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“The good physician treats the disease; the great physician treats the patient who has the 
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Abstract 
Background: Hereditary angioedema (HAE) due to C1-inhibitor deficiency, type I and 

II, is a rare disease with an estimated prevalence of 1/50,000. Angioedema in the larynx 

can be life threatening and angioedema in the abdomen and skin can give severe and 

disabling pain. Data on patients with HAE in Sweden were scarce before our study. 

Aim: To study the prevalence of HAE, and to investigate clinical manifestations, treat-

ments, and Health-Related Quality of Life (HR-QoL) in adults and children in Sweden.  

Method: In studies, I and II, all patients received a written questionnaire followed by a 

phone interview with questions about clinical manifestations, medication, sick leave and 

QoL. In study III the patients completed EuroQol 5 Dimensions 5 Levels (EQ-5D-5L) 

questionnaires for both the attack-free state (EQ5D today), and the last HAE attack 

(EQ5D attack). Questions were also asked about sick-leave. In study IV all adults re-

ceived questionnaires with EQ-5D-5L and RAND-36, Angioedema Quality of Life in-

strument (AE-QoL), and Angioedema Activity Score (AAS) form, and questionnaires 

on sick leave and prophylactic medication. 

Results: We identified 146 patients, 110 adults and 36 children with HAE, type I 

(n=136) or II (n=10), giving a minimal HAE prevalence of 1.54/100,000. For adults, the 

median age at onset of symptoms was 12 years and median age at diagnosis was 22 

years. Median age at onset of symptoms for children was 4 years and at diagnosis 3 

years. During the previous year, 47% of adults experienced at least 12 attacks, 21% 4-

11 attacks, 11% 1-3 attacks, while 22% were asymptomatic. For children, the corre-

sponding figures were about the same. The median number of attacks in those having 

attacks was 14 in adults and 6 in children last year. Adult females reported on average 

19 attacks the previous year versus nine for males. Irrespective of location nine out of 

10 reported pain. Trigger factors were experienced in 95 % of adults and 74 % of chil-

dren. Plasma-derived C1-inhibitor concentrate (pdC1INH) had a very good effect on 

acute attacks. Long-term prophylaxis with androgens and pdC1INH reduced the annual 

attack frequency by more than 50 %. Of the children’s parents, 73% had been on paren-

tal leave to care for the child due to HAE symptoms. Health and QoL were generally 

rated as good. In study III 103 of 139 responded and reported an EQ5D today score that 

was significantly higher than the EQ5D attack score. Attack frequency had a negative 

effect on EQ5D today. Children had significantly higher EQ-5D-5L than adults. Forty-

four percent had been absent from work or school during the latest attack. In study IV 

64 of 133 adults responded. The most affected HR-QoL dimensions in EQ-5D-5L were 

pain/discomfort and anxiety/depression, in RAND-36 energy/fatigue, general health, 

health transition, pain, and in AE-QoL fears/shame and fatigue/mood. Females had sig-
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nificantly lower HR-QoL in RAND-36 for general health and energy/fatigue. There was 

an association between AAS and EQ-5D-5L/RAND-36 (except physical function) /AE-

QoL. There was no significant difference in HR-QoL in patients with and without 

prophylactic medication. 

Conclusion: The minimal prevalence of HAE type I and II in Sweden is 1.54/100,000. 

Median age at onset was 12 years. Adult females had twice as many attacks as males, 

adults had also twice as many attacks as children. For acute treatment, pdC1INH had a 

very good effect. For long term prophylaxis, androgens and pdC1INH had good effect. 

The most affected HR-QoL dimensions in EQ-5D-5L were pain/discomfort and anxie-

ty/depression, in RAND-36 energy/fatigue, general health, health transition and pain, 

and in AE-QoL fears/shame and fatigue/mood. Children reported better HR-QoL than 

adults. AE-QoL is more disease-specific in HAE than the generic instruments EQ-5D-

5L and RAND-36. However, the latter highlights the pain aspect, whereas AE-QoL 

does not. Patients with high disease activity should thus be considered for more inten-

sive treatment to improve their HR-QoL. 
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Populärvetenskaplig sammanfattning 
Hereditärt angioödem (HAE) är en ärftlig sjukdom med återkommande svullnader 

(ödem) i underhuden och i submukosan (vävnaden under slemhinnor). Av barnen till en 

förälder med HAE riskerar hälften att få sjukdomen. Vanliga platser för angioödemen är 

ansikte, underliv, händer, fötter, svalg, läppar, tunga samt i tarmar. Angioödem i tunga 

och svalg kan bli livshotande pga. risk för kvävning. I tarmarna ger angioödem ofta 

svåra handikappande buksmärtor. Obehandlat varar ett angioödem i 3–5 dagar. HAE 

beror på brist på fungerande C1-inhibitor. Bristen av fungerande C1-inhibitor beror på 

mutation i genen för C1-inhibitor. C1-inhibitor hämmar flera system, bl. a 

kontaktsystemet. När detta aktiveras och C1-inhibitor inte hämmar som det ska bildas 

bradykinin som gör att kärlen vidgas och blir genomsläppliga och ödem uppstår. Det 

finns åtminstone två varianter av HAE, typ I där halten av C1-inhibitor är låg, samt typ 

II där halten av C1-inhibitor är normal eller förhöjd, men proteinet inte fungerar. Det 

finns även en ännu sällsyntare variant, nämligen HAE typ III eller HAE med normal 

C1-inhibitor. Vid den sjukdomen är C1-inhibitor normal. Här tas endast patienter med 

HAE typ I och II upp, då HAE med normal C1-inhibitor är så sällsynt att möjligen finns 

enstaka fall i Sverige. HAE typ I och II finns hos ungefär 1/50 000. Lika många kvinnor 

som män får sjukdomen. Kvinnor har oftare mer besvär än män.  

Kortison, antihistaminer och adrenalin som ges vid vanliga angioödem har ingen effekt 

vid HAE. Attacker av HAE behandlas med injektioner in i blodet av C1-inhibitor-

koncentrat framställt från blodplasma eller via genteknik från kaninmjölk. Injektioner 

av icatibant, som blockerar bradykinin kan också behandla angioödem. För att 

förebygga angioödem kan man behandla med återkommande injektioner med C1-

inhibitorkoncentrat, eller med tranexamsyra eller androgener i tablettform. 

Situationen för HAE i Sverige har tidigare varit i stort sett okänd. Ändamålet med denna 

avhandling var att få fram hur vanligt HAE är i Sverige, att kartlägga hur sjukdomen 

yttrar sig, vilken behandling som används, samt vilken hälsorelaterad livskvalitet (HR-

QoL) vuxna och barn med HAE har. 

Patienterna med HAE besvarade enkäter med frågor om sjukdomssymptom, medici-

nering, och sjukfrånvaro. För att få fram HR-QoL användes livskvalitetsinstrumenten 

EuroQol 5 Dimensions 5 Level (EQ-5D-5L), RAND Corporation Short Form 36 

(RAND-36), och AngioEdema Quality of Life (AE-QoL) och sjukdomsaktivitetsin-

strumentet Angioedema Activity Score (AAS). 

Vi fann 146 patienter med HAE, 110 vuxna och 36 barn, 136 med typ I och 10 med typ 

II. Det ger en förekomst på 1,54/100 000. Mittvärdet för när de vuxna började få besvär 

var 12 års ålder och mittvärdet för diagnosålder var 22 år. Mittvärdet för barnens ålder 

vid symptomstart var fyra år och för diagnos tre års ålder. Nästan hälften hade mer än 

ett anfall i månaden föregående år. Mittvärdet för attacker föregående år var för vuxna 

14 och för barn 6. Kvinnor angav föregående år 19 attacker mot 9 för män. Oberoende 

av var attackerna satt angav 9 av 10 smärta under attackerna. C1-inhibitorkoncentrat 

hade mycket god effekt vid behandling av attacker. Förebyggande behandling med 
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androgener och C1-inhibitorkoncentrat mer än halverade attackfrekvensen. Av barnens 

föräldrar hade mer än 73% varit tvungna att ta ledigt pga. HAE-attack hos barnet. HR-

QoL var signifikant bättre mellan anfallen än under anfallen. Vid högre attackfrekvens 

försämrades HR-QoL. Barn hade en signifikant högre HR-QoL än vuxna. Vid senaste 

attacken angav 45% frånvaro från arbete eller skola. Den dimension som var mest 

påverkad i EQ-5D-5L var smärta/obehag och oro/nedstämdhet, i RAND-36 energi/ 

trötthet, generell hälsa, smärta, och i AE-QoL rädsla/skam och trötthet/stämningsläge. 

Förhöjd sjukdomsaktivitet var associerad med försämrad HR-QoL. Oavsett om 

patienterna hade förebyggande medicin eller ej sågs ingen skillnad i HR-QoL.  

Sammanfattningsvis är förekomsten av HAE i Sverige 1,54/100 000. Mittvärdet för 

åldern för debut av symptom var 12 år. Vuxna kvinnor har dubbelt så många attacker 

som män, och vuxna har också dubbelt så många attacker som barn. C1-

inhibitorkoncentrat har mycket god effekt vid akuta anfall. HAE har en påverkan på 

HR-QoL. Barn har bättre HR-QoL än vuxna. AE-QoL är ett mer sjukdomsspecifikt 

instrument än EQ-5D-5L och RAND-36, men det fångar inte smärtkomponenten som 

de andra gör. Patienter med hög sjukdomsaktivitet behöver ändra behandling för att få 

bättre HR-QoL.  
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Introduction 

History of hereditary angioedema 

Hereditary angioedema (HAE) is a rare disease with a prevalence of around 1/50 000 

(1-3). Patients with angioedema, hereditary or not, have been described for several hun-

dreds of years. One of the first descriptions of angioedema was made by Donati, who 

reported a young male who had a swollen lip after ingesting an egg, and proposed that 

an allergic reaction to egg might explain the reaction (4). A later report of swelling, pre-

sumably angioedema, was made by Franz Anton Mai in a book published in 1777, 

where he described a man waking up with swollen eyelids and lips; later that day the 

swelling also affected the larynx (5). In 1876, a British dermatologist, John Laws Mil-

ton (1820-1898), described a case of probable angioedema. He observed a patient who 

had “giant urticaria” on her face obscuring both eyes (6). The most well-known, early, 

and complete description of angioedema was made by the German physician Heinrich 

Quincke in 1882 (7). He was the first to report a series of patients with swellings, some 

of whom probably had HAE. Heinrich Quincke’s student Eugen Dinkelacker also pre-

sented 14 patients with angioedema in his doctoral thesis. These patients were probably 

also included by Heinrich Quincke in his article (7), and in several countries, angioede-

ma is thus often described as Quincke’s oedema. Another name for angioedema often 

used earlier is angioneurotic oedema, a term proposed by Paul Strübing in 1885 because 

of a proposed mechanism of faulty nervous regulation of the vascular wall, causing an 

extravasation of fluid and oedema (8). 

HAE was described in detail in 1888 by Sir William Osler, who recorded five genera-

tions in a family with recurrent angioedema. He described patients who had recurrent 

local swellings in different parts of the body, gastrointestinal disturbances and a heredi-

tary disposition. He also stated that one died from asphyxiation (9). A recent compre-

hensive article on the history of AE and HAE was produced by Reshef et al. in 2016 

(10). 

The biochemical mechanism behind HAE was unknown for many years until the begin-

ning of the 1960s. Irwin Lepow in 1961 identified an inhibitor of C1, the first compo-

nent of the complement system, that he called C1 esterase inhibitor (C1-INH) (11). Dur-

ing 1963 and 1964, Virginia Donaldson and Richard Evans reported that patients with 

HAE had low levels of C1-INH (12, 13). Fred Rosen et al. discovered in 1965 that some 

patients with HAE have normal or even elevated levels of C1-INH but that the enzyme 

is not functioning. They called this new type of HAE type II, because it differed from 

the type with low C1-INH levels, which became known as type I (14). The gene 

SERPING1, responsible for the enzyme C1-INH, was first fully described in 1986 by 

Bock et al. (15). The mediator of the oedema in HAE was unknown until Allen Kaplan 

and co-workers discovered in 1983 that it was probably a kinin from the contact system 

(16). In the late 1990s, Nussberger et al. found that the main mediator of the angi-

oedema in HAE was bradykinin (17). In the same year, 2000, Bork et al. and Binkley et 

al. independently published studies on a previously unknown form of HAE called HAE 
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type III, also called HAE with normal C1-INH (HAE-nC1INH). This type of HAE is 

more common among females (18, 19). In 2006, it was revealed that some patients with 

HAE-nC1INH also have a mutation on the gene for FXII (20). 

