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The incidence of allergic diseases has been increasing in recent decades, and currently, nearly 30% of the European
population suffer from some type of allergy. Also, an increasing number of people are suffering from infertility. Both
diseases are related to the hormonal and immune systems, which prompts the question as to whether there is
a causal relationship between allergic disorders and the reproductive system. The purpose of this review is to evalu-
ate whether there is a link between allergic diseases and infertility, using the available literature.
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Introduction

Allergy is an abnormal reaction of the immune sys-
tem hypersensitivity, resulting in many immunological
consequences in the body. The incidence of allergic dis-
eases has been increasing in recent decades, and cur-
rently, nearly 30% of the European population suffer
from some type of allergy: rhinitis (AR), atopic asthma,
bronchitis, allergic conjunctivitis (AC), atopic dermatitis
(AD) [1]. The symptoms of allergy are triggered by chemi-
cals, natural and artificial food additives, spices, pollen,
mould, animal fur and other substances. The organism
comes into contact with most of the above substances
on a daily basis, so every day the immune system in hy-
persensitive people is stimulated. The consequences of
the response of the immune system can be observed
most often in the skin (pruritus, urticaria, eczema), di-
gestive system (discomfort, abdominal pain, diarrhoea,
constipation) and respiratory system (cough, breathless-
ness, rhinitis). Allergic diseases may also cause atypical
symptoms, less often associated with allergies. Campbell
[2] have demonstrated in their study that the headaches,
irritability, decreased concentration, sleep disturbances
were present in patients with allergies. There have been
also haematological and other atypical symptoms such
as proteinuria, pain in the bones, joints, and muscles [3].
Few studies describe the consequences of allergic dis-
eases in the reproductive system. The response to an al-
lergen causes a lot of reactions in the immune system,

causing local inflammations. Many of the cells in an al-
lergic response, such as mast cells, lymphocytes, Th17,
interleukins, leukotrienes C4, nitric oxide (NO) are also
detectable in increased concentrations in patients with
fertility problems [4-8]. It is interesting that endometrio-
sis, which is one of the more frequent causes of infertil-
ity, often coexists with allergies. It was found that wom-
en with endometriosis suffered from AR, AD, AC, asthma
more frequently than women without fertility disorders
[9, 10]. The female reproductive system seems to be very
vulnerable to lifestyle-related factors, such as alcohol
consumption and smoking habits, psychological stress,
night work, and hormonal, or immunological diseases.
Allergic diseases cause a reduction in the quality of life
due to chronic clinical signs, changing lifestyle, eating
habits, and the use of drugs. They have been shown to
affect fertility by means of delayed conception and an in-
creased risk of miscarriage, or disturbed menstrual func-
tion [11]. Increase in the incidence of allergic diseases and
infertility prompted the question as to whether there is
a causal relationship between allergic disorders and the
reproductive system. Female reproductive health could
be measured in an epidemiological study by regularity of
the menstrual cycle, time to pregnancy, and fertility rate.

The purpose of this review is to evaluate whether
there is a link between allergic diseases and infertility,
using the available literature (Table 1).
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Irregular menstruation

Non-pregnant women of reproductive age may have
irregular menstruation for a variety of reasons. Diseases
of the reproductive system (endometriosis, PCOS polycys-
tic ovarian syndrome) are common causes of changes of
menstruation. It is known that endocrinology, oncology
and other severe diseases, stress and medications, may
cause irregular menstruation. Epidemiological studies
show that irregular menstruation occurs in 15-20% of
women of reproductive age. A small number of studies
define the relationship between allergies and irregu-
lar menstruation. Svanes et al. [12] evaluated personal
questionnaires from 8588 women from North Europe
in the RHINE study. The prevalence of irregular men-
struation was 15% in women aged 25-42 years old. The
prevalence of asthma and allergy was higher in women
with irregular menstruation periods. Irregular menstrua-
tion was significantly associated with an increased risk

of asthma, and AR. The associations were particularly
strong for asthma or wheeze preceded by AR [12]. Real
et al. [13] evaluated 1631 women aged 28 to 44 years
participating in the European Community Respiratory
Health Survey. Long or irregular menstrual cycles were
reported by 313 (19%) women. Women with oligomenor-
rhea are more often diagnosed with asthma, particularly
allergic asthma, independent of body mass index (BMI)
and physical activity. The results of this study showed
reduced lung function in women with irregular menstrua-
tion. The authors suggest that women with oligomen-
orrhea should be tested for asthma and lung function.
Airways pathology may have not only hormonal, but also
a metabolic component. In another study Galobardes
et al. [14] investigated the association of age at men-
arche, irregular periods, duration of menstruation, and
acne with a medical history of asthma and atopy (AR
and/or AD/urticaria) in a historical cohort of students
(who studied between 1948-1968) in the United King-

