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ABSTRACT
Hereditary angioedema (HAE) is a rare disorder that causes unpredictable and debilitating cuta-
neous and submucosal edema and can lead to death. HAE can impair patients’ ability to perform
daily activities, proportional to pain severity, with patients reporting lower productivity, missed
time from work or school and potentially resulting in missed career and educational opportunities.
Many patients with HAE experience a significant psychological burden, including anxiety and
depression. Available treatment aims to prevent and/or treat HAE attacks as they occur, to reduce
morbidity and mortality and, finally, to improve health-related quality of life. Two different vali-
dated specific angioedema instruments are available to assess patients’ quality of life. The
Angioedema Quality of Life Questionnaire (AE-QoL) examines diagnosed patients’ quality of life
but is not specific for HAE. The disease-specific questionnaire is the Hereditary Angioedema
Quality of Life (HAE-QoL), and the first used for hereditary angioedema with C1 inhibitors (C1-INH)
deficiency. These quality-of-life instruments are helpful to the HAE patients’ assessment and to the
development of better therapeutic strategies as clinical tools, as defined by international guide-
lines. Considering this context, this review was conducted to compare the effects of acute vs. long-
term prophylaxis on HAE patients’ health-related quality of life. In addition, the prevalence of
anxiety and depression among these individuals was also reviewed.

Keywords: Angioedema, Hereditary, Health-related quality of life, Patient reported outcome

measures, Questionnaire, Preventive therapy
that causes increase in vascular permeability and
INTRODUCTION

Hereditary angioedema (HAE) is a rare, poten-
tially fatal disorder, that causes recurrent swelling
of the skin and submucosa.1,2 The contact
activation system mediates the bradykinin release
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vasodilation, leading to angioedema. This system
is regulated by C1 inhibitors (C1-INH). C1-INH in-
hibits the activated factor XII (FXIIa) and kallikrein.
The production of bradykinin is increased when
plasma levels of functional C1-INH are insufficient
leading to a sustained activation of FXIIa and
kallikrein.3 HAE has a prevalence estimated at
approximately 1:40,000, with literature estimates
ranging from 1:10,000 to 1:50,000.4–6

There are 2 different HAE types generated by
functional C1-INH (HAE-C1-INH) deficiency: 85%
of cases are HAE-C1-INH type I, caused by low C1-
INH plasma levels, and 15% of cases are type II,
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which presents with low functional C1-INH activity
despite normal plasma levels of this inhibitor.3

HAE with C1-INH normal plasma levels (nC1-
INH) or with C1-INH deficiency have similar clin-
ical symptoms. Increased blood estrogen levels, as
caused by pregnancy or exogenous injection, and
gene alterations have been linked to HAE with
nC1-INH.7,8 Five different mutations were
identified in HAE-nC1-INH families: four in F12
gene, responsible for protein variations of the
coagulation factor XII proline-rich region (HAE–
FXII); in the PLG gene that encodes plasminogen;
in the ANGPT1 gene that encodes angiopoietin-1;
in the KNG1 gene that encodes kininogen 1; in the
MYOF gene that encodes for myoferlin and in
HS3ST6 gene that leads to a sulfation functional
change of heparan sulfate.5 However, the genetic
defect is unknown in most cases.7

The beginning of HAE symptoms usually occurs
in patients’ childhood or adolescence, increases in
puberty, and lasts throughout their lifetime.9 HAE
involves skin, gastrointestinal and respiratory
systems. Urticaria or pruritus are not HAE
symptoms, but it is possible to occur nonpruritic
macular rash that might be mistaken for
urticaria.7 Although resolution of HAE symptoms
typically occurs within 3–5 days, if untreated they
cause considerable morbidity and mortality.10

HAE can affect almost every aspect of a pa-
tient’s life because it is a chronic, incapacitating,
and disfiguring disorder. Before receiving a
diagnosis, people with HAE may experience poor
treatment and unnecessary medical procedures.
Diagnosis is still delayed and about one third
of the cases can take more than 10 years.11,12

HAE attacks are painful, unpredictable,
incapacitating, and typically demand immediate
medical intervention. Face involvement leads to
disfiguration and promotes social stigmatization,
isolation, and depression.