Pathophysiology and classification of HAE 

The formation of angioedema in HAE is due to leakage of fluid from vessels in the sub-

cutaneous tissue or mucus membrane mediated by bradykinin (21). Bradykinin mediate 

not only angioedema but has been shown to decrease blood pressure and in healthy hu-

mans it maintains normal blood pressure by counteracting Angiotensin II (22). It has 

also been implied in protecting against oxidative stress and from progression in diabetic 

nephropathy (23).  Bradykinin mediates its effect via the two bradykinin receptors, the 

bradykinin receptor 1 (B1) and the bradykinin receptor 2 (B2) (24). B1 is an inducible 

receptor, induced by inflammation and injury, and B2 is a constitutional receptor; both 

are G protein-coupled receptors (GPCR) (24). After activation of B1 and/or B2 cytosolic 

phospholipase A2 translocate to the cell membrane and Ca
2+

 increases intracellular sec-

ondary messenger as nitric oxide (NO), endothelium-derived hyperpolarizing factor, 

prostaglandins, and epoxyeicosatrienoic acids. These secondary messengers then in-

crease natriuresis, and vasodilation, and lower oxidative stress, and increase fibrinolysis 

(23, 25). Under normal situations most of these effects are proposed to be mediated by 

the B2 receptor, but in pathological situation as in inflammation the B1-receptor might 

also be responsible for these effects (25).  Icatibant is a B2-antagonist and has an effect 

in HAE, implying that a main effect of the bradykinin in HAE is mediated by the B2-

receptor (26). Bossi et al. revealed, however, that the B1-receptor could also be involved 

in HAE (27).   

The extravasation of fluids that causes the oedema in tissue is due to that the tight junc-

tions between the cells in the endothelium uncouples letting fluids passing between the 

cells (28). The uncoupling of tight junctions looks like pulling down a zipper (29, 30). 

Tight junctions are mediated in endothelial cells by vascular endothelial cadherins 

(VEC) (30). B2 receptor activation leads to phosphorylation of VEC that disrupts the 

tight junction between the endothelial cells and fluids can extravasate (31).  

The contact system has to be activated to form bradykinin, and is activated by nega-

tively-charged surfaces. The coagulation factor XII must first be activated to factor 

XIIa. Factor XIIa converts prekallikrein to kallikrein, which cleaves the high molecular 

weight kininogen (HMWK) to bradykinin (Figure 1) (32). Factor XII can in small 

quantities activate itself (autoactivation), and this activation is enhanced by negatively-

charged surfaces and substances like heparin and endotoxin (32). Heat shock protein 90 

(hsp90) can also activate kallikrein without involving factor XII (33). 
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Figure 1. Formation of bradykinin. Reprinted with permission from Massimo Cugno. ACE=Angiotensin 

Converting Enzyme, HK= High molecular Kininogen, LK=Low molecular Kininogen 

  

Prorenin Kininogens

LK      HK
Prekallikrein

FXIIa

FXII

Plasma

kallikrein

Plasmin

Bradykinin

Cleaved HK

Kininase I
=

Carboxypeptidase N

Aminopetidase P

Angiotensinogen

Angiotensin I

Angiotensin II

Neutral endopeptidase

Inactive 

fragments

C1-INH

Tissue

kallikrein

Kallistatin

Kallidin

Aminopeptidases

Kininase II
=

ACE

Renin



 

 

20 

 

To stop the formation of bradykinin, the enzymes that lead to its formation must be con-

trolled, and the main inhibitor enzyme is C1-INH. C1-INH inhibits both factor XII and 

kallikrein (33). C1-INH is termed an ‘inhibitor’ because of its ability to inhibit the first 

complement factor (C1) and in particular C1r and C1s of the C1 in the complement 

system (11). In HAE type I and II, patients lack functional C1-INH (12, 14). The 

diminished capacity of inhibition of C1r and C1s in patients with HAE type I/II 

increases the degradation of complement factor 4 (C4) in particular during attacks. This 

can be used to diagnose HAE (34). The gene coding for C1-INH is called SERPING1, 

and is located at 11q12.1 (15). C1-INH inhibits the protease by making a covalent 

binding to the active site of the protease and making a complex of protease and C1-INH 

which is cleared from circulation (35). More than 500 mutations of the SERPING1 are 

known so far (36).  

Different forms of angioedema mediated by bradykinin include HAE type I, in which 

there are low levels of C1-INH, and type II, with a normal or high level of non-func-

tional C1-INH. Both these forms are autosomal inherited. Up to 25% of patients with 

HAE type I/II are new mutations, and have therefore not inherited their disease, but can 

pass it on to their children (34, 37). As mentioned earlier, HAE-nC1INH has also been 

described (18, 19). This form has in some cases been associated with a mutation on the 

gene to factor XII (20, 38), and is more common in females, which might be due to the 

influence of oestrogen (18). Bradykinin is also the mediator in acquired angioedema 

(AAE), a rare disease, which results from an acquired deficiency of C1-INH. AAE is 

often due to lymphoproliferative diseases or an autoantibody against C1-INH (39). Still 

another type of angioedema occurs in patients treated with angiotensin-converting 

enzyme inhibitor (ACE-inhibitor), due to a decreased ability to degrade bradykinin. 

ACE-inhibitor-induced angioedema can be treated with icatibant (Figure 1) (40).  

In a general perspective, HAE and AAE are rare. The most common form of angi-

oedema is known as histaminergic as it induced by histamine and responds to glucocor-

ticoids, H1-receptor antagonists, and epinephrine (41). 

Epidemiology 

As mentioned earlier, HAE is a rare disease with a proposed prevalence of 1/50,000 

(42). As HAE type I/II is autosomal dominant inherited, it is as common in males as in 

females. In Spain, Roche et al. reported a prevalence of 1.09/100,000, in Denmark, 

Bygum has shown a prevalence of 1.41/100,000 in 2009, and in Italy, Zanichelli et al. 

found a prevalence of 1.54/100,000 in 2015 (1-3). These data on prevalence are only 

from Europe, and comparable data on prevalence outside Europe have to my knowledge 

not been shown elsewhere. For example, Lei et al. in Taiwan, Iwamoto et al. in Japan 

and Grumach et al. in Brazil have not identified enough patients in their studies to cal-

culate a reliable prevalence (43-45). Earlier, when treatment was not available, about 

one third of patients died from asphyxiation (46). Of patients with HAE, 80-85% have 

type I and the rest, about 15-20%, have type II (34).   
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Clinical manifestations  

The main clinical finding in HAE is attacks of angioedema. Angioedema can appear in 

the skin of almost every part of the body, although angioedema in HAE usually appears 

where the skin meets mucous membrane; e.g. in the face and mouth and in the genitals. 

The swelling can appear in the mucous membrane of the larynx, where if left untreated 

it can lead to death by asphyxiation. In the intestine, angioedema can lead to severe 

colic pain, diarrhoea and vomiting. HAE attacks in the intestine can also lead to 

hypotension due to massive leakage of fluid into the abdomen causing ascites and 

hypovolemia. Intestinal attacks of HAE can be mistaken for other acute abdominal 

diseases, such as appendicitis and peritonitis, and several patients with HAE have gone 

through unnecessary surgical interventions. Angioedema in other parts of body can lead 

to swollen hands or feet. The swellings are normally not red (47-51). The angioedema 

in HAE is not believed to be pruritic, while histaminergic angioedema often can be 

pruritic (42, 52). Left untreated, angioedema in HAE often lasts for up to three to five 

days (47, 53, 54). There are also a few reports of patients with HAE having recurrent 

neurological symptoms that have been proposed to be due to cerebral swelling (2, 55).  

The severity of the disease varies between patients. Many patients have several attacks 

monthly or yearly, while other patients may have one or no annual attack. The location 

of the mutation in the SERPING1 gene seldom correlates with the severity of the dis-

ease, and this is shown by the fact that the severity of the disease varies between family 

members, even though the mutation is the same (47). About 10% of those with 

biochemical findings in line with HAE type I/II are asymptomatic, and have been diag-

nosed because of a relative having HAE (1). 

Most patients with HAE start having attacks in their youth. HAE rarely starts after the 

age of 30, and also rarely starts before the age of one year. According to Bork et al, 

about one third of patients start to have attacks before the age of five and one third after 

the age of 15 and the rest between the age of five and 15. (47). Those who start having 

attacks earlier in life, often have more attacks than those whose attacks start later (47). 

In up to two thirds of the attacks, prodromal symptoms have been described, such as 

unusual fatigue, rash, muscle aches, abdominal pain, and nausea (56). The classical pro-

dromal finding in HAE, which is almost pathognomonic but also found in rheumatic fe-

ver, is the skin rash called erythema marginatum, resembling chicken wire (57-59). Re-

ports of how many patients with HAE have experienced erythema marginatum vary; in 

Denmark between a percentage of 56-58 has been reported and in Hungary a report 

states that 42% of patients with HAE have had this symptom (2, 60, 61).  

Triggers of HAE attacks can be trauma, even iatrogenic such as that occurring in dental 

or surgical procedures, psychological stress, fatigue, infections, alcohol, and the men-

strual cycle or unknown causes. Medication such as ACE-inhibitors and oestrogen-con-

taining contraceptives also worsen the course of the disease (34, 48, 62, 63). 

Bradykinin-induced angioedema that starts after the age of 30, in patients with no rela-

tives with HAE, is most likely caused by medication with ACE-inhibitors, and rarely by 

AAE, which is often associated with a lymphoproliferative disease (34, 64, 65).  
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HAE type I and II are equally common in both females and males, but females often 

have a more severe disease, with more frequent attacks from puberty to menopause. 

During pregnancy, the attack rate in HAE often increases. Birth-control medications 

that contain oestrogens usually worsen the disease for females (47, 63, 66).  

Diagnosis of HAE type I/II 

A screening test can be performed to measure complement C4, which is low in probably 

all patients with HAE type I/II during an attack. Between attacks, up to 5% of patients 

have a normal level of C4, and thus the HAE-diagnosis can be missed by measuring C4 

alone (34, 67). To diagnose HAE type I/II, one must measure both the antigenic level 

and the function of C1-INH. To measure the function of C1-INH, two methods are 

available, namely chromogenic and Enzyme-Linked ImmunoSorbent Assay (ELISA) 

tests. To be diagnosed with HAE type I, the patients must have an antigenic level of C1-

INH of less than 50%. If the patient’s antigenic level of HAE is normal or high, as in 

HAE type II, the functional level of C1-INH must be lower than 50% measured with 

chromogenic assay or less than 84% measured with an ELISA assay. The measurement 

must be done after the age of one year, as the level of C1-INH before that age is 

uncertain. The blood test must also be carried out twice, with at least a month in 

between, to exclude laboratory mistakes (Figure 2) (34, 68).  

If the patient does not have a relative with HAE, and the age of onset is over 30 years, it 

is recommended that C1q should also be measured; if this is low, it can indicate AAE 

instead of HAE type I/II (Figure 2) (34, 69).  

As mentioned earlier, some patients with recurrent angioedema and a family history of 

angioedema have normal level C1-INH, and in this case the disease is known as HAE 

type III or HAE-nC1INH. Some of these patients have a mutation on the gene that ex-

presses factor XII. For a diagnosis of HAE-nC1, the patient must have a family history 

of HAE and be unresponsive to medication used in histaminergic angioedema (Figure 

2) (18, 20, 34).     

Diagnosing HAE with a blood test by measuring C1-INH before the age of one year, is 

uncertain. Testing of the SERPING1 gene responsible for C1-INH can be done, but in 

up to 10% of patients with HAE type I/II no mutation can be found (34). The 

recommendation is therefore that in children, one must confirm the diagnosis with a test 

after one year of age (34). Prenatal diagnosis by testing the SERPING1 gene is also 

possible but not common (34).  
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Suspect HAE in patients  with

recurrent AE and/or history of recurrent 

abdominal attacks and/or history of 

laryngeal oedema and/or family history of 

AE

C1-INH function N

C1-INH level N

C4 N

C1-INH function L

C1-INH level N/H

C4 L

C1-INH function L

C1-INH level L

C4 L

Repeat blood test during attack

Family hist

positive

If family history negative and 

onset of symptoms after 30y 

of age  check C1q and 

exclude AAE

normalnot normal

Family hist

negative

Histaminergic 

AE/idiopathic 

AE/acquired 

bradykinin 

mediated AE

HAE-nC1INH

HAE type II

confirm by repeating 

blood test

HAE type I

confirm by repeating 

blood test

Figure 2. Algorithm for diagnosing HAE adopted after World Allergy Organization guideline for manage-

ment of HAE by Craig et al. AE=angioedema, AAE=Acquired angioedema, HAE-nC1INH=HAE with 

normal C1 inhibitor, H=high, L=low, N=normal  
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Treatment 

The first effective treatments for HAE that prevented attacks arrived in the 1960s and 

1970s, with the synthesised androgens and the attenuated androgens, such as danazol 

and stanozolol (70). The use of androgens is nowadays not as strongly recommended as 

it was because other treatments are now available and because androgens have undesir-

able side effects (34). The anti-fibrinolytic agent epsilon-aminocaproic acid (-ACA) 

was shown by Nilsson et al. to be useful in HAE, and Blohmé et al. showed that tranex-

amic acid could also be used (71, 72). Today tranexamic acid and -ACA are not highly 

recommended because they have been shown to be less effective, but as tranexamic acid 

is cheap and often well tolerated, many patients with HAE have tried it (34, 73). In the 

1960s, fresh frozen plasma was used to treat attacks of HAE; it is nowadays not recom-

mended, but in countries without other treatments it has been an option (34, 74). Instead 

of fresh frozen plasma, plasma-derived C1-INH concentrates (pdC1INH) are now 

widely used and recommended in attacks (34). In 1973, Brackertz and Küppers first 

described the use of pdC1INH in patients with HAE (75). The first commercially-

available product with pdC1INH was Berinert®, licensed in Germany in 1979. Another 

pdC1INH product now available is Cinryze®, which has been studied by Zuraw et al. 

