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adaptation. It shows good reliability and validity evidence.

ones available.

What is already known about this topic? Although there has been an increasing interest in health-related quality of life
(HRQoL) in hereditary angioedema due to C1 inhibitor deficiency (C1-INH-HAE) in recent years, only generic question-
naires (eg, SF-36) have been used, as no disease-specific HRQoL questionnaire was available.

What does this article add to our knowledge? This is the first disease-specific HRQoL questionnaire in C1-INH-HAE. It
has been developed in an international setting following published guidelines regarding development and cross-cultural

How does this study impact current management guidelines? C1-INH-HAE experts recommend measuring HRQoL
annually and specially when assessing the need for long-term prophylaxis. The measurement of HRQoL with a disease-
specific questionnaire allows assessing specific concerns and indicators related to the disease in contrast with generic

BACKGROUND: Hereditary angioedema due to Cl1 inhibitor
deficiency (C1-INH-HAE) may affect health-related quality of
life (HRQoL). A specific HRQoL questionnaire for adult
patients with C1-INH-HAE, the HAE-QoL, has recently been
developed in Spain.

OBJECTIVE: The objective of this study was to perform a cross-
cultural validation and psychometric study of the HAE-QoL in
an international setting.

METHODS: Cross-cultural adaptation of the Spanish
HAE-QoL draft version and an international rating phase
with experts were performed. The resultant version of the
HAE-QoL, a clinical questionnaire, and Short Form 36-item
Health Survey Version 2.0 (SF-36v2) were pilot tested
internationally. Item reduction was based on both descriptive
and exploratory factor analysis. Psychometric properties were
assessed.

RESULTS: Cross-cultural adaptation of the HAE-QoL was
performed in 18 countries. The draft version of the HAE-QoL
was pilot tested in 332 patients, and accurate data were obtained
from 290 patients from 11 countries. The reduction process
resulted in a new version with 25 items and 7 dimensions
(treatment difficulties, physical functioning and health, disease-
related stigma, emotional role and social functioning, concern
about offspring, perceived control over illness, and mental

health). Strong psychometric properties were observed (Cron-
bach’s & 0.92; test-retest reliability 0.87). Convergent validity
showed mild to moderate correlations with SF-36v2 physical and
mental component summaries (0.45 and 0.64, respectively) and
with SF-36v2 dimensions (P < .004). HAE-QoL scores
discriminated significantly among severity groups (median:
asymptomatic 133.5 vs severe 84.0; P < .001); between patients
with and without long-term prophylaxis (median: 101 vs 90;

P = .001); and between patients with and without psychiatric
and/or psychological care (median: 74 vs 103; P < .001).
CONCLUSIONS: The HAE-QoL, currently available in 18
languages, showed good reliability and validity

evidence. © 2016 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2016;m:m-m)
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Hereditary angioedema due to C1 inhibitor deficiency
(C1-INH-HAE) is a rare autosomal dominant disorder charac-
terized by recurrent episodes of subcutaneous and submucosal
angioedema affecting various body sites, most frequently
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AE-QoL- Angioedema quality of life questionnaire
CI-INH-HAE- Hereditary angioedema due to CI inhibitor
deficiency
CHI- Corrected homogeneity index
CQ- Clinical questionnaire
EFA- Exploratory factor analysis
GLS- Generalized least squares
HRQoL- Health-related quality of life
ICC- Intraclass correlation coefficient
LTP- Long-term prophylaxis
PAF- Principal axis factoring
SF-36v2- Short Form 36-item Health Survey Version 2.0
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gastrointestinal mucosa, face, limbs, and larynx. ** Its estimated

prevalence is 1:50,000-1:100,000 inhabitants.””

This disease is associated with a significant and multifaceted
disease burden.® Several aspects of CI-INH-HAE can signifi-
cantly impair a patient’s health-related quality of life (HRQoL),
such as unpredictability of attacks, which are frequently
disabling, disfiguring, painful, and even potentially fatal. "™
Other factors found to burden patients include delay in diag-
nosis,”" unnecessary medical procedures, treatment with inef-
fective drugs,z’m and severe side effects from some medications
administered as maintenance therapy.'"'” Tt is currently well
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recognized that the effect of disease on HRQoL is an important
facet to consider when assessing the general burden of disease and
measuring the response to treatment.'”'* Evidence of the effect
of C1-INH-HAE or its treatment on HRQoL has been docu-
mented using generic instruments.'

In this report, we describe the development and psychometric
evaluation of HAE-Qol, a multidimensional and specific
HRQoL questionnaire for adult patients with C1-INH-HAE.
The purpose is to provide a discriminant and evaluative tool to
complement evaluations based on generic measures, thereby
focusing on aspects that are both relevant and specific to patients
living with C1-INH-HAE who are not covered by generic

questionnaires.

METHODS

Process validation was performed according to methodologies
described in published guidelines and previous HRQoL studies.”'
An outline of the development process is shown in Figure El,
available in this article’s Online Repository at www.jaci-inpractice.

org.

Development of draft version (phase 1)

The development of the initial version of the HAE-QoL included
a national multicenter study performed in Spain. After review of
published medical literature and semistructured interviews with
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patients with CI-INH-HAE and experts, a theoretical model of the
questionnaire was constructed and evaluated by another group of
experts and patients, resulting in the HAE-QoL v.1.1. We employed
a 6-month recall period, and questions were based on a 5- or 6-point
Likert scale depending on the kind of question. The details of this
phase were previously published.”” The HAE-QoL dimension scores
were calculated by taking the sum of the individual item scores. No
imputation of missing values was performed.

Internationalization of the questionnaire (phase Il)

The international validation study followed standardized research
design, with identical steps, conditions, and format (written infor-
mation was given on the procedure) in every country, as
recommended.”’

Ethical approval was granted by the Research Ethics Committee
of Hospital Universitario La Paz (Madrid) and local Ethics Com-
mittees as required.

