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Abstract
Sex differences have been well documented within hereditary angioedema (HAE) over the past several decades. Females 
often experience more frequent and more intense attacks compared to their male counterparts. Additionally, elevated estrogen 
levels—as seen in pregnancy and use of oral contraceptives—is a widely known trigger for angioedema attacks. In this review 
article, we will outline how estrogens’ downstream effects increase bradykinin, a potent vasodilator and key mediator of HAE. 
Estrogen-dependent HAE is a rare disorder that provides insight into the relationship between HAE and estrogens. Females 
affected by this subtype of HAE only experience attacks when under “high estrogen states,” such as during pregnancy and 
when taking exogenous estrogens (most commonly, oral contraceptives). This unique phenotype has been documented in 
individuals with an activating Factor XII mutation. Thus, based on this clear genotype-phenotype relationship, we conclude 
that Factor XII may be key in our understanding of estrogens’ role in HAE. Lastly, we propose that the sex differences seen 
in HAE be viewed as a spectrum from exacerbation to underlying genetic mutations in Factor XII.

Keywords  Hereditary angioedema · Estrogens · Factor XII · Estrogen-dependent angioedema · Estrogen-associated 
angioedema

Abbreviations
HAE	� Hereditary angioedema
HMWK	� High molecular–weight kininogen
C1INH	� C1 esterase inhibitor
ARB	� Angiotensin receptor blockers
TXA	� Tranexamic acid

Introduction

Angioedema involves cutaneous and mucosal swelling of 
loose connective tissue including, but not limited to, the lips, 
eyelids, mouth, throat, and gastrointestinal tract. Certain 
individuals who are predisposed to attacks due to mutations 
are categorized as having hereditary angioedema or HAE. 

Recent reports have placed the prevalence of HAE at 1 in 
50,000, although this condition is likely underreported due 
to diagnostic failure [1]. This failure to diagnosis can be 
attributed to the heterogeneity of HAE presentations: attacks 
can look different among people, and even within the same 
person, due to variables including location, frequency, inten-
sity, duration, and even sex.

Hereditary angioedema should be of special consider-
ation to clinicians as it can be life-threatening if attacks 
involve the larynx. Up to 50% of individuals afflicted with 
HAE will experience laryngeal edema at least once in their 
lifetimes [2]. Additionally, hereditary angioedema can cause 
significant anxiety among patients due to the condition’s 
episodic and somewhat unpredictable nature. Although 
many episodes do not have a clear antecedent trigger, the 
most commonly reported triggers of attack are trauma and 
emotional stress [3]. Of note, states of high estrogen levels 
have been associated with increased frequency and inten-
sity of attacks [2, 4]. This phenomenon is termed estrogen-
associated angioedema [4]. This review article will explore 
the role of estrogens in hereditary angioedema with a focus 
on pathophysiologic mechanisms.
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Angioedema Types and Pathophysiology

Hereditary angioedema can be classified into different types 
based on molecular status of C1 esterase inhibitor. The dif-
ferent types of angioedema are detailed in Fig. 1. Impor-
tantly, hereditary angioedema is bradykinin-mediated and 
distinct from mast cell-mediated angioedema which presents 
with urticaria [5]. Elevation of bradykinin can explain the 
clinical presentation of HAE, as this mediator is known to 
increase vascular permeability. The link between brady-
kinin and C1 esterase inhibitor is best explained through 
the kallikrein-kinin pathway as demonstrated in Fig. 2. 
Prekallikrein forms a complex with high molecular–weight 
kininogen (HMWK). Once prekallikrein is activated, the 
cleavage of this complex is responsible for the production 
of bradykinin. Furthermore, C1 esterase inhibitor (C1INH) 
is a dual-negative regulator of this pathway: it inhibits both 
the activation of prekallikrein and cleavage of HMWK to 
bradykinin. Thus, individuals with deficiency or dysfunction 
of C1 esterase inhibitor—type I and II HAE, respectively—
have predisposition for angioedema attacks due to elevated 
levels of bradykinin [6].

Factor XII of the contact pathway is also a key regula-
tor of the kallikrein-kinin pathway, promoting activation  
of prekallikrein. Historically, individuals with functional C1 
esterase inhibitor activity that experience HAE were consid-
ered in a separate category, type III. Type III is now consid-
ered a misnomer and has widely been replaced by an all-inclu-
sive group that includes those with a Factor XII activating 
mutation. Up to 25% of individuals with normal C1 esterase 
inhibitor activity can be explained by the FXII mutation [7]. 
This specific subtype of HAE is of particular interest in this 
review article, as estrogens are known to interact with Factor 
XII [8]. Additionally, estrogen-associated angioedema and 
estrogen-dependent angioedema, in which attacks are exac-
erbated by or only occur during high estrogen states respec-
tively, are strongly correlated with Factor XII mutation [4].