(76). A recombinant human C1-INH concentrate (rhC1INH) has been developed called 

Ruconest® (conestat alfa) (77, 78).  In recent years, more treatments have been 

available, such as the bradykinin receptor inhibitor Firazyr® (icatibant), and a kallikrein 

inhibitor, Kalbitor® (ecallantide) (79, 80). 

All types of attacks are recommended to be considered for treatment, but attacks in the 

larynx, tongue, lips and throat that affects the airways must be treated, and attacks in the 

abdomen often demand treatment due to the severe pain they cause. It is also recom-

mended that the patient has access always to treatment for two attacks (34, 73).  

For acute attacks, pdC1INH, rhC1INH, icatibant and/or ecallantide can be used (34). 

Only pdC1INH is approved for children and during pregnancy (34). PdC1INH can so 

far only be recommended to be given intravenously, though subcutaneous formulas are 

on the way (81).  Many patients have been trained to use pdC1INH and can inject them-

selves, which is known as home therapy (82). PdC1INH can be given on demand; that 

is, patients take the drug when an attack occurs. It can also be taken as individual re-

placement therapy (IRT); meaning that the patient takes the drug as soon they think they 

are going to have an attack (83). The dosage differs between the two main products: 

Berinert is dosed at 20 IU/kg bodyweight and Cinryze is dosed at 1000 IU irrespective 

of bodyweight (84, 85). The dosage of rhC1INH conestat alfa is 50 IU/kg bodyweight 

up to a weight of 84 kg, after which the dose is 4200 IU, and conestat alfa, extracted 

from the breast milk of transgenic rabbits that express human rhC1INH, is also given 

intravenously (86, 87). Due to different glycosylation, rhC1INH has a shorter half-life 

than pdC1INH, which is why the dosage is higher with rhC1INH (88). The risk of trans-

mitting disease with pdC1INH is low because the product is treated with pasteurization, 

hydrophobic interaction chromatography, and virus filtration, but the risk is perhaps 

even lower with the rhC1INH, as it is not from a human blood product (76, 88-90). 

Icatibant is a bradykinin receptor 2 antagonist that has been shown effective in treating 

HAE attacks and is given as a subcutaneous injection of 30 mg (79). Icatibant is a 10-
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amino acid peptide that resembles bradykinin, but instead of working as an agonist of 

the bradykinin receptor 2 it works as an antagonist (79). Another option for treating 

acute attacks is a kallikrein inhibitor called ecallantide. Ecallantide is given as a subcu-

taneous injection of 30 mg. The drug is a recombinant small protein that inhibits plasma 

kallikrein (91, 92). Ecallantide is not approved in Europe in 2017 (93).  

Treatment of HAE can also be aimed at reducing or abolishing the attacks by prophy-

lactic use. Prophylaxis can be used for both short-term and long-term purposes (34, 73). 

Short-term prophylaxis can be used before known triggers such as surgery, or antici-

pated stressors such as examinations or weddings (34). Before dental and surgical 

procedures that affect the mouth, such as dental work/surgery, intubation, endoscopy or 

bronchoscopy, prophylaxis is recommended (34). The most common short-term prophy-

lactic is pdC1INH (34). When pdC1INH was not readily available, attenuated androgen 

was often used for short-term prophylaxis but nowadays pdC1INH is more strongly 

recommended because it is perceived to have a higher efficacy (34, 46).  

Patients with recurrent attacks can be eligible for long-term prophylaxis, and according 

to Cicardi et al, those with attacks once a month should be eligible, but in the World 

Allergy organization (WAO) guidelines, no specific attack rate is mentioned; instead, 

the physician has to consider the impact the disease has on the patient before deciding 

whether to initiate long-term prophylaxis or not (34, 73). For long-term prophylaxis, 

previously only tranexamic acid and androgens were used (46). Tranexamic acid works 

possibly by inhibiting plasminogen from converting to plasmin, so that the plasmin 

cannot then cleave high molecular kininogen to bradykinin (94). Androgens seem to 

normalise the level of functional C1-INH (95). Nowadays tranexamic acid is not 

recommended because of its lack of efficacy (34). Tranexamic acid is still often tried, as 

it is cheap and often having few severe side effects (34). Androgens are still considered 

to be effective, but concerns about side effects have been raised (34, 73). Side effects 

are, among others: alteration in blood lipids, high blood pressure, raised liver enzyme 

levels, weight gain, and increased risk of cardiovascular disease. Females on androgens 

can be masculinised, experiencing hoarse voice, hirsutism and increased muscle mass 

(34, 73). Androgens used in HAE are stanozolol, danazol and oxandrolone (96, 97). 

Androgens are not recommended to be used in children, during pregnancy or in females 

intending to become pregnant (34). For long-term prophylaxis, pdC1INH can be used; it 

is safe and has been effective in studies (34, 98). 

Health-related quality of life 

Health 

HAE is known to affect health-related quality of life (HR-QoL) (99). To measure HR-

QoL, one must consider what health is. According to the World Health Organization 

(WHO), in 1948: “Health is a state of complete physical, mental and social well-being 

and not merely the absence of disease or infirmity” (100). This definition is holistic in 

that it includes not only physical but also mental and social well-being, and it has been 

criticised by among Huber et al. as being too strict and regarding too many people as 

not healthy (101). Instead Lennart Nordenfelt has proposed that a human being has full 
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health if he/she has the possibility to realise all his/her vital goals in any given situation 

(102). This definition does not exclude a person from being regarded as fully healthy 

even if that person has been diagnosed with a disease, so long the disease does not hin-

der the person from fulfilling his/her goals. 

Health-related quality of life 

As we have mentioned the health aspect of HR-QoL, quality of life (QoL) must also be 

mentioned. QoL reflects different areas of a patient’s life, such as economic situation, 

work, religion, social life, and physical health (103). QoL can be divided into global, 

component, focused, and combination definitions. In the global definition, the patient’s 

happiness or satisfaction is characterised. The component definition specifies certain as-

pects and can contribute to the global definition. Component definition usually repre-

sents the maintenance of dignity, emotional well-being and freedom of choice. The fo-

cused definition usually refers to health/functional ability, as does the HR-QoL (103).   

To evaluate the effects an intervention such as a new medication has on a patient or the 

impact a disease has on a patient, HR-QoL measurements are often used. HR-QoL 

measurements are used in clinical medicine instead of QoL measurements, because QoL 

includes aspects that are not always dependent on the person’s health, such as economic 

situation, work, and religion, while by measuring HR-QoL, these aspects are excluded 

(104, 105). HR-QoL measures aspects of the patient’s life that are more specific to 

health, such as how disease and symptoms affect well-being and the ability to function 

in daily life (103, 106). 

To measure HR-QoL, different instruments are used. The instruments can be disease-

specific or general. General instruments are often used when no disease-specific instru-

ment is available, or if one wants to compare the impact of different diseases on HR-

QoL. Disease-specific instruments can highlight aspects of a disease that generic in-

struments cannot.  

Examples of generic instruments are the EuroQoL-5 Dimension (EQ-5D), Short Form-

36 (SF-36) and RAND Corporation Short Form-36 (RAND-36) questionnaires, while 

examples of disease-specific instruments for use in HAE are the Angioedema Quality of 

Life (AE-QoL) and Hereditary Angioedema Quality of life (HAE-QoL) questionnaires 

(107-111). 

To further assess the disease burden of HAE, an instrument measuring the disease ac-

tivity for various angioedema diseases can be used. Recently Weller et al. have devel-

oped the Angioedema Activity Score (AAS) (112). 

HR-QoL and HAE 

There have been an increasing number of studies recently showing that HAE has an im-

pact on HR-QoL. In the USA, Lumry et al. used the SF-36 in 2010 in patients with 

HAE, in Brazil in 2013 the SF-36 was used by Gomid et al, and in Canada in 2017, the 

SF-36 was also used by Jindal et al. (99, 113, 114). In other HR-QoL studies of HAE, 

researchers, such as Aygören-Pürsün et al. have been used the EQ-5D (115). The AE-
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QoL has been used in a study about the improvements shown in HR-QoL when using 

subcutaneously injected pdC1INH (116). 

A few studies have been carried out in the past about how HAE affects children, but 

recently more studies have been done about the impact of the disease on them, such as 

those by Read et al, and Farkas et al. Both studies showed that HAE affects children’s 

lives (117, 118). 

HAE in Sweden prior to these studies 

In 1964, Nilsson et al., presented nine cases of periodic diseases, including HAE, in 

Sweden and in 1972 Blohmé et al., described three Swedish families with HAE (119, 

120). Treatments with antifibrinolytics were also presented from Sweden in 1966 and 

1972 (71, 72).  

No further studies have been carried out since then on patients with HAE in Sweden, 

and there is thus a significant lack of data on the situation for patients in Sweden. This 

thesis aims to address this shortage of data. 
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Aim 
 

1. To explore the prevalence of HAE in Sweden. 

2. To investigate clinical manifestations and treatments in 

adults and children with HAE in Sweden. 

3. To assess health and HR-QoL in adults and children with 

HAE in Sweden. 

4. To measure the impact of HAE on adults by using both gen-

eral and disease-specific HR-QoL instruments in relation to 

disease activity. 

5.  To compare the outcomes of the different HR-QoL instru-

ments.  
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Method 

Patient recruitment 

A collaboration called Sweha began in 2007 between a number of physicians in Sweden 

who were interested and had experience in HAE (121). The physicians came from cen-

tres that treated patients with HAE, such as those in Stockholm, Gothenburg, Jönkö-

ping, and Lund, and a register called the Sweha-Reg for patients with HAE was later 

launched.  To be included in the registry, the patients had to agree to participate and to 

have a physician’s diagnosis of HAE. The diagnosis of HAE included a laboratory con-

firmation of either HAE type I or II with antigenic concentrations of C1INH <50% of 

normal values and/or functional levels of C1 inhibitor <50% (chromogenic assay) or 

<84% (ELISA assay) of normal values obtained after the first year of life (68). We tried 

to locate all patients in Sweden diagnosed with HAE, with the help of the Swedish 

Patient Organization (PIO) and by contacting the two special laboratories for 

complement deficiency analysis and all Swedish departments of internal medicine, 

otorhinolaryngology, allergology, dermatology and paediatrics. A total of 629 clinical 

units were asked, of whom 239 responded. Two hundred denied having knowledge of 

any patient with HAE. After informed consent was obtained, the patients were recruited 

and consecutively entered the registry, which now includes patients entered between 

2007 and 2016. Patients with HAE-nC1INH are not included in the registry.  

All four studies in this thesis (I-IV) include only patients with HAE type I/II. In study I, 

we focused on adults (>18 years of age), and in study II, only children (0-17 years of 

age) were included. Patients for studies I and II were included between 2007 and 2011. 

Study III included both children and adults, and study IV included only patients from 18 

years of age. Inclusion for study III was during 2011 and for study IV, patients were 

included in 2016.  

Questionnaires  

Studies I and II 

All patients who were asked to participate, initially answered a written questionnaire, 

and then to participate in a telephone interview. There was one questionnaire for 

children and one for adults. The patients (or the parents of children) who answered and 

returned the written questionnaire later had a one-hour structured telephone interview 

performed by the same investigator (PN). Questionnaires covered demographic data, 

family history, sexual health, sick leave and detailed clinical information on HAE. 

Questions about the patients’ QoL on a seven-grad scale and health assessment on a 

five-grade scale were also included in the questionnaire. See appendix. 
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Study III 

In study III, the EuroQol 5 Dimension, 5 Level (EQ-5D-5L) instrument was used. Pa-

tients completed two EQ-5D-5L questionnaires; one to describe their current HR-QoL 

(EQ5D today) and one retrospective, to estimate the patients’ HR-QoL during their 

most recent HAE attack (EQ5D attack). The EQ-5D-5L is a generic instrument 

describing HR-QoL in five dimensions: mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression. Each dimension has five response categories, 

ranging from no problems to extreme problems. EQ-5D with 3 levels do also exist that 

has instead of five three response categories, here used only EQ-5D-5L. The patients 

were requested to complete the instrument themselves, and the respondents also rated 

their overall health state on the day of completion on a 0–100, (where 100 is best), hash-

marked, vertical visual analogue scale (EQ-VAS). The five graded responses of the EQ-

5D-5L were transformed into utility values ranging from 1 (full health) to 0 (equivalent 

to death), with even a score below zero being possible. The utility values are obtained 

by studies in the general population asking people how they value different kind of 

hypothetical health states. As there were no Swedish utility values available using the 

standard method of obtaining utility values in EQ-5D, we used the English ones, as they 

were widely used (107, 122, 123). The Swedish values that exist are obtained by asking 

people how they value their own health and therefore not comparable with other EQ-5D 

values (124). 

The patients were asked to complete a questionnaire about demographics such as age 

and sex, absenteeism from work or school and other variables, such as attack location 

and frequency.  

