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Abstract
The Angioedema Quality of Life Questionnaire (AE-QoL) is an angioedema (AE)-specific validated questionnaire, which 
surveys the quality of life of diagnosed patients. The questionnaire has been used in multiple clinical trials. Our aim was to 
investigate how the questionnaire can assist physicians in the everyday practice of following up and managing C1-inhibitor 
deficiency patients. In a prospective trial conducted in our center between 2016 and 2018, 125 hereditary angioedema and 
10 diagnosed with acquired angioedema completed an AE-QoL during their annual follow-up visit. Laboratory indices (i.e., 
complement levels) were obtained for each patient. Statistical analysis comparing clinical data with QoL parameters was 
performed. Results of the analysis show that AE-QoL total score and number of AE attacks per year correlated well (r = 0.47; 
p < 0.0001). Women reached higher AE-QoL total score values than men, over a 3-year period (p = 0.0014). The highest AE-
QoL total scores were reached by the 41–60-year age group; we obtained a similar result, when analyzing the four domains. 
No correlation was found between the AE-QoL total score and complement parameters. Patients with a negative correlation 
between AE-QoL total score and number of AE attacks had a positive correlation with psychologic attributes like fatigue/
mood and fears/shame domains. Patients that acquired HAE showed a significant correlation between the annual number of 
AE attacks and the AE-QoL total scores (r = 0.46; p < 0.0001). The study establishes the use of AE-QoL as a clinical tool 
for follow-up which can help in the complex assessment of both hereditary and acquired HAE patients, and help to develop 
better therapeutic strategies.
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HR-QoL  Health-related quality of life
SF-36  Short Form 36 Health Survey
QoL  Quality of Life

Introduction

Angioedema (AE) with C1-inhibitor deficiency (C1-INH-
AE) belongs to the group of bradykinin (BK)-mediated AEs. 
These AEs are rare, potentially life-threatening, and charac-
terized by recurrent angioedema episodes [1, 2]. They can be 
further divided into hereditary and acquired AEs. Hereditary 
AE with C1-INH deficiency (C1-INH-HAE) is caused by 
mutations in the SERPING1 gene, with an autosomal domi-
nant inheritance pattern [3, 4].

Acquired AE with C1-INH deficiency (C1-INH-AAE) is 
mostly developed due to an underlying disease (mostly lym-
phomas) where a consumption of the C1-INH protein and/
or formation of anti-C1-INH autoantibodies cause decreased 
C1-INH quantity and function [5]. Clinical manifestations 
of C1-INH-AE might be easily misdiagnosed, resulting in a 
diagnosis delay of years, or even decades [6, 7].

 Recurrent AE attacks are non-pruritic and non-pitting 
swelling of the subcutaneous and/or submucosal tissues 
[8]. The subcutaneous edemas typically occur on the face, 
neck, extremities, trunk, or genitalia. A non-pruritic, red, 
map-like, highly characteristic serpiginous rash (erythema 
marginatum) can occur as a prodromal symptom [7]. Gas-
trointestinal AE attacks showing clinical symptoms simi-
lar to acute abdomen often result in unnecessary surgical 
interventions [9]. Moreover, the delay of diagnosis can have 
fatal consequences; if the patient develops laryngeal edema, 
which causes the obstruction of the upper airways the use 
of conventional treatments (e.g., antihistamines, corticoster-
oids, adrenaline), suffocation may ensue, unless a specific 
therapy is used [10–12].

The health-related quality of life (HR-QoL) of C1-INH-
HAE patients is significantly impacted by the fact that the 
severity and frequency of AE attacks are unpredictable and 
shows intra- and inter-individual differences [13]. Depend-
ing on the extent and localization, AEs can be painful 
and therefore influence the physical and mental health 
of the patient. AE attacks restrict patients in perform-
ing their everyday routine, and patients may miss work 
or school unexpectedly and frequently; AEs negatively 
affect working effectivity, learning, social life, and rela-
tionships. Patients suffering from recurrent AEs are often 
stigmatized as unreliable employees; moreover, patients 
are continuously under stress from the possibility of the 
reoccurrence of new attacks and C1-INH-HAE patients 
develop depression and anxiety more frequently [14, 15]. 
Therefore, it can be concluded that AE has an important 
effect on the HR-QoL, which should be considered when 

evaluating the general burden of the disease when devel-
oping a treatment strategy. Several generic questionnaires 
are available to assess HR-QoL. Previously, general and 
specific dermatological questionnaires were used to meas-
ure the QoL of C1-INH-HAE patients, such as the most 
often used Short Form 12, Short Form 36 Health Survey, 
EuroQol 5, or the Dermatology Life Quality Index. The 
advantage of these questionnaires is that they are useful for 
different diseases. Notwithstanding, generic questionnaires 
also have limitations, since their specificity and sensitiv-
ity for a specific diseases are low. The disease-specific 
questionnaire is required to compare different therapeutic 
results of certain diseases. Indeed, several HAE-specific 
HR-QoL questionnaires have been developed to measure 
the health status of C1-INH-HAE patients. As of today, 
3 questionnaires are available that are specific to angi-
oedema [16, 17].

The Angioedema Quality of Life Questionnaire (AE-
QoL) consists of 17 items, divided into 4 domains: function-
ing, fatigue/mood, fears/shame, and food. These domains 
are defined for the 4 weeks preceding the time of filling of 
the questionnaires. The instrument development involved 
patients with different types of AE (chronic spontaneous 
urticaria, C1-INH-HAE, idiopathic AE), allowing to com-
pare different types of angioedema. These questionnaires 
have been widely used in clinical trials and practice since 
its development [18, 19]. In 2016, Weller et al. proved a 
correlation between the AE-QoL total score and number of 
AE attacks occurring 4 weeks preceding the completion of 
the questionnaire. A change of six points out of the AE-
QoL total score was regarded as a significant change for the 
patient [20]. The Hereditary Angioedema Quality of Life 
(HAE-QoL) questionnaire proposed by Prior and Caballero 
et al. is the first disease-specific questionnaire, adopted for 
HAE with C1-INH deficiency (C1-INH-HAE) [21, 22].