Lastly, other forms of angioedema including acquired 
C1esterase inhibitor mutations and ACE inhibitor-induced 
angioedema exist. The pathophysiology of ACE inhibitor-
induced angioedema fits within the aforementioned para-
digm as ACE is involved in bradykinin degradation.

Physiologic Effects of Estrogens

Estrogens are an intrinsic sex hormone responsible for 
the development of female sexual characteristics [9]. Fur-
thermore, fluctuations in estradiol—the most potent and 
abundant of estrogens found during a woman’s reproduc-
tive years—play an important role in menstruation and 
pregnancy. Although the physiology behind these complex 
high estrogen-state processes are beyond the scope of this 
review, understanding of the basic molecular pathway will 
aid greatly in our understanding of estrogens and HAE.

Fig. 1   Different types of angi-
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Fig. 2   Link between bradykinin and C1 esterase inhibitor best 
explained through the kallikrein-kinin pathway
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Estradiol binds intranuclear estrogen receptors α and β, 
which in turn alter transcription of genes through classi-
cal and non-classical pathways [9]. In the classical path-
way, bound ER interacts with estrogen response elements 
on DNA while the non-classical pathway involves protein-
protein interactions. In the context of menstruation, estro-
gens are produced by the follicles of the ovaries. Through 
the molecular pathway discussed above, these hormones will 
promote ovulation by leading to a surge of luteinizing hor-
mone (LH). During pregnancy, the placenta contributes to 
production of estrogens; this hormone has been implicated 
in maintenance of pregnancy and parturition [10].

In addition to its physiologic role, estrogens also have 
therapeutic effects. Estrogens in combination with progester-
one can effectively prevent ovulation by decreasing FSH and 
LH levels, thus preventing follicle maturation [11]. Estrogen 
therapy can also be used to supplement diminished hormone 
levels in menopausal women for symptomatic relief. Indi-
viduals with Turner syndrome, which is an essential state of 
hypogonadism, have also been treated with estrogen therapy 
to mimic normal pubertal development [12].

Estrogen therapy can also be used outside the scope of the 
female reproductive system. For example, estrogens’ phar-
macologic effects are vast, yet poorly understood. Evidence 
of estrogens’ varied effects from immunologic to neoplas-
tic are seen through its use as treatment in conditions like 
toxic shock syndrome and even prostate cancer [13, 14]. 
This understanding of estrogens’ broad physiologic range 
leads us to our discussion of estrogens’ role in hereditary 
angioedema.

High levels of estrogens have been implicated as a trigger 
for more frequent and intense attacks of angioedema [15]. 
Thus, a subset of HAE patients is women that experience 
exacerbation of attacks when pregnant or taking oral con-
traceptive; this condition is considered estrogen-associated 
angioedema. Furthermore, there is a smaller subset of HAE 
patients that only experience angioedema attacks during 
these states of high estrogens. As will be discussed in detail 
in the next section, there appears to be a complex spectrum 
of estrogens’ influence on HAE, characterized by specific 
genetic mutations including Factor XII activating mutations. 
To further complicate this proposed spectrum, there appears 
to be a complex balance between sex hormones that dic-
tates HAE presentation. While estrogens have been linked 
to worsening of the condition, androgen therapy, including 
danazol and stanozol, has been used as an effective prophy-
lactic treatment [16].

Sex Differences Within Hereditary Angioedema, 
a Spectrum

Clear sex differences exist within hereditary angioedema, 
contributing to the heterogeneity of the condition. For 

example, ACE inhibitor-induced angioedema has been 
reported more frequently in the female sex [17]. Two cohort 
studies conducted by Toh et al. and Miller et al. performed a 
statistical analysis on a large sample size of patients taking 
ACE inhibitors and angiotensin receptor blockers (ARBs). 
Both studies found a statistically significant difference 
between males and females experiencing angioedema while 
on either ACE inhibitors or ARBs [18, 19].

Type I HAE has varied presentations between the sexes. 
Although this subtype of HAE follows an autosomal domi-
nant inheritance pattern and affects both men and women 
equally, studies have shown that women often experience 
phenotypes with more intense and more frequent attacks 
compared to men [20]. Urs and colleagues have reported 
that within their cohort of patients with C1 esterase inhibitor 
deficiency, females experienced more symptoms and swell-
ing episodes compared to their male counterparts. Addition-
ally, women had more attacks to localized areas of the body 
like the abdomen, extremities, trunk, and face.