They were also asked about attack severity, as defined by the patient on a three-grade 

scale: 

Mild: Symptoms were noted by the patient but they did not impact activities of daily 

living. For example, the patient’s hand was swollen but the patient could still hold a 

pencil or grip a utensil. 

Moderate: The patient felt the need to treat the symptoms during the attack or the pa-

tient’s activities of daily living were affected. For example, if the patient´s hands were 

swollen and the patient could not button the shirt, or the feet were swollen and wearing 

shoes was uncomfortable for the patient. 

Severe: Treatment or intervention was necessary for the patient or he/she was unable to 

perform activities of daily living. For example, the throat was swollen and breathing 

was difficult, or the lips were swollen and eating was not possible.  
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Study IV 

In this study, we used the instruments EQ-5D-5L, RAND-36, AE-QoL, and AAS (107, 

109, 110, 112). The EQ-5D-5L has been described above.  

The RAND-36 is a generic instrument with 36 items (similar to the Short Form-36), 

both originally developed by the RAND Corporation, which include nine dimensions: 

physical function, role limitations due to physical health or short physical health, role 

limitations due to emotional problems or short emotional problems, energy/fatigue, 

emo-tional well-being, social functioning, pain, general health and health transition. 

Each dimension contains several items, from which an average score between 0 (worst) 

and 100 (best) was calculated. No general score is available (109).  

The AE-QoL instrument has 17 items intended for patients with recurrent angioedema, 

for example HAE. The instrument measures the impairment recurrent angioedema has 

on the patients’ HR-QoL. The items can be added to a total AE-QoL score and can be 

used to analyse four dimensions: functioning, fatigue/mood, fears/shame and nutrition. 

Both the total AE-QoL score and the score for each dimension varies between 0 (best) 

and 100 (worst) (110). 

The AAS questionnaire is used to measure angioedema activity. The patients were 

asked to answer the questions in AAS for 28 consecutive days (AAS28). The question-

naire asked the patients to enter whether they had an attack of HAE, and estimate the 

length of the attack, the strength of their physical impairments, difficulties performing 

daily activities, impairments of appearance, and an overall assessment of the attack 

(112). The AAS28 score ranged from 0 to 420 (112). The score was categorized into 

four levels, no (0), low (1–25), moderate (26–75), and high (76–420). This four-graded 

scale was modified from the study that validated AAS (112). 

A questionnaire regarding selected background variables, such as visits to hospital, 

acute treatments, prophylactic treatments and sick leave due to HAE was also obtained.  

All patients first replied to the EQ-5D-5L, RAND-36 and AE-QoL, and returned these 

questionnaires. The patients then responded to the AAS28. To determine whether the 

patients’ answers to the instruments changed over time, they were asked a second time 

to respond to the EQ-5D-5L, RAND-36, and AE-QoL after completing the AAS28 

(Figure 3).  
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Figure 3. Flowchart of study IV. 

  

Invited to participate from 
Sweha-Reg 133 adults, 71 
females, 62 males, Type I 

n=125, Type II n=8

Responded to questionnaire 
package 1 (EQ-5D-5L, RAND-

36, AE-QoL) n=64

Responded to AAS28 during 
4 weeks n=55 

Responded to questionnaire
package 2 (EQ-5D-5L, RAND-

36, AE-QoL, and 
questionnaire about sick 

leave and medication) n=48

Denied participation n=9
no response n=60

Drop out n=7

Drop out n=9
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Ethics 

Studies I and II were carried out simultaneously and therefore had the same approval 

from the Regional Ethics Committee in Stockholm/Karolinska Institutet (Dnr 

2006/1467-31/2). The Swedish Data Inspection Board approved the collection of indi-

vidual data into a computerised register.  

Study III was approved by the Regional Ethics Committee in Stockholm/Karolinska In-

stitutet (Dnr 2011/813-32).  

Study IV was approved by the Regional Ethics Committee in Linköping/University of 

Linköping (Dnr 2015/442-31). 

All studies conformed to the Helsinki declaration. All data were anonymised before the 

statistical analysis was performed. 

Statistics 

In studies I to IV, descriptive results were presented as numbers, percentages, means, 

medians, and ranges where appropriate. Since most of the data is paired ordered cate-

gorical data, we used statistical methods for this type of data. The Kruskal-Wallis test, 

The Fisher’s Exact test, Wilcoxon Signed Rank test, the Mann-Whitney U test and the 

Student t-test were used where it was appropriate to analyse differences between 

groups. P-values <0.05 were considered to be statistically significant.  

In studies III and IV, Spearman’s Rank correlation was used.   

In study IV, Spearman’s Rank correlation was used for evaluating concordance between 

the dimensions of the instruments. We regarded correlation coefficients above 0.6 or 

below -0.6 as clinically associated in study IV. To analyse differences in response over 

time (baseline and after four weeks) on the questionnaires, we used Svensson’s method 

for paired ordered categorical data. This method is described at http://av-

dic.se/svenssonsmethodenglish.html, where an Excel-macro for calculation can be 

downloaded. The main parameters estimated with this method are: Percent Agreement 

(PA), Relative Position (RP, showing a change in the position between baseline and 

follow-up), Relative Concentration (RC, showing a change in concentration of answers 

between baseline and follow-up) and Relative Rank Variation (RV, showing a change in 

rank due to heterogeneous change among the patients). If PA is near 100% and RP 

and/or RC close to zero, there are no differences in answers on the scale between 

baseline and follow-up (125-127). Dell Statistica (data analysis software system), 

version 13 was used for the statistical analysis in all studies. 
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Results  

Response rate, demographics, HAE type and family history 
(studies I and II) 

In the first study, we had 142 patients with HAE registered in the database of the 

Sweha-Reg up to June 1, 2011, and we also had knowledge of four other patients, who 

clearly stated that they did not want to participate in the questionnaires, giving a total of 

146 known patients with HAE in Sweden. This gives a calculated minimal HAE type 

I/II prevalence of 1.54/100,000 in Sweden. All counties in Sweden had patients with 

HAE. The patients’ median age at entry of the study was 40 years, ranging between one 

and 87 years (Table I). Of the 142 patients in the Sweha-Reg, 133 (94%) returned the 

written questionnaire and of those, 129 participated in the telephone interview, giving a 

complete response rate of 91%. 

Including the four patients who did not want to be entered in the Sweha-Reg, there were 

136 patients with HAE type I and 10 patients with HAE type II. We could identify 39 

families, with up to four members affected, 36 with type I and three with type II. One 

hundred and sixteen of the 133 respondents to the written questionnaire (87%) were 

aware of at least one ancestor with HAE. 

In study I, we presented the results for the 102 adults who answered the written ques-

tionnaire and the 99 adults who also participated in the telephone interview (Table I).  

In study II, we identified 36 patients under the age of 18 in the Sweha-Reg, of whom 31 

(86%), 18 boys and 13 girls, answered the questionnaire (Table I). The five non-re-

sponders were aged between one and 17 years of age. A 17-year-old girl answered the 

questionnaire without the help of her parents, and the other questionnaires were an-

swered by at least one parent and the child together (n=16) or by at least one parent with 

no input from the child (n=14). The telephone interview was answered by 29 of the 31 

patients: 28 parents and the 17-year-old girl.  

The median age of the child was nine years when the family responded to the written 

questionnaire, (range 1-17 years). HAE type I had 29 children, while only two had HAE 

type II. All children with HAE had a family history of HAE, 18 from their maternal side 

and 13 from their paternal side. Ten of the 29 telephone interviewed children, reported 

that at least one ancestor of the patient had died due to HAE. 
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Table I. Number of subjects with HAE identified in Sweden, and numbers responding to the written 

patient questionnaire and the telephone interview by the physician. 

Base All (F/ M) Children 0-17 yrs 

(F/M) 

Adults (18-) 

(F/M) 

Census 146 (71/75) 36 (16/20) 110 (55/55) 

Patient questionnaire 133 (63/70) 31 (13/18) 102 (50/52) 

Physician’s telephone 

interview 

128 (61/67) 29 (13/16) 99 (48/51) 

 

Age at onset and at diagnosis 

Adults 

The median age at onset of symptoms was 12 years of age, (range 0-50 years, n=98); for 

females, 13 years (range 1-50, n=48) and for males 10.5 years (range 0-50, n=50). The 

median age at diagnosis (n=99) was 22 years (range 1-81); for females, 20.5 years 

(range 4-60, n=48) and for males 22 years (range 1-81, n=51). The median time 

duration to diagnosis for all with onset of symptoms before diagnosis (n=91) was 10 

years (range 0-67); for females, 6 years (range 0-42, n=45) and for males 14 years 

(range 0-67, n=46) years. Eight patients were biochemically diagnosed before the onset 

of symptoms. 

Children 

Of the 31 patients, 23 (74%) had experienced HAE symptoms: 12 of the 18 boys and 11 

of the 13 girls.  

The median age at the onset of symptoms was four years, and the mean age was 4.6 

years (range 0-10 years) with no significant difference between boys and girls (Figure 

4). The median age of the eight children who were diagnosed with HAE but did not 

report any HAE symptoms was two and a half years (range 1-17). The median age at 

diagnosis was three years (range 1-9). 

Overall 

For all symptomatic patients with HAE, the median age of onset was 10 years of age, 

ranging from 0-50 (n=121). For all, the median age of diagnosis was 18 years of age, 

ranging from 0-81. The median time to diagnosis for all patients who were symptomatic 

before diagnosis was six years, ranging from 0-67 year (n=106). 
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Figure 4. Distribution of children with HAE regarding onset of symptoms and age. Total number of 

patients n=31 (18 boys, 13 girls). Patients with onset n=23 (12 boys, 11 girls).  

 

Clinical manifestations  

Adults 

When asked about attacks of angioedema during the previous year, 20 patients had no 

attacks and 80 had attacks (n=100). Of those who had attacks, we received data on at-

tack frequency from 76 patients, who had a median of 14 attacks; one female extreme 

outlier with 475 attacks was excluded. In the previous year, females had approximately 

twice as many attacks, 19, range 2-165, as males, nine, range 1-42, p<0.01, Mann-

Whitney U test. Since the start of HAE symptoms (n=99), 9% had experienced fewer 

than one attack, 15% one to five attacks, 28% six to 11 attacks, 36% 12 to 24 attacks 

and 11% had had more than 24 attacks yearly (Figure 5).   

Age at onset of symptoms

Cumuative number of children

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

0

5

10

15

20

25

BoysGirlsBoth sexes



 

 

40 

 

 
Figure 5. Distribution of the numbers of HAE attacks on average per year since onset of HAE symptoms 

in adults (n = 99, median age 39, range 18-82 years).  

 

From the start of HAE symptoms, 82% usually had attacks affecting the skin, 78% the 

abdomen, 27% the larynx, 26% the urogenital area, 20% the lips, and 6% the tongue 

(n=98, Figure 6).  

 
Figure 6. Proportion of adult patients according to where they usually have had their attacks since onset 

of symptoms (n = 98, median age 39, range 18-82 years). 
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We defined the HAE attack frequency as severe if the patient had experienced 12 or 

more attacks during the last 12 months, as moderate with four to 11 attacks, as mild 

with one to three attacks, and as asymptomatic with no attacks. During the previous 12 

months, 47% had severe, 21% had moderate, and 11% had mild HAE attack frequency, 

while 22% were asymptomatic (n=96, Figure 7). Four patients who stated that they had 

angioedema were excluded from that analysis because of missing data from the written 

questionnaire. 

 

 
Figure 7. Distribution of adult patients, (n = 99, median age 39, range 18-82 years) according to severity 

of HAE attack frequency. The severity was defined by the number of attacks the previous year, where 0 

attacks was defined as asymptomatic, 1-3 attacks as mild, 4-11 as moderate and >12 as severe. 

 

When patients were asked about their worst attack frequency during their lives, 40% 

had had on average 2.8 attacks per week, 45% 3.9 attacks per month, and 15% 4.0 

attacks per year (n=94). Furthermore, when attacks were at their worst, 3% had an 

attack duration shorter than 12 hours, 9% 12-24 hours, 3% 1-2 days, 72% 2-5 days, and 

12% a duration longer than five days (n=97). 

Irrespective of location, 66% had severe pain, 11% moderate, 9% mild and 14% no pain 

in association with HAE attacks (n=96). In addition, 5% had perceived severe, 13% 

moderate, and 24% mild itching, whereas 57% had no itching during attacks (n=97). 

Concerning redness in areas with skin angioedema, 17% always experienced it, 47% 

sometimes experienced it and 36% never experienced it (n=71). Only those who had ex-

perienced angioedema in the previous year answered this question. 
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Prodromes were experienced by 68% (n=98). Of these patients, 27% had tiredness, 24% 

physical sensations like paraesthesia and/or pain, 22% altered mental state (e.g. anxiety, 

moodiness, depression), 21% rash, 9% abdominal sensations, 7% increased appetite and 

4% nausea. Twenty-one percent had more than one type of prodrome. 