Additionally, the Angioedema Activity Score (AAS) is 
the first instrument to measure disease activity. It is a symp-
tom-specific, subjective questionnaire, developed for the 
clinical follow-up of AEs. This questionnaire was validated 
and can apply for all the recurrent AEs, including C1-INH-
HAE. Using it in parallel with the Urticaria Activity Score 
(UAS), it is useful for surveying chronic spontaneous urti-
caria patients with angioedema symptoms [23].

The primary purpose of our research was to use the AE-
QoL in the assessment of the HR-QoL of patients with 
C1-INH deficiency and diagnosis of either hereditary or 
acquired angioedema. We sought to compare the HR-QoL 
data with clinical data distinctive for the disease, including 
complement laboratory parameters recognized as biomark-
ers of disease activity. In 2011, our team demonstrated that 
the severity of the disease can be predicted by the level of 
functional C1-INH and C1rC1sC1-INH complex [24]. Since 
the severity of the disease is well shown by the AE-QoL total 
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score, we wanted to observe if there is a correlation between 
the AE-QoL total score and the complement parameters.

Methods

Patients

Altogether, out of 197 C1-INH-HAE patients treated in 
HACRE, 125 adult patients participated in the study, which 
consisted 72 women (aged 18–86, median 41.5 years) and 
53 men (aged 18–76, median 43 years). In 2018, 10 C1-INH-
AAE patients were also enrolled in the study. The study 
protocol was approved by the institutional review board of 
Semmelweis University of Budapest, and informed consent 
was obtained from the participants in accordance with the 
Declaration of Helsinki.

Data Collection

C1-INH deficiency patients treated in the Hungar-
ian Angioedema Center of Reference and Excellence 
(HACRE) had a follow-up visit at least once a year, 
at which we recorded the number of AE attacks that 
occurred in the past year; the body location of the AE 
attack, based on the data recorded in patient diaries; dis-
charge reports; and other medical records. In addition, 
complement levels were determined from blood samples 
(total classic complement cascade, C3, C4, C1-INH con-
centration level, and C1-INH functional activity). Data of 
AE symptoms and complement parameters were recorded 
in the National Angioedema Register. C1-INH-HAE 
patients who participated in the prospective trial con-
ducted in 2016–2018 have completed the AE-QoL ques-
tionnaire at their annual follow-up visit. For C1-INH-
AAE patients, the questionnaire was introduced in 2018; 
due to this, their data is only available for that year.

Structure of the AE‑QoL Questionnaires

The following answers could be given to the questions within 
each domain, which were scored from 1 to 5: 1 = never, 
2 = rarely, 3 = sometimes, 4 = often, 5 = very often [20].

For the evaluation of the questionnaire, the total score 
was measured based on 17 questions, and the domains 
were evaluated separately. The Functioning domain con-
tains 4, the Fatigue/Mood domain contains 5, the Fears/
Shame domain contains 6, and the Food domain con-
tains 2 questions. The AE-QoL domain scores and total 
scores were counted with the following formula: (total 
score of a domain − the number of questions in that 
domain) / (maximum score of the domain − the mini-
mum score of that domain) × 100. The AE-QoL domain 

scores corresponded with the average of items found 
in one domain. The scores were given in percentages. 
Thus, both the domain scores, both the total score were 
between 0 and 100. A higher score means worse, while a 
lower score means better QoL [18].

After evaluating the questionnaire, the results were com-
pared with the gender, age, number of annual AE attacks 
and its localization, and complement laboratory parameters.

Statistical Analysis

After the evaluation of the AE-QoLs, a statistical analysis 
was performed with GraphPad Prism 5.0 (GraphPad Soft-
ware, San Diego, CA, USA). Differences between the results 
of the AE-QoL total and domains scores per year were meas-
ured with a paired t-test. Mann-Whitney assay was used to 
evaluate the difference between the different groups (gender, 
age), Spearman correlation was used to evaluate the corre-
lation between AE-QoL total score and the number of AE 
attacks per year, localization, and complement levels. Only 
p < 0.05 values were considered statistically significant.

Results

C1‑INH‑HAE Patients

A total of 125 C1-INH-HAE adult patients (53 men, 72 
women, average age 42 years range 18–86 years) enrolled 
in the study and completed the AE-QoL questionnaire in at 
least one of the study years. Sixty-one patients completed the 
questionnaires all 3 successive years, 39 patients completed 
2 successive years, and 1 year’s data is available from 25 
patients.

Evaluation of the AE‑QoL Total Score

The median AE-QoL total score (25th and 75th percen-
tiles) in 3 years (2016–2018) is 20.6 (5.9; 36.8). This 
value for 2016 was 20.6 (2.9; 33.8), for 2017 22.1 (6.6; 
36.8), and 18.4 for 2018 (5.9; 38.6). Statistically, there 
was no significant difference between AE-QoL total 
scores of the observation years, and no outlier was 
observed. When evaluating the data of 61 patients who 
completed the questionnaires in 3 successive years, no 
statistical difference was found (Table 1). 

Distribution of the AE‑QoL Total Score Based on Gender The 
AE-QoL total score of women and men were compared 
for every year. In 2017, there were a significant difference 
(p = 0.0039) between the two groups, namely, women had 
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a higher score. This tendency was present in the other two 
years as well (Table 1).

