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Abstract

Background There is no widely accepted validated scale
to assess the comprehensive symptom burden and severity
of neurogenic orthostatic hypotension (NOH). The Ortho-
static Hypotension Questionnaire (OHQ) was developed,
with two components: the six-item symptoms assessment
scale and a four-item daily activity scale to assess the
burden of symptoms. Validation analyses were then per-
formed on the two scales and a composite score of the
OHQ.

Methods The validation analyses of the OHQ were per-
formed using data from patients with NOH participating in
a phase IV, double blind, randomized, cross over, placebo-
controlled trial of the alpha agonist midodrine. Convergent
validity was assessed by correlating OHQ scores with
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clinician global impression scores of severity as well as
with generic health questionnaire scores. Test—retest reli-
ability was evaluated using intraclass correlation coeffi-
cients at baseline and crossover in a subgroup of patients
who reported no change in symptoms across visits on a
patient global impression scores of change. Responsiveness
was examined by determining whether worsening or
improvement in the patients’ underlying disease status
produced an appropriate change in OHQ scores.

Results Baseline data were collected in 137 enrolled
patients, follow-up data were collected in 104 patients
randomized to treatment arm. Analyses were conducted
using all available data. The floor and ceiling effects were
minimal. OHQ scores were highly correlated with other
patient reported outcome measures, indicating excellent
convergent validity. Test—retest reliability was good. OHQ
scores could distinguish between patients with severe and
patients with less severe symptoms and responded appro-
priately to midodrine, a pressor agent commonly used to
treat NOH.

Conclusion These findings provide empirical evidence
that the OHQ can accurately evaluate the severity of
symptoms and the functional impact of NOH as well as
assess the efficacy of treatment.

Keywords Orthostatic hypotension - Autonomic failure -
Symptoms - Questionnaire

Introduction

Neurogenic orthostatic hypotension (NOH) is a disorder of
sympathetic vasoconstriction [11]. Upon standing, the

release of norepinephrine from sympathetic nerve termi-
nals is decreased or absent, vasoconstriction in the systemic
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circulation fails, and blood pressure falls [10]. Reduced
blood supply to the brain [8, 16] causes characteristic
symptoms that are disabling and interfere with the ability to
perform everyday physical activities [4, 9, 10].

Classic symptoms of NOH occur when standing and
disappear when lying down [19]. Affected patients describe
lightheadedness, dizziness or feeling faint [4]. Changes in
vision, described as blurry or gray, are also common. When
NOH is severe blood supply to the brain is critically
reduced and loss of consciousness (syncope) may ensue [9,
19]. Other less specific symptoms of NOH, including
generalized weakness, fatigue, shoulder and neck pain [1],
cognitive slowing, leg buckling and headache often go
unrecognized.

Orthostatic hypotension is defined operationally as a fall
in systolic blood pressure of at least 20 mmHg and/or a fall
in diastolic blood pressure of at least 10 mmHg within
3 min of standing [2]. NOH can be symptomatic or
asymptomatic. Neither the magnitude of the blood pressure
fall nor the standing blood pressure always correlate with
symptoms of NOH and, in some patients neither can be
used as a reliable measure for clinical decision-making.

Global quality of life questionnaires and symptom
assessment instruments are not designed to specifically
evaluate symptoms of NOH. Nor do these instruments
measure the impact of NOH on daily activities. Therefore,
we developed a novel clinical rating scale, the Orthostatic
Hypotension Questionnaire, with two components: the
Orthostatic Hypotension Symptom Assessment (OHSA) to
measure the presence and severity of symptoms and the
Orthostatic Hypotension Daily Activity Scale (OHDAS) to
measure the impact of orthostatic symptoms on daily
activities.

The psychometric properties of the OHQ were evaluated
using data from a Phase IV multi-center, randomized,
placebo-controlled cross-over trial to assess the clinical
benefit of the alpha-adrenergic agonist, midodrine hydro-
chloride, a drug widely used to treat NOH [5, 28]. Here we
present the results of the validation analyses.

Methods
Subjects and study design

The validity and responsiveness of the OHQ were tested on
patients with NOH participating in a clinical trial of
midodrine [5, 28]. Patients were included in the study if
they had a fall in systolic BP > 20 mmHg and/or a fall in
diastolic BP > 10 mmHg within 3 min of standing;
symptoms of NOH; and a diagnosis of Parkinson Disease
(PD), pure autonomic failure (PAF), multiple system
atrophy (MSA) or an autonomic neuropathy. The study
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design was a placebo controlled cross-over trial, with an
active treatment run-in. Subjects who responded to treat-
ment were then randomized to a sequence arm (Fig. 1).