Children 

The median number of attacks in those having attacks the previous year was six (1-46) 

(n=23). Since the onset of HAE symptoms, 83% of the symptomatic children most fre-

quently experienced attacks affecting the abdomen, 71% the skin, 17% the urogenital 

area, 13% the lips, 4% the larynx, and 0% the tongue. Of the 23 patients with symp-

toms, 22 (96%), 11 boys and 11 girls, had abdominal attacks, making the abdomen the 

site affected in most individuals. 

Irrespective of location, 69% reported severe pain, 13% moderate, 9% mild and 9% no 

pain in association with HAE attacks (n=23). 

Concurrent vomiting with abdominal attacks was experienced by 18 patients; 10 of the 

11 boys and eight of the 11 girls. Diarrhoea was described during abdominal attacks by 

seven patients; four of the 11 boys and three of the 11 girls. Seven patients experienced 

pain during micturition, but this was only connected to an abdominal attack in two 

cases. 

Since start of having symptoms of HAE had 18 (78%) of the 23 patients, nine boys and 

nine girls, experienced skin swelling at least at one occasion. Erythematous swelling 

was described by 14 patients (78%), eight of them experiencing this on every occasion. 

Fourteen patients (78%) experienced pain in association with the skin attacks, six of 

them on every occasion, and nine (50%) of the 18 patients reported itching, five of them 

on every occasion. The affected locations were specified by 17 patients and these were 

the hands (n=15), feet (n=12), head/face (n=12), thorax (n=12), arms (n =9), legs (n=5) 

and genital area (n=5). 

Also, since start of having symptoms of HAE had 12 patients (52%), seven girls and 

five boys, had HAE attacks in the mouth and/or upper airways at least at one occasion. 

Six patients had breathing difficulties, and three had problems to swallow. One patient 

had a feeling of suffocation on two occasions, and in one of these the patient was 

intubated and treated with assisted ventilation in the intensive care unit.  

Prodromal symptoms were reported by 11 (48%) of the 23 patients, seven with a feeling 

of general discomfort, namely tiredness and irritability, and four with skin symptoms, 

namely itching, rash and/or paraesthesia. 

We defined the HAE attack frequency in the child as severe if the patient had experi-

enced 12 or more attacks during the last 12 months, as moderate with four to 11 attacks, 

as mild with one to three attacks, and as asymptomatic with no attacks.  Severe attack 

frequency was seen in 11 (48%) patients, moderate in seven (30%) and mild in two 

(9%), while three (13%) being asymptomatic.  
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Trigger factors 

Adults 

Trigger factors that provoked HAE attacks were detected in 94 of 99 patients (95%). 

Triggers were trauma (56%), mental stress (55%), infection (35%), physical exertion 

(13%), alcohol (4%), cold conditions (3%) and menstruation (in 33% of women) 

(Figure 8). Attacks without any obvious trigger were experienced by 62%. 

 

 

Figure 8. Proportion of adult patients reporting certain factors triggering their HAE attacks (n = 94, 

median age 39.5, range 18-82 years, except for menstruation where n = 47, median age 38, range 18-64 

years) 

 

Children 

Triggers for HAE attacks were described by 17 (74%) of the 23 patients. Abdominal at-

tacks were often triggered by psychological stress and upper airway infections, while 

trauma and sports were the most common triggers for skin swelling (Figure 9).  
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Figure 9. Trigger factors in 17 Swedish children with hereditary angioedema with symptoms. Abdominal 

attacks were to a large extent triggered by psychological stress and upper airway infections and skin 

swelling by trauma and sporting activity. Other causes were surgery (n=1), oral contraceptives (n=1) or 

not specified (n=7). Mucous membranes include lips, tongue, pharynx, and genital area. 

 

None of the 11 patients who had received local anaesthesia had any side effects or con-

current HAE symptoms. Furthermore, none of these patients experienced any HAE 

symptoms due to vaccinations carried out according to the Swedish standard vaccina-

tion schedule. 

Treatment  

Adults 

Patients were asked about treatment of acute attacks. They also graded the treatment ef-

fect as none, poor, moderate or very good (Table II). PdC1INH had been used in 27% of 

the patients for acute treatment of all locations of attacks with very good effect. Eight 

percent had been treated with fresh frozen blood plasma with a moderate effect on 

abdominal attacks and with no effect on laryngeal attacks. Tranexamic acid had been 

used as an acute treatment in 16% with a poor effect on skin swellings and no effect on 

abdominal or laryngeal attacks. Androgens had at best a poor-to-moderate effect when 

used in 2% of patients on acute skin attacks. Other acute treatments were epinephrine, 

antihistamines, glucocorticoids, NSAIDs, and opioids (Table II). 

  

Number of patients

Trauma Psychological stress Upper airway infection Sporting activity Other

0

2

4

6

8

10

12

Abdominal attacksMucous membrame swellingSkin swelling



 

 

45 

 

Table II. Proportion of adult patients (%) reporting certain treatments for acute attacks (n = 98, median 

age 39, range 18-82 years). The median overall treatment effect was rated on a 4-step scale (no=0, 

poor=1, moderate=2 and very good effect=3).
 a

Plasma derived C1-inhibitor, 
b
Non-steroidal anti-

inflammatory drugs. 

Treatment Skin Abdomen Larynx Urogenital 

% Effect % Effect % Effect % Effect 

PdC1INH
a
 13 3 20 3 27 3 1 2 

Fresh-frozen 

plasma 

8 1 6 2 8 0 0 - 

Tranexamic acid 13 1 8 1 16 0 0 - 

Androgens 4 1 1 0 0 - 0 - 

Intubation 0 - 0 - 6 3 0 - 

Opioids 0 - 10 2 - - - - 

Epinephrine 12 1 5 2 27 1 0 - 

NSAIDs
b
 0 - 9 2 0 - 0 - 

Diuretics 1 0 3 2 0 - 0 - 

Glucocorticoids 18 1 6 0 25 0 1 2 

Antihistamines 9 1 1 0 14 0 0 - 

Others 5 1 10 0 3 1 0 - 

 

Eighty-eight adults had used prophylactic treatment at some time during their lives, in 

the form of antifibrinolytics (49%), androgens (43%) and/or pdC1INH (8%). While 

antifibrinolytics had no preventive effect on attack frequency, in general attenuated an-

drogens and pdC1INH reduced the annual attack frequency by more than 50%. At the 

time of answering the questionnaire, 22 of the 88 patients (25%) were on androgens and 

two had previously used attenuated androgens. Fourteen had experienced side effects; 

nine females and five males. The side effects were: weight gain (n=9), altered menstru-

ation (n=4), acne (n=3), virilisation (n=2), hyperlipidaemia (n=1), hypertension (n=1) 

and tiredness (n=1). Seven had more than one side effect. Nobody experienced any 

major cardiovascular event such as myocardial infarction or stroke using attenuated 

androgens. 
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Children 

Intravenous injections of pdC1INH had been received by nine patients, some of them 

due to symptoms from various loci: six due to abdominal attacks, four due to laryngeal 

attacks and four due to skin swelling. Antifibrinolytics, in the form of tranexamic acid, 

had been used by five patients as an acute treatment, but none had received fresh frozen 

plasma.  

In study II, access to pdC1INH at home was reported by 19 (66%) of the 29 children, 

with a median age of nine years and a range of 1-17. Of these, five could be given an 

intravenous injection at home by a trained relative if necessary. 

Among the children, nine patients were using long-term prophylactic treatment. Four of 

them were using antifibrinolytics as tranexamic acid, one was using a combination of 

tranexamic acid and pdC1-INH and four, three teenage boys and a 16-year-old girl, 

were using androgens, in the form of oxandrolone. Another three patients had previ-

ously used tranexamic acid as prophylaxis. 

Health care visits and sick leave 

Adults 

Since start of symptoms, females had a median of 15 health care visits (range 0-100, 

n=48) and males 10 (range 0-500, n=51) due to HAE. Females were hospitalised in 

median of three times (range 0-60, n=46) and males twice (range 0-100, n=50) because 

of HAE since the onset of HAE attacks. During the previous year, females had in 

median significantly more days of sick leave than males (10, range 0-183, n=37 vs 4, 

range 0-365, n=35; p<0.05, Mann-Whitney U test). 

Children 

The parents of 73% of the children with manifest HAE had to take leave to care for their 

children due to HAE symptoms. The most common reason for taking leave was their 

child’s abdominal attacks (n=15), followed by skin swelling (n=7). One 15-year-old boy 

stayed at home without parental supervision during HAE attacks.  

Quality of life and health assessment: children (study II) 

The median level of current health for the 23 children with symptomatic HAE was four 

(good) on the five-step scale, ranging from two to five, with a mean and standard devia-

tion (SD) of 4.26 (0.79). The 12 boys had a mean of 4.42 (0.64) and the 11 girls had a 

mean of 4.09 (0.90). The median level of health for the eight children without sympto-

matic HAE was also four (good) with a range of four to five and a mean of 4.38 (0.48).  

The median value for QoL on the seven-step scale, based on responses for 21 of the 23 

children with symptomatic HAE, was six, with a range of three to seven and a mean 
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(SD) of 5.86 (1.28). The 11 boys had a mean of 6.18 (1.11) and the 10 girls scored 5.5 

(1.36), the difference between boys and girls was not significant.  

The median value for the QoL of the 23 children with HAE symptoms, as rated by the 

parents, was six, with a range of three to seven, and the mean was 5.96 (1.08). It was 

6.08 (1.04) for the 12 boys and 5.82 (1.11) for the 11 girls. The median QoL value for 

the eight children who had not yet experienced HAE symptoms was 6.5, and the range 

was six to seven, with a mean of 6.50 (0.50).  

Reproductive health among females 

A summary of the influence of menarche, anticonception, pregnancy and menopause on 

HAE symptoms is given in Table III. 

 

Table III. Reported influence on HAE symptoms of various factors in adult females. Symptoms are 

graded in three steps from worse, no change to improved. No HAE symptom yet, means that the HAE 

was not symptomatic yet. Data in percent and type values in bold (n=48, median age 38.5, range 18-82 

years). *One female was excluded because she was better during one pregnancy and worse during 

another. 

Event Worse No 

change 

Improved Not an-

swered 

No HAE 

symptoms 

yet 

The year of 

menarche (n=48) 

30% 22% 0% 0% 48% 

Estrogen anti-

conception (n=32) 

66% 22% 0% 6% 6% 

Gestagen anti-

conception (n=23) 

13% 70% 9% 0% 9% 

IUD anticoncep-

tion (n=31) 

10% 65% 6% 16% 3% 

Pregnancy 

(n=42)* 

55% 14% 24% 0% 7% 

Menopause 

(n=15) 

0% 60% 40% 0% 0% 
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Five of 43 females who had been pregnant had complications during labour; fever 

(n=1), bleeding (n=1), difficulty in delivering the placenta (n=1), urinary tract infection 

(n=1), and an HAE attack (n=1). 

Caesarean sections were carried out in nine of the 43 patients, for reasons including 

foetal stress (n=4), delivery-related complications (n=2), and HAE (n=2); one interven-

tion was planned (n=1), and one was given for a reason unknown to the patient (n=1). 

One patient had made caesarean sections twice. Twelve females had experienced 

miscarriages. In two cases, the foetuses were growth-retarded, in one case there was an 

intra-uterine death of the foetus, and in another the pregnancy was ectopic. The cause of 

miscarriage was unknown in the remaining eight cases. 
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HR-QoL in patients with HAE: EQ-5D-5L during and between 
attacks (studies III and IV) 

At the time for the study III we had 144 patients in the Sweha-Reg, only 139 question-

naires were sent out, because five patients had stated that they did not want to 

participate in any further investigations. From the total of 107 responses collected, two 

blank questionnaires were excluded, leaving 105 for analysis. Of those 105, 54 were 

females (mean age 41, range 10-88 years), and 51 were male (mean age 41, range 4-89 

years). Of the 51 males, nine were younger than 12, and four were between 12 and 18 

years. Of the 54 females, four were younger than 12, and four were between 12 and 18 

years. 

One-hundred and five had an EQ-5D-5L between attacks (EQ5D today) score mean 

(SD) 0.82 (0.20) and 98 out of 105 patients’ EQ-5D-5L were statistically lower during 

an attack with HAE (EQ5D attack) utility value 0.54 (0.31) (p<0.0001, t-test) (Figure 

10).  

 

Figure 10. EQ5D today (n=105 median age 41, range 2-87 years) and EQ5D attack (n=98, median age 

41.5, range 2-86 years) values. Results are shown as mean and 95% confidence interval. 

 

Females had a lower but not significantly lower EQ5D today value than males, means 

and (SD) 0.81 (0.21) vs 0.85 (0.20), (p=0.25, t-test). The females (n=53) had 

statistically significant lower EQ5D attack values than males (n=45) 0.47 (0.32) vs 0.62 
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(0.28) (p=0.01 t-test). With increasing attack severity, the EQ5D attack value was lower 

and the difference between EQ5D today and EQ5D attack was larger. A significant dif-

ference between the EQ5D today and EQ5D attack scores of their latest attack was ob-

served for both mild (0.09, p<0.05, t-test), moderate (0.34, p<0.001, t-test) and severe 

attacks (0.56, p<0.001, t-test) (Figure 11). 