HAE can impair the patient’s quality of life (QoL)
not only due to impact on functional abilities
caused by edema, but also due to pain and other
frequent attack symptoms including fatigue,
nausea, vomiting. The HAE patient’s health-related
quality of life (HRQoL) is equivalent to other
chronic conditions as severe asthma and Crohn’s
disease.13 A study conducted in Sweden using
different instruments reported that most affected
HRQoL dimensions are pain/discomfort, anxiety/
depression, energy/fatigue, general health, fears/
shame, and fatigue/mood.14 In addition, the
higher the number of attacks, the higher the
impact on patients’ HRQoL, highlighting the
importance of proper disease management.15,16

As HAE is a genetic disease, there is still no
treatment directed at the cause of this condition.
Thus, therapeutic approach aims to prevent or
treat HAE attacks as they occur, to reduce
morbidity and mortality and finally to improve
HRQoL.3 The disease management may be
composed by on-demand treatment of attacks
and prophylactic treatment, depending on
different aspects.10 Despite clinical benefits of the
treatment, Nordenfelt et al (2017) found no
significant differences in terms of HRQoL among
patients receiving or not prophylactic
medication.14 In addition, Bork et al (2021)
published a consensus report providing
guidelines about the assessment of disease
burden and the impact on QoL.17 This review
was conducted to compare the effects of acute
vs long-term prophylaxis on HAE patients’ health-
related quality of life. In addition, the prevalence
of anxiety and depression among these individuals
was also reviewed.
Methods

A search was conducted using Mesh terms
“Quality of Life”, “Hereditary Angioedema” in the
PUBMED database in December 2021 and recent
articles published in English between 2011 and
2021 were selected according to the subjects of
interest. An additional search with the objective to
identify publications reporting QoL with treat-
ments for acute attacks and long-term prophylaxis
was also performed. The studies that evaluated the
HRQoL effect of HAE specific treatments were
eligible. The long-term prophylaxis treatments of
interest were restricted to the kallikrein inhibitors
were restricted to berotralstat and lanadelumab.
The following sources of information were not
included abstracts, conference posters, and sec-
ondary sources. In Table 1 and Table 2 general
characteristics of these 14 key studies included
are shown.
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Author,
Year Country Type of study Treatment Follow up QoL

instrument Results summary

Nunes
et al.
(2021)24

Brazil NR Systematic
intervention

14 months HAE-QoL Mean total HAE-QoL
scores differences
between baseline and
further visits:

Increase of 15.2 (95%
CrI: 1.23–29.77) at 8
months.
Increase of 26 (95%
CrI: 14.56–39.02) at 14
months.

Zanichelli
et al.
(2018)40

Italy Observational Plasma-derived
C1-INH-nf

12 months HAE-QoL,
6 months
recall
Italian
version,
TSQM

Baseline median total
HAE-QoL score: 86 (IQR:
76–103).
HAE-QoL differences
between screening/
enrollment (visit 1), 3
months (visit 2), 6 months
(visit 3), and 12 months
(visit 4, end of study):

Total: visit 3 vs 1
(6.4 � 13.5; p ¼ 0.49);
visit 4 vs 1 (5.4 � 21.4;
p ¼ 0.59); visit 4 vs 3
(�1.1 � 13.4; p ¼ 0.91).
Physical functioning
and health: visit 3 vs 1
(0.7 � 2.8; p ¼ 0.67);
visit 4 vs 1 (0.9 � 3;
p ¼ 0.55); visit 4 vs 3
(0.2 � 2.2; p ¼ 0.90).
Disease related stigma:
visit 3 vs 1 (0 � 2.3); visit
4 vs 1 (0 � 2.8; p ¼ 1);
visit 4 vs 3 (0 � 1.4).
Emotional role and
social functioning: visit
3 vs 1 (0.1 � 2.7;
p ¼ 0.71); visit 4 vs 1
(0.5 � 2.7; p ¼ 0.36);
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Author,
Year Country Type of study Treatment Follow up QoL

instrument Results summary

visit 4 vs 3 (0.4 � 1.6;
p ¼ 0.69).
Concern about
offspring: visit 3 vs 1
(1.4 � 2.3; p ¼ 0.20);
visit 4 vs 1 (0.9 � 3.1;
p ¼ 0.59); visit 4 vs 3
(�0.5 � 2; p ¼ 0.87).
Perceived control over
illness: visit 3 vs 1
(1.5 � 2,9; p ¼ 0.32);
visit 4 vs 1 (1.9 � 3.9;
p ¼ 0.24); visit 4 vs 3
(0.4 � 2.9; p ¼ 0.82).
Mental health: visit 3 vs
1 (1.8 � 3.9; p ¼ 0.41);
visit 4 vs 1 (0.5 � 4.7;
p ¼ 0.80); visit 4 vs 3
(�1.3 � 4.4; p ¼ 0.54).
Treatment difficulties:
visit 3 vs 1 (0.9 � 4;
p ¼ 0.55); visit 4 vs 1
(0.6 � 5.8; p ¼ 0.75);
visit 4 vs 3 (�0.3 � 4.6;
p ¼ 0.89).

Bewtra
et al.
(2012)41

United States NR Single injection of
C1-INH

29 months SF-12 Mean SF-12 scores range:
44.8 to 93.2.
Mean SF-12 scores range
for patients with the
greatest number of
treated attacks (47–106
attacks per subject): 70.6
to 82.7.
Mean (range) SF-12
component scores for 10
quarters:

Physical functioning:
51.1 (45.4–53.6).
Role physical: 47.1
(41.4–52.6).