Procedures

The OHQ, a clinical global impression—severity (CGI-S)
[7, 20], and the SF-36® (version 2) Health Survey [26]
were administered to all patients by a trained clinician at
baseline, after 2 weeks of receiving midodrine or placebo
(treatment 1) and after 2 weeks of cross-over into the
opposite arm of the study (treatment 2). The clinical global
impression of improvement scale (CGI-Improvement) [7]
was administered at both visits (treatment #1 and #2) when
the patient had been taking placebo or active agent for
2 weeks. Rating scores were recorded on standardized
data-collection forms.
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Measures
OHQ

The OHQ was developed by clinicians experienced in the
treatment of patients with autonomic disorders (3 neurol-
ogists, 1 cardiologist, and 1 endocrinologist) and a psy-
chometrician with experience in clinical scores. During
development of the questionnaire, two focus groups were
conducted to incorporate the patients’ experience with OH
and to avoid clinical “jargon” (data not presented). The
questionnaire is divided into two parts: Part I, Symptom
Assessment (OHSA), consisted of six questions, each rat-
ing the intensity of one characteristic symptom of NOH,
[1. Dizziness, lightheadedness, feeling faint, or feeling like
you might black out; 2. Problems with vision (blurring,
seeing spots, tunnel vision, etc.); 3. Generalized weakness;
4. Fatigue; 5. Trouble concentrating; 6. Head/neck dis-
comfort] and Part II, Daily Activity Scale (OHDAS),
consisted of four questions that assessed the impact of
NOH symptoms on daily activities.

The questions are preceded by instructions to restrict
answers only to symptoms that occur on standing and
resolve when lying down. The recall period is “over the
past week”. The items are scored on an 11-point scale from
0 to 10, with 0 indicating no symptoms/no interference and
10 indicating the worst possible symptoms/complete
interference, and the option of selecting “cannot be done
for other reasons”. The composite OHQ score is calculated
by averaging the OHSAS and the OHDAS. Activities that
are marked as zero or ‘cannot be done for other reasons’ at
baseline are not included in the scoring. Thus symptoms
that are not experienced by an individual subject as well as
other neurological, usually motor, abnormalities that cause
similar problems to those being measured were not inclu-
ded in the rating of NOH. The OHQ scales at post-baseline
are calculated using only those items that were included in
the baseline scores. When patients have a score for an
OHDAS activity at baseline and endorsed ‘cannot be done
for other reasons’ or were without a value at randomization
(visit 5) or after crossover (visit 6, end of study), a score
was assigned using last observation carried forward (in this
study, this occurred in only 6 patients).

Global impression of severity and change scales

The clinician global impression of severity (CGI-Severity)
consisted of 7-points ranging from 1 (no symptoms) to 7
(most extremely ill with symptoms of OH), with a higher
score indicating a greater severity. The Clinician Global
Impression of Change (CGI-C) scale also consisted of
7-points ranging from 1 (very much improved) to 7 (very
much worse). The CGI-S and CGI-C were filled out by the

clinician. Patient reported versions of the rating scales were
also administered, the Patient Global Impression of Severity
(PGI-S) and Patient Global Impression of Change (PGI-C).

SF-36 Health Survey Questionnaire

The SF-36 generic health status questionnaire consisted of
36 items subdivided into 8 domains. Each SF-36 scale was
scored using a norm-based approach to standardize scores
to a mean of 50 and a standard deviation of 10.

Psychometric analysis
Data quality review

The frequency distribution of OHQ items was examined.
Descriptive characteristics, such as mean, median, and
range were evaluated, followed by the extent of missing
and out-of-range data. The percentage of samples scoring
the minimum and maximum possible scores was deter-
mined to evaluate the floor and ceiling effects, respectively.

Validity

The construct validity of the OHQ was examined to assess
the validity of combining items into the OHSA and OH-
DAS scale scores as well as the validity of a single com-
posite score. Exploratory factor analysis was performed
with no prior assumptions as to the structure of the OHQ.
Eigen values were generated using a correlation matrix
from data collected at baseline (visit 3A). The number of
underlying factors was determined if an eigenvalue was
greater than unity and the factor explained more than 5% of
the variance in item scores [18]. Confirmatory factor
analysis was conducted on the factor solutions suggested
by the exploratory factor analysis using OHQ data col-
lected at visit 5 and at the end of study (visit 6). Model fit
was examined using the comparative fit index, Tucker—
Lewis Index, root mean square error of approximation and
weighted root mean residual. Hu and Bentler’s guidelines
were used to interpret the values of comparative fit index
and Tucker-Lewis Index (>0.95), root mean square error
of approximation (<0.06) and weighted root mean residual
(<0.90) indicating good fit. Analyses were performed using
MPlus (version 5.1).