Cross-cultural adaptation. The Spanish version of the HAE-
QoL v.1.1 and a supplementary clinical questionnaire (CQ) were
culturally adapted @ priori to a chosen common language (American
English) using the standard method for linguistic validation.®'*?
This involved forward-backward translations of the Spanish
version, by 2 native American English translators, only one of whom
had knowledge about C1-INH-HAE, as well as 2 Spanish C1-INH-
HAE experts well versed in English. Sequential consensus meetings
among translators and experts were held to discuss conceptual
equivalence, and led to agreement on version (HAE-QoL v.1.1 in
American English).

International expert rating phase. A standardized form
was used to assess content validity of the HAE-QoL v.1.1 in
American English in participating countries, as well as wording,
relevance of the items, and adequate dimension assignment. Quali-
tative comments from the international experts were also taken into
account to assure culturally relevant input. Criteria for deletion,
modification, or change in dimension were an agreement rate over
20% or significant qualitative comments.

The resultant HAE-QoL v.1.2 in American English was subse-
quently adapted for culturally diverse samples following the same
forward-backward methodology for each of the target languages
spoken in participant countries.

Pilot study and psychometric analysis (phase Ill)

International pilot study. The HAE-QoL v.1.2 was tested in
a sample of patients from different countries for assessing suitability,
data quality, scaling assumptions and psychometric characteristics,
and determining the need to delete questions.

Participating patients signed an informed consent form. Inclusion
criteria for patients were that they were 18 years old or older and had
a confirmed laboratory diagnosis of C1-INH-HAE (types I and II).
Exclusion criteria were cogpnitive disabilities and/or lack of fluency in
the target language.

As there is no validated C1-INH-HAE clinical severity score
available, an ad hoc severity score was designed for classifying patients
with C1-INH-HAE (see Table I) based on the literature review and
personal experience, and taking into account aspects considered in
other nonvalidated severity scores.'”

A convenience sample of patients, heterogeneous regarding sex,
age, level of studies, geographical origin, and severity of the disease,
was recruited.
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TABLE I. Ad hoc C1-INH-HAE severity score

Severity score Criteria

Asymptomatic No angioedema episodes and no long-term

prophylactic treatment

Mild No life-threatening angioedema episodes and no
long-term prophylactic treatment and <3
episodes/last 6 mo

Moderate No life-threatening angioedema episodes

and

e <6 episodes/last 6 mo with long-term
prophylactic treatment (exclude maintenance
treatment with pdC1INH)

or

o 4-12 episodes/last 6 mo without long-term
prophylactic treatment

Severe Life-threatening angioedema episodes
and/or
e 6 episodes/last 6 mo with long-term
prophylactic treatment
and/or
e Maintenance treatment with pdC1INH
and/or
e >12 episodes/last 6 mo without long-term
prophylactic treatment

C1-INH-HAE, Hereditary angioedema due to C1 inhibitor deficiency; pdCIINH,
plasma-derived C1 inhibitor concentrate.

In the first phase, a questionnaire package containing the HAE-
QoL v.1.2, an ad hoc demographical and CQ specifically designed
for this study, and the generic Short Form 36-item Health Survey
version 2.0 (SF—?)GVZ)’;4 were distributed, with recommendations
about providing an adequate setting and how to administer the
questionnaires without interruption. Reliability was assessed by
administering the HAE-QoL v.1.2 1 month later to 50% of the
sample according to the same fulfillment recommendations. A
shorter CQ retest was also designed to assess significant changes in
personal situation or clinical stability during that period. Clinical
stability was defined, based on the research group personal criteria, as
the absence of all the following features in the last month: increase
and/or decrease in frequency or severity of angioedema attacks,
significant change in treatment or need of withdrawal due to adverse
effects, initiation of self-administration of specific medication, and
requirement of intubation or tracheotomy. Besides, it was considered
that no other personal situations that could impact answers were
present in the last month, that is, deaths or severe family events
related or not to CI-INH-HAE, requirement of psychological or
psychiatric assistance, treatment or appearance of new medical dis-
orders (related or not to the disease), and pregnancy for women.

Pilot testing data analysis. Completed questionnaires were
sent to Hospital Universitario La Paz (Madrid, Spain) for centralized
data management. Data entry was repeated to double check for
accuracy, using a program designed to detect inconsistencies. Dis-
crepancies were evaluated by 3 researchers.

Analysis involved (a) descriptive statistics about data quality
(percent missing, minimum and maximum scores, mean, standard
deviation, skewness, kurtosis, ceiling and floor effects, item-total
correlation, and internal consistency coefficient); (b) exploratory
factor analysis (EFA) was applied to each dimension; (c) item
reduction based on descriptive and EFA results; and (d) psycho-
metric analysis to assess reliability and validity evidence. Floor and
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TABLE Il. Participation in the different phases of the international validation

Pilot study

Expert Cross-cultural First phase (HAE-QoL,

Country rating phase adaptation No. of patients CQ, SF-36v2) Retest phase Reason for deletion

Argentina No J 19 16 ucC 3/19 uncompleted data. 0/16
retest (only CQ retest fulfilled)

Austria N, N, 21 18 ucC 3/21 deleted because of <18 y. 0/
18 retest (only CQ retest
fulfilled)

Brazil J J 35 34 17 1 deleted because of <18y

Canada N N 22 21 13 1/21 deleted because of no
confirmed diagnosis of C1-
INH-HAE

China J J No participation

Denmark J J 28 27 ucC 1/28 deleted because of diagnosis
of acquired angioedema
0/27 retest (only CQ retest
fulfilled)

France J J 29 uC uC None of both CQ fulfilled.