Distribution of AE‑QoL Total Scores Based on Age 
Groups Next, the population was divided based on age 
groups: the 1st group included patients aged 18–40 years, 
the 2nd group consisted of patients between 41 and 
60 years, and the 3rd group consisted of patients over 
60 years of age. The second group received the high-
est AE-QoL score. Significant differences were found 
between the AE-QoL total scores of the 1st and 3rd and 
the 2nd and 3rd age groups (p = 0.0104, p = 0.0035), 
respectively). This tendency can be also observed in the 
annual breakdown (Table 1).

Distribution of AE‑QoL Total Scores Based on Age Groups 
and Gender Age groups were broken down by gender 
and age in the following method: we compared the dif-
ferent age groups, divided by gender for each year, and 
also compared the women and men in the same age group 
in a certain year.

Women compared with men reached a higher score 
in every age group (except in 2016 in the group over 
the age of 60); in 2017, there was a significant differ-
ence between two age groups (in the group of 18–40 
p = 0.0330; in the group of 41–60 p = 0.0466), and this 
tendency was observed for all the other years. Women 

over 60 reached a significantly lower total AE-QoL score 
than women in the first and the second age group; this 
tendency was not observed in men (Table 1).

Evaluating Four AE‑QoL Domains

Annual changes of the four domains (Function, Fatigue/
Mood, Fears/Shame, Food) were also evaluated, but no 
difference was found over the years. The highest score 
was reached in the Function and Fatigue/Mood domains 
(Table 2).

Distribution of Domains Based on Gender The scores of dif-
ferent questionnaire domains over the 3 years of the study 
were evaluated separately based on gender. Women reached 
a significantly higher score than men in the Function, 
Fears/Shame, and Food domains (p = 0.0032, p = 0.0021, 
p = 0.0040), while there was no significant difference in the 
Fatigue/Mood domain (Table 2).

Distribution of Domains Within Age Groups Three years of 
follow-up were compared separately as well, based on the 
scores of different domains divided into age groups. The 
second age group reached the highest score in every domain 
(except the Fears/Shame domain in 2018) (Table 2).

Table 1  Three-year breakdown of AE-QoL total scores

Distribution of AE-QoL total scores per year; based on gender, age groups and age groups in genders. The first number is the median, and num-
bers in brackets are the 25th and 75th percentile values, respectively
AE-QoL Angioedema Quality of Life Questionnaire

2016–2018 2016 2017 2018

AE-QoL total score 20.6 (5.9–36.8) (n = 286) 20.6 (2.9–33.8) (n = 95) 22.1 (6.6–36.8) (n = 97) 18.4 (5.9–38.6) (n = 94)
Distribution of AE-QoL total score based on gender

  Women 26.5 (7.4–41.2) (n = 165) 23.5 (3.3–36.4) (n = 56) 28.7 (11–41.2) (n = 54) 23.5 (7.4–44.1) (n = 55)
  Men 13.2 (2.9–28.7) (n = 121) 17.7 (2.9–30.9) (n = 39) 13.2 (4.4–26.5) (n = 43) 11.8 (2.9–26.5) (n = 39)

Distribution of AE-QoL total score based on age groups
  18–40 years 12.5 (0; 37.5) (n = 141) 20,6 (8.1; 33.8) (n = 50) 20.6 (8.8; 38.2) (n = 47) 17.7 (6.3; 40.1) (n = 44)
  41–60 years 23,5 (5.9; 38.2) (n = 105) 27.9 (2.9; 38.2) (n = 31) 23.5 (6.6; 35.3) (n = 37) 19.1 (6.6; 40.4) (n = 37)
  Over 60 years 11.9 (0; 27.9) (n = 40) 8.8 (0; 19.1) (n = 14) 22.1 (0.7; 28.7) (n = 13) 14.7 (0.7; 27.9) (n = 13)

Distribution of AE-QoL total scores based on age groups and gender
  Women (18–40) 27.9 (8.1; 45.6) (n = 85) 25 (5.5; 45.6) (n = 32) 33.8 (7.4; 50) (n = 27) 28.7 (8.1; 44.9) (n = 26)
  Women (41–60) 27.9 (11.8; 41.5) (n = 54) 27.9 (5.9; 35.3) (n = 15) 30.9 (14; 46.3) (n = 18) 27.9 (9.6; 46.3) (n = 21)
  Women (60 <) 15.4 (0; 27.9) (n = 26) 8.8 (0; 22.1) (n = 9) 22.1 (0; 27.9) (n = 9) 15.4 (0; 27.2) (n = 8)
  Men (18–40) 11.8 (7.2; 20.6) (n = 56) 13.2 (8.1; 22.8) (n = 18) 12.5 (8.; 20.2) (n = 20) 11 (5.5; 25) (n = 18)
  Men (41–60) 17.7 (0; 38.2) (n = 51) 27.2 (0.7; 40.4) (n = 16) 16.2 (1.5–32.4) (n = 19) 15.4 (0; 37.5) (n = 16)
  Men (60 <) 7.4 (1.5; 30.5) (n = 14) 10.3 (0; 23.5) (n = 5) 16.9 (2.2; 47.1) (n = 4) 2.9 (1.5; 34.6) (n = 5)
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Distribution of AE‑QoL Total Scores and Domains Based 
on the Number of AE Attacks

There is a significant positive correlation between the 
AE-QoL total score and number of annual AE attacks in 
all 3 years of annual visits (2016–2018: r = 0.47; 2016: 

r = 0.43; 2017: r = 0.51; 2018 r = 0.47, p < 0.0001). 
Also, there was a positive correlation between the four 
domains and the total number of attacks in every year 
recorded. We further divided the population into two 
groups, based on the annual number of AE attacks. The 
first group included patient attacks per year under the 

Table 2  Distribution of AE-QoL domain scores in three successive annual visits

Distribution of AE-QoL domains (Function, Fatigue/Mood, Fears/Shame, Food); broken down by gender and age groups. The first number is the 
median, and numbers in brackets are the 25th and 75th percentiles, respectively
AE-QoL Angioedema Quality of Life questionnaire
P1 difference between 2016 and 2017; P2 difference between 2016 and 2018; P3 difference between 2017 and 2018
P1* difference between the 1st and 2nd age group; P2* difference between the 1st and 3rd age group; P3*  difference between the 2nd and 3rd 
age group