Convergent validity of the OHQ was determined by
assessing the relationship between the OHQ and other
validated patient-scored measures. The strength of the
relationship between the patient’s OHQ scores and CGI-S
and SF-36 generic health questionnaire scores were
examined using Pearson correlations. Both patients and
clinician CGI responses were analyzed. As the SF-36 scale
is a generic health-related quality of life scale and the CGI
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scale was conceptually closer to the OHQ, it was hypoth-
esized that CGI scales would be more closely correlated to
OHQ scores. The inter-correlations between the OHQ and
the different domains of the SF-36 questionnaire were
examined to determine whether specific aspects of the scale
that measure symptoms of NOH, such as fatigue, correlated
more closely with OHQ scores.

Convergent validity was also assessed by correlating
absolute OHQ scores and standing systolic blood pressure
at baseline and Visits 5 and 6, and by assessing the rela-
tionship between changes in OHQ scores and changes in
standing systolic blood pressure from baseline to Visits 5
and 6.

Clinical validity was evaluated using known-groups
methods to determine whether the OHSA, OHDAS and
OHQ-Composite scores were systematically related to
disease severity. Patients were sub-divided into two
severity groups according to their symptom rating on the
CGI-S scale. Group 1 consisted of patients with “little or
no symptoms” (with a CGI-S score of 1, 2 or 3). Group 2
consisted of patients with “moderate to/severe NOH
symptoms” (with a CGI-S score of 4, 5, 6 or 7). Mean
OHSA, OHDAS and OHQ-Composite scores were com-
pared in the two groups using ANOVA.

Reliability

Test—retest reliability of the OHQ was examined by cal-
culating the intraclass correlation coefficient between
baseline and Visit 5 in a sub-group of selected patients that
reported no change on the PGI-C at Visit 5.

Internal consistency was assessed for the OHSA score,
OHDAS score, and OHQ composite score using Cron-
bach’s alpha. Alpha was calculated for the OHSA using all
6 symptom items, for the OHDAS using the 4 impact on
activity items, and for the OHQ composite using all 10
symptom and impact items.

Responsiveness

Responsiveness was examined by determining whether a
change in the patient’s underlying disease status produced
an appropriate change in OHSA, OHDAS and OHQ scores.
Participants were sub-divided into two groups depending
on how they rated their health status relative to baseline
while randomized to receive placebo or midodrine (visits 5
and 6). Patients were classified as “improved” if they
endorsed ‘very much improved’ or ‘much improved’ or
‘slightly improved’ on the CGI-C scale. Patients were
classified as ‘the same or worse’ through endorsement of
‘no change’ or ‘slightly worse’ or ‘much worse’ or ‘very
much worse’ on the PGI-C. OHQ responsiveness was
examined by comparing the average change in OHQ scores
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from baseline in the two groups using ANOVA. Analyses
were also performed in the same manner using groups
defined by clinician report on the CGI-C.

Minimally important difference

In addition to ability to detect change, it is also helpful to
assess the magnitude of change that is important. Using an
anchor based approach, the MID is defined for this study as
the change from baseline in the “Minimally Improved”
group as defined on the PGI-C. As there is not a single
well-accepted approach to the assessment of MID, distri-
butional estimates are also included. In addition to the %2
standard deviation estimates of MID, standard error of
measurement (SEM) is also included. SEM (standard
deviation x \/ (1-reliability)), an estimate of MID that is
based on the reliability of the questionnaire, is equivalent
to the %2 SD when reliability = 0.75 and decreases as
reliability increases. The logic behind the relationship is
that as the noise inherent in the tool decreases, a score
smaller than the %2 SD estimate becomes more meaningful.
Research using the SEM indicates a convergence between
anchor based and distribution based methods [15]. The
internal consistency reliability has been proposed as the
most stable estimate to use in calculation of the SEM [17].

Results
Sample

OHQ data was collected from 137 patients at baseline (visit
3A), of these patients 103 had OHQ data at Visit 5 and 127
had OHQ data available at Visit 6. The sample was 54%
male, 93.6% Caucasian, and had a mean age of 62.7 years
(SD 15.15). NOH was associated with diabetic peripheral
neuropathy (29%), non-diabetic peripheral neuropathy
(11%), pure autonomic failure (28%), multiple system
atrophy (11%) and Parkinson’s disease (21%). At baseline,
on average systolic blood pressure fell from 136 £ 21 to
101 + 22 mmHg. Table 1 shows mean scores and blood
pressure values at baseline, cross over onto placebo and
active agent.