Germany N N 43 42 28 1/43 deleted because of diagnosis
of HAE without C1-INH
deficiency

Hungary J J 38 38 21 1/22 retest deleted because the
first part of CQ retest was
incomplete

Israel J 10 9 ucC 1 deleted because page 6 from
HAE-QoL was missing

Italy J J No participation

Macedonia J J No participation

Netherlands J No No participation

United Kingdom J J No participation

Panama J J No participation

Poland J J 23 22 10 1/23 deleted because of wrong
fulfillment of HAE-QoL
1/11 retest deleted because of
wrong fulfillment of CQ

Romania J J 20 19 7

Spain N N 44 44 28 1/29 retest deleted because of CQ
retest unfulfilled

Total 15 experts 17 countries 332 290 124

14 countries

CI-INH-HAE, Hereditary angioedema due to C1 inhibitor deficiency; CQ, clinical questionnaire; QoL, quality of life; SF-36v2, Short Form 36-item Health Survey Version 2.0;

UC, uncompleted.

ceiling effects were assessed and considered to be present if more
than 15% of respondents had the lowest or highest possible scores,
respectively.””?>

To shorten the instrument, a first wave of item reduction was
performed. An item was deleted if it fulfilled at least one of the
following criteria: >10% of missing values; a correlation homogeneity
index (CHI) < 0.3, or if its omission led to an increase in Cronbach’s
o coefficient. Afterwards, a second item reduction wave was carried
out with EFA, which was also used to examine the underlying
structure of the dimensions. Generalized least-squares (GLS) or
principal axis factoring (PAF) extraction methods were used, fol-
lowed by an Oblimin rotation allowing factors to be correlated.
Criteria for determining the number of factors were based on a
goodness-of-fit test with root mean square error of approximation
less than 0.05 (good adjustment) or failing, between 0.05 and 0.08
(acceptable adjustment).’g(’ Two criteria were used for item deletion:

a factor loading less than 0.4 and selection of the 4 items with the
highest loadings in each factor (a2 maximum of 4 items per dimen-
sion had been decided a priori to achieve a shorter version).
Internal consistency reliability of HAE-QoL total and dimension
scores was assessed by calculating the Cronbach a coefficient.”’
Values between 0.70 and 0.95 were considered optimum.”
Test-retest reliability was measured by means of intraclass corre-
lation coefficient (ICC) in a group of subjects considered stable with

bl

regard to their personal situation and clinical condition during retest
period. ICC was considered acceptable if >0.7.>

Convergent validity was assessed by calculating the Pearson cor-
relation coefficient between HAE-QoL and SF-36v2 raw scores, and
association was deemed to exist if >0.4. Construct validity was
assessed by means of predefined hypothesis regarding the clinical
criterion and discriminant ability between known groups regarding
severity. The Kruskal-Wallis test for several independent samples was
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used, and post hoc analysis was adjusted by Bonferroni correction.
Using the clinical criterion, we hypothesized that patients with
symptoms, long-term prophylaxis (LTP) treatment, need for psy-
chological and/or psychiatric care or intubation and/or tracheotomy
requirement would score lower on the HAE-QoL than the patients
without these conditions. The Mann-Whitney U test and Student ¢
test were used for comparisons. Known-group validity was consid-
ered supported if clinically differentiable patient groups had signif-
icantly different HAE-QoL scores in expected ways. The in-house
disease severity score previously described (Table I) was used to
classify patients. The Kruskal-Wallis test and post hoc comparisons
were carried out.

All tests were deemed 2-tailed and those with a P value less than
0.05 were considered statistically significant. All data input and
statistical analysis were performed using the statistical package SPSS
20.0 (IBM Corp, Armonk, NY).

RESULTS

Internationalization of the questionnaire
Cross-cultural adaptation resulted in HAE-QoL v.1.1 in

American English.

International expert rating phase. A total of 15 C1-INH-
HAE experts from 14 countries (of 18 countries invited)
participated (response rate: 77.7%). As a result of the agreement
rate and qualitative comments, no items were deleted or added. A
single item was reworded based on one expert’s qualitative
comment. Regarding relevance for CI-INH-HAE, experts
unanimously agreed on relevance for all but 7 items, which
93.3% of experts considered relevant. Dimension reassignment
was required for 3 items because of qualitative comments (see
Table E1 in this article’s Online Repository at www.jaci-
inpractice.org). The resultant HAE-QoL v.1.2 contained 44

items and 9 dimensions.

New cross-cultural adaptation. Participant countries
helped create versions in the following languages (in alphabetical
order): Danish, English (for Canada, the USA, and the UK),
French (for Canada and France), German (for Austria and
Germany), Hebrew, Hungarian, Italian, Macedonian, Mandarin
Chinese, Polish, Portuguese (for Brazil), Romanian, and Spanish
(for Argentina and Spain).

Pilot study and psychometric analysis

A total of 332 patients from 12 countries were enrolled in the
study. Responses were collected initially during the patients’ visit
to the health clinic and via a follow-up mailing. There was suf-
ficient data completion for 290 patients from 11 countries. In-
formation about participation in the different stages and reasons
for patient exclusion in the pilot study are shown in Table II.
Characteristics of the patients included in the pilot study are
shown in Table III.

Of the entire pool of 44 items contained in the HAE-QoL
v.1.2, 34 were applicable to all patients. This “General pool of
items” was used to perform the psychometric analysis. Items
that had been formulated for a subgroup of patients (eg, pa-
tients under LTP treatment or women) were not included in
the psychometric study. After content analysis, the 34 “Gen-
eral pool” items were regrouped into 4 new domains (see
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TABLE lll. Characteristics of international pilot study sample

Characteristics n (%) N total
Mean age (SD) 41.5 + 14.6 290
Gender (male/female) 90 (31)/200 (69) 290
Type HAE 270*

Type I 232 (85.9)

Type II 38 (14.1)

HAE severityt 274

Asymptomatic 8 (2.9)

Mild 65 (23.4)

Moderate 89 (32.6)

Severe 112 (41.8)
Intubation/tracheotomy requirement 34 (11.8) 287
Maintenance treatment 146 (51.8) 282

Attenuated androgens 105

Antifibrinolytics 21

pdC1INH 18

Others 2
Psychiatric/psychological care or 31 (11.1) 279

treatment requirement (in last 6 mo)
Type of residence 284

Rural/semiurban (<25,000 125 (43.1)

inhabitants)

Urban (>25,000 inhabitants) 159 (54.8)

Level of education (%) 290

No schooling/primary school/grade 72 (24.8)

school
High school/further studies 218 (75.2)

CI-INH-HAE, Hereditary angioedema due to Cl inhibitor deficiency; pdCIINH,
plasma-derived C1 inhibitor concentrate.