Function Fatigue/Mood Fears/Shame Food

2016–2018 (n = 286) 18.8 (0; 43.8) 20 (5; 40) 16.7 (0; 33.3) 12.5 (0; 37.5)
2016 (n = 95) 18.8 (0; 43.8) 20 (0; 40) 16.7 (0; 33.3) 0 (0; 25)
2017 (n = 97) 25 (0; 43.8) 20 (5; 40) 16.7 (8.3;37.5) 12.5 (0; 31.3)
2018 (n = 94) 18.8 (0; 43.8) 20 (3.8; 40) 16.7 (0; 33.3) 12.5 (0; 37.5)
P1, P2, P3 ns., ns., ns ns., ns., ns ns., ns., ns ns., ns., ns
Scores of domains by gender
2016–2018 Women (n = 165) 25 (0; 43.8) 25 (5; 40) 20.8 (4.2; 41.7) 12.5 (0; 50)

Men (n = 121) 12.5 (0; 31.3) 15 (5; 32.5) 12.5 (0; 25) 0 (0; 25)
p value 0.0032 ns 0.0021 0.004

2016 Women (n = 56) 15.6 (0; 43.8) 17.5 (0; 40) 16.7 (0; 33.3) 0 (0; 37.5)
Men (n = 39) 18.8 (0; 25) 20 (5; 40) 12.5 (0; 29.2) 0 (0; 25)
p value ns ns ns ns

2017 Women (n = 54) 31.3 (4.7; 43.8) 25 (10; 45) 25 (8.3; 41.7) 25 (0; 50)
Men (n = 43) 12.5 (0; 31.3) 15 (5; 30) 12.5 (4.2; 25) 12.5 (0; 25)
p value 0.0113 0.0403 0.0109 0.0101

2018 Women (n = 55) 18.8 (0; 50) 20 (5; 45) 20.8 (4.2; 50) 12.5 (0; 50)
Men (n = 39) 12.5 (0; 31.3) 10 (0; 30) 12.5 (0; 20.8) 0 (0; 25)
p value ns ns ns ns

Scores of domains by age groups
2016–2018 18–40 years (n = 141) 18.8 (0; 43.8) 15 (5; 37.5) 16.7 (4.2; 41.7) 12.5 (0; 37.5)

41–60 years (n = 105) 25 (0; 43.8) 25 (2.5; 42.5) 16.7 (4.2; 35.4) 25 (0; 37.5)
over 60 years (n = 40) 0 (0–23.4) 15 (0–48.8) 8.3 (0–25) 0 (0; 25)
P1*, P2*, P3* ns., 0.0002, 0.002 ns.,ns., ns ns., 0.0044, 0.0201 ns., 0.0093, 0.0006

2016 18–40 years (n = 50) 18.8 (0; 43.8) 15 (5; 40) 18.8 (0, 36.5) 0 (0; 37.5)
41–60 years (n = 31) 31.3 (0; 43.8) 25 (0, 45) 25 (0;33.3) 25 (0; 37.5)
over 60 years (n = 14) 0 (0; 1.6) 10 (0; 35) 4.2 (0; 17.7) 0 (0; 0)
P1*, P2*, P3* ns., 0.0004, 0.0024 ns., ns., ns ns., ns., ns ns., 0.0234, 0.0037

2017 18–40 years (n = 47) 18.8 (0; 43.8) 20 (10; 40) 16.7 (8.3; 41.7) 12.5 (0; 50)
41–60 years (n = 37) 31.3 (0; 43.8) 20 (5; 37.5) 20.8 (8.3; 37.5) 25 (0; 31.3)
over 60 years (n = 13) 6.3 (0; 40.6) 15 (2.5; 50) 12.5 (0; 35.4) 0 (0; 25)
P1*, P2*, P3* ns., ns., ns ns., ns., ns ns., ns., ns ns., ns., ns

2018 18–40 years (n = 44) 18.8 (1.6; 43.8) 15 (5; 25) 18.8 (4.2; 50) 12.5 (0; 37.5)
41–60 years (n = 37) 25 (0; 50) 25 (0; 57.5) 12.5 (2.1; 39.6) 12.5 (0; 50)
over 60 years (n = 13) 0 (0; 21.9) 10 (2.5; 60) 4.2 (0; 22.9) 0 (0; 25)
P1*, P2*, P3* ns., 0.0146, 0.0296 ns., ns., ns ns., 0.0382, ns ns., ns., ns

54 Clinical Reviews in Allergy & Immunology  (2021) 61:50–59



median number, and the other group included patients 
whose number of attacks per year was over the median. 
The results show that both the total score and the domain 
score were higher in the group that had more than median 
AE attacks per year. There was a significant difference 
between the total score of the groups and the certain 
domains (Table 3). 

Patients with Inverse Correlation Between AE‑QoL Total 
Score and Number of AE Attacks

In the next part of the study, we chose 28 patients whose 
AE-QoL total score showed a negative correlation to the 
number of AE attacks (in 2016: r = −0.84, p = 0.0045; in 
2017 r = −0.77, p = 0.0011, in 2018 r = −0.72, p = 0.0155); 
these patients were divided into two groups. The “A” group 
(n = 17) included patients who had AE-QoL score above the 
75th percentile (> 36.76), but their number of AE attacks 
was below the median (< 5 attack/year). These patients had 
worse QoL despite having fewer attacks. The “B” group 
(n = 11) included patients who had the AE-QoL score under 
the median (< 22), but their number of attacks was above the 
75th percentile (> 16 attack/year). These patients had a good 
QoL despite having more attacks.