4
C
hong

-N
eto

W
orld

A
llerg

y
O
rg
anization

Journal(2023)16:100758
http

://d
oi.org

/10.1016/j.w
aojou.2023.100758

https://doi.org/10.1016/j.waojou.2023.100758


B
o
d
ily

p
ai
n:

45
.5

(3
9.
6–

50
.2
).

G
en

er
al

he
al
th
:
52

.8
(4
7.
4–
59

.8
).

V
ita

lit
y:

51
.2

(4
6.
1–

54
.5
).

So
ci
al

fu
nc

tio
ni
ng

:
45

.5
(3
9.
3–
53

.2
).

Ro
le

em
o
tio

na
l:
49

.8
(4
4.
9–
52

.9
).

M
en

ta
lh

ea
lth

su
m
m
ar
y

sc
o
re
:
49

.6
(4
4.
6–
54

.5
).

Ph
ys
ic
al

he
al
th
:
48

.8
(4
2.
7–
52

.5
).

Ta
b
le

1
.S

um
m
ar
y
o
fs
tu
d
ie
s
as
se
ss
in
g
th
e
im

p
ac

to
fo

n-
d
em

an
d
tr
ea

tm
en

to
fa

tt
ac

ks
o
n
q
ua

lit
y
o
fl
ife

in
H
A
E
p
at
ie
nt
s.

C
1-
IN
H
-n
f:
na

no
fi
lte

re
d
C
1-
IN
H
;C

rI:
cr
ed

ib
le

in
te
rv
al
;H

A
E-
Q
oL

:H
er
ed

ita
ry

A
ng

io
ed

em
a
Q
ua

lit
y
of

Li
fe
;
N
R:

N
ot

re
p
or
te
d
;
Q
oL

:
Q
ua

lit
y
of

lif
e;

SF
-1
2:

tw
el
ve

-it
em

sh
or
t
fo
rm

;
TS

Q
M
:
Tr
ea

tm
en

t
Sa

tis
fa
ct
io
n
Q
ue

st
io
nn

ai
re

fo
r
M
ed

ic
at
io
n.

Volume 16, No. 3, Month 2023 5
Impact on quality of life

Patients with HAE experience a significant
physical and psychological burden that impairs
health related quality of life. The HAE burden af-
fects not only healthcare services but also the pa-
tient’s relationships, education, and work.9,18,19 To
provide a proper understanding of such impact
and the effects of treatment on health-related
quality of life, disease burden is initially reported
in this review.

HAE is a disease characterized by unpredictable
acute attacks. The impact on QoL comprises psy-
chiatric aspects, social activities, travel, work/
school, and hospitalization. The unpredictable
character of attacks leads to difficulties for pa-
tients, their families, and employers.The number of
attacks experienced by a patient over a period
correlates with worse scores in several domains of
different instruments, such as functioning, fatigue/
mood, fears/shame, nutrition, anxiety/depression,
and also productivity.15,16
Productivity

HAE can lead to a reduction in workplace pro-
ductivity.20 Time missed from both work and
school is common for patients with HAE and can
result in missed opportunities for career and
educational advancement and has a major
negative economic impact due to productivity
lost. Therefore, the condition causes delay in
education and increase in stress during and
between attacks.21 The socioeconomic burden
overwhelms patients, parents, and caregivers; on
average, 20 work or school days are lost per
year.22

Even with acute treatment available in hospitals
in Japan, 21.2% of HAE patients were admitted
overnight with a need of hospitalization of at least
one day, and 28.7% had been away from work or
school in a survey carried out in March–May
2014.23 A Sweden study showed that 44% of
patients were absent from work during an HAE
attack, and 81% of severe attacks resulted in
absenteeism. Furthermore, 57% of patients
suffered attacks at least once a month and HAE
had impeded their advance in workplace or
school.14 According to a European Union report
considering data from May–December 2011 and
a 6-month recall period, 42% of HAE patients have



Author,
Year Country Type of study Treatment Follow up QoL instrument Results summary

Buttgereit
et al.
(2021)43

Germany NR Lanadelumab, every
other week

Median period
of 29.9 weeks

AECT and AE-
QoL

AE-QoL – before and
during treatment mean
change (95% CI; p-value):

Total score: 32 (22.6–
414; p < 0.001).
Functioning: 42.4 (30–
54.9; p < 0.001).
Fatigue/mood: 23
(4.8–13; p < 0.001).
Fears/shame: 30.6 (6–
18; p < 0.001).
Nutrition: 22.73 (7.9–
37.6; p ¼ 0.004).

Lumry
et al.
(2021)49

USA Phase 3 C1-INH(SC) 40 IU/kg
(n ¼ 63) or 60 IU/kg
(n ¼ 63) twice weekly

52 weeks EQ-5D-3L,
HADS, WPAI,
TSQM

EQ-5D – baseline and end
of study mean change
(95% CI):

Health state value: 0.07
(0.01–0.12).
Visual analogue scale:
7.45 (3.29–11.62).