*Physicians included patients with confirmed C1-INH-HAE laboratory diagnosis.
However, the clinical questionnaire was filled by patients and some of them did not
know if they had type I or II C1-INH-HAE.

tAccording to in-home severity score (see Table I).

Table E1 in this article’s Online Repository at www.jaci-
inpractice.org).

Item reduction process

In the first wave, 4 items were deleted: 1 had 20.7% missing
values and 3 had a CHI < 0.3 (see Table E2 in this article’s
Online Repository at www.jaci-inpractice.org).

After EFA, a 2-factor solution most closely approached every
one of the 4 draft dimensions except the “Treatment difficulties”
dimension in which a 1-factor solution adjusted best.

The GLS extraction method was used except in the
“Emotional role and social functioning” dimension in which
PAF was required.

Items with loading less than 0.4 were deleted. In the
“Perceived control over illness” dimension, the 4 items with the
highest loadings were selected. On the basis of the content of
maintained items, the final dimensions were renamed (see
Table E1 in this article’s Online Repository at www.jaci-
inpractice.org).

The final version of the HAE-QoL includes 25 items and 7
dimensions: treatment difficulties, physical functioning and

health, disease-related stigma, emotional role and social
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TABLE IV. HAE-Qol v.2.0 (final version) scale structure and descriptive analysis

Subscale No of items Min value Max value Floor effect (%) Ceiling effect (%) Cronbach’s o ICC
Treatment difficulties 4 4 23 0 13.8 0.71 0.72
Physical functioning and health 4 4 23 0.7 15.2 0.85 0.82
Disease-related stigma 3 3 15 0.7 20.7 0.71 0.76
Emotional role and social functioning 4 4 20 1.0 20.0 0.85 0.90
Concern about offspring 2 2 10 9.3 23.1 0.63 0.70
Perceived control over illness 4 4 20 6.5 8.6 0.88 0.78
Mental health 4 4 24 2.8 11.7 0.88 0.77
Total HAE-QoL 25 25 135 0 34 0.92 0.87
HAE-QoL, Hereditary angioedema quality of life; /CC, intraclass correlation coefficient.

TABLE V. HAE-QolL convergent validity with SF-36v2

SF-36v2
Physical Bodily General Social

Subscales HAE-QoL functioning Role physical pain health Vitality functioning Role emotional Mental health PCS MCS
Treatment difficulties 0.38 0.50 0.55 0.42 0.43 0.50 0.44 0.48 0.38 0.50
Physical functioning and health 0.40 0.60 0.58 0.52 0.46 0.52 0.43 0.50 0.40 0.60
Disease-related stigma 0.35 0.51 0.50 0.47 0.39 0.49 0.40 0.43 0.35 0.51
Emotional role and social functioning 0.42 0.59 0.56 0.51 0.50 0.59 0.45 0.50 0.42 0.59
Concern about offspring 0.17 0.30 0.36 0.33 0.28 0.30 0.27 0.30 0.17 0.30
Perceived control over illness 0.39 0.55 0.54 0.50 0.44 0.44 0.47 0.46 0.39 0.55
Mental health 0.42 0.57 0.58 0.54 0.51 0.54 0.49 0.58 0.42 0.57
Total HAE-QoL 0.45 0.64 0.64 0.58 0.53 0.59 0.52 0.57 0.45 0.64

HAE-QoL, Hereditary angioedema quality of life; MCS, mental component summary; PCS, physical component summary; SF-36v2, Short Form 36-item Health Survey Version

2.0.

Pearson correlation coefficient: All correlations were statistically significant with P < .001 except correlation between Perceived control over illness and Physical function that

was P = .004.

functioning, concern about offspring, perceived control over
illness, and mental health.

Psychometric analysis of the final version (version
2.0): HAE-QoL

CHI for individual items ranged from 0.43 to 0.77. Items
missing data varied between 0.3% and 5.2%.

Regarding HAE-QoL dimensions, no floor effect was
observed (the percentage of patients scoring the lowest possible
value ranged from 0% in the “Treatment difficulties” dimension
to 9.3% in the “Concern about offspring” dimension). Addi-
tional information is provided in Table IV.

The HAE-QoL showed good-to-excellent internal consis-
tency; Cronbach’s o coefficient for the total score was 0.92 and
for the individual dimensions ranged from 0.63 to 0.88.

Retest phase was completed in 128 patients. Accurate data
were obtained for 124 patients, but only 37 of them were
considered clinically stable. Total ICC was 0.87 (95% CI, 0.77-
0.93), indicating excellent reliability and ranging from 0.70 to
0.90 in the different dimensions (Table IV).

Convergent validity with SF-36v2 showed statistically signif-
icant mild-to-moderate correlations among the HAE-QoL di-
mensions and the SF-36v2 dimensions (range: 0.17-0.64). The
HAE-QoL rtotal score correlated well with the SF-36v2 phys-
ical and mental component summaries 0.45 and 0.64, respec-
tively. Results are shown in Table V.

Regarding construct validity, 3 of 4 predefined hypotheses
were confirmed. Hypothesis of lower HRQoL regarding

intubation or tracheotomy requirement was only statistically
significant different in the “Perceived control over illness”
dimension (for more details, see Table VI).