Table 1. Fertility depends on a study factor, population and type of allergic diseases

Study (reference) Age of Number Type of allergic Result of study
patients of patients diseases
Irregular menstruation (IRM):
Svanes et al. 2005 [12] 25-42 8588 AR, AB 15% of the study population had IRM. Women
with IRM had a higher prevalence of AB and AR
Real et al. 2007 [13] 28-44 1631 AR, AB 19% of the study population had IRM. Women
with IRM had a higher prevalence of AB and
reduced lung function
Galobardes 2012 [14] Students 3502 AR, atopicand  16.4% of the study population had IRM. Women
who studied non-atopic AB, with IRM had a higher risk of atopic AB, AR, AD
in 1948-1968 AD, urticaria
Time to pregnancy (TTP):
Westergaard et al. 2003 [24] 15-43 31145 AR Women with AR were more fertile than healthy
women
Gade et al. 2014 [28] 12-41 15250 atopic and non-  More asthmatic women than non-asthmatics had
atopic AB TTP > 1. Asthma prolongs TTR. The negative effect
of asthma on fertility increases with age and
disease intensity
Spontaneously natural abortion:
Westergaard et al. 2003 [24] 15-43 31145 AR No difference between allergic and healthy
women
Fertility rate (FR):
Tata et al. 2007 [38] 15-45 491 516 AR, AB, AD No difference between allergic and healthy
women
Gade et al. 2014 [28] 12-41 15250 Atopic and non- No difference between allergic and healthy
atopic AB women
Sunyer et al. 2005 [29] 20-44 2414 AR No difference between allergic and healthy
women
Karmaus et al. 2003 [39] 25-44 2849 AR, AB, AD Atopic women had fewer children than healthy
women
Forastiere et al. 2005 [41] 35-74 1755 AR, AB, AD FR was inversely related to lifetime clinical

sequelae such as AR and AD, but not to asthma

AR — allergic rhinitis, AB — asthma bronchiale, AD — atopic dermatitis.
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dom. Irregular periods and earlier menarche have been
associated with a higher risk of asthma and allergic dis-
eases. The authors found an association of irregular pe-
riods with higher odds of atopic asthma and atopy alone,
but not with non-atopic asthma. The authors found no
association with acne, a marker of high testosterone lev-
els. This has suggested a role of oestrogens in the devel-
opment of these conditions.

Receptors for sex steroids were discovered on lym-
phocytes, monocytes and mast cells. These cells, after
activation by the sex hormones, can interfere and affect
the quality and severity of an allergic response. Oestro-
gen has an important role in the mechanism of allergy.
Through the suppression of T cell function, oestrogens
increase the number of Th2 lymphocytes; in effect, by
redirecting the body’s response towards the production
of antibodies of IgE class and affecting the early and late
phase of an allergic response [15, 16]. It has been proven
in vitro that the incubation of mast cells with oestrogen
promotes their degranulation, and the release of hista-
mine in the IgE-dependent mechanism [17]. Similarly,
the incubation of mast cells, basophils and bone mar-
row cells with 17p oestrogen triggers the release of al-
lergic inflammatory mediators: B-hexosaminidase and
leukotriene C4. It is important that oestrogen in these
studies was at physiological concentrations in females
in different periods of the cycle. Researchers have put
forward a proposal that oestrogen stimulates the sever-
ity of IgE-dependent degranulation, thus enhancing the
inflammatory response of the body to the allergen [18,
19]. This means that in the presence of oestrogen clinical
symptoms may occur, even at small doses of the aller-
gen. This idea is confirmed by studies demonstrating the
severity of allergic reactions that occur in women with
respect to the concentration of oestrogen, independent
of the concentration of allergens. So far, this association
has been found between menstruation, pregnancy, hor-
mone therapy and the severity of allergic reactions [20].
It is known for peri-menstrual asthma (PMA) and severe
asthma exacerbations (near fatal asthma, NFA) and ana-
phylaxis in the period around menstruation [21-23].

The effect of interactions between the immune sys-
tem and hormones requires further research, but a rela-
tionship was found between irregular menstruation and
the allergic disease such as atopic asthma, AR, AD in most
epidemiological studies of women at procreative age.

Time to pregnancy (TTP)

TTPis a tool in reproductive epidemiology for mea-
surement of fecundability (the probability of being preg-
nant in each cycle) by establishing how long it takes
couples to conceive. Several factors were found to have
an impact on TTP [11]. Some authors evaluated the asso-
ciation between TTP and allergy diseases. Westergaard
et al. [24] analysed a cohort of 31,145 women aged 15
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to 43 years; they fell into 2 groups — healthy women
and those suffering from AR. Women with TTP below
1 year suffered from AR more often than women with TTP
> 1year. Women with menarche below 12 years had AR
more often than those with menarche at 14 years. It has
been found that women who already bore a child are less
likely to have AR. Women with AR had waited to become
pregnant for a shorter time than non-allergic women.
This study shows that females with AR were more fertile
than women without these conditions.