HADS – baseline and
end of study mean
change (95% CI):
Anxiety scale: �1.23
(�2.08 to �0.38).
Depression scale:
�0.95 (�1.57 to
�0.34).

WPAI – baseline and end
of study mean change
(95% CI):
Presenteeism:
�23.33% (�34.86 to
�11.81)
Work productivity
loss: �26.68% (�39.92
to �13.44).
Activity impairment:
�16.14% (�26.36 to
�5.91).
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TSQM – baseline and
end of study mean
change (95% CI):
Effectiveness: 19.74
(7.94–31.54).
Overall satisfaction:
18.93 (10.68–27.18).

Watt et al.
(2021)46

– NR Rollovers: lanadelumab
300 mg on day 0, then
300 mg every 2 weeks
after their first attack
(regular dosing stage).
Nonrollovers:
lanadelumab 300 mg
every 2 weeks from day
0.

132 weeks AE-QoL, TSQM AE-QoL - day 0 to end of
study mean change (SD):

Rollovers: total score
�10.2 (17.9),
functioning �11.1
(24.3), fatigue/mood
�7.4 (23.8), fears/
shame �12.9 (19.2),
nutrition �7.2 (26.1).
Nonrollovers: total
score �19.5 (21.3),
functioning �26.2
(27.7), fatigue/mood
�11.6 (25.8), fears/
shame �22.2 (24.3),
nutrition �18.3 (24.4).

Mean TSQM-9 scores
Rollovers and
nonrollovers: very
satisfied with treatment
effectiveness (>90),
perceived treatment
was convenient (>81),
very satisfied with
lanadelumab (>87).

Wedner
et al.
(2021)42

Europe Phase 3 Berotralstat 150 mg,
110 mg, or placebo in
part 1; berotralstat
150 mg, 110 mg, in part
2.

24 weeks in Part
1; plus 24 weeks

in part 2

AE-QoL, TSQM After 48 weeks, 67% of
patients on the
berotralstat arm achieved
the AE-QoL MCID.
TSQM: improvements in
global satisfaction in
placebo arm patients
rerandomized to
berotralstat
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Author,
Year Country Type of study Treatment Follow up QoL instrument Results summary

Lumry
et al.
(2021)44

USA Phase 3 Lanadelumab 150 mg
every 4 weeks (q4wks;
n ¼ 28), 300 mg q4wks
(n ¼ 29), 300 mg every 2
weeks (q2wks; n ¼ 27),
or placebo (n ¼ 41)

182 days AE-QoL, EQ-5D-
5L

AE-QoL - day 0–182 mean
change (p-value):

Lanadelumab total
group: total score
�19.47 � 2.02
(p < 0.01), functioning
�29.28 � 2.48
(p < 0.01), fatigue/
mood �13.0 � 2.51
(p < 0.05), fears/
shame �18.75 � 2.58
(p < 0.05), nutrition
�17.01 � 2.42
(p < 0.01).
Placebo: total score
�4.71 � 2.91
(p > 0.05), functioning
�5.41 � 3.58
(p > 0.05), fatigue/
mood �1.79 � 3.52
(p > 0.05), fears/
shame �9.05 � 3.74
(p > 0.05), nutrition
0.49 � 3.50 (p > 0.05).

Lanadelumab 300 mg
q2wks vs. placebo
group: highest
proportion (81%;
p ¼ 0.001) and 7.2
times more likely to
achieve MCID.

Banerji
et al.
(2018)45

USA Phase 3 Lanadelumab (SC):
150 mg every 4 weeks
(n ¼ 28), 300 mg every 4
weeks (n ¼ 29), 300 mg
every 2 weeks (n ¼ 27).
Placebo (n ¼ 41).

26 weeks AE-QoL AE-QoL - Proportion of
patients that achieved the
MCID in total score:

150-mg every-4-week
group: 65.4%
(p ¼ 0.047);
300-mg every-4-week
group: 63.0%
(p ¼ 0.07);
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300-mg every-2-week
group: 80.8%
(p ¼ 0.001);
Placebo: 36.8%.

Aygören-
Pürsün
et al.
(2018)48

Germany Phase 2 Berotralstat: 350 mg,
250 mg, and 125 mg,
once daily. This dose
could be reduced for
62.5 mg.

28 days AE-QoL AE-QoL - least-squares
mean change (p-value)
from baseline

125-mg dose group:
total score: �29.0
placebo group: �4.5
(difference: �24.5
points; p < 0.001)

Across the four domains:
Functioning: �26.7
points, p ¼ 0.002
Fatigue and mood:
�11.6 points,
p ¼ 0.054
Fears and shame:
�33.8 points,
p < 0.001
Food: �24.4 points,
p ¼ 0.006.