Data quality review

Analysis of the frequency distribution revealed the degree
of “missingness” was minimal for all items across time
points, with the exception of item Q10 (activities that
require walking for a long time), which slightly exceeded
the acceptable value of 10%. The OHQ scores showed a
normal distribution. The percentage of samples scoring the
minimum and maximum possible scores was less than
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Table 1 Results of the trial

Baseline Placebo Active agent Significance (p)
Supine
SBP (mmHg) 136 £+ 21 135 £ 22 144 + 24 <0.001
DBP (mmHg) 79 £ 12 80 £ 11 82 + 13 <0.002
Standing
SBP (mmHg) 101 + 22 103 £ 26 111 £ 22 <0.002
DBP (mmHg) 63 + 14 64 £ 15 69 £+ 15 <0.01
Orthostatic hypotension system assessment
ITEM 1 (Lightheadedness)
58+26 53+£27 4.1+£28 <0.001
ITEM 2 (Vision problems)
43 +28 41 £29 3127 <0.001
ITEM 3 (Weakness)
55+£29 5.1 +£28 42+£29 <0.002
ITEM 4 (Fatigue)
59+29 55+28 47 +£3 <0.004
ITEM 5 (Trouble concentrating)
42 +£29 42 +28 37+28 <0.026
ITEM 6 (Head/neck discomfort)
4.1 £ 3.1 35+3 3327 <0.226
Composite score
5519 49 £22 4.1+£23 <0.002
Orthostatic hypotension daily activity scale
ITEM 1 (Activities that require standing for a short time)
45+£29 42 +£25 34+25 <0.001
ITEM 2 (Activities that require walking for a short time)
72+25 6.5 +28 53+£3 <0.001
ITEM 3 (Activities that require standing for a long time)
43 £27 42 £26 3227 <0.001
ITEM 4 (Activities that require walking for a long time)
6.8 +2.8 63+3 53+32 <0.001
Composite score
57+£23 54+24 42 +24 <0.001

30%, indicating that none of the OHQ items showed sig-
nificant floor or ceiling effects. Item standard deviations in
the OHSA ranged from 2.65 to 3.16 and from 2.57 to 3.25
in the OHDAS, suggesting equality of variances among
items in the scale. In addition, skewness and kurtosis were
low for all questions in the OHSA (skewness, —0.31 to
0.61; kurtosis, —1.22 to —0.56) and OHDAS (skewness,
—0.90 to 0.50; kurtosis, —1.15 to —0.03).

Validity
Construct validity
Exploratory factor analysis revealed that the OHQ had two

underlying factors. The first two eigenvalues were greater
than 1 and each explained more than 5% of the variance in

item responses. The pattern of correlations between items
and the first two factors were consistent with the a priori
item-scale hypothesized relationships. Promax rotated
factor loading using weighted least squares estimator
extraction revealed that items 1 through to 6, which mea-
sure symptoms of NOH, all loaded more highly on the first
factor (with r values ranging from 0.526 to 0.829). Items 7
through 10, which measure impact of symptoms on activ-
ities, all loaded more highly on the second factor (with r
values ranging from 0.645 to 0.850). The two factor solu-
tion suggested by the exploratory factor analysis was
confirmed with confirmatory factor analysis using data
from visits 5 and 6. As shown in Table 2, a two factor
solution had acceptable goodness of fit statistics and all but
the vision, concentration, and head/neck discomfort items
loaded very highly (>0.8) with their respective factor. The
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Table 2 Confirmatory factor analysis for the one and two factor solutions: completely standardized factor loadings—Visit 5 and 6

Factor solution Questions Cross over 1 (Visit 5) Cross over 2 (Visit 6)
Standardized factor loadings SEM Standardized factor loadings SEM
2 Factor Factor 1 (OH Symptom Assessment)
Q1:Dizziness/lightheadedness 0.856 0.028 0.863 0.027
Q2:Vision 0.594 0.062 0.721 0.042
Q3:Weakness 0.960 0.015 0.948 0.014
Q4:Fatigue 0.904 0.025 0.934 0.017
Q5:Trouble concentrating 0.626 0.055 0.604 0.055
Q6:Head/neck discomfort 0.581 0.053 0.496 0.066
Factor 2 (OH Daily Activities Scale)
Q7:Standing—short time 0.836 0.035 0.918 0.016
Q8:Standing—Ilong time 0.917 0.026 0.953 0.014
Q9:Walking—short time 0.860 0.032 0.906 0.018
Q10:Walking—long time 0.867 0.030 0.897 0.019
CFI/TLI 0.971/0.989 0.985/0.995
RMSEA 0.140 0.121
WRMR 0.507 0.485
1 Factor OHQ_Composite
Q1:Dizziness/lightheadedness 0.843 0.028 0.835 0.027
Q2:Vision 0.581 0.061 0.706 0.043
Q3:Weakness 0.945 0.015 0.933 0.014
Q4:Fatigue 0.890 0.025 0.917 0.018
Q5:Trouble concentrating 0.612 0.054 0.588 0.055
Q6:Head/neck discomfort 0.565 0.052 0.483 0.065
Q7:Standing—short time 0.811 0.036 0.905 0.017
Q8:Standing—Ilong time 0.891 0.027 0.935 0.015
Q9:Walking—short time 0.832 0.033 0.893 0.019
Q10:Walking—long time 0.847 0.032 0.884 0.020
CFI/TLI 0.948/0.982 0.966/0.989
RMSEA 0.183 0.188
WRMR 0.626 0.694

OHSA Orthostatic hypotension symptom assessment, OHDAS Orthostatic hypotension daily activity scale, OHQ_Comp orthostatic hypotension
questionnaire_Composite score, SEM Standard error of the mean, CFI comparative fit index, TLI Tucker-Lewis Index, RMSEA root mean square

error of approximation, WRMR weighted root mean square residual

goodness of fit statistics for a single factor model was also
acceptable, suggesting that a single composite index can
appropriately be scored from all OHQ items, from a
measurement perspective.