Data about known-groups validity are displayed in
Figure 1. All dimension scores and the total score varied
significantly by severity. Post hoc comparisons showed that
subjects with severe disease had dimension and total HAE-
QoL scores significantly lower (worse) for all dimensions
compared with those with mild C1-INH-HAE or asymp-
tomatic patients (Table VII).

Regarding respondent burden, the average time needed to
complete the HAE-QoL instrument in the pilot study (ie, the 44
item version) was 26 minutes (range: 5-180 minutes) with a
median of 19 (interquartile range: 12.5-30).

The range of total HAE-QoL scores is 25-135. Higher scores
indicate better HRQoL or less impairment for a particular
dimension.

DISCUSSION

This large international study includes the design and vali-
dation of the first disease-specific HAE-QoL questionnaire for
assessing HRQoL in adult patients with C1-INH-HAE.

As a chronic, disfiguring, and potentially fatal disease, C1-
INH-HAE can affect almost all aspects of a patient’s life.”
Some studies addressing QoL issues in the C1-INH-HAE pop-
ulation have been published in the recent years™' "%
however, the HRQoL questionnaires used were generic, as no
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Construct validity regarding external clinical criterion

TABLE VI.

Long-term prophylaxis (LTP){ Psychiatric-psychological care/treatment*

Intubation/tracheotomy ever in life*

Asymptomatic*

Yes
n=31

No

n = 248
Median (P25-P75) Median (P25-P75)

Yes

No
n = 136
P Mean £SD Mean £ SD

Yes
n =34

No

n = 253
Median (P25-P75) Median (P25-P75)

No

n = 282
Median (P25-P75) Median (P25-P75)

n = 146

P

P

P

Subscales HAE-QoL

<.001
<.001
<.001
<.001

15 (10-18)
12 (8-16)

20 (15-22)
18 (14-21)
12 (9-14)

.02

172 £ 45
158 £5.1
10.6 £ 3.3

184 £ 4.4
172 £53
11.9 £ 3.3
15.6 £ 44

27
46
.99
47

19.5 (12.7-21)
16.5 (11-20.2)

19 (14.5-22)
18 (13-21)
12 (9-14)

.03
<.001
<.001
<.001

23 (17.2-23)
23 (23-23)

18.5 (14-21)

Treatment difficulties

.02

17 (12-21)
12 (9-14)

Emotional role and social functioning 15.5 (11-18)

Physical functioning and health

9 (6-12)
12 (8-15)

.001
.002
.02

12 (8.7-14)

15.5 (10-17.5)

15 (15-15)
20 (20-20)
10 (7.5-10)

Disease-related stigma

16 (11.2-19)

14+ 4.4

6.2 £28
11.2 £ 4.9 <.001

155 £5.7

16 (11-19)

.001
<.001
<.001
<.001

4 (2-8)

7 (5-10)
13 (8-17)

7+28
133 £5.1
173 £ 5.5

42
.04

6.5 (5-8)

7 (4-10)
13 8-17)

.01
<.001

7 (4-9)

11.5 (8-16)

Concern about offspring

7 (4-13)
12 (7-16)

10 (5-14.2)
16.5 (8-20.2)

20 (18.2-20)

Perceived control over illness

Mental health

18 (1321)

.006

.20
95.5 (64.75-111) .24 100.8 £ 25.9 90.4 + 25

17 (12-21)
99 (77-118)

.001

24 (19.5-24)
97 (74-116.25) 133.5 (119.5-135) <.001

17 (12-21)

74 (52-87)

.001 102.5 (78-119.75)

Total HAE-QoL

HAE-QoL, Hereditary angioedema quality of life.

*Mann-Whitney test.

FStudent 7 test.
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disease-specific tools were available. It is important to consider
that generic HRQoL questionnaires are usually not as sensitive as
disease-specific ones. " Thus, a specific questionnaire, such as
HAE-QoL, should provide a better picture of the multifaceted
nature of HRQoL in C1-INH-HAE as it focuses on domains
that are most relevant to patients. HAE-C1-INH experts
recommend that HRQoL be measured on an annual basis*' and
World Allergy Organization C1-INH-HAE guidelines state that
HRQoL should be considered when assessing the need for
prophylaxis.42 The HAE-QoL could be useful in this regard.

The HAE-QoL was developed according to standard ques-
tionnaire development guidelines and methodologies.”' >’
Although new documents such as ISOQOL recommenda-
tions™ and COSMIN checklist** have been published after this
study was underway, the HAE-QoL meets most of the recom-
mended standards.

The methodology we followed was based on a patient-
centered perspective, which helped to ensure content validity,
one of the most important measurement properties.””* In
addition, questionnaires should be acceptable to patients, easy to
understand, and complete, and results from the pilot study on
missing answers and time needed to complete the questionnaire
demonstrate that the HAE-QoL meets these requirements.

This work also followed recommendations in the literature’’
regarding cross-cultural adaptation methodology. For interna-
tional conceptualization, that is, taking into account other
countries’ aspects or points of view, a mixed approach was
decided. A sequential approach for cross-cultural adaptation of
the HAE-QoL v.1.0 was followed by a parallel approach by
which pilot testing was performed in an international field study.
All of the information provided by patients from all of the
participant countries was used for the psychometric analysis
taking into account published requirements.”’

Psychometric analysis results were highly acceptable. The
HAE-QoL showed good internal consistency for each dimension
and for overall total scores. The test-retest reliability over 4 weeks
was excellent (>0.70 for all dimension and total scores). The 4-
week retest interval was enough to avoid the effect of recall bias
and the possibility that patient health status would change
because only stable patients had been selected.

Floor and ceiling effects were examined to ensure that the
questionnaire had the ability to cover the full range of severity in
patients and discriminate between subjects. Although the ceiling
effect is present in 3 of 7 dimensions (the effect in the “Physical
functioning and health” dimension is practically insignificant), it
should be taken into account that we adopted a very strict
definition of this effect, in comparison to other studies in which
the threshold was as high as 60%."