Both groups showed a positive correlation between the 
Fatigue/Mood (“A” group r = 0.54, p = 0.0099; “B” group 
r = 0.72, p = 0.0048), Fears/Shame domain (“A” group: 
r = 0.55, p = 0.0077; “B” group: r = 0.54, p = 0.0467) and 
the total score. Group “B” had this correlation with the Food 
domain as well (r = 0.7, p = 0.0057).

Correlation Between the AE‑QoL Total Score 
and Localization of Attacks

We evaluated the AE-QoL scores and attack location, based 
on the type of edema (subcutaneous of submucosal). Analy-
sis was carried out for the 3-year follow-up and for each sep-
arate year. There was a positive correlation between attack 
locations and the total score.

Association Between the Domains and Localization

When evaluating the correlation between the domains and 
the localization, we found that the strongest correlation 
was between the localization (both types) and the Function 
domain.

Correlation Between the AE‑QoL Total Score 
and Complement Parameters

The total score received after the evaluation of the AE-QoL 
questionnaires was compared with complement labora-
tory parameters obtained in each visit. No significant cor-
relation was found between the AE-QoL total score and 
C4 (r = −0.08; p = 0.2029), C1-INH concentration levels 
(r = −0.18; p = 0.0026) and C1-INH functional activity 
(r = −0.07, p = 0.2133). This result was confirmed by annual 
comparisons as well. Out of the complement parameters, C4 
(p < 0.0001; Spearman r = −0.26) and the functional activity 

Table 3  Distribution of AE-QoL total scores and domains based on number of AE attacks

Patients were divided into two groups: the first included patients for whom the attacks per year was under the median, and the second group 
included patients whose number of attack per year was over the median. The first number is the median, and the numbers in brackets are the 25th 
and 75th percentile values, respectively
AE-QoL Angioedema Quality of Life questionnaire, AE angioedema

AE-QoL Function Fatigue/Mood Fears/Shame Food

2016–2018 Under median attacks/year number
(n = 153)

11.8 (0; 27.2) 0 (0; 28.1) 10 (0; 30) 8.3 (0; 25) 0 (0; 25)

Above median AE attacks/year number
(n = 133)

29.4 (14.7; 44.1) 31.3 (9.4; 50) 25 (15; 45) 25 (12.5; 47.9) 25 (0; 50)

2016 Under median AE attacks/year number
(n = 53)

10.3 (0; 26.5) 0 (0; 25) 15 (0; 37.5) 8.3 (0; 25) 0 (0; 25)

Above median AE attacks/year number
(n = 42)

27.9 (16.9; 39) 31.3 (12.5; 50) 25 (8.8; 40) 25 (12.5; 45.8) 25 (0; 40.6)

2017 Under median AE attacks/year number
(n = 53)

13.2 (2.2; 29.4) 6.3 (0; 37.5) 15 (0; 35) 8.3 (0; 25) 0 (0; 25)

Above median AE attacks/year number
(n = 44)

32.4 (15.4; 40.8) 28.1 (7.8; 48.4) 27.5 (15; 43.8) 27.1 (12.5; 41.7) 25 (0; 46.9)

2018 Under median AE attacks/year number
(n = 47)

11.8 (0; 23.5) 0 (0; 25) 5 (0; 25) 8.3 (0; 25) 0 (0; 12.5)

Above median AE attacks/year number
(n = 47)

29.4 (13.2; 48.5) 31.3 (6.3; 50) 25 (10; 55) 20.8 (8.3; 62.5) 25 (0; 50)
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of C1-INH (p = 0.0002; Spearman r = −0.22) showed a neg-
ative correlation to the annual number of AE attacks.

AE‑QoL Data From Three Subsequent Years

Out of 125 patients, 61 completed AE-QoL questionnaire in 
three subsequent years. We studied how the AE-QoL total 
scores of these patients have changed during certain study 
years. A change of ± 6-point difference was selected to be an 
index of worsening or an improving. Among patients whose 
QoL has worsened in 2017 (a higher AE-QoL score was 
reached, n = 16), the Fear/Shame (16/16) and Fatigue/Mood 
(15/16) domains have changed in most patients. In patients 
whose QoL improved (18), the Fear/Shame (17/18) and the 
Functioning domains (17/18) have changed. There was no 
change in the type and dose of medications used for long-
term prophylaxis during the observational period. (Out of 
those 16 patients whose QoL has decreased, and out of those 
18 whose QoL has improved, 7–7 have received a long-term 
prophylactic treatment.

Patients with Acquired Angioedema (C1‑INH‑AAE)

In 10 C1-INH-AAE patients (age: median 59 years, range 
49–83), 6 out of 10 patients had some kind of hemato-
logic disorder as well. The median AE-QoL total score 
was 30.9, and the median of number of AE attacks was 
0.5. From the domains of the questionnaire, the Fatigue/
Mood and Fear/Shame domains received the highest score 
(median 50 and 37.5, respectively). This was followed by 
Food (25) and Functioning (6.3). There was a significant 
correlation between the annual number of attacks and the 
AE-QoL total scores (r = 0.46; p < 0.0001). Similar to 
C1-INH-HAE, AE-QoL and complement values were not 
correlated.

Those C1-INH-AAE patients who had an underlying 
hematologic/lymphoproliferative disease reported worse 
QoL, and the Fatigue/Mood and Fear/Shame domain scores 
were worse as well. In contrast, Functioning and Food 
domains were reported worse for those who did not have 
any kind of underlying disease (Fig. 1).