 

Figure 11. EQ5D today and EQ5D attack values grouped according to the severity of the last attack. 

Mild, moderate, and severe today refers to the EQ5D today value in patients reporting that their last attack 

was mild (n=43, median age 42, range 11-74 years), moderate (n=27, median age 40, range 2-86 years) or 

severe (n=20, median age 43, range 11-63 years).  

 

The most affected dimensions in EQ5D today were pain/discomfort, with a mean value 

and SD of 1.7 (1.0), and anxiety/depression, with a mean value of 1.6 (0.7). In EQ5D 

attack, the most affected dimensions were pain/discomfort, with a mean of 2.7 (1.1), 

and usual activities 2.6 (1.4). 

In study III the EQ-5D-5L utility value among the 22 responding children was in mean 

significantly better than among the 83 adults at 0.91 (0.14) vs 0.81 (0.21) (p<0.05, 

Mann-Whitney U test). In study IV, EQ-5D-5L was 0.77 (0.26), n=63, adults only. The 

EQ5D attack scores in the 12 responding children were 0.43 (0.31) and in the 

responding 82 adults 0.54 (0.31), a difference which was not significant between the 
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adults and the children. The children had in mean fewer annual attacks than the adults: 

8.6 (11.3) vs 10.7 (17.1), but the difference was not significant. 

The 101 that both stated an EQ5D today and annual attack frequency were divided into 

three subgroups defined by recorded annual attack frequency; low is 0-14 attacks per 

year (n=83), medium 15-29 attacks per year (n=8), and high ≥30 attacks per year 

(n=10). The low attack frequency group had an EQ-5D-5L value of in mean 0.84 (0.19) 

and the medium frequency attack group had a value of 0.84 (0.15) and the high 

frequency attack group 0.68 (0.29). The high frequency group had statistically 

significant lower EQ-5D-5L value than the low attack frequency group (p<0.05 t-test) 

(Figure 12) 

 

Figure 12. EQ-5D-5L according to frequency or number of attacks last year. N=101, p<0.005 between 

group with 0-14 attacks last year and group with >30 attacks last year. Low frequency group (0-14) n=83, 

median age 41, range 10-63 years, medium frequency group (15-29) n=8, median age 27, range 11-60 

years and high frequency group (>30) median age 41, range 10-63 years. 
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HR-QoL using multiple instruments 

Demography (study IV) 

The study population in study IV included 64 adult patients, giving a response rate of 

48% (Figure 3). Thirty-eight females with a median age of 50 years (range 18-91) and 

26 males with a median age of 53 years (range 20-79) participated. Sixty were 

diagnosed with HAE type I and four with type II. Differences in demography between 

responders and non-responders are shown in Table IV.  

 

Table IV. Comparison between responders and non-responders. Numbers marked in bold denote p<0.05. 

 Responders (n=64) Non-responders (n=69) 

Males 26 36 

Females 38 33 

Median age all (range) 51 (18-91) 41 (18-79) 

Median age males (range) 53 (20-79) 42 (20-79) 

Median age females 

(range) 

54 (18-91) 41 (22-75) 

HAE Type I 60 65 

HAE Type II 4 4 

Patients with known af-

fected family members  

28 34 

Living in rural area  2 1 

Living in urban areas 

outside the three major 

cities 

51 50 

Living in the three major 

cities  

11 18 
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HR-QoL instruments (study IV) 

The HR-QoL dimensions most affected among HAE patients were:  

(I) pain/discomfort and anxiety/depression on the EQ-5D-5L (Table V) 

(II) energy/fatigue, general health, health transition and pain on the RAND-36 

(Table VI) 

(III) fears/shame and fatigue/mood on the AE-QoL (Table VI) 

 

 

 

Table V. Gender differences between the different dimensions of EQ-5D-5L. Problems are a summation 

of the answer alternatives slight problems, moderate problems, severe problems and extreme problems. 

No significant differences were seen between males and females. 

*One female answered the VAS-scale of EQ-5D-5L but not the other questions and is therefore missing. 

EQ-5D-5L dimensions Answer Male (n=26) Female (n=37)* 

Mobility No problems 19 (73%) 25 (68%) 

 Problems   7 (27%) 12 (32%) 

Self-care No problems 22 (85%) 30 (77%) 

 Problems   4 (15%)   7 (23%) 

Usual activities No problems 19 (73%) 21 (57%) 

 Problems   9 (27%) 16 (43%) 

Pain/discomfort No problems 15 (58%) 17 (46%) 

 Problems 11 (42%) 20 (54%) 

Anxiety/depression No problems 12 (46%) 18 (49%) 

 Problems 14 (54%) 19 (51%) 

 

  



 

 

54 

 

 

 Instrum
ent 

Dim
ension/score 

All 
Gender 

Prophylaxis 
Pharm

acotherapies 
 

 
n=64 

M
ale n=26 

Fem
ale n=38 

Yes n=27 
No n=22 

Androgen n=18 
M

ales n=11 
Fem

ales n=7 

Tranexam
ic  

acid n=4 
M

ales n=0 
Fem

ales n=4 

*pdC1INH n=4 
M

ales n=2 
Fem

ales n=2 

EQ-5D-5L 
 

Utility value 
0.84 (-0.02--1.00) 

0.88 (-0.02-1.00) 
0.82 (0.22-1.00) 

0.88 (0.30-1.00) 
0.80 (0.29-1.00) 

0.88 (0.55-1.00) 
0.81 (0.30-1.00) 

0.84 (0.36-1.00) 

VAS 
80 (25-100) 

85 (25-100) 
72.5 (30-100) 

80 (40-95) 
77.5 (25-100) 

80 (40-95) 
60 (40-90) 

82.5 (70-85) 

RAND-36 
Physical function 

100 (0-100) 
100 (0-100) 

100 (0-100) 
100 (50-100) 

100 (100-100) 
100 (50-100) 

75 (100-50) 
100 (100-100) 

Physical health 
100 (0-100) 

100 (0-100) 
50 (0-100) 

100 (0-100) 
50 (100-0) 

100 (100-100) 
50 (0-100) 

50 (0-100) 

Em
otional problem

s 
100 (0-100) 

100 (0-100) 
100 (0-100) 

100 (0-100) 
100 (0-100) 

100 (100-100) 
50 (0-100) 

50 (0-100) 

Energy/fatigue 
60 (10-100) 

70 (10-100) 
55 (20-100) 

60 (20-90) 
60 (10-100) 

55 (20-90) 
55 (40-80) 

65 (40-90) 

Em
otional w

ell-being 
80 (20-100) 

80 (60-100) 
80 (20-100) 

80 (60-100) 
80 (60-100) 

80 (60-100) 
90 (60-100) 

90 (60-100) 

Social functioning 
87.5 (25-100) 

87.5 (25-100) 
75 (37.5-100) 

87.5 (50-100) 
87.5 (25-100) 

87.5 (50-100) 
75 (50-100) 

57.8 (50-87.5) 

Pain 
67.5 (10-100) 

77.5 (12.5-100) 
57.5 (10-100) 

67.5 (32.5-100) 
67.5 (12.5-100) 

83.8 (32.5-100) 
45 (45-90) 

41.3 (32.5-100) 

General health 
50 (0-100) 

75 (0-100) 
50 (0-100) 

50 (25-100) 
75 (25-100) 

50 (25-100) 
37.5 (25-75) 

75 (25-75) 

Health transition 
50 (0-100) 

50 (0-75) 
50 (0-100) 

50 (50-50) 
50 (50-100) 

50 (50-50) 
50 (50-75) 

50 (0-50) 

AE-QoL 
Functioning 

25 (0-100) 
18.8 (0-100) 

25 (0-100) 
9.4 (0-100) 

31.3 (0-100) 
0 (0-56.25) 

37.5 (3.25-100) 
12.5 (0-56.25) 

Fatigue/m
ood 

35 (0-90) 
20 (0-90) 

40 (0-85) 
40 (0-85) 

37.5 (0-90) 
17.5 (0-55) 

50 (42.5-57.5) 
50 (0-75) 

Fears/sham
e 

41.7 (0-100) 
37.5 (0-100) 

45.8 (0-91.7) 
39.6 (0-100) 

45.8 (0-100) 
37.4 (0-100) 

66.7 (29.2-82.5) 
29.2 (20.8-50) 

Nutrition 
12.5 (0-100) 

31.3 (0-100) 
12.5 (0-87.5) 

0 (0-100) 
37.5 (0-100) 

0 (0-100) 
18.75 (0-62.5) 

0 (0-62.5) 

Total AE-QoL 
36.8 (0-91.7) 

26.5 (0-91.7) 
39.0 (0-78.0) 

33.8 (0-83.8) 
45.6 (0-91.7) 

28.7 (0-83.8) 
50 (23.5-77.9) 

27.9 (7.4-60.2) 

 

 T
able V

I. H
ealth-related quality of life values in m

edian and range. The V
A

S-score of EQ
-5D

-5L w
as higher in m

ales than in fem
ales. The G

eneral health and Energy/fatigue dim
ensions of  

R
A

N
D

-36 w
ere higher in m

ales than in fem
ales. The nutrition dim

ension of A
E-Q

oL w
as low

er in patients w
ith prophylaxis than in patients w

ithout. N
um

bers m
arked in bold denote p<0.05.  

*pdC
1IN

H
=plasm

a derived C
1-inhibitor concentrate. 
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Females had significantly lower VAS scores on the EQ-5D-5L, and HR-QoL in the 

dimensions of energy/fatigue and in general health on the RAND-36 (p<0.05, Kruskal-

Wallis), but otherwise no significant differences were detected between the sexes (Ta-

bles V and VI).  

There were no significant differences in HR-QoL in patients with and without prophy-

lactic treatment, except in the nutrition dimension of the AE-QoL (p<0.05 Kruskal-

Wallis) (Table VI). 

Associations between EQ-5D-5L or RAND-36 and AE-QoL (study IV) 

All scores from the dimensions of the AE-QoL were significantly associated, using the 

Rank Spearman order (p<0.05), with the utility value of EQ-5D-5L, and with all scores 

from the dimensions of the RAND-36, except that the scores for the fears/shame dimen-

sion of the AE-QoL did not show any association with the RAND-36 dimensions of 

physical function, physical health and health transition (Table VII).  

AAS28 

Of the 55 patients who answered the AAS28, 48 also answered the EQ-5D-5L, RAND 

36 and AE-QoL afterwards. Twenty-four had no HAE activity, 14 had low scores, and 

nine had moderate scores on the AAS28. Those whose AAS28 scores were above 0 

showed a trend for more impaired HR-QoL (Table VIII). One male with the extreme 

score of 192 was excluded, since he strongly biased the results, raising the mean score 

by 19%.  
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Associations between AAS28 and HR-QoL instruments 

The mean AAS28 score and standard deviation (SD) among males were 18.2 (33.3) and 

the median was 0 (range 0-118) due to skewed distribution. The females’ mean and SD 

were 16.4 (18.1) and the median was 13 (range 0-63). The differences between males 

and females on the AAS28 were not statistically significant.  

There were statistically significant associations using the Spearman Rank order between 

the AAS28 and EQ-5D-5L, all dimensions of the RAND-36 except physical function, 

and all dimensions of the AE-QoL (Table IX). On the EQ-5D-5L, the correlation be-

tween the AAS28 and utility values was lower than the correlation between the AAS28 

and VAS score (Table IX). On the RAND-36, the highest correlations were seen in the 

dimensions of pain, energy/fatigue, social functioning, and physical health (Table IX). 

The AE-QoL dimensions of functioning, fears/shame and fatigue/mood had the highest 

correlations (Table IX). The lowest correlation was seen in the RAND-36 dimension of 

physical function (Table IX). 

The AAS28 correlations with HR-QoL instruments were compared with the correlations 

for the number of days with attacks of HAE and the HR-QoL instruments, giving simi-

lar results (Table IX). 
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Table IX. Spearman rank order correlations for AAS28 or number of attack days and the different HR-

QoL instruments and their dimensions, n=47, median age 54 range 26-91 years. As earlier noted, one 

outlier omitted because of skewing the statistics. Numbers in bold denote p<0.05. 

  Correlations 

Instrument Dimensions/score AAS28 

 

Number of at-

tack days 

EQ-5D-5L 

 

Utility value -0.35 -0.34 

VAS -0.45 -0.45 

RAND-36 Physical function -0.20 -0.18 

Physical health -0.50 -0.50 

Emotional problems -0.41 -0.39 

Energy/fatigue -0.59 -0.59 

Emotional well-being -0.38 -0.32 

Social functioning -0.58 -0.57 

Pain -0.64 -0.65 

General health -0.43 -0.42 

Health transition -0.46 -0.43 

AE-QoL Functioning 0.77 0.76 

Fatigue/mood 0.61 0.60 

Fears/shame 0.63 0.60 

Nutrition 0.41 0.41 

Total AE-QoL 0.69 0.67 
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Prophylactic pharmacotherapy and HR-QoL (study IV) 

In study IV, there was no statistically significant difference in HR-QoL in patients with 

or without prophylactic treatment, except in the nutrition dimension of the AE-QoL (Ta-

ble V). Patients with prophylaxis had lower AAS28 scores (median 0, range 0-40, 

n=27), although not significantly, compared with those without prophylaxis (median 19, 

range 0-78, n=21). Of those on prophylaxis, patients with androgens had the lowest 

AAS28 scores, albeit not significantly, (median 1, range 0-2, n=18), compared with 

patients on tranexamic acid (median 16, range 8-40, n=4) or pdC1INH (median 20.5, 

range 0-118, n=4). 