A partial explanation of shorter TTP of women with
AR is the presence of physiologic promotion of concep-
tion in allergic women related to a balance towards
T helper 2 cells in allergic disease [25, 26]. Enhanced Th2
activity is beneficial and observed also in physiological
pregnancy. What is more, reduced activity of Th2 and
lower occurrence of atopic diseases were found in wom-
en with reproduction failure [27].

Asthma was hypothesised to have a different rela-
tionship with fertility than AR or AD. In the study of Gade
et al. [28], asthma was associated with an increased
TTP; the percentage of asthmatics with a TTP > 1 year
was 27% versus 21.6% for non-asthmatics (p = 0.009).
Untreated asthmatics had a significantly increased risk
of prolonged TTP compared to healthy individuals. It is
interesting that the treatment of asthma reduced the
TTP[29].

The nature and degree of inflammation is indepen-
dent to the phenotype of asthma.

The chronic inflammation has a large effect on fertil-
ity, increased TTR The consequences of the inflammatory
process in the lower airways in asthmatic women are
an impact of inflammation on the reproductive system.
This is confirmed by other studies in which women with
systemic inflammation, e.g. obese women or women
with a metabolic syndrome have an increased TTP [30,
31]. Metabolic syndrome is a part of polycystic ovary
syndrome (PCOS), and Zieraua et al., in meta-analyses,
confirmed that asthma may be associated with PCOS,
and women with PCOS have a more severe type of asth-
ma [32]. Also, an interesting observation is the fact that
a greater number of females undergoing in vitro fertility
(IVF) treatment were using anti-asthmatic drugs [33].

Spontaneous natural abortion

Westergaard et al. have not found any difference be-
tween women with allergic rhinitis and healthy women,
in terms of spontaneous miscarriage. However, in women
with asthma, the risk of spontaneous miscarriage is a bit
higher than in healthy women [33]. Studies have shown
that untreated asthma influences the foetus during preg-
nancy, by increasing the risk of abortions, preterm birth,
low birth weight and perinatal mortality [29, 34-37].
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Reproductive history (fertility rate) of offspring. But, in conclusion it has been found that
The fertility rate is the number of livebirths per 1,000 although women with atopy initially had fewer children,

| there was no difference in the number of children after
women. Tata et al. [38] compared fertility rates among an 8-year follow-up. This means that these women, of
women with asthma, eclzema, or AR Wlt.h thqse in the some of them, delay the moment of procreation or have
gener.al fem.ale United Kingdom population using com- a problem with getting pregnant. However, Karmaus
puterized pr|m§ry—c§re data. The ;c?hort of 491,516 yvgm— et al. [39, 40] showed that atopic individuals tend to have
en had 91,147 livebirths, and fertility rates were similar fewer children, and in another study, the number of live-
in both groups — allergic and non-allergic women. More- ’ ’

t has been found th ith d births was inversely related to lifetime clinical sequelae
over, it has been found that women with eczema and AR such as AR and AC, but not to asthma [41].

may have had a slightly higher fertility rate than healthy
women. The conclusion of this study is that women with i) allergies and asthma, in spite of systemic inflam-

allergic disease do not have fewer children than women mation, do not present a reduced fertility rate. The rea-

without allergic disease. Also the data of Gade et al. [28] <4, may be promoted conception through increased Th2
showed that the number of offspring is similar between  yctiyity,

asthmatics and healthy subjects in a cohort of 15,250
twins living in Denmark. Sunyer et al. [29] evaluated
1,487 mothers and asked them about fertility history and
allergic rhinitis. They reported an inverse association be- Endometriosis is a condition in which the functional
tween atopy as well as allergic rhinitis and the number  tissue uterus (endometrium) is present outside the uter-

The results of most of the studies prove that women

Endometriosis and allergic diseases

Allergic disease:

Chronic Elimination Inflamma- Atop|§ asthl:n:a\
. Drugs . Allergic rhinitis
symptoms afei tion Atopic dermatitis
Food allergy