Discussion

The AE-QoL questionnaire was proven reliable and is a 
validated tool for the assessment of patients with different 
types of AEs, such as Histamine-mediated angioedema, 
or BK-mediated hereditary angioedema [18]. The origi-
nal AE-QoL applies to a period of 4 weeks preceding the 
visit, and provides information on the QoL of the patients; 
therefore, it can be utilized in clinical trials where patients 
have frequent follow-up visits. In contrast, in routine clini-
cal practice, patients are usually monitored annually. Our 
study is the first survey to use the AE-QoL questionnaire 
during the annual follow-up visits of patients with both 
C1-INH-HAE and C1-INH-AAE. Additionally, this study 
analyzes a 3-year period, comparing AE-QoL results with 
the clinical features and laboratory parameters yearly.

Weller et al. found a positive correlation between the 
number of attacks occurring in the 4 weeks preceding the 
completion of the questionnaire and the total score of the 
AE-QoL [20]. To our surprise, we found that the AE-QoL 
total score and number of attacks per year in our study 
design also correlated, but we are aware that a recall bias 
may occur when AE-QoL data of a whole year is analyzed. 
It is important to emphasize that the QoL of a patient can 
also change year by year. Considering this and the fact that 
there is a great variety in the natural course of the disease, 

Fig. 1  AE-QoL total and 
domain scores of C1-INH-AAE 
patients. The AE-QoL total and 
domain scores were compared 
between patients with acquired 
angioedema (C1-INH-AAE) 
without and with underlying 
disease. C1-INH-AAE patients 
who had an underlying disease 
reported worse QoL, and the 
Fatigue/Mood and “Fear/
Shame” domain scores were 
worse as well. The “Function” 
domain score was 0 in patients 
with C1-INH-AAE and underly-
ing disease (s). C1-INH-AAE: 
acquired angioedema with 
C1-inhibitor deficiency

0.00 10.00 20.00 30.00 40.00 50.00 60.00

AE-QoL

Func�on

Fa�gue/Mood

Fears/Shame

Food

scores

C1-INH-AAE without underlying disease (n=4)

C1-INH-AAE with underlying disease (n=6)
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the QoL of the individual patient needs a regular revision, 
for which annual follow-up visits are a good option.

When AE-QoL results were analyzed by age groups, 
the highest scores were reached by the 41–60 age group. 
Also, the 18–40 and 41–60 age groups received the high-
est score by domains, thus presenting the worst QoL. We 
therefore assume that active, working-age group patients 
are the most sensitive for QoL changes. We also observed 
that women reached a higher AE-QoL total score than men 
in all 3 years of observation; however, female patients over 
60 reached a lower overall score than younger women; the 
latter tendency was not observed in men. We can speculate 
that such disparity is caused by menopause, during which 
the levels of estrogen decrease. This sex hormone influ-
ences the production of BK, which is the main vasoactive 
mediator causing AE attack [25–27].

In contrast, no correlation was found between AE-QoL 
total score and complement parameters. Therefore, moni-
toring complement parameters is not helpful regarding the 
follow-up of patients’ QoL.

A fundamental question may rise: if the AE-QoL score cor-
relates so well with the number of AE attacks, would it be suf-
ficient to assess the severity of the disease exclusively based on 
the number of AE attacks? We believe that number of attacks is 
not a sufficient parameter. In our study, we found a smaller group 
of patients that show an inverse correlation between the AE-QoL 
total score and number of AE attacks: part of this group has a 
worse QoL despite a low number of AE attacks, while others 
have many attacks, but their QoL were considered to be good. 
In the inverse correlation patient group, the total AE-QoL score 
correlated best with two domains, namely, the Fatigue/Mood 
and Fears/Shame domains, which reflects the observations that 
anxiety and depression occur more frequently in patients with 
C1-INH-HAE than in the average population [14, 15, 28]. This 
differs significantly from the results of those patients’ AE-QoL 
questionnaires whose AE-QoL total score positively correlated 
with the number of AE attacks. For these patients, the Function-
ing domain correlated with the AE-QoL total score.

Another pertinent question is if the AE-QoL could help 
in developing a therapeutic strategy, and most importantly 
if it might be helpful in assessing the introduction of long-
term prophylaxis. We suggest that a long-term prophylactic 
treatment can be initiated after considering the AE-QoL 
score, even in patients with worse QoL despite having few 
attacks. Initiating a prophylactic medication is expected to 
increase the patient’s sense of security and, later, will pre-
sumably affect their QoL as well. On the other hand, for 
patients who assessed their QoL as “good” despite having 
frequent attacks, the introduction of a long-term medication 
treatment is worth discussing, since reducing the number of 
AE attacks also reduces the possibility of potentially life-
threatening conditions.

Additionally, the specific evaluation of certain domains of 
the AE-QoL can help in the decision to apply further supple-
mentary treatments. These may include supportive daily-life 
coaching, consultation with a psychologist, psychotherapy, 
and starting of a mood improving treatments.

Another novel aspect of this study was the application of 
the AE-QoL questionnaire for C1-INH-AAE patients. This 
unique patient group showed a higher score in the Fatigue/
Mood and Fears/Shame domains and demonstrated a posi-
tive correlation to the number of AE attacks per year. As 
expected, C1-INH-AAE patients which in most cases have 
an underlying disease showed a higher total QoL score, pos-
sibly due both to HAE and to underlying conditions. Other 
conclusions should be cautiously drawn in view of the small 
number of patients, and because the questionnaire has only 
been completed once. We plan to follow up these patients 
during their annual visits with the AE-QoL questionnaire.

The study’s major limitation is that we used a question-
naire that was validated for a 4-week recall to correlate with 
1 year’s data. In the future, it would be worth considering a 
validation of QoL questionnaires with a larger scope (i.e., 
last 1 year), or compare the results of questionnaire based on 
the last 4 weeks with a full-year QoL instrument.

Conclusions

Based on our results, we can conclude that the AE-QoL is a 
useful tool and can be used during annual visits in the clini-
cal practice. The AE-QoL total score is a good indicator of 
disease activity both in C1-INH-HAE and in C1-INH-AAE. 
The comprehensive analysis of the questionnaire may help 
in developing an individualized therapeutic strategy, and in 
devising individual mental/psychologic management and 
other complementary therapies.