As there is no gold standard for measuring HRQoL, data were
compared with the SF-36v2, a tool known to be psychometri-
cally sound and widely used in validation processes. Although
Terwee et al”’ recommended values >0.7 for concurrent val-
idity, other experts deemed convergent validity exists when there
is substantial correlation (>0.40).”%° In our study, correlations
obtained between the HAE-QoL total and dimension scores, on
one hand, and the SF-36v2 domains and physical and mental
component scores, on the other, were all statistically significant.
They were mostly mild to moderate, indicating a certain
agreement between the 2 instruments. The greatest correlations
were seen between pain and physical role domains, as well as
with the mental component summary. The lack of strong
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FIGURE 1. Discriminant validity.

TABLE VII. Discriminant validity

P values post hoc 2-by-2 comparisons

Subscales Asymptomatic Mild Moderate Severe

HAE-QoL n=28 n = 65 n =89 n=112 S-A  S-Mi S-Mo Mo-A Mo-Mi Mi-A
Treatment difficulties 23 (17.25-23) 21 (16-22) 20 (15-22) 16 (13-21) 03  .002 .08 .37 1 1
Physical functioning and health 23 (23-23) 20 (16.5-22.5) 18 (13-21) 15 (10.25-19) <.001 <.001 .04 .001 .14 .03
Disease-related stigma 15 (15-15) 14 (11-15) 12 (9-14) 10.5 (8-13) <.001 <001 .32 .001 .14 .03
Emotional role and social functioning 20 (20-20) 17 (15-20) 16 (11-18.5) 14 (10-17) 001 <.001 .02 .001 21 .04
Concern about offspring 10 (7.5-10) 8 (5-10) 7 (4-9) 6 (4-8) 02 05 1 .07 62 48
Perceived control over illness 20 (18.25-20) 15 (10-17.5) 13 (8-16.5) 9 (7-15) <.001 .001 .03 .004 95 .03
Mental health 24 (19.5-24) 19 (14.5-22) 17 (12-21) 15 (9-19) <.001 <.001 .01 .02 8 .14
Total HAE-QoL 1335 110 96 (80-118) 84 <001 <001 .02 .002 20 .06

(119.5-135) (91-122.5) (65.25-107.75)

A, Asymptomatic; HAE-QoL, hereditary angioedema quality of life; Mi, mild; Mo, moderate; S, severe.

Mean (P25-P75).
Statistically significant P values typed in bold.

correlations might be due to the fact that SF-36v2 is a generic
instrument and the HAE-QoL is specific for patients with
C1-INH-HAE.

HAE-QoL scores were highly sensitive for most groups
depending on health status, as hypothesized. Thus, symptomatic
patients, patients under LTP treatment or under psychiatric and/
or psychological care or treatment, had significantly lower
(worse) scores than patients without such constraints. Interest-
ingly, the @ priori limiting factor of intubation or tracheotomy
showed no statistically significant differences, except for the
“Perceived control over illness” dimension, which, on the other

hand, was to be expected. Nevertheless, it met the recommended
quality criteria of >75% of the hypotheses confirmed.””

The HAE-QoL also discriminated well among subjects based
on CI-INH-HAE severity. Subjects with severe expression had
statistically significant worse scores compared with those of
asymptomatic patients or patients with mild disease, in all di-
mensions, demonstrating the ability of the HAE-QoL to detect
these differences. In contrast, “Concern about offspring” and
“Treatment difficulties” dimension scores did not show signifi-
cant differences among patients with different C1-INH-HAE
severity. This suggests that concern about transmission of disease
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and problems with treatment exist regardless of the severity of
disease. Similar findings regarding concern about disease trans-
mission have also been pointed out by other authors.””*’
Bouillet et al'® found a significant decrease in HRQoL
measured by SF-36v2 related to annual number of attacks as a
disease severity marker. However, no relationship between
HRQoL and C1-INH-HAE severity had been found in another
study,”” which might have been due to the lower sensitivity of
the SF-36 generic questionnaire or the severity score used, which
had not been validated.

The HAE-QoL also discriminates between patients who do or
do not receive psychiatric and/or psychological care or treatment.
This is a relevant feature as earlier studies have identified mental
health disorders associated with C1-INH-HAE.">*%¢

An HRQoL questionnaire for angioedema, the angioedema
QoL questionnaire (AE-QoL), has been published recently.49 It
cannot be considered a specific HRQoL questionnaire for
C1-INH-HAE, as it was designed using data from a heteroge-
neous sample not limited to patients with C1-INH-HAE.
Moreover, it includes aspects that are not relevant for patients
with C1-INH-HAE (such as how food affects attacks) and fails
to consider other issues, such as the potential for passing this
genetic disorder on to children, a key concern of patients with
C1-INH-HAE reported in previous studies.””"”

One limitation of the study is the failure to detect differences
between patients with moderate and mild C1-INH-HAE in any
of the dimensions. It could be that the effect of the disease on
HRQoL is similar in these groups, or perhaps the tool is unable
to discriminate between both groups. It is also worth noting that
the sample size of the asymptomatic group was quite small and
the ad hoc severity scoring system used in this study had yet to be
validated. Notwithstanding, this classification was designed based
on our combined professional experience, bearing in mind the
weaknesses and limitations of other severity scoring systems used
in C1-INH-HAE research.