Irregula( Th1/Th2 balance
menstruation

Reproductive system
Pregnancy

Figure 1. The pathogenetic relationship between fertility and allergic diseases. The response to an allergen causes a lot
of reactions in the immune system, leading to local inflammation with the possible movement of inflammatory cells into
the bloodstream. Allergic inflammation may secondarily affect the reproductive system by reactivity with sex hormones
(particularly oestrogens). The result of these interactions is, on the one hand, the increase in sensitivity to allergens, and
on the other hand increase in oestrogen what causes an increase of lutropin in the pituitary gland and gives signal to
ovulation. In addition, the female reproductive system is vulnerable to lifestyle-related factors, such as allergic factors
(elimination diets, chronic symptoms of allergy, drugs), psychological stress, etc. being able to cause irregular menstrua-
tion, and consequently a longer TTR. On the other hand, it seems that the detuning to Th2 trail facilitates procreation. As
a result, women with allergies are pregnant and have the same number of offspring as healthy women, despite irregular
periods and a longer TTP

TTP - time to pregnancy.
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ine cavity in the pelvis, or in other locations. Most wom-
en with endometriosis suffer from pelvic pain, menstrual
disorders, and severe pain during ovulation and during
sexual intercourse. Endometriosis affects 5-18% of wom-
en of childbearing age, out of which 30-50% suffer from
infertility [42]. The results of many studies showed that
patients with endometriosis have a higher prevalence
of allergies, and the coexistence of both allergies and
autoimmune diseases. In 1981, for the first time, the in-
creased incidence of allergic diseases, autoimmune and
malignant tumours was described in women diagnosed
with endometriosis [43]. Subsequent studies have con-
firmed the validity of this observation [9, 44-46]. Caserta
et al. [47] evaluated 304 patients with endometriosis,
and 318 without endometriosis, and stated that patients
with endometriosis have a higher prevalence of allergies
(p = 0.0003), and coexistence of allergies and autoim-
mune diseases (p = 0.0274). An association between en-
dometriosis and allergic diseases has been confirmed in
a study of Matalliotakis et al. [44]. Five hundred and one
patients with endometriosis, in comparison to 188 con-
trols, had had significant excesses identified for medi-
cations, sinus allergic rhinitis, and asthma. Also, women
with endometriosis were significantly more likely to re-
port a positive family history of allergies. A meta-analysis
by Bungum et al. [10] confirmed the relationship between
allergies including AR, sinus allergic rhinitis, food intoler-
ance/sensitivities (food allergy) and endometriosis.

A common mechanism of allergy and endometriosis
can be produced by several cell types, cytokines accom-
panying allergic inflammation, which also were found in
endometriosis. Missmer and Cramer [42] showed an in-
crease in the concentration of leukocytes, macrophages
and lymphocytes in the peritoneal fluid in women with
endometriosis. The consequence of these studies is the
concept that the balance between immune response
Thl and Th2, in women with endometriosis, moves to-
ward Th2, while promoting the development of allergic
reactions [48]. A potential mechanism for the creation of
endometriosis starts the activation of macrophages in
the peritoneal cavity, which in turn produces numerous
growth factors and cytokines produced by several cell
types (for example, tumor necrosis factor o (TNF-ot) and
interleukin 1B (IL-1B)), released into the peritoneal fluid.
TNF-a and IL-1B stimulate the synthesis of molecules
regulated on activation, normal T-cell expressed and
secreted (RANTES) and monocyte chemotactic protein-1
(MCP-1) in endometrial cells. As a result, their actions
are followed by the recruitment of macrophages in the
implant of the endometrium and the production of the
histamine releasing factor (HRF) which enhances the pro-
duction of IL-4 and IL-13, and plays an important role in
allergic rhinitis by promoting allergic phenotype [49, 50].
Previous studies can, in part, explain the increased risk of
developing allergic diseases, in women diagnosed with
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endometriosis [44—46]. Still, the association between en-
dometriosis, allergy and fertility is unknown.

Conclusions

The presented studies indicate a possible association
between allergic diseases and fertility of women.

It follows that allergic women have more irregular
menstruation and longer TTP However, allergic disease
has no effect on the fertility rate, and the number of off-
spring, which is similar to that in healthy women. The
mechanism between fertility and allergic diseases has
not yet been completely clarified (Figure 1). It seems that
this is a result of the activation of Th2, which is condu-
cive to reproduction. On the other hand, interesting is the
presence of an increased number of women with both
allergies and endometriosis, where reduced fertility is ac-
companied by a Th2 response.

A different mechanism on fertility is caused by asth-
ma. Uncontrolled, untreated or difficult-to-treat asthma,
regardless of atopy, causes systemic inflammation; and
in women with AR, AD, irregular menstrual periods, and
longer TTP were observed more often. A higher incidence
of infertility was also found in obese women, or women
with metabolic syndrome, as well as asthma.

The final assessment of the relation of allergies and
fertility is difficult due to the complicated and multi-fac-
torial mechanism of both diseases, and this should be
the subject of further research.
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