Convergent validity

As shown in Table 3, all correlations between the OHQ
and other symptom scales were in the predicted direction
and statistically significant (P < 0.05). The OHQ was
strongly correlated with the CGI-S (Pearson r: 0.43-0.51)
and the PGI-S (r: 0.58-0.67). As expected, the OHQ cor-
related less well with most of the generic health status
domains of the SF-36 quality of life questionnaire (average
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Pearson value —0.39 + 0.03). As expected, SF-36 derived
vitality scores, which measured energy/fatigue, showed the
strongest correlation with OHQ scores (average Pearson
value —0.49 £ 0.04). Social functioning domains, which
measure daily activities (average Pearson value —0.47 £+
0.02), showed the strongest relationship with OHDAS
scores. At visit 6 (on placebo/midodrine), there was a
moderate correlation between absolute standing systolic
blood pressure and OHQ scores (r values: OHSA —0.31,
OHDAS —0.32 and OHQ-Composite —0.33) and a mod-
erate-to-strong correlation between changes in standing
systolic blood pressure and change in OHQ scores from
baseline (r values: OHSA —0.41, OHDAS -0.40, OHQ-
Composite —0.42).
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Known groups validity

Based on the patient’s own rating of their symptom severity
of the PGI-C scale, 29 patients were classified as having
‘little/no symptoms’ and 106 patients were classified as

Visit 3 (baseline)

Visit 5 (crossover 1)

Visit 6 (crossover 2)

Clinical global impression—symptom severity

Clinician scored 0.39 0.42
Patient scored 0.53 0.60
SF—36 Domains

Physical functioning —-0.22 —0.40
Role-physical —0.34 —0.47
Bodily pain —0.24 -0.13
General health —0.26 —0.29
Vitality —-0.42 -0.39
Social functioning —0.38 —-0.42
Role-emotional —0.25 —0.14
Mental health —0.25 —0.18
Physical health summary —0.26 —0.42
Mental health summary —0.30 —-0.19
Clinical global impression—symptom severity
Clinician scored 0.54 0.47
Patient scored 0.67 0.62
SF—36 Domains

Physical functioning —-0.39 —0.54
Role-physical —0.59 —0.57
Bodily pain -0.23 —-0.27
General health —0.38 —0.40
Vitality —0.52 —0.40
Social functioning —0.58 —0.50
Role-emotional —0.43 —0.33
Mental health —0.35 —0.23
Physical health summary  —0.38 —0.51
Mental health summary —0.45 —0.28
CGI-I (Clinician)

Clinician scored 0.51 0.46
Patient scored 0.54 0.56
SF—36 Domains

Physical functioning —0.45 —0.59
Role-physical —0.56 —0.58
Bodily pain —0.23 —-0.27
General health —0.52 —0.46
Vitality —0.63 —0.51
Social functioning —0.59 —0.63
Role-emotional —0.42 —0.38
Mental health —-0.52 —0.40
Physical health summary  —0.43 —0.55
Mental health summary —0.55 —0.44

0.43
0.61

—0.34
—-0.43
—0.20
-0.29
—-0.43
—-0.42
-0.21
—0.22
-0.37
—0.26

0.50
0.67

—0.48
—0.60
—0.25
—0.40
—0.46
—0.54
—0.37
—0.28
—0.46
—0.35

0.51
0.58

—0.54
—0.59
—0.26
—0.52
—0.58
—0.62
—0.40
—-0.47
—0.52
—0.49

having ‘moderate to severe symptoms’. As shown in Fig. 2,
compared with the group with ‘little/no symptoms’, patients

with moderate to severe symptoms had significantly higher
scores on the OHSA, OHDAS and OHQ-Composite. Cli-
nician scored CGI-C ratings showed similar findings.
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6 OHDAS|

5 OHSA

OHSsA ||OHDAS
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Little/No Sx Moderate/Extreme Sx

Fig. 2 Clinical validity. Average scores on OHQ scales according to
the patient’s rating of illness on the clinical global impression of OH
severity scale. OHSA Orthostatic Hypotension Symptom Assessment
Score, OHDAS Orthostatic Hypotension Daily Activities Scale, OHQ
Orthostatic Hypotension Questionnaire Composite Score. *P < 0.05