Lumry
et al.
(2018)5044

Europe Phase 3 C1-INH(SC) 40 or 60 IU/
kg twice weekly

16 weeks
preceded or

followed by 16
weeks of twice
weekly placebo

injections

EQ-5D-3L,
HADS, WPAI,
TSQM

EQ-5D – mean treatment
difference at week 14
(95% CI):

Health state value: 0.04
(�0.01-0.08).
Visual analogue scale:
8.53 (4.10–12.97).

HADS – mean treatment
difference at week 14
(95% CI):

Anxiety scale: �1.05
(�1.79 to �0.31).
Depression scale:
�0.55 (�1.11- 0.01).

WPAI – significant
mean treatment
difference at week
14 was observed for
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Author,
Year Country Type of study Treatment Follow up QoL instrument Results summary

presenteeism, work
productivity loss and
activity impairment
domains

TSQM – significant
mean treatment
difference at week
14 was observed for
effectiveness and
overall satisfaction
domains.

Weller
et al.
(2017)51

USA NR C1-INH 1000 U with
24,000 U of rHuPH20 or
C1-INH 2000 U with
48,000 U of rHuPH20
every 3–4 days

8 weeks and
then crossed

over for another
8 weeks

AE-QoL AE-QoL – baseline and
last available assessment
mean change (95% CI; p-
value):
Total score: �8.11
(�13.72 to �2.50;
p ¼ 0.007).
Functioning: �12.80
(�20.87 to �4.73;
p ¼ 0.003).
Fatigue/mood: �1.95
(�8.66-4.76; p ¼ 0.572).
Fears/shame: �10.26
(�17.06 to �3.46;
p ¼ 0.005).
Nutrition: �7.62 (�13.29
to �1.95; p ¼ 0.012).
The 2000 U arm showed
higher mean AE-QoL
score reductions in the
functioning and nutrition
domains vs 1000 U arm.

Greve
et al.
(2016)52

Germany Observational Wash-in: C1-INHc (1000
UI)
Individual prophylactic
treatment regimens
(n ¼ 7): C1-INHc from
6.67 � 1000 to

Doses and
frequency were
set up for 12
weeks. After
that, the patients
continued with

AE-QoL AE-QoL - paired
differences (SD):

Functioning: 25.0%
(27.7)
Fatigue/mood: 10.7%
(13.4)
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experienced delayed educational advancement;
40% were restrained from applying for specific
jobs; 36% have experienced a reduction in career
development; 9% have switched positions in the
same company; and 10% have quit their jobs.22

In Brazil, Nunes et al (2021) conducted a study
aiming to analyze effects of a systematic interven-
tion in HAE patients’ management and only mild-
to-moderate impairment on productivity was re-
ported. No impairment (0 score) was reported by
88.1%, 73.8%, 73.8%, and 57.2% of patients for
absenteeism, presenteeism, work productivity loss
and activity impairment domains, respectively.24

Different study designs may explain divergences
between results from Brazil and Japan and
Sweden; however, further analysis to determine
the reasons for such regional differences are still
needed.14,23,24 In addition, the Brazilian study
was conducted aiming to analyze the effect of an
intervention and reinforces the importance of
access to treatment.
Anxiety and depression

The levels of anxiety and depression of HAE
patients are higher than within the general popu-
lation. A survey of 242 patients with HAE across
eight countries, in majority male with a mean age
of 43.8 years, reported on the basis of the HADS
score that 38% of these patients experienced
moderate to severe anxiety and 17.4%, depres-
sion. These patients had the diagnosis with the
mean age of 11.5 years and reported the occur-
rence of a mean of 12.5 attacks in a 6-month
period.15

A study in the United States, which included in
majority male individuals with the diagnosis of
HAE type 1, showed that 39% of adult HAE pa-
tients had depression, and 15% of patients, anx-
iety.25 Anxiety and depression were also frequent
comorbidities in a noninterventional US survey of
445 adult individuals, most frequently females,
with HAE type I, affecting 35.3% and 20.9% of
patients, respectively. In addition, 7.6% of
anxiety patients and 3.4% of depression patients
had severe conditions (HADS score �15). Mean
age at diagnosis of the US survey was 12.5
years and a mean of 11.1 attacks in a 6-month
period was reported.16
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Another study evaluated using HADS, 186 Eu-
ropean patients with HAE with depression re-
ported in 23%, 8% and 10% and anxiety reported
in 46%, 39% and 24% of Spanish, German, and
Danish patients respectively. Regarding de-
mographic characteristics, the samples from all
countries were composed by female adults, with
the exception of patients from Denmark that were
in majority male adults. Anxiety and depression
levels correlate with HAE severity. The intensity of
pain from the most recent attack indicated a strong
correlation with the anxiety degree regarding
future attacks. In addition, HAE patients showed
distress, panic, and anxiety about HAE trans-
mission to descendants. During the study, access
to therapy for German and Danish patients was
easier than for other patients. Thus, as the Spanish
patients showed more depression and anxiety,
improvements in therapy can probably reduce the
prevalence of these mental disorders in HAE.
Furthermore, tension, anxiety, and a negative
mood could trigger attacks, creating a vicious cy-
cle of angioedema causing more anxiety and even
more angioedema.26 HAE patients’ self-control
sense and anxiety improved as a result of access
to self-administered acute attack and prophylaxis
treatment.27