Author Contribution HF and LV contributed to the interpretation of 
the data and revised the manuscript. All authors read and approved the 
final manuscript.

Funding Open access funding provided by Semmelweis University. 
This study was supported by the National Research, Development and 
Innovation Office, grant no. K124557.

Data Availability Semmelweis University, Hungarian Angioedema 
Center of Reference and Excellence.

Code Availability GraphPad Prism 5.0 (GraphPad Software, San Diego, 
California, USA).

57Clinical Reviews in Allergy & Immunology  (2021) 61:50–59



Declarations 

Ethics Approval The study protocol was approved by the institutional 
review board of Semmelweis University of Budapest. Informed consent 
was obtained from the participants in accordance with the Declaration 
of Helsinki.

Consent for Publication HF, KCK, and ZB designed the study. BI col-
lected and extracted the data, KVK, LV, and ZB participated in the 
study protocol for the data analysis. ZB performed the analyses and 
prepared the first draft of the manuscript.

Conflict of Interest KVK—has received honoraria and travel grants 
from CSL Behring and Shire and has participated in clinical trials of 
BioCryst, CSL Behring, Pharming and Shire.
LV—has received travel grants from CSL Behring and Shire Human 
Genetic Therapies Inc.
HF—received research grants from CSL Behring, Shire/Takeda and 
Pharming and served as an advisor for these companies and Biocryst, 
and has participated in clinical trials/registries for BioCryst, CSL 
Behring, Pharming, Kalvista and Shire/Takeda. The other authors have 
declared that no conflict of interest exists.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Agostoni A, Cicardi M (1992) Hereditary and acquired 
C1-inhibitor deficiency: biological and clinical characteristics 
in 235 patients. Medicine (Baltimore) 71:206–215. https ://doi.
org/10.1097/00005 792-19920 7000-00003 

 2. Cicardi M, Suffritti C, Perego F, Caccia S (2016) Novelties in the 
diagnosis and treatment of angioedema. J Investig Allergol Clin 
Immunol 26:212–221

 3. Rosen FS, Charache P, Pensky J, Donaldson V (1965) Hereditary 
angioneurotic edema: two genetic variants. Science 148:957–958

 4. Pappalardo E, Caccia S, Suffritti C et al (2008) Mutation screen-
ing of C1 inhibitor gene in 108 unrelated families with hereditary 
angioedema: functional and structural correlates. Mol Immunol 
45:3536–3544. https ://doi.org/10.1016/j.molim m.2008.05.007

 5. Cicardi M, Zanichelli A (2010) Acquired angioedema. Allergy, 
Asthma, and Clinical Immunology : Official Journal of the Canadian  
Society of Allergy and Clinical Immunology 6(1):1–5. https ://doi.
org/10.1186/1710-1492-6-14

 6. Bygum A (2009) Hereditary angio-oedema in Denmark: a 
nationwide survey. Br J Dermatol 161:1153–1158. https ://doi.
org/10.1111/j.1365-2133.2009.09366 .x

 7. Bork K, Meng G, Staubach P, Hardt J (2006) Hereditary angioedema: 
new findings concerning symptoms, affected organs, and course. Am 
J Med 119:267–274. https ://doi.org/10.1016/j.amjme d.2005.09.064

 8. Cugno M, Nussberger J, Cicardi M, Agostoni A (2003) Bradykinin 
and the pathophysiology of angioedema. Int Immunopharmacol 
3:311–317. https ://doi.org/10.1016/S1567 -5769(02)00162 -5

 9. Rubinstein E, Stolz LE, Sheffer AL et  al (2014) Abdominal 
attacks and treatment in hereditary angioedema with C1-inhibitor  
deficiency. BMC Gastroenterol 14(1):1–9. https ://doi.
org/10.1186/1471-230X-14-71

 10. Bork K, Hardt J, Witzke G (2012) Fatal laryngeal attacks and 
mortality in hereditary angioedema due to C1-INH deficiency. 
J Allergy Clin Immunol 130:692–697. https ://doi.org/10.1016/j.
jaci.2012.05.055

 11. Harten P, Körbächer D, Renk C, Euler HH, Löffler H (1999) 
Medizinische Klinik. Med Klin (Munich, Germany: 1983) 
94:339–344. https ://doi.org/10.1007/BF030 44893 

 12. Jacobs J (2011) Recurrent attacks of hereditary angioedema: A 
case of delayed diagnosis. Allergy and Asthma Proc 32. https ://
doi.org/10.2500/aap.2011.32.3486

 13. Zuraw BL (2008) Hereditary angioedema. N Engl J Med 
359:1027–1036. https ://doi.org/10.1056/NEJMc p0803 977

 14. Caballero T, Aygören-Pürsün E, Bygum A et  al (2014) The 
humanistic burden of hereditary angioedema: results from the 
Burden of Illness Study in Europe. In: Allergy and Asthma Pro-
ceedings. OceanSide Publications Inc., pp 47–53

 15. Fouche AS, Saunders EFH, Craig T (2014) Depression and 
anxiety in patients with hereditary angioedema. Ann Allergy 
Asthma Immunol 112:371–375. https ://doi.org/10.1016/j.
anai.2013.05.028

 16. Bygum A, Andersen KE, Mikkelsen CS (2019) Self-administration  
of intravenous C1-inhibitor therapy for hereditary angioedema and 
associated quality of life benefits. Eur J Dermatol 19:147–151. 
https ://doi.org/10.1684/ejd.2008.0603

 17. Ware JEJ, Sherbourne CD (1992) The MOS 36-item short-form 
health survey (SF-36). I. Conceptual framework and item selec-
tion. Med Care 30:473–483