Table 4 Multi-trait analysis—internal-consistency reliability—Visit
3 (baseline)

Scales r r_ii
Physical functioning 0.89 0.44
Role-physical 0.93 0.77
Bodily pain 0.82 0.70
General health 0.71 0.33
Vitality 0.67 0.34
Social functioning 0.78 0.64
Role-emotional 0.95 0.87
Mental health 0.78 0.41
OH Symptom Assessment (OHSA) 0.84 0.47
OH Daily Activities (OHDAS) 0.84 0.57
OH Composite score (OHQ) 0.89 0.45

r Cronbach’s alpha

r_ii Average inter-item correlation
Reliability

The internal-consistency reliability estimates for each
OHQ scale were consistently above the recommended
threshold (Table 4). Cronbach’s alpha values were above
0.8 for the OHQ composite scale and subscales, respec-
tively, and the average inter-item correlation was above
0.4. The internal consistency reliability estimates for the
OHSA, OHDAS and OHQ-Composite exceeded the mini-
mum standard for group-level comparisons (r > 0.7).
Average inter-item correlations between items within each
scale were consistently moderate to high (the average inter-
item correlation for most patient-reported outcome mea-
sures should be at least 0.3, and preferably above 0.4).
Eighteen patients were identified who reported no
change on the PGI-C at Visit 5. Intraclass correlation
coefficients in the stable subgroup were 0.92 for the OHQ,
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Fig. 3 Responsiveness. Average score change in OHQ according to
the patient’s opinion of whether their symptoms of OH were
improved or the same/worse on the clinical global impression of
improvement scale. OHSA Orthostatic Hypotension Symptom Assess-
ment Score, OHDAS Orthostatic Hypotension Daily Activities Scale,
OHQ Orthostatic Hypotension Questionnaire Composite Score.
**P < 0.01, ***P < 0.001

0.87 for the OHDAS and 0.86 for the OHQ-Composite,
suggesting excellent test—retest reliability.

Responsiveness

Compared to baseline (visit 3A), at visit 6, 67 patients were
categorized as ‘improved’ and 58 patients were categorized
as ‘the same/worse’ based on response to the PGI-C. As
shown in Fig. 3, OHSA, OHDAS and OHQ Composite
scores fell significantly more (indicating improved symp-
toms and greater physical activity levels) in patients who
rated themselves as “improved” than in patients who rated
themselves “the same or worse”. Results from groups
classified according to the CGI-C ratings showed similar
findings.

Minimally important change

The MID anchor based estimates (Table 5) for the OHSA
0.82 and 1.26 points (at Visit 5 and Visit 6, respectively)
while the 2 SD estimate is 0.98 points and the SEM
estimate is 0.78 points (the lower SEM representing the
good reliability of the scale). The OHDAS MID estimates
using the anchor-based approach are 0.71 to 0.89 points,
less than the 2 SD estimate of 1.04 and very close to the
SEM estimate of 0.83. For the OHQ composite score, the
MID anchor based estimates are 0.83 and 1.16 points (at
Visit 5 and Visit 6, respectively) while the %2 SD estimate
is 0.94 and the SEM estimate is 0.62. The point rages from
the anchor based approach are similar to the oft recom-
mended “remarkable universality of half a standard devi-
ation” [15]. These estimates are supported by the
reliability-based SEM estimates of the instrument, which
are lower estimates than 2 SD based upon the high
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Table 5 Minimal important difference estimates

Scale Anchor based method patient CGI-I Distribution based method
No change Minimal improvement
N Mean CFB* SD N Mean CFB* SD 5 SDP SEM*
Visit 5
OHSA 18 0.23 1.00 32 -0.82 1.25 0.98 0.78
OHDAS 18 0.20 1.09 33 -0.71 1.47 1.04 0.83
Composite OHQ score 18 0.21 0.75 33 —0.83 1.39 0.94 0.62
Visit 6
OHSA 24 —0.47 1.69 28 —1.26 1.62
OHDAS 23 —0.16 1.45 28 —0.89 1.55
Composite OHQ score 24 —0.31 1.37 29 —1.16 1.36

* Mean change from baseline

° Standard deviation of the entire sample at baseline

¢ SEM calculated as the standard deviation of the baseline measure multiplied by the square root of 1-reliability (internal consistency)

reliability of the scales. Given the convergence seen in the
different methodologies, a MID of between 0.8 and 1.00
points on the OHSA, OHDAS and OHQ composites, or
more generally Y2 SD can be considered appropriate and
conservative to guide the interpretation of the clinical trial
results (Table 5).