A Canadian study found high rates of under-
recognized psychiatric symptomatology in patients
with HAE. Mania, anger, sleep disorders, somatic
symptoms, and impaired personality functioning
are among these disorders. It is suggested that
physicians treating HAE patients should ask about
mental health on a regular basis and refer patients
to experts as needed.28

A Brazilian study also indicated that it is critical
to reinforce the expertise of HAE patient health-
care professionals. Patients’ QoL improves with
prompt HAE attack treatment and continued focus
on psychological and psychiatric disorders. These
researchers recommended that physicians and
other healthcare professionals undertake major
efforts worldwide to provide effective medications
to prevent and treat HAE attacks, prevent deaths,
and provide healthy and productive life to these
patients.24

These data highlight the need for a multidisci-
plinary approach for HAE patients, not only
focused on medical treatment. However, most of
the studies are still conducted using the HADS
questionnaire.15,16,25,26 Saez-Flores et al (2018)
assessed HADS’ factor structure in a sample of
adolescents and young adults with cystic fibrosis
and reported poor ability to distinguish between
symptoms of anxiety and depression, suggesting
that instruments such as Generalized Anxiety Dis-
order 7 (GAD-7) and Scale and the Patient Health
Questionnaire-9 (PHQ-9) would be more appro-
priate.29 Indeed, Zarnowski et al (2021) conducted
a study to investigate the prevalence of depression
and anxiety in patients with HAE in Germany using
both instruments (HADS and GAD-7) and reported
discrepant results, 43.2% through HADS anxiety
scale and 25% using GAD-7 score.30 Additionally,
PHQ-9 and GAD-7 include aspects related to sui-
cidal ideation, which is a limitation of other in-
struments. Thus, further analyses on this issue are
still needed.
Validated questionnaires for assessing the quality
of life in hereditary angioedema

There are several generic instruments to assess
HRQoL such as the thirty-six-item short form (SF-
36) and the Pediatric Quality of Life Inventory
(PedsQL). SF-36 is an instrument that measure
eight scales (physical functioning, role physical,
bodily pain, general health, vitality, social func-
tioning, role emotional, and mental health) and
provides two summary measures, the Physical
Component Summary and the Mental Component
Summary.31 PedsQL is an instrument developed to
assess quality of life among individuals aged 5–18
years and assesses the following domains: physical
functioning, emotional functioning, social
functioning, and school functioning.32

Despite the ability of generic questionnaires to
compare HRQoL between different diseases, they
generally have low sensitivity when assessing a
particular aspect of the disease and do not mea-
sure key challenges of the population. Therefore,
HRQoL impact assessment requires specific ques-
tionnaires about the impairment caused by the
disease. Specific instruments are available and
validated for angioedema (AE-QoL) and HAE
(HAE-QoL).33

The first questionnaire developed specifically
for angioedema was the Angioedema Quality of
Life Questionnaire (AE-QoL), which addresses

https://pubmed.ncbi.nlm.nih.gov/?term=Zarnowski+J&amp;cauthor_id=33887730
https://doi.org/10.1016/j.waojou.2023.100758
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high-impact areas for the loss of quality of life in
recurrent angioedema patients. The AE-QoL has
17 questions in functioning, fatigue/mood, fears/
shame, including appearance of swellings, and
nutrition domains, with recall period of 4
weeks.30,33,34 Values define no (0–23), small (24–
38) or moderate to large effect (�39) on
recurrent angioedema patients’ QoL.34–36 The
minimal clinically important difference of the AE-
QoL is 6 points. The AE-QoL total scores show a
significant correlation with the annual angioedema
attacks (r ¼ 0.46; p < 0.0001), a total internal
consistency of 0.89, and a test-retest reliability of
0.83, which shows the ability of the instrument to
discriminate groups that are assumed to be
different. The AE-QoL assists with assessment and
development of better therapeutic strategies for
patients with the disorder.34

The first questionnaire addressed specific for
HAE-C1-INH is the Hereditary Angioedema Quality
of Life (HAE-QoL).37 This is a 25-item questionnaire
with 7 domains (mental health; disease-related
stigma; treatment difficulties; perceived control
over illness; emotional role and social functioning;
concern about offspring; and physical functioning
and health). The development of this instrument
was based on a qualitative methodology, with a
patient-centered perspective.37 The HAE-QoL has
Cronbach’s alpha internal consistency of 0.92 and
test-retest reliability of 0.87, in addition to good
discriminant validity in the psychometric anal-
ysis.37 Higher scores means improved QoL. The
HAE-QoL has good reliability, and it is available
in 18 languages.37 This is the most used
instrument by the Brazilian Study Group in HAE
(GEBRAEH).