Another possible limitation of the study was the differences in
sample size and distribution of participants across countries, in
both the test and retest phase. Studies on rare diseases must often
be multinational to provide sufficiently large sample sizes. Several
countries participated in this study and recruited a large number
of patients. Data on patients who were below the age of 18 had
not been diagnosed with HAE-C1-INH, or submitted incom-
plete CQs were not included in the final analysis. In addition,
patients had to be stable insofar as not only their C1-INH-HAE
clinical status, but also in their personal life (ie, major life events).
Data on patients who were not found to exhibit said stability
during the first phase of the study or subsequently failed to
provide data on which to assess HAE-QoL stability during the
retest phase were deleted from the retest sample group. The
deletion of data on participants from some countries in the retest
phase was intended to reduce potential sampling bias, and
consequently we believe that, overall, the data obtained from
both phases are reliable for analysis at the end of this process.*

The 6-month recall period seems appropriate for evaluating
patients with C1-INH-HAE in routine follow-up visits.”"
However, it could also be an obstacle for evaluating specific in-
terventions, and thus validation of a 3-month recall period
version is being considered.

Issues pending regarding recommended standards are
responsiveness (change over time) and minimal-important
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difference. Further study is necessary to assess the utility of the
HAE-QoL to evaluate these 2 aspects.

Although the development of the HAE-QoL has been a
thorough painstaking project, validation should be an ongoing
process and continuous evidence of its validity will attest to its
applicability in a wide variety of populations and settings.

The HAE-QoL addresses 7 relevant HRQoL domains for
adult patients with C1-INH-HAE (treatment difficulties, phys-
ical functioning and health, disease-related stigma, emotional role
and social functioning, concern about offspring, perceived con-
trol over illness, and mental health). This reveals the numerous
HRQoL domains affecting patients with C1-INH-HAE in
addition to what may otherwise have been considered typical
health-related outcomes, such as severity of disease or number of
episodes per year.

In summary, the HAE-QoL offers a number of advantages.
First, it is based on both patients” perceptions of C1-INH-HAE
and the point of view of experts, rather than only on criteria
perceived by researchers or described in the literature. Secondly,
the tool can be employed in an international setting as it has been
developed in collaboration with an international multicenter task
force. Considering that C1-INH-HAE is a rare disease, cohorts
from the different countries allowed achieving a sizeable and
heterogeneous sample. Another strength of the study lies in its
being a disease-specific questionnaire that makes comparisons
among subgroups of patients within the same disease possible.
Lastly, the HAE-QoL is a short self-administered questionnaire
that is easy to answer and to score.

To the best of our knowledge, this is the first and only disease-
specific HRQoL instrument for adult patients with C1-INH-
HAE. It is available in 18 languages and has been shown to be a
valid, reliable, and consistent instrument that could help care
providers to high-quality comprehensive care for adult patients
with C1-INH-HAE.
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Phase I. Development of a draft version (Spanish multicenter study)

- Step 1. Semi-structured interviews with patients (n=45) and experts (n=8).
Qualitative content analysis with domain identification and generation of
items (n=64). Result: HAE-QoL v.1.0 (64 items, 10 dimensions)

- Step 2. Evaluation of draft version regarding wording and relevance to C1-
INH-HAE by patients (n=16) and experts (n=8). Result: HAE-QoL v.1.1
(44 items and 9 dimensions) and clinical questionnaire HAE-CQ.

Phase II. Internationalization of the Spanish version
- Step 1. Cross-cultural adaptation of Spanish version to a common language
(American English).
- Step 2. Assessment of content validity by 15 experts from 14 countries.
Result: HAE-QoL v.1.2 (44 items, 9 dimensions)
- Step 3. Cross-cultural adaptation of resulting version to each one of the
target languages of participant countries.

Phase III. International Pilot Study.

- Step 1. Pilot testing of HAE-QoL v.1.2 and SF-36v2 Health Survey in a
sample of patients in the different countries (n= 332 patients from 12
countries)

- Step 2. Data input and checking for accuracy. Final data from 290 patients
from 11 countries.

Phase IV. Data analysis

- Step 1. Descriptive statistics (missing values, ceiling and floor effects,...)

- Step 2. Reduction of items (regarding descriptive statistics and exploratory
factor analysis data) and redefinition of dimensions. Result: HAE-QoL v.2
(final version, HAE-QoL) with 25 items and, 7 dimensions.

- Step 3. Analysis of psychometric properties of the HAE-QoL (convergent
and external validity, internal consistency and test-retest reliability and
discriminant validity).

Phase V. Final format and establishing percentile tables regarding age and
gender groups for scoring.

FIGURE E1. HAE-QoL questionnaire development process.
C1-INH-HAE, Hereditary angioedema due to C1 inhibitor defi-
ciency; CQ, clinical questionnaire; HAE-QoL, hereditary angioe-
dema quality of life questionnaire; SF-36v2, Short Form 36-item

Health Survey Version 2.0.
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TABLE E1. Item evolution from international expert rating phase to final version

General pool EFA
Draft version International expert (GP)/other GP (34 items) First item No. of Second item reduction
Item no. dimension rating phase dimension Dimensions (n = 4) reduction wave factors wave Final dimension
1 Social support SD GP Treatment difficulties 1 Treatment difficulties
2 Social support SD GP Treatment difficulties 1 Treatment difficulties
3 Physical role SD GP Physical function and health Deleted
Missing 26.7%
4 Physical role SD GP Physical function and health 2 Physical function and health
5 Physical role SD GP Physical function and health 2 Physical function and health
6 General health SD GP Physical function and health 2 Physical function and health
7 General health SD GP Physical function and health 2 Deleted
No loading in any
of 2 factors
8 Mental health SD GP Mental health 2 Mental health
9 Mental health SD GP Mental health 2 Mental health
10 Mental health SD GP Mental health 2 Mental health
11 Mental health SD GP Mental health 2 Mental health
12 Treatment Change of dimension: GP Treatment difficulties 1 Treatment difficulties
social support
13 Treatment SD GP Treatment difficulties Deleted
CHI 0.27
14 Social support SD GP Treatment difficulties 1 Treatment difficulties
15 Social role SD GP Emotional role and social functioning 2 Emotional role and social
functioning
16 Social role SD GP Emotional role and social functioning 2 Emotional role and social
functioning
17 Social role SD GP Emotional role and social functioning 2 Emotional role and social
functioning
18 Emotional role SD GP Emotional role and social functioning 2 Concern about offspring
19 Emotional role SD GP Emotional role and social functioning 2 Emotional role and social
functioning
20 Emotional role SD GP Emotional role and social functioning 2 Concern about offspring
21 Physical role SD GP Physical function and health 2 Deleted
Load < 0.4
22 Physical functioning SD GP Physical function and health 2 Physical function and health
23 Physical role 26.7% agreement on GP Physical function and health 2 Disease-related stigma
incorrect dimension
but no consensus
about new dimension,
so kept same
24 Physical role SD GP Physical function and health 2 Disease-related stigma
25 Physical role SD GP Physical function and health 2 Disease-related stigma

910Z HLNOW

v 13 HOldd <Ze'ol

10vdd TONNINIAIL NITO ADHITIV



26.