Differences between baseline and follow-up 

By using Svensson’s method, we discovered no major differences in the outcome be-

tween baseline and after four weeks in the different instruments. For all dimensions in 

all the instruments, the PA was near 100%. Both RP and RC were approaching zero, 

and this indicates that the instruments were stable over a four-week period. The value of 

RV was also approaching to zero, indicating there was no heterogeneity in answers be-

tween the two time-points. 

Sick leave (studies III and IV) 

In study III, 89 of 105 participants (85%) answered the question about sick leave during 

their latest acute attack and about the attack severity level. In total, 39 out of 89 partici-

pants reported that they had been away from day care, school or work during the latest 

attack. With increasing attack severity, the proportion of patients who were absent was 

significantly increased (p<0.0001, Fisher’s Exact test). Sick leave during mild attacks 

was 13%, during moderate attacks 50%, and during severe attacks 91%, (Figure 13). No 

significant relationship was detected between the location of the attack and patient sick 

leave.  
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Figure 13. Percent absenteeism from day care, school or work in relation to self-reported attack severity 

for the latest attack (n=89 with median age 41, range 2-86 years). Five out of 40 patients with mild 

attacks, 13 of 26 patients with moderate attacks, and 21 of 23 patients with severe attacks reported 

absenteeism. Absenteeism was significantly more likely with increasing attack severity (p<0.0001, 

Fishers Exact test).  

 

In study IV, of the 36 patients who gave information about sick leave, nine had taken 

sick leave because of HAE (median two days, range 0.25-8) during the prospective pe-

riod of four weeks. More females than males had taken sick leave due to HAE (6 vs 3). 

Those who took sick leave due to HAE in study IV statistically had significantly im-

paired HR-QoL than those who did not, using Kruskal-Wallis, in the EQ-5D-5L, in all 

dimensions of the RAND-36 except the dimensions of physical function and general 

health, and in the AE-QoL except in the nutrition dimension (Table X). Patients who 

took sick leave due to HAE also had higher values in the AAS28 (median 40, range 8-

69, n=9), compared with those who had taken no sick leave (median 0, range 0-27, 

n=27, p<0.05). The number of days of sick leave due to HAE correlated with the 

AAS28 (rSpearman=0.64, p<0.05). 
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Table X. HR-QoL due to sick leave reported last four weeks. Sick leave: yes n=9 median age 46 range 

20-70, no n=27, median age 26, range 26-79 years.  Data in median and range. Numbers in bold denote 

p<0.05. 

  Sick leave 

Instrument Dimension/score Yes (n=9) No (n=27) 

EQ-5D-5L Utility value 0.71 (0.10-1.00) 0.88 (0.55-1.00) 

RAND-36 Physical function 100 (50–100) 100 (100–100) 

Physical health 0 (0–100) 100 (0–100) 

Emotional problems 0 (0–100) 100 (100–100) 

Energy/fatigue 40 (40–40) 70 (10–100) 

Emotional well-be-

ing 
80 (60–100) 70 (40–80) 

Social functioning 56.25 (37.5–62.5) 100 (50–100) 

Pain 50 (12.5–57.5) 83.8 (32.5–100) 

General health 50 (25–75) 75 (25–100) 

Health transition 50 (25–50) 50 (50–50) 

AE-QoL Functioning 46.9 (12.5–100) 6.25 (0–56.25) 

Fatigue/mood 60 (45–75) 25 (0–95) 

Fears/shame 62.5 (29.2–83.3) 33.3 (0–75) 

Nutrition 25 (0–50) 6.25 (0–87.5) 

Total AE-QoL  53.7 (27.9–69.1) 25.7 (0–58.8) 
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Discussion 
In these studies, we have investigated HAE in Sweden concerning prevalence, clinical 

manifestations, sexual differences, treatments and HR-QoL in adults and children.  

Prevalence, demographics 

In study I, we registered a minimal prevalence of HAE in Sweden of 1.54/100,000, 

which is comparable with other European studies, e.g. 1.09/100,000 in Spain, 

1.41/100,000 in Denmark and 1.54/100,000 in Italy (1-3). Other studies, for example 

from Taiwan, Japan and Brazil, have discovered too few patients in comparison to the 

number of inhabitants in their countries, so these reports cannot be used for comparison 

(43-45). HAE type I was much more prevalent in Sweden than type II (93% vs 7%), 

which is in line with the Danish findings (2). Elsewhere, type I represents around 85% 

of patients with HAE: for example, in Italy Zanichelli et al. found 87% type I and 13% 

type II. It seems that the pattern in Scandinavia is slightly different, probably due to 

background genetics (2, 3, 42). 

That HAE can be fatal is well-known to many families with HAE, which is also the case 

in Sweden, where 116 of 133 adults and in families 10 of 29 children were aware of 

ancestors that have died of HAE.  

Time to diagnosis, age at onset 

In study I, we identified a diagnostic delay of in median 10 years among the Swedish 

adults. To compare with other studies, we also calculated the mean diagnostic delay, 

with a result of 12.3 years. In Bygum’s study, this was 16.3 years for the entire Danish 

cohort, and the more recently diagnosed patients in Denmark had a diagnostic delay of 

10.3 years (2). Zanichelli et al. studied 150 HAE patients from six European countries 

and detected an overall median diagnostic delay of 8.5 years, with the shortest delay in 

Germany and the longest in Italy (two vs. 15 years) (128). In Sweden, the time to 

diagnosis is comparable to the rest of Europe. Diagnostic delay in Sweden can be ex-

plained by the rarity of the disease, or to symptoms being mistaken for other more 

common diseases, such as histaminergic angioedema, and acute abdominal illnesses, or 

even irritable bowel syndrome. Some older patients could not be diagnosed until the 

biochemical methods for diagnosing HAE were available.  

The onset of HAE symptoms found in study II among 23 symptomatic children was 

four years in median or 4.6 years in mean, which is lower than in other studies, where it 

varies in mean between 6.6 to 11.2 years (129-131). Martinez-Saguer et al. found a 

similar median age at onset as in our study: 4.4 years (132). The definitive median age 

of onset in this group of children is uncertain until all children have started to have 

symptoms, which makes comparisons with other studies difficult. The median age for 

diagnosis of children, which was three years, was lower than the median age of the on-

set of symptoms at four years. The reason for this was probably that all the children had 
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a family history of HAE and many of them were therefore screened at an early age. 

Among adults, the median age at onset was 12 years. The differences in age at onset of 

symptoms between adults and children in studies I and II could be due more to recall 

bias among the adults than to actual differences between adults and children. 

Clinical manifestations  

In study I, the adult patients’ prodromes showed not only the typical rash of HAE 

known as erythema marginatum; just as common were tiredness, altered mental state 

and physical sensations. Only 68% described prodromes in study I, slightly less than in 

three other studies which found estimates between 71% and 82.5% (133-135). The dis-

crepancy may be explained by recall bias. 

Forty-seven percent of our adult patients had more than 12 attacks in the previous year 

(Figure 5). According to Cicardi et al., one could consider long-term prophylaxis if the 

patient has more than 12 attacks a year, and this could imply that many of the adult 

Swedish patients were being undertreated in relation to long-term prophylaxis at the 

time of study I (73). Because of the retrospective nature of that study, we did not assess 

the severity of the individual HAE attacks, which would have required a prospective 

design. 

Factors that triggered attacks among adults in study I were mostly trauma, mental stress, 

infections, physical exertion and, in females, menstruation. Among the children in study 

II, we identified that trauma and sporting activities were the most common triggers for 

skin swelling, whereas psychological stress, though difficult to specifically define, was 

the most common trigger for abdominal attacks. Zotter et al. have described similar trig-

gers (62). To our knowledge, psychological stress had not previously been reported as 

such a common trigger for abdominal attacks among children. Furthermore, previously 

relatively, unknown triggers among the adults with HAE were reportedly alcohol and 

low air temperature, which could trigger an attack in 4% and 3% of patients, re-

spectively.  

For both adults in study I and children in study II, the two most common locations for 

attacks were the skin, and the abdomen, which is in line with earlier findings (2, 47, 51).  

During HAE attacks, up to 43% of our adult patients experienced itching. However, the 

angioedema of HAE is often referred to as non-pruritic in the literature (42). Although 

itching is a subjective sensation, we would expect patients to be able to differentiate 

itching from the tingling and/or painful sensation of skin swelling. Bradykinin is well-

known for generating pain, but its role in creating itching is less clear. In inflamed skin, 

such as in that of patients with atopic dermatitis, bradykinin can induce pruritus (136). 

In experimental mouse models, bradykinin has been shown to induce scratching be-

haviour (137). If patients with HAE have red skin lesions together with itching, this 

might be misinterpreted as urticaria. Therefore, wheals on the skin should always be 

checked to differentiate HAE from histaminergic angioedema. The itching of the skin in 

patients with HAE needs to be investigated further. 
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Treatments 

PdC1INH was the best treatment for acute attacks compared with tranexamic acid or at-

tenuated androgens, for example. Tranexamic acid had poor to no effect on all patients 

during an acute attack. Icatibant was not yet available in Sweden at the time of studies I 

and II. We found that during laryngeal attacks, 26% of our patients, a substantial 

proportion, had received glucocorticoids and 14% had also received antihistamines, 

although these drugs are likely to be ineffective in HAE. These treatments may have 

been used because the diagnosis was unknown, or if the diagnosis was known, because 

the treating physician lacked appropriate knowledge. Because of the high risk of recall 

bias, we did not differentiate between treatments given before and after the diagnosis 

was established. As for long-term prophylaxis, attenuated androgens seem to be as ef-

fective as pdC1INH. At the time of the study only seven patients had pdC1INH infu-

sions regularly for maintenance treatment, as compared to 24 patients receiving attenu-

ated androgens. In general, tranexamic acid did not reduce the number or severity of 

HAE attacks. In the WAO guidelines, tranexamic acid is not recommended as a mainte-

nance treatment, although it is also stated that it can have an effect on some patients 

(34). During recent years, i.e. after the completion of the study I, there has been a para-

digm shift in the treatment of adults with HAE, as revealed by Bygum (138). For exam-

ple, more than half of the Danish patients with HAE stopped long-term prophylaxis 

with danazol or tranexamic acid and changed their treatment regimen to on-demand 

treatment with pdC1INH or icatibant (138). This fact highlights the need for a continu-

ous prospective follow-up of patients with HAE, and documentation of data in national 

quality registries. 

In children, only nine of the 23 who had symptoms of HAE in study II had been treated 

with pdC1INH, which was the only available treatment for HAE attacks at the time for 

children. In 2012 a new recommendation came that all attacks should be considered for 

treatment (73).  

Sick leave and hospital visits 

The adult patients in study I took between five and 10 days of sick leave yearly and 

made frequent visits to the hospital. That is a burden for the patient, the health care 

system and society, as has been shown in earlier studies (99, 139). The parents of 73% 

of the children with manifest HAE in study II had taken parental leave due to their chil-

dren’s HAE symptoms, and the economic and social impact on these families was prob-

ably substantial (139). 

Differences between males and females and reproductive 
health in females 

Among adults in study I, females were shown to have more frequent HAE attacks and 

more total sick days per year than males, which is similar to other reports (47, 63, 66). 

During pregnancy and treatment with oestrogen-containing contraceptives, study I 
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showed that females had more symptoms of HAE, which is also well-known (47, 66). 

According to our study, contraceptives containing only gestagens, and intra-uterine con-

traceptive devices in general, did not influence the disease course. These contraceptives 

are also recommended in females with HAE (66). In some females, gestagens can also 

work as a prophylaxis against HAE attacks (66). Only one patient had experienced an 

HAE attack during delivery. Thus, women with HAE and their physicians should not be 

too worried about HAE attacks during vaginal delivery. Therefore, the recommendation 

is that during vaginal delivery there is no need for prophylaxis, but that acute treatment 

for HAE should always be available (63, 66). 

The rate of caesarean section in this population was 21%. In Sweden in 2013, the aver-

age prevalence of caesarean section was 17%, so it seems that this procedure is not sig-

nificantly more frequent in our population than among others (140). 

HR-QoL in HAE 

Adults 

Disease activity and HR-QoL 

Higher attack frequency decreased HR-QoL between attacks in study III, as in study IV, 

where patients had more impairment in HR-QoL in almost all dimensions of the 

RAND-36 and AE-QoL, with elevated values on the AAS28 (Table VIII).  

Correlation between VAS score of EQ-5D-5L and AAS28 was higher than the utility 

value of EQ-5D-5L and AAS28 (Table IX). The reason could be that the utility value is 

dependent on third-party assessment of the patient’s health profile, while the VAS score 

is a subjective estimate of a patient’s health (107).  