Regarding the pediatric HAE population, there
are no validated instruments designed to specif-
ically determine the impact of the disease on QoL,
to date. Considering that generic instruments are
not able to describe HAE QoL with an appropriate
confidence, this is still an unmet need in the area.
Quality of life with treatments for acute attacks
and long-term prophylaxis

There are 3 treatment approaches for HAE. On-
demand therapy reduce attacks severity and
duration with treatment options as ecallantide,
icatibant, and plasma-derived or recombinant C1-
INH. If these options are not available, frozen
plasma can be used, but it has lower efficacy and
frequent adverse events.38 Prevention to
angioedema attacks is also possible through
long-term prophylaxis with antifibrinolytics (ie,
tranexamic acid), attenuated androgens (ie, dana-
zol), C1-INH replacement, berotralstat, and lana-
delumab.38 Finally, when patients are aware of a
potential trigger exposure, they can use short-
term prophylaxis to reduce the attack risk. Except
for lanadelumab and berotralstat, all long-term
prophylactic options can be utilized for short-
term prophylaxis.38

Treatments for acute attacks

Acute attacks treatments are plasma-derived
and recombinant human C1-INH, bradykinin B2
receptor inhibitor and inactivate plasma kalli-
krein.1 Previously, prophylaxis treatment options
were antifibrinolytic agents and attenuated
androgens.1 These treatments are effective, but
are not able to normalize patients’ lives, and still
pose a risk of serious adverse events. At present,
these agents are considered second-line thera-
pies.1 International WAO/EAACI guidelines
recommends that all attacks should be
considered for on-demand therapy, using either
intravenous C1-INH, ecallantide or icatibant.39

Table 1 summarizes studies assessing the
impact of attacks treatment on QoL. Nunes et al.
(2021) assessed the impact of a systematic
intervention (that could include icatibant, pdC1-
INH concentrates, antifibrinolytics, increase
dosage of attenuated androgen to manage attacks
or no treatment) among Brazilian HAE patients.
The comparison with the baseline showed an in-
crease in HAE-QoL total scores by 15.2 (mean,
95% credible interval [CrI]: 1.23–29.77) at 8 months
and 26 (mean, 95% CrI: 14.56–39.02) at 14 months.
Improvement in the SF-36 questionnaire role-
emotional domain score was also reported. How-
ever, no significant differences were noted in the
Pediatric Quality of Life Inventory (PedsQL)
scores.24

The SABHA was an observational, single-center,
and prospective study. Plasma-derived nano-
filtered C1-INH (C1-INH-nf) self-infusion safety and
feasibility were the primary endpoints; the sec-
ondary was the evaluation of self-infusion effect on
QoL through the HAE-QoL questionnaire. Fifteen
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patients completed the study, and 189 attacks
were registered in 12 months. There was a median
of 2 h between the symptom’s onset and self-
administration and a median of 6 h for the attack
resolution. The baseline median HAE-QoL score
was 86 (IQR: 76–103), and it had increased (94;
QR: 86–113) after 12 months, with no statistically
significant difference. Concerns about offspring,
perceived control over disease, and mental health
showed the largest increases after 6 months, with
stability between the third and last assessment.40

Bewtra et al. (2012) assessed HRQoL using SF-
12 for an I.M.P.A.C.T.2 study subgroup. The anal-
ysis reported a positive impact of the use of C1-
INH concentrate single-dose to manage acute at-
tacks in the lifestyle and emotional domains.41

The results suggest that treatment for acute at-
tacks promotes an improvement on HAE patients’
QoL. However, statistically significant differences
are not always observed and further analysis on
the impact of treatment in different QoL domains
are still needed.24,40,41
Prophylactic treatment

Prophylactic treatment, besides treating
angioedema attacks, may benefit HAE patients. It
aims to reduce the likelihood of edema in the
presence of triggers (short-term prophylaxis) or to
reduce the intensity and burden of angioedema
attacks (long-term prophylaxis). Even if they are
effectively controlled on a prophylactic treatment
plan, patients are advised to continue to seek
effective on-demand attack treatment.10 The
WAO/EAACI latest guidelines recommends both
short or long-term prophylactic treatment. The
document recommend short-term prophylaxis
before medical, surgical or dental procedures and
after exposure to other angioedema attack-
inducing events, using plasma-derived C1-INH
(pdC1-INH) as first-line option.39

Considering long-term prophylaxis, the latest
WAO/EAACI guideline recommends that it shall
be evaluated for all patients at every visit, taking
into consideration aspects such as disease activity,
burden, control and patient preference.39 There
are first- and second-line long-term prophylaxis
drugs. Intravenous (pdC1-INH), subcutaneous
pdC1-INH, and plasma kallikrein inhibitors, such as
lanadelumab and berotralstat, compose the first
line. Antifibrinolytics like tranexamic acid, and
anabolic androgens, like danazol, are considered
second-line therapies.10,39,42 The summaries of
studies that assessed the prophylactic treatment
impact in HRQoL are shown in Table 2.