27
28

29

30

31
32

33+

34+

35%

37+

38

39+

40 Ed

41%

42

43

44*

Mental health

Mental health
Mental health

Mental health
Mental health
Mental health
Mental health
Treatment
Esthetics
Treatment
Treatment
Treatment
Treatment
Treatment

Treatment

Treatment

Social support

Treatment

General health

SD

SD
SD

SD

SD
SD
SD
SD

SD
SD
SD
SD

Rewording due to
qualitative comment
SD

SD
SD

Change in dimension:
social support (due to
qualitative comment)

SD

Change in dimension:
social support (due to
qualitative comment)

SD

GP Mental health

GP Mental health
GP Mental health

GP Mental health

GP Mental health
GP Mental health
GP Mental health
Maintenance
treatment
Attenuated
Androgens
Short-term
prophylaxis
Maintenance
treatment
Maintenance
treatment

Maintenance
treatment
Acute treatment

Maintenance
treatment

Home treatment

GP Treatment difficulties

GP Treatment difficulties

Women

Deleted
CHIO0.22 + 1 a

Deleted
CHI 0.21

1

Deleted
Low load

Deleted
Low load

Deleted
Load 0.07

Perceived control over illness

Perceived control over illness
Perceived control over illness

Perceived control over illness

Deleted
Load 0.07

CHI, Corrected homogeneity index; EFA, exploratory factor analysis; GP, general pool; SD, same dimension.

*Items not included in the final pool and reduction process because they did not apply to all patients (explained in detail in the text).
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TABLE E2. General pool items descriptive analysis

No answer
General pool Rate Percent Floor effect Ceiling effect Alpha if item
N = 290 Item no. Min-Max (Total = Yes applicable) (%) (%) Mean SD CHI deletion
Treatment difficulties 1 1-6 1.4 6.9 583 479 173 0.52 0.95
Treatment difficulties 2 1-6 0.7 3.1 68.6 530 132 043 0.95
Treatment difficulties 12 1-6 0.3 18.3 24.1 3.80 1.82 0.62 0.95
Treatment difficulties 13 1-6 0.7 6.2 66.5 512 1.54 0.32 0.95
Treatment difficulties 14 1-5 2.1 72 46.9 378 1.44 0.66 0.95
Treatment difficulties 42 1-5 2.8 0.3 51.7 424 109 0.12 0.95
Treatment difficulties 43 1-5 4.8 1.4 41.0 398 1.26 0.04 0.95
Physical functioning and health 3 1-6 20.7 2.8 27.2 353 222 049 0.95
Physical functioning and health 4 1-6 0.7 8.6 22.1 397 1.57 0.77 0.95
Physical functioning and health 5 1-6 1.7 6.5 28.3 4.18 1.65 0.72 0.95
Physical functioning and health 6 1-6 1.4 7.6 59.0 485 1.71 0.6 0.95
Physical functioning and health 7 1-6 1.0 5.5 60.7 493 1.60 0.53 0.95
Physical functioning and health 21 1-5 1.0 11.0 47.6 371 150 0.67 0.95
Physical functioning and health 22 1-5 1.4 12.1 34.8 344 149 0.71 0.95
Physical functioning and health 23 1-5 1.4 11.4 53.8 3.84 152 054 0.95
Physical functioning and health 24 1-5 3.4 2.4 54.5 401 135 0.50 0.95
Physical functioning and health 25 1-5 1.0 11.7 28.3 336 1.42 0.73 0.95
Social role and emotional functioning 15 1-5 0.3 5.9 37.2 372 127 0.76 0.95
Social role and emotional functioning 16 1-5 0.7 10.7 314 343 142 0.76 0.95
Social role and emotional functioning 17 1-5 14 114 29.7 333 145 0.75 0.95
Social role and emotional functioning 18 1-5 2.8 15.5 56.9 373 1.68 045 0.95
Social role and emotional functioning 19 1-5 24 3.1 64.8 426 125 0.56 0.95
Social role and emotional functioning 20 1-5 52 24.8 26.2 2.80 1.68 0.52 0.95
Mental health 8 1-5 1.0 9.0 36.6 428 1.74 0.63 0.95
Mental health 9 1-6 0.7 9.7 24.1 401 1.65 0.76 0.95
Mental health 10 1-6 1.0 9.3 22.4 397 1.65 0.77 0.95
Mental health 11 1-6 1.0 12.8 26.2 398 1.76 0.76 0.95
Mental health 26 1-5 0.7 12.4 324 334 146 0.68 0.95
Mental health 27 1-5 1.0 27.6 255 293 1.61 0.69 0.95
Mental health 28 1-5 1.0 21.4 224 3.01 151 0.73 0.95
Mental health 29 1-5 3.1 16.2 16.6 298 141 0.27 0.95
Mental health 30 1-5 1.4 10.7 24.1 321 1.39 0.71 0.95
Mental health 31 1-5 1.0 19.7 19.7 297 147 0.71 0.95
Mental health 32 1-5 0.7 19.3 21.7 3.01 1.47 0.73 0.95

CHI, Corrected homogeneity index.
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