This is in line with
previous studies that have documented avoidance behavior in
these patients (5, 30, 55), and that avoidance correlates with DHI
scores (30). The same applies to HADS and association with DHI
scores (56, 58) and was not surprising given the reported link
between vestibular diseases and psychological complaints (18).

The outcomes in Group 3 (fatigue, dizziness severity, and
QoL) also presented with worse scores with increasing DHI
severity levels. It was surprising that the participants in the severe
DHI level had CFQ scores similar to patients with chronic fatigue
syndrome (mean; 24 points) (59), and that all three current
levels of the DHI presented with severe dizziness according to
VSS-SF (from 12.53 to 27.0, mean 20.58; cutoff 12 points) (60).
The adjusted regression model showed significant associations
between DHI and VSS-SF, in addition to EQ-VAS, in line with
previous studies (29, 30, 38), whereas CFQ was not associated
with DHI scores. This was somewhat surprising and may be
explained by the fact that none of the items in DHI directly
address questions related to fatigue.

The final adjusted model including significant measures from
the previous models indicated that the self-reported outcomes
covering avoidance (MI-A), anxiety, and depression (HADS)
in addition to dizziness severity (VSS-SF) and QoL (EQ-
VAS) and had a strong relationship with the DHI, whereas
the physical tests did not. The model explained 56% of the
variance in the DHI scores which was considered to be rather
high, and in line with another study (30) who found that a
model of different psychological outcomes could explain 62.7%
of the variance in the DHI scores. Another study evaluating
the relationship between demographic characteristics, mental
health and dizziness-related characteristics also found significant
associations between DHI and several outcomes which explained
63% of the variance (29). As far as we are aware of, this
study is the only study to use multivariate regression analyses
including both physical tests and self-reported outcomes in a
stepwise backward model that at each step gradually eliminates
variables from the regression model to find a reduced model
that best explains the data. This represents a rather novel
approach. As none of the physical tests were significant in
the final model, it could indicate that the DHI is unable to
capture problems associated with everyday physical activities
using gait as an example. Diverging results are reported by
others concerning such associations (27, 28, 32, 61). Studies using
different static balance and functional tests have found moderate
to strong correlations with the DHI, like for instance, single-
leg stance and Dynamic Gait Index (27, 32, 61), whereas other
outcomes such as Romberg test and single-leg stand test had

weak or no correlation (27, 32).Whether other physical measures
would have rendered the significant associations to remain in
this study is, however, unclear. From our point of view, the
DHI seems to be useful in collecting self-reported information
concerning psychological problems, dizziness severity, and QoL.
However, as people with dizziness often present with a variety
of complaints, it is necessary to use a combination of tests
and measures in the assessment of individual patients with
persistent dizziness.

The study has several limitations. As data were collected
in relation to an ongoing RCT, power calculations were not
performed for this study. The study has a cross-sectional
design, and data from this study do not allow for inferring
conclusions regarding direction and causality. Even though there
are risks of confounders that may influence the association
in cross-sectional studies, this was not likely, since this study
tested for assumptions for regression analyses, and no sign of
multicollinearity was found.

A weakness of this study could conceivably be that diagnoses
are not included as a confounder in the association analysis.
However, we recruited persons with prolonged dizziness (average
24 months) without paying attention to diagnoses as they have
shown to be of less importance for function when dizziness
persists (13). We rather aimed to explore what functional
challenges the participants had and if these problems influenced
scores on the DHI. Another possible limitation is the use of three
severity levels of the DHI (32), which is neither based on evidence
nor consensus. However, we opted to use the categorization due
to the clinical impression that scoring in the severe DHI level
could be an indication for directing special attention toward these
patients. Jacobson and Newman (24) also included subscales
(physical, functional, and emotional) of the DHI. However, the
validity of these subscales has been questioned (62) and the use
of the total DHI score has been recommended (31, 35, 36, 38,
63), and thus, only the relationship between the total DHI and
selected outcomes was examined in this study.

Strengths of the study include the inclusion of a relatively
large population with persistent dizziness. Data were collected
systematically following a published protocol (33) and trained
testers were used. It is further a strength that the current
age and sex distribution equal previous studies on populations
with vestibular populations (13, 29, 30), and patients attending
an oto-neurology clinic due to dizziness (30, 32), thereby
increasing generalizability.

CONCLUSION

The use of a regression analysis including groups of physical
tests and self-reported measures, to reveal the most important
factors to explain the variance in DHI scores, represents a
new approach in this field. The findings indicate that DHI
seems to cover self-reported aspects such as avoidance,
behavior, psychological distress, dizziness severity, and QoL.
However, the relationship between DHI and physical tests
was not established. From this study, it seems that DHI
should be complemented with physical tests to establish
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a more complete picture of the patients‘ complaints.
However, further studies are needed to establish which
physical test will be the most appropriate to use together
with DHI.
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