Buttgereit et al (2021) analyzed lanadelumab
treatment outcomes in real-life through reporting
their experience in hospital-based cohort. The
previous medication was switched to lanadelumab
in 24 HAE and four acquired C1-INH deficiency
angioedema patients, assessed through the
angioedema control test (AECT) and the AE-QoL
during the adjustment. The AE-QoL of 24 patients
was assessed before and during lanadelumab
treatment, and the result was a significant reduc-
tion from 45.8 to 13.8 (mean change score, 32;
p < 0.001). The baseline AE-QoL total values were
similar between groups that switched from on-
demand treatment to lanadelumab or with previ-
ous prophylactic treatment (AE-QoL total 46 vs.
45.7; p ¼ 0.73), but the QoL impairment trend after
lanadelumab treatment (AE-QoL total 9.6 vs. 14.8;
p ¼ 0.71; not statistically significant) was lower.43

Other analyses with lanadelumab treatment
showed a significantly increased HRQoL for
treated patients.44,45

The HELP study assessed the effect of lanade-
lumab on HRQoL. Patients received either lana-
delumab 150 mg or 300 mg every 4 weeks,
300 mg every 2 weeks, or placebo for 26 weeks
(days 0–182).44 Watt et al (2021) reported data
from the HELP Open-label Extension Study in a
long-term follow-up (132 weeks).46 A minimum
clinically important difference (MCID) sustained
improvement in AE-QoL total and domain scores
was observed from day 0 till the study’s end, as
well as during the study’s follow-up.44,46 In
addition, patients also reported being satisfied
with their treatment as measured by Treatment
Satisfaction Questionnaire for Medication (TSQM-
9).42,44

In part 1 of the APeX-2 study, 24 weeks of ber-
otralstat treatment showed effectiveness and a
favorable benefit-to-risk profile.42,47,48 After 48
weeks, part 2 of the ApeX-2 trial validated bero-
tralstat’s safety, tolerability, and efficacy.42 Starting
as early as week 4, berotralstat treated patients in
parts 1 and 2 exhibited AE-QoL total score
improvement, which lasted until week 48.42

https://doi.org/10.1016/j.waojou.2023.100758
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Outcomes from the COMPACT open-label
extension study also found significant and consis-
tent improvements in multiple estimates by HRQoL
after long-term subcutaneous C1-INH [C1-INH(SC)]
replacement therapy in C1-INH-HAE patients. The
final results showed that the mean total AE-QoL
score was between 13.39 and 17.89, while the
mean global scores of the HAE-QoL were between
115.7 and 122.3, close to the best possible score,
that is, 135.49 Another study with C1-INH(SC)
showed that self-administration of C1-INH(SC)
twice a week is more effective than just on-demand
therapy for the improvement of specific HAE con-
ditions. Thus, this study confirmed the HRQoL
benefits observed in the COMPACT study. There-
fore, prophylactic treatment with C1-INH(SC)
proved to be a major advance in the management
of HAE. This treatment also improved HAE pa-
tients’ parameters related to anxiety (assessed
through HADS) and empowerment for an active
and productive lifestyle.50 Improvements in AE-
Qol score were also observed after up to 16
weeks of C1-INH(SC) with recombinant hyaluroni-
dase.51 A study that assessed HRQoL with the SF-
36 questionnaire demonstrated improved QoL
with nanofiltered C1-INH prophylactic treatment as
well.52 Another study with nanofiltered C1-INH
also showed improved QoL assessed by AE-
QoL.53

Results showed that prophylactic treatment,
either with lanadelumab, berotralstat or C1-
INH(SC), is able to improve HAE patients’ QoL.
Using AE-QoL data, mean changes between
treatment beginning and end of the follow-up
ranged from 10.2 to 32 with lanadelumab and
was estimated at 29 points in a single study using
berotralstat.43,44,46,48 Considering the proportion
of patients that achieve minimum clinically
important difference, similar results are observed
with both strategies, about 60%.42,45

CONCLUSIONS

The reviewed literature highlights the impor-
tance of considering patients’ QoL with appro-
priate QoL measurement tools when applying
disease management strategies. Both on-demand
and long-term prophylaxis treatment have shown
to increase HAE patients’ HRQoL, considering both
global measure and specific domains such as
functioning, fears/shame and nutrition. Specific
tools to assess HRQoL among HAE individuals are
available and shall be used in clinical practice
instead of generic instruments.

Our review also assessed the frequency of anx-
iety and depression and found estimates that
ranged from 8% to 46%, depending on the
outcome assessed, and data may be under-
estimated due to a major use of HADS question-
naire. These results call attention to the importance
of a routine assessment of quality of life and
mental health using adequate instruments during
HAE management. Finally, in addition to the use
and/or development of tools able to identify QoL
impairment among HAE patients, investments on
new treatments to prevent seizures should also be
considered.
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