Discussion

This study evaluated the psychometric properties of a
patient-completed tool to assess the severity of NOH
symptoms and impact on patients’ activities. The OHQ was
developed with input from patients and physicians. In the
findings presented here, the OHQ was shown to have
internal consistency, reproducibility, construct validity and
responsiveness to change. Furthermore, it was shown that
the subscales of the OHSA and the OHDAS are valid
subscale scores and that the OHQ can be scored as a single
overall composite that combines symptom severity and
impact of activities.

Orthostatic hypotension is arguably the most disabling
symptom of autonomic failure. It is a frequently occurring
feature of central degenerative autonomic disorders such as
multiple system atrophy, Lewy body disorders and Par-
kinson disease; peripheral autonomic neuropathies; and the
peripheral autonomic degenerative disorder, pure auto-
nomic failure [4]. Despite this, there is no comprehensive,
validated symptom assessment questionnaire nor is there a
validated disease-specific activity questionnaire. These
deficiencies prompted this study.

Orthostatic hypotension produces a diverse array of
symptoms. Lightheadedness, dizziness, pre-syncope and
syncope occurring in response to sudden postural change are
the most characteristic symptoms of orthostatic hypotension.

However, non-specific symptoms such as generalized
weakness, fatigue, nausea or headache are common con-
comitant symptoms and, in some patients, may be the pre-
dominant feature. Furthermore, orthostatic hypotension may
result in focal symptoms due to tissue or end-organ hypo-
perfusion. Thus, patients may report visual blurring due to
retinal or occipital lobe ischemia; cognitive slowing, con-
centration difficulties and leg buckling due to cerebral
ischemia; neck pain due to neck muscle ischemia; orthostatic
dyspnea due to ventilation perfusion mismatch; and anginal
pains due impaired myocardial perfusion [6, 14].

To increase the range of symptoms encompassed by the
OHSA, thereby providing a more comprehensive measure
of the symptom burden of orthostatic hypotension, we
included non-specific symptoms (weakness and fatigue)
and focal symptoms (concentration difficulties, neck pain
and visual blurring). Several general questionnaires that
target the features of autonomic failure exist. These were
developed to assess the autonomic features of multiple
system atrophy [27], Parkinson disease [25], diabetic
autonomic peripheral neuropathy [12], the neuropathy of
impaired glucose tolerance [29] and generalized autonomic
failure [21, 23, 24]. All of these have one or more questions
that assess orthostatic hypotension, however, the majority
of these [24] address only the characteristic symptoms of
orthostatic hypotension, dizziness, lightheadedness, pre-
syncope and syncope. Few questionnaires address the non-
specific symptoms, such as fatigue and weakness [22] or
the focal symptoms such as visual blurring, and concen-
tration difficulties [23, 25] and none target neck and
shoulder pain.

The psychometric properties of the questionnaire should
be viewed within the context of the challenges imposed by
the need to differentiate the symptoms of orthostatic hypo-
tension from those due to multi-system degenerative
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disorders. For example, balance difficulties due to Parkin-
sonism or a peripheral neuropathy may be experienced as
dizziness, and patients may struggle to differentiate falls or
near-falls due to these disorders from syncope and pre-syn-
cope. Similarly, fatigue, cognitive slowing and visual blur-
ring may be a consequence of the underlying disease. The
non-orthostatic features of these disorders also impair
activities of daily living and quality of life. Although patients
when completing the questionnaire explicitly ask to rate
symptoms and activity limitations due to orthostatic hypo-
tension and not due to the underlying disease, this task is not
easily accomplished. Despite this, the psychometric qualities
of the OHQ appear similar to other questionnaires that assess
symptoms and activities in degenerative disorders.

The minimally important difference (MID, Table 5) is
often misunderstood to represent the point difference that
must be present between treatment groups in order to be
clinically meaningful. It is important to understand the MID
as a within group phenomenon [13]. In fact, it has been
reported that the between group effect size should be smaller
than the MID [3]. As a study is designed, it is the clinical
knowledge of the indication and the expected effect of both
treatment and control that should guide estimates of effect
size. Indeed, one might expect a very small effect between a
treatment and an active comparator, and a rather larger
estimate of effect between placebo and treatment. The
accurate estimation of sample size to test a certain effect size
takes into account the precision of the endpoint. The point to
be made is that the MID should guide decisions about
change within a group that can be considered meaningful.

The determination of a clinically meaningful between
groups effect size is not an artifact of the instrument in use,
but a decision to be made based upon clinical and statistical
considerations. Although an appropriate application of
MID estimates would be to define a responder criteria
based on these estimates and to perform a responder
analyses, the FDA guidance recommends instead providing
a plot of the cumulative distribution function of change
from baseline scores. These results, produced by treatment
group, provide a rich overview of the treatment response
pattern for the scale, and are less impacted by outliers than
are parametric analyses.