 18. Weller K, Groffik A, Magerl M et al (2012) Development and con-
struct validation of the angioedema quality of life questionnaire. 
Allergy: European Journal of Allergy and Clinical Immunology 
67:1289–1298. https ://doi.org/10.1111/all.12007 

 19. Prior N, Remor E, Pérez-Fernández E et al (2016) Psychomet-
ric field study of hereditary angioedema quality of life ques-
tionnaire for adults: HAE-QoL. Journal of Allergy and Clinical 
Immunology. Practice 4:464-473.e4. https ://doi.org/10.1016/j.
jaip.2015.12.010

 20. Weller K, Magerl M, Peveling-Oberhag A et al (2016) The Angi-
oedema Quality of Life Questionnaire (AE-QoL) – assessment of 
sensitivity to change and minimal clinically important difference. 
Allergy 71:1203–1209. https ://doi.org/10.1111/all.12900 

 21. Prior N, Remor E, Gómez-Traseira C et al (2012) Development 
of a disease-specific quality of life questionnaire for adult patients 
with hereditary angioedema due to C1 inhibitor deficiency (HAE-
QoL): Spanish multi-centre research project. Health Qual Life 
Outcomes 10(1):1–9. https ://doi.org/10.1186/1477-7525-10-82

 22. Caballero T, Prior N (2017) Burden of illness and quality-of-life 
measures in angioedema conditions. Immunol Allergy Clin N Am 
37:597–616

 23. Weller K, Groffik A, Magerl M et al (2013) Development, vali-
dation, and initial results of the Angioedema Activity Score. 
Allergy: European Journal of Allergy and Clinical Immunology 
68:1185–1192. https ://doi.org/10.1111/all.12209 

 24. Csuka D, Füst G, Farkas H, Varga L (2011) Parameters of the clas-
sical complement pathway predict disease severity in hereditary 
angioedema. Clin Immunol 139:85–93. https ://doi.org/10.1016/j.
clim.2011.01.003

 25. Bouillet L, Gompel A (2013) Hereditary angioedema in women: 
specific challenges. Immunol Allergy Clin N Am 33:505–511

58 Clinical Reviews in Allergy & Immunology  (2021) 61:50–59

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/00005792-199207000-00003
https://doi.org/10.1097/00005792-199207000-00003
https://doi.org/10.1016/j.molimm.2008.05.007
https://doi.org/10.1186/1710-1492-6-14
https://doi.org/10.1186/1710-1492-6-14
https://doi.org/10.1111/j.1365-2133.2009.09366.x
https://doi.org/10.1111/j.1365-2133.2009.09366.x
https://doi.org/10.1016/j.amjmed.2005.09.064
https://doi.org/10.1016/S1567-5769(02)00162-5
https://doi.org/10.1186/1471-230X-14-71
https://doi.org/10.1186/1471-230X-14-71
https://doi.org/10.1016/j.jaci.2012.05.055
https://doi.org/10.1016/j.jaci.2012.05.055
https://doi.org/10.1007/BF03044893
https://doi.org/10.2500/aap.2011.32.3486
https://doi.org/10.2500/aap.2011.32.3486
https://doi.org/10.1056/NEJMcp0803977
https://doi.org/10.1016/j.anai.2013.05.028
https://doi.org/10.1016/j.anai.2013.05.028
https://doi.org/10.1684/ejd.2008.0603
https://doi.org/10.1111/all.12007
https://doi.org/10.1016/j.jaip.2015.12.010
https://doi.org/10.1016/j.jaip.2015.12.010
https://doi.org/10.1111/all.12900
https://doi.org/10.1186/1477-7525-10-82
https://doi.org/10.1111/all.12209
https://doi.org/10.1016/j.clim.2011.01.003
https://doi.org/10.1016/j.clim.2011.01.003


 26. Farkas H, Martinez-Saguer I, Bork K et al (2017) International 
consensus on the diagnosis and management of pediatric patients 
with hereditary angioedema with C1 inhibitor deficiency. Allergy: 
European Journal of Allergy and Clinical Immunology 72:300–
313. https ://doi.org/10.1111/all.13001 

 27. Zotter Z, Csuka D, Szabó E et al (2014) The influence of trig-
ger factors on hereditary angioedema due to C1-inhibitor  
deficiency. Orphanet J Rare Dis 9(1):1–6. https ://doi.
org/10.1186/1750-1172-9-44

 28. Lumry WR, Castaldo AJ, Vernon MK et al (2010) The human-
istic burden of hereditary angioedema: Impact on health-related 

quality of life, productivity, and depression. Allergy Asthma Proc 
31:407–414. https ://doi.org/10.2500/aap.2010.31.3394

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

59Clinical Reviews in Allergy & Immunology  (2021) 61:50–59

https://doi.org/10.1111/all.13001
https://doi.org/10.1186/1750-1172-9-44
https://doi.org/10.1186/1750-1172-9-44
https://doi.org/10.2500/aap.2010.31.3394

	How Angioedema Quality of Life Questionnaire Can Help Physicians in Treating C1-Inhibitor Deficiency Patients?
	Abstract
	Introduction
	Methods
	Patients
	Data Collection
	Structure of the AE-QoL Questionnaires
	Statistical Analysis

	Results
	C1-INH-HAE Patients
	Evaluation of the AE-QoL Total Score
	Evaluating Four AE-QoL Domains
	Distribution of AE-QoL Total Scores and Domains Based on the Number of AE Attacks
	Patients with Inverse Correlation Between AE-QoL Total Score and Number of AE Attacks
	Correlation Between the AE-QoL Total Score and Localization of Attacks
	Association Between the Domains and Localization
	Correlation Between the AE-QoL Total Score and Complement Parameters
	AE-QoL Data From Three Subsequent Years

	Patients with Acquired Angioedema (C1-INH-AAE)

	Discussion
	Conclusions
	References