The most compelling evidence for sex differences of angi-
oedema is the observation that estrogens are a known trig-
ger for attacks. Increased frequency and intensity of attacks 
during states of high estrogen levels have been documented 
in all three hereditary angioedema types. These conditions 
include women that are taking oral contraceptives and estro-
gen therapy and those who are pregnant. When individuals 
who have previously been diagnosed with hereditary angi-
oedema experience worsening symptoms during high estro-
gen states, this phenomenon is called estrogen-associated 
angioedema. By definition, these patients can experience 
attacks in the absence of increased estrogen levels. In con-
trast, estrogen-dependent angioedema describes a condition 
in which patients only experience attacks during high estro-
gen states; these individuals do not experience attacks once 
estrogen levels have returned to normal, for example, after 
gestation and after discontinuation of oral contraceptives.

Specific genetic mutations are correlated with estrogen-
associated and estrogen-dependent hereditary angioedema. 
Individuals with Type I and II HAE with C1 esterase 
inhibitor mutations can experience estrogen-associated 
angioedema. Bouillet and colleagues demonstrated that 
within their cohort of women with a C1INH mutation, 
the majority showed worsening of disease with puberty 
and use of combined oral contraceptives; additionally, 
they describe a “hormone-sensitive phenotype” in which 
women that experienced severe symptoms during menses 
also experienced severe symptoms during pregnancy. A 
study by Bouillet et al. surveyed 150 post-pubertal women 
from 8 European countries with a C1 inhibitor enzyme 
activity level of 40% or lower or family or personal history 
of HAE. They found that 62% of individuals experienced 
exacerbated HAE during puberty. More specifically, 35% 
reported menses as a precipitating factor for attacks while 
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14% referenced ovulation. During pregnancy, 38% of 
women experienced more HAE attacks. However, the fact 
that 30% experienced fewer HAE attacks and 30% reported 
no effect during pregnancies suggests that the relationship 
between estrogens and HAE is not fully understood. This 
concept is further supported by the fact that 55% of those 
going through menopause had no change in HAE [21].

HAE with normal C1 esterase inhibitor activity, which 
has a clear predilection for the female sex, can lead to 
either estrogen-associated or estrogen-dependent angi-
oedema. Of these cases, a subset has been identified to 
have Factor XII mutations. To our knowledge, based on 
case reports, the following Factor XII mutations have been 
described: Thr328Lys, Thr328Arg, and Thr309Lys, found 
on exon 9 of the Factor XII gene [4, 22, 23]. As will be 
discussed in the following pathophysiology section, estro-
gens are known to interact with Factor XII to increase 
bradykinin levels.

Although estrogen-dependent angioedema is a rare condi-
tion, isolated within a few familial pedigrees of European 
descent, it is of particular significance to this review article. 
Existence of the FXII subtype provides the most substantial 
indication that there is a connection between HAE and estro-
gens, as presentation of disease only occurs when estrogens 
are elevated. While those with Factor XII mutation within 
the documented pedigrees do not necessarily exhibit symp-
toms due to variable penetrance, to our knowledge, estrogen-
dependent angioedema has only been demonstrated in indi-
viduals with a Factor XII mutation [4, 7, 22–24, 25]

Therefore, this relationship strongly suggests that estro-
gens’ role in estrogen-dependent hereditary angioedema 
is mediated through Factor XII. Furthermore, estrogen-
associated hereditary angioedema may have a similar 
pathophysiology as documented cases involve a Factor XII 
mutation. Lastly, Factor XII might explain some aspects 
of the estrogen-associated angioedema observed in Type I 
HAE, although further investigation is required and other 
factors may be involved as these individuals have not dem-
onstrated Factor XII mutations.

We suggest that estrogens’ influence on hereditary angi-
oedema be viewed as a spectrum. Outlined in Fig. 3, we 
propose a novel classification to understand the various 
estrogen-associated and dependent angioedema subtypes 
seen in HAE. Moving across the spectrum from left to 
right, the subtypes of estrogen-related angioedema become 
more concretely linked to mutations that can explain the 
pathophysiology of the condition. Therefore, ACE inhibitor-
induced angioedema constitutes the left side of the spec-
trum as attacks are triggered by use of medication, yet it is 
a finding seen more often in women. Estrogen-dependent 
angioedema that has only been documented in individuals 
with a Factor XII mutation is found on the right side of 
the spectrum as it delineates a clear relationship between 
estrogens, HAE, and Factor XII. Between the two extremes 
lies the estrogen-associated angioedema: Type I and II HAE 
in which individuals have C1INH dysfunction and the all-
inclusive category of normal C1INH function that includes 
the subset of the Factor XII activating mutation. This spec-
trum will aid clinicians in diagnosing and treating patients 
that experience estrogen-triggered angioedema attacks.