Disease activity measured with the AAS28 correlated strongly with the pain dimension 

of the RAND-36, the functioning dimension of the AE-QoL and the total AE-QoL (Ta-

ble IX). This confirms the findings from our prior study and those from the study car-

ried out by Caballero et al., which showed that a higher attack frequency has a negative 

impact on HR-QoL (141). The patients reporting sick leave also had lower HR-QoL, 

confirming that the disease activity impairs HR-QoL. In line with this, patients who 

took sick leave also had higher AAS28 scores. 

This provides further information about when to start prophylactic treatment. There are 

several recommendations available about attack frequency: for example, The Hereditary 

Angioedema International Working Group, as well as Craig et al, have suggested start-

ing prophylaxis if there are more than 12 attacks per year (73, 142). Bowen et al. state 

that one could consider long-term prophylaxis if patients have more than one severe 

attack a month (42). The WAO guideline does not mention any attack frequency, but 

does state that one should consider patient quality of life among other things when as-

sessing the need for prophylaxis (34).  

Despite AAS28 reports disease activity and not only the number of attacks of angi-

oedema, the differences between correlations of AAS28 or number of days with attacks 
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and the HR-QoL instruments were insignificant in our study (Table IX). AAS28 allows 

the patients to evaluate the influence of these attacks on physical burden, daily activity 

and outward appearance, which can further describe the personal attack burden (112). 

However, in study IV, the number of attack days can explain almost as much of the im-

pairment in HR-QoL as AAS28. 

Comparison with other diseases and normal population 

In other chronic diseases characterised by paroxysmal attacks, such as asthma and mi-

graine, the EQ-5D values between attacks in controlled asthma or migraine have been 

0.86 and 0.87, respectively. In a Swedish study using a representative sample of the 

population in Stockholm mean EQ-5D index value ranged from 0.89 (20-29 years) to 

0.74 (80-88 years). In comparison, in study III, the EQ-5D-5L for our patients with 

HAE was 0.83, while in study IV, the EQ-5D-5L, which is comparable to EQ5D today, 

was 0.77 (143-145). 

Differences between HR-QoL instruments 

In study IV we found that the impairment in all dimensions of the three HR-QoL instru-

ments (EQ-5D-5L, RAND-36 and AE-QoL) overlaps, except the fears/shame dimension 

in the AE-QoL, which is obvious, because the AE-QoL instrument is intended for pa-

tients with angioedema and explores fears in relation to angioedema, whereas the other 

two do not include fear. The fears/shame dimension of the AE-QoL was also the dimen-

sion that correlated the least with the EQ-5D-5L and the dimensions of the RAND-36 

(Table VII).  

The dimensions of the EQ-5D-5L and the AE-QoL that were among the most affected 

in our study were anxiety/depression and fatigue/mood, which is in agreement with 

Lumry et al., Caballero et al., Fouche et al., who showed that patients with HAE have 

problems with anxiety and depression (99, 141, 146).  

A vast majority of our patients with HAE, 86% of adults and 91% of children, reported 

pain in association with attacks irrespective of attack location in studies I and II. Pain is 

missing in the AE-QoL, but is covered by the EQ-5D-5L and RAND-36 (107, 109, 

112). Thus, in painful HAE attacks, the AE-QoL will not capture this aspect of 

impairment in HR-QoL. 

Sex differences in HR-QoL 

In study I, females were shown to take significantly more sick leave than males. In 

study IV, patients on sick leave had a more impaired HR-QoL, implying that the fe-

males in study I were more affected by their HAE than the males. In study III, the re-

sults indicated that being female had a negative effect on EQ5D today scores. Study IV 

did not contradict this, but the differences were fewer than expected. In study IV, fe-

males had significantly more impaired HR-QoL in only the energy/fatigue and general 

health dimensions of the RAND-36, compared with males (Table VI). The disease 

activity measured with the AAS28 in study IV was not significantly different between 
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the sexes. We did not see significant differences between the sexes in the EQ-5D-5L or 

in all dimensions of AE-QoL, even though females usually have more severe disease 

(66). The smaller differences than expected in study IV could be because the responding 

females were significantly older, 54 vs. 41 years, and probably had lower levels of sex 

hormones than those not responding (Table IV). 

Prophylactic pharmacotherapy, HR-QoL and disease activity  

In study IV, there was no significant difference in HR-QoL in patients who were on 

prophylactic pharmacotherapy compared with those who were not (Table VI). This 

could be because the AAS28 scores of patients with prophylaxis showed an equal 

disease activity compared with those without prophylaxis. Patients on androgens had 

lower AAS28 scores, but not significantly, than patients on either tranexamic acid or 

pdC1INH. Patients on androgens and pdC1INH reported more than 50% reduction of 

annual attack rate in study I, implying that their HR-QoL should be better than we 

found in study IV. However, as we have not studied the HR-QoL in the patients before 

they started their prophylaxis we cannot say whether prophylaxis increase HR-QoL or 

not in Swedish patients. Greve et al. have found that prophylaxis with pdC1INH did 

increase HR-QoL (147). 

Children 

In study III, the children had significantly better HR-QoL than adults between attacks of 

HAE as shown on the EQ-5D-5L, and the children in study II also had a good QoL. The 

reason why children had better HR-QoL than adults in study III could be because 

children had fewer attacks yearly, according to the same study, even though the 

difference was not significant. Kind et al., also showed earlier that HR-QoL decreases 

with age (123).  

Strengths and weaknesses  

Study I 

The strength of study I is that the prevalence found in it indicates that we have made a 

census instead of a sample, although some subjects may not have been identified. In ad-

dition, we used a multidisciplinary approach, multimodal recruitment, and a physician’s 

telephone interview for clarification of responses in the written questionnaire, and for 

discussing patients’ personal matters and reflections. Another strength is that we used 

the same interviewer through the entire study, thereby increasing consistency in 

questioning and interpretation. A weakness of study I is that it is retrospective, with a 

risk of recall bias. Another limitation is that treatments have changed during recent 

years and new therapies, such as icatibant, were not covered in study I.  
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Study II 

The strength of our study was the high response rate (86%), which covered most of the 

known population of Swedish paediatric patients with HAE type I/II. A weakness was 

that the study was retrospective, risking recall bias, and despite the high response rate, 

the number of patients included was small. In addition, the seven-grade QoL VAS and 

the five-grade scale that we used to measure the level of health have not been validated 

for use in HAE. As we used QoL questions in study II, it was difficult to compare with 

study III and IV, where HR-QoL questions were used. As stated earlier, QoL is a wider 

concept than HR-QoL (104, 105). In this study, the parents answered on the behalf of 

their children, which could introduce bias. 

Study III 

A strength of this study was that response rate was about 72% of the then-known HAE 

population including both children and adults. A weakness was that the EQ5D attack 

data was retrospectively collected, risking recall bias. 

Study IV 

The strength of study IV is that we used various instruments to evaluate HR-QoL in 

order to describe the influence of HAE on HR-QoL. This creates a more differentiated 

and comprehensive view than just using one instrument, as has been done in other 

studies (113, 115, 148). Using Svensson’s method, no major differences were observed 

between how the patients completed the instruments the first and second times (125-

127). We assume that this is an indication that the patients’ health status was stable over 

a four-week period. 

The weakness of the study is that only 48% of the adults responded, which may have 

introduced selection bias, and also that both female and male responders were signifi-

cantly older than non-responders and more females than males responded (Table IV). 

Therefore, the influence of HAE on HR-QoL described here cannot be regarded as 

representative of the total adult Swedish population with HAE. Another weakness is 

that we could not use the HAE-QoL, since it was not available in Swedish (111, 149). 

Future aspects 

As new medications are available studies concerning clinical manifestations and treat-

ment could be carried out again in Sweden (81). For example, oral kallikrein inhibitor 

can be available in a foreseeable future as presented by Aygören-Pürsün et al. in the 10
th

 

C1-Inhibitor deficiency workshop in Hungary (150). Also, monoclonal antibody against 

kallikrein might be introduced in the future (151). Furthermore, different routes of 

administration (intravenous, subcutaneous and oral) of medication with different 

pharmaco-kinetics call for real life clinical follow-up (138). 

Further studies using different HR-QoL instruments need to be carried out in children 

with HAE, as only the EQ-5D-5L has been used so far in Sweden, in study III. 
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The use of the more disease-specific instrument HAE-QoL in Sweden could provide 

further knowledge about HAE in Sweden, which requires the translation into Swedish 

and validation of HAE-QoL in Sweden. 

Wilson et al. have shown that the annual cost for an average patient with HAE in the 

USA is 42,000 US dollars, and Aygören-Pürsün et al. have shown (without giving a 

monetary value) that HAE presents a substantial socioeconomic burden in European 

countries (139, 152). Health-economy studies that estimate the cost of HAE in Sweden 

are lacking, and would be of importance when discussing the allocation of resources for 

the care of patients with HAE. The health care system in Sweden is regionalised and 

studies of differences between the regions in availability of HAE-specialists, willing-

ness to use prophylaxis, and willingness to use expensive medication for HAE would be 

interesting to explore.  

Further studies on co-morbidities in adults in comparison with matched controls could 

give further information on whether HAE increases the risk for other diseases, such as 

autoimmune diseases. It has been implied that HAE can increase the risk of autoim-

mune diseases (153), and one other study has shown that hypertension is the most com-

mon co-morbidity (154). Studies with matched controls could also give further infor-

mation on the risk of using attenuated androgens. A study by Tse et al. has shown that 

androgen use in HAE increase the risk of co-morbidities, but if this is true, though diffi-

cult due to the diminished use, it would be of interest to study this in Sweden (155).  

Studies with web-based registers and smartphone applications can register every attack, 

including medication and HR-QoL data, and it would be useful to follow the Swedish 

patients both in research and in daily clinical use. Smartphone applications are on the 

way and Kreiberg, at the tenth C1-inhibitor deficiency workshop, presented such an 

application, which has provided interesting information on Danish patients with HAE 

(150). 

Finally, cooperation with the other Nordic countries and countries in Europe is needed 

to improve studies, for example, in HR-QoL. If more than one country is included in a 

study, it would perhaps be easier to locate enough patients to provide more valid 

findings than if the study was done in Sweden only. The Hereditary Angioedema 

Burden of Illness Study in Europe (HAE-BOIS) is a good example of European cooper-

ation that has provided valuable information (115, 139, 156). In addition, Nordic and 

European cooperation on web-based registries and smartphone applications would make 

implementation easier.   
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Conclusions 
1. The minimal prevalence of HAE type I and II in Sweden was 1.54/100,000. 

2. The proportion of HAE type I was 93%, and type II was 7%. 

3. For adults, the median age at onset of symptoms was 12 years (range 0-50) and 

median age at diagnosis was 22 years (1-81). In children, the median age at on-

set of HAE symptoms was four years, i.e. lower than in previous studies, which 

emphasises the need for early diagnosis. 

4. After the onset of HAE symptoms, 82% of adults usually had attacks affecting 

the skin, 78% the abdomen, 27% the larynx, 26% the urogenital area, 20% the 

lips, and 6% the tongue. For children, the corresponding figures were 71%, 83%, 

4%, 17%, 13% and 0%, respectively. 

5. The median number of attacks in those having attacks the previous year was 14 

in adults and six in children.  

6. During the previous year, 47% of adults experienced at least 12 attacks, 21% 4-

11 attacks, 11% 1-3 attacks, while 22% were asymptomatic. For children, the 

corresponding figures were 48%, 30%, 9%, and 14%, respectively.  

7. Irrespective of location of the angioedema in adults, 66% reported severe pain, 

11% moderate, 9% mild and 14% no pain in association with the attacks. In chil-

dren with symptoms of HAE, the corresponding figures were 69%, 13%, 9% and 

9%, respectively. 

8. Triggers factors were experienced in 95% of adults and 74% of children. Neither 

uncomplicated vaginal delivery nor vaccination were triggers.   

9. Many parents had taken parental leave due to their child’s HAE symptoms.  

10. Adult females had approximately twice as many attacks as males in the previous 

year. 

11. For acute treatment, pdC1INH was found in general to have a very good effect. 

For long-term prophylaxis, attenuated androgens and pdC1INH reduced the an-

nual attack frequency by more than 50%. Tranexamic acid rarely had any effect 

on acute attacks or as long-term prophylaxis. 

12. The EQ-5D-5L, RAND-36 and AE-QoL can be used to measure HR-QoL in pa-

tients with HAE. 

13. The health-related dimensions most affected among HAE patients were: 

pain/discomfort and anxiety/depression in the EQ-5D-5L; energy/fatigue, gen-

eral health, health transition and pain in the RAND-36, and fears/shame and fa-

tigue/mood in the AE-QoL. Adults with high disease activity according to AAS 

or number of days with HAE had lower HR-QoL in the EQ-5D-5L, RAND-36 

and AE-QoL, and took more sick leave.  

14. Children reported better HR-QoL, according to the EQ-5D-5L, than adults. 

15. The AE-QoL is more disease-specific in HAE than the generic instruments EQ-

5D-5L and RAND-36. However, the latter highlights the pain aspect, whereas 

the AE-QoL does not. 

16. Patients with high disease activity should thus be considered for more intensive 

treatment to improve their HR-QoL. 
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Structured phone interview 
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