There are several limitations to this study. The popula-
tion under study had autonomic failure due to several dif-
ferent central and peripheral causes. 32% of the participants
had a central nervous system cause of orthostatic hypoten-
sion associated with Parkinsonism while 68% of partici-
pants had a peripheral cause of orthostatic hypotension. It is
possible that the questionnaire has different psychometric
qualities in different disease populations. The sample-size
was not sufficiently large for sub-group analysis. This is a
suitable topic for further study. Additionally, as part of the
clinical trial protocol, the patients were showed their
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previous responses to the OHQ prior to filling out their
follow-up visits. It is possible that the high test-retest reli-
ability observed in this study may not generalize to a situ-
ation where patients are not provided with prior responses.
Reliability should be re-evaluated in future studies.

The OHQ has several strengths. First, the OHQ focuses
on the full range of symptoms relevant to patients with
NOH. Second, the assessment of activities are specific for
the most prominent activity impairments imposed by
orthostatic hypotension, standing or walking for short or
long periods of time. Third, the psychometric properties
presented here indicate that the OHQ can accurately
measure the symptoms and impact of NOH in a valid and
reliable way and, of particular importance for an outcome
measure used to assess the impact of treatment interven-
tions, can appropriately detect change over time. Finally, it
is brief, making it quick and easy for the patient to com-
plete with minimal patient burden, a common concern
regarding patient reported outcomes in clinical trials.

Validation in other languages is required for the OHQ to
be widely used. Although the OHQ has been translated,
cross cultural validation has not yet been conducted due to
inadequate sample sizes.

In conclusion, the OHQ demonstrated good psycho-
metric properties. By highlighting the patient report of
symptoms as well as impact of symptoms on patients’
activities, the OHQ can provide rich information to a
physician and augment clinical outcomes for planning
treatment management.

Appendix: Orthostatic hypotension questionnaire

AUTONOMIC DYFUNCTION SCORES
ORTHOSTATIC HYPOTENSION QUESTIONNAIRE (OHQ)

Patient Instructions:

We are interested in measuring the symptoms that occur because of your problem
with low blood pressure (orthostatic hypotension) and the degree that those
symptoms may interfere with your daily activity. It is important that we measure the
symptoms that are due ONLY to your low blood pressure, and not something else
(like diabetes or Parkinson’s disease). Many people know which of their symptoms
are due to low blood pressure. Some people who have recently developed
problems with low blood pressure may not easily distinguish symptoms of low
blood pressure from symptoms caused by other conditions. In general, symptoms
of your low blood pressure problem will appear either upon standing or after you
have been standing for some time, and will usually improve if you sit down or lie
down. Some patients even have symptoms when they are sitting which might
improve after lying down. Some people have symptoms that improve only after
sitting or lying down for quite some time.

Please answer the questions on the following pages keeping in mind that we
want to know only about those symptoms that are from your problem with
low blood pressure.
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OH SYMPTOM ASSESSMENT (OHSA)

Please tick the number on the scale that best rates how severe your symptoms from
low blood pressure have been on the average over the past week. You should
respond to every symptom. If you do not experience the symptom, circle zero (0).
YOU SHOULD RATE ONLY THE SYMPTOMS THAT ARE DUE TO YOUR LOW
BLOOD PRESSURE PROBLEM.

1. Dizziness, lightheadedness, feeling faint, or feeling like you might black out

None 000 10 20 30 40 50 eO 70 80 900 100 Worst possible

2. Problems with vision (blurring, seeing spots, tunnel vision, etc.)

None 000 10 20 30 40 50 60 70 80 90 100 Worst possible

3. Weakness
None 00 10 20 30 40 50 60 70 8O 90 100 Worst possible

4. Fatigue
None 00 10 20 30 40 50 60 70 8O 90 100 Worst possible

5. Trouble concentrating

None 00 10 20 30 40 50 60 70 8O 90 100 Worst possible

6. Head/neck discomfort

None OO0 10 20 30 40 50 60 70 80O 90 100 Worst possible

OH DAILY ACTIVITY SCALE (OHDAS)

We are interested in how the low blood pressure symptoms that you experiences affect
daily life. Please rate each item by ticking the number that best represents how much on
the average the activity has been interfered with over the past week by the low blood

pressure symptoms you have experienced.

If you cannot do the activity for reasons other than low blood pressure, please check
the box at right.

1. Activities that require standing for a short time Cannot do for

other reasons
No Complete

interference oy 4o oo am 40 5O 60 7O 8O 9O tom Merference

2. Activities that require standing for a long time

No Complete
interference oy 4 o0 am 40 5O 60 7O 8O 9m 1om Merference
3. Activities that require walking for a short time

No Complete
interference oy 4o o0 a; 40 5O 60 700 8O 9n 1om Merference

4. Activities that require walking for a long time

No Complete

interference o 4o o s; 40 5O 6O 7O sm om om Merference o
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