Proposed Pathophysiology of Estrogen‑Dependent 
and Associated Hereditary Angioedema

Molecular evidence helps to substantiate the claim that 
high estrogen states have the potential to trigger attacks in 
those affected by HAE. Estrogens strongly influence several 
key steps in the aforementioned kallikrein-kinin pathway. 
For example, the finding that women on oral contracep-
tives experience increased levels of plasma Factor XII and 
increased production through enhanced HMWK cleavage 
is well-documented [8]. Similarly, high estrogen states of 
pregnancy and the use of oral contraceptives have been 
reported to decrease the level of C1 esterase inhibitor. Estra-
diol is implicated in several other molecular pathways that 
could help explain its role in HAE. For example, estradiol 
is known to increase the release of nitric oxide, a potent 
vasodilator. Estradiol has also been shown to decrease 
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Fig. 3   Novel classification to understand the various estrogen-associated and dependent angioedema subtypes seen in HAE
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functionality of ACE, decreasing ACE-induced degrada-
tion of bradykinin [17]. Genetic analysis of the families 
that experience estrogen-dependent HAE due to an activat-
ing Factor XII mutation further confirms this relationship; 
for example, Cichon and colleagues performed enzymatic 
assays on members of a French family with the mutation, 
confirming that Factor XII-mediated substrate turnover was 
elevated, although increased bradykinin was not measured 
directly in these patients [22].

The above findings support the current paradigm that 
increased bradykinin is a key mediator in the pathogenesis of 
HAE. These changes in molecular profiles that occur during 
high estrogen states all result in a relative increase in brady-
kinin levels. Thus, it is consistent with the idea of estrogen-
associated HAE: these individuals are predisposed to having 
more frequent and more intense attacks when experienc-
ing high estrogen levels. Therefore, the threshold to trigger 
HAE attacks is lessened in these individuals as their baseline 
bradykinin levels are elevated compared to when they are not 
experiencing high estrogen states.

Summary of Case Reports

An assortment of case reports concerning estrogen-associ-
ated HAE is listed in Table 1. Of note are the ways in which 
these estrogen-associated and estrogen-dependent diseases 
were managed in these individuals. Patients were prophy-
lactically given a combination of tranexamic acid (TXA), 
attenuated androgens like danazol, and bradykinin receptor 
antagonists like icatibant. These medications are also used in 
the management of type I and II HAE because they all work 
downstream of the defect, either Factor XII or C1 esterase 
inhibitor, improving the serum profile levels of bradykinin. 
Additionally, this explains why administration of C1 esterase 
inhibitor is beneficial in patients who have normal C1 ester-
ase inhibitor concentration and function. Lastly, all acute 
symptomatic episodes that cause life-threatening laryngeal 
edema seen in any type of HAE are given a combination of 
corticosteroids and epinephrine.

Although management of the different types of HAE 
overlap extensively, it is important to identify the molecu-
lar defect as nuances in management do exist. Additionally, 
in patients who experience both estrogen-associated and 
estrogen-dependent HAE, clinicians can accurately inform 
patients of potential triggers like high estrogen states.

Future Directions

Estrogen-dependent angioedema provides a unique scenario in 
which we can understand the broad role of estrogens’ effects 
in HAE. This is an example in which a clear genotype—an 
activating Factor XII mutation—dictates phenotype which 
provides compelling evidence implicating Factor XII as a key Ta
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mediator in the relationship between estrogens and HAE. As 
estrogen-dependent angioedema is a rare disorder that has only 
been documented in a few families, we suggest that future 
directions potentially include developing a preclinical (murine) 
model for estrogen-dependent angioedema through an activat-
ing Factor XII mutation. This model could not only provide 
important mechanistic insights, it can accelerate the develop-
ment and testing of novel therapeutic strategies for this disease.

Furthermore, it is important to continue investigating this 
relationship between estrogens and HAE within the context 
of Factor XII. We can begin to apply this known relation-
ship seen in estrogen-dependent angioedema to the more 
common subtypes of HAE: type I and II estrogen-associated 
HAE. Next steps in this investigation should include under-
standing whether parallels can be made between both estro-
gen-dependent angioedema and estrogen-associated angi-
oedema. If such a relationship exists, then new treatments 
targeting Factor XII and the coagulation cascade might be 
considered in treating estrogen-related HAE.

Conclusion

Through addressing estrogens’ pharmacologic effects on 
the bradykinin pathway, this review article elucidates sev-
eral potential ways in which estrogens could predispose 
individuals to HAE attacks. More specifically, estrogen-
dependent angioedema demonstrates that Factor XII is likely 
a key mediator in this relationship. Further investigation is 
required to understand whether Factor XII plays a similar 
role in the more common estrogen-associated angioedema. It 
is important to understand these relationships as high estro-
gen states might be difficult to avoid in individuals who are 
affected by HAE. A clear understanding of the pathogenesis, 
molecular pathways, and spectrum of sex differences seen in 
the complex and heterogenous disorder is essential in devel-
oping effective counseling and treatment.
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