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Summary
Allergic asthma is usually diagnosed by the presence of variable airway obstruction,
bronchial hyperresponsiveness, and allergy. However, a significant proportion of adult
asthma patients (up to 40%) are non-allergic. Patients with non-allergic asthma often have a
later disease onset and greater disease severity, as reflected by more severe airway obstruction
and bronchial hyperresponsiveness. Furthermore, females have a higher risk of developing
non-allergic asthma. The latter suggests that hormone-related events play an important role
in the development and severity of adult-onset non-allergic asthma. This paper describes the
associations between asthma and hormonal changes throughout the female life-span, such as
those associated with the monthly cycle of menstruation and menopausal hormonal changes.

Allergic asthma is usually diagnosed by the presence of
variable airway obstruction, bronchial hyperresponsive-
ness, and allergy. However, a significant proportion of
adult asthma patients (up to 40%) are non-allergic [1, 2].
There are many similarities between allergic and non-
allergic (intrinsic) asthma. For example, the type of
mucosal inflammation is comparable, i.e. increased num-
bers of eosinophils and mast cells, and increased levels of
their mediators, e.g. IL-5 and also the two B cell IgE-
switching cytokines IL-4 and IL-13 [3]. The latter may also
explain the findings of increased total serum IgE levels in
patients with non-allergic asthma [4]. Interestingly, Beeh
et al. have shown that higher levels of serum total IgE are
associated with more severe airway obstruction in patients
with non-allergic asthma [4]. This had led some authors to
question the existence of non-allergic asthma as a sepa-
rate disease entity, thus suggesting that all asthma pa-
tients may have an atopic component and that the
increased production of IgE is directed towards a yet
unidentified allergen. An alternative explanation for the
relation between elevated total IgE levels and more severe
asthma can be derived from the findings of Kalesnikoff
et al. in murine mast cells [5]. They observed that IgE

binding to its high-affinity receptor (FceRI) was able to
induce intracellular signalling pathways, resulting in the
production of cytokines (e.g. IL-4, IL-6, IL-13, TNF-a), and
to enhance mast cell survival on its own, without cross-
linking by allergens [5]. In addition, IgE may directly bind
and activate receptors present on eosinophils, neutrophils,
and monocytes [6].

There are also several differences between allergic and
non-allergic asthma. Patients with non-allergic asthma
often have a later disease onset and more severe disease as
reflected by more severe airway obstruction and bronchial
hyperresponsiveness [7]. Furthermore, several studies
have demonstrated that females have a higher risk of
developing non-allergic asthma [7, 8]. Here, we propose
that hormone-related events play an important role in the
development and severity of adult-onset asthma in wo-
men independent of the presence of allergy (see Fig. 1).

The role of female sex hormones in the development and
severity of asthma

A large number of studies have focused on the associations
between asthma and hormonal changes throughout the
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female life-span, such as those associated with the monthly
cycle of menstruation and menopausal hormonal changes.

Changes in asthma during the menstrual cycle

Perimenstrual aggravation of asthma (PMA) with an
increase in symptoms and a significant decline in peak
flow (420%) has been reported in 30–40% of women [9].
Importantly, Siroux et al. reported PMA to be independent
of the presence or absence of allergy [10]. Only five small
studies have measured the level of bronchial hyperrespon-
siveness during the menstrual cycle in women with PMA.
No cyclical variations were found in PC20 methacholine or
PC20 histamine [9, 11–13]. However, Tan et al. found a 2.5-
fold increase in the premenstrual level of PC20 AMP [14].
This indicates an effect of female sex hormones on airway
inflammation during the menstrual cycle, because
changes in AMP closely reflect changes in eosinophilic
airway inflammation [15, 16].

A relationship between hormonal swings and asthma
worsening could theoretically be due to increases or
decreases of hormone levels or a change in their ratio.
Several sex hormones have been implicated to play a role
in perimenstrual worsening of asthma, of which oestrogens
and progesterone (or both) seem to be the most important.
Thus far, few studies have investigated the contribution of
sex hormones to asthmatic airway inflammation. Results
have been conflicting, and both pro- and anti-inflamma-
tory effects of oestrogens and progesterone have been
described. For example, oestrogens can augment the release
of histamine and serotonin from rat mast cells [17]. In
addition, oestrogens significantly enhance eosinophil ad-
hesion to human mucosal endothelial cells and a combina-

tion of oestrogens and progesterone induces eosinophil
degranulation [18]. Finally, oestrogens inhibit the produc-
tion of cortisol, which may contribute to more severe
asthma as well [19]. However, the anti-inflammatory
effects of oestrogens have also been described. Oestrogens
inhibit the oxidative burst in human blood leucocytes and
may suppress airway inflammation by increasing the
number of FoxP31 regulatory T cells [20]. Furthermore, it
has been shown in knock-out mice that the absence of
oestrogen receptors leads to an increase in airway hyperre-
sponsiveness, and polymorphisms in the oestrogen receptor
have been implicated in the development of hyperrespon-
siveness, as well as accelerated lung function decline
particularly in female asthma [21, 22]. Little is known about
the effects of progesterone on inflammation and asthma.
Progesterone has been shown to enhance bronchial hyper-
responsiveness and eosinophilic airway inflammation in an
allergic mouse model of asthma [23]. However, progester-
one may also exert anti-inflammatory effects. For example,
progesterone enhances the effects of corticosteroids in
mouse fibroblasts [24] and inhibits the release of inflam-
matory mediators from human blood basophils [25].

Many clinical studies have been performed to assess
whether hormonal therapy with different combinations of
oestrogens and/or progesterone may improve symptoms
in women with PMA. Most studies have reported favour-
able effects, with an improvement in perimenstrual symp-
toms and peakflow values and a reduction in the number
of asthma exacerbations. However, firm evidence is lack-
ing so far, as no randomized-controlled clinical trials have
been performed. Furthermore, it is unclear which combi-
nation of oestrogens and/or progesterone would be the
most effective to treat PMA.

Fig. 1. Influence of female sex hormones on asthmatic inflammation and asthma symptoms. Possible interactions with obesity and insulin resistance.
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Asthma and menopause

Menopause can coincide with the clinical expression of
asthma. In agreement with this, Bonner et al. found a peak
in the prevalence of adult-onset asthma in women around
the age of 50 years, the mean age of the onset of
menopause [26]. When asthma starts during menopause,
it is frequently associated with an absence of allergy and
with higher asthma severity and frequent exacerbations
[27]. It has been suggested that the increase in asthma
severity and incidence may be due to the decrease in
oestrogens during menopause [28]. In agreement with
this, Kos-Kudla et al. showed that the level of serum
oestrogens was lower in postmenopausal asthmatic wo-
men than in postmenopausal healthy women [29]. In
addition, they showed that hormone replacement therapy
(HRT) with oestrogens and medroxyprogesterone acetate
improved asthma symptoms. In agreement with this, a
higher level of FEV1 was observed in elderly postmeno-
pausal women with the use of HRT [30]. However, there is
controversy in this area, as the Nurses Health Study and
the Copenhagen City Heart study showed that postmeno-
pausal women have a higher risk of developing asthma
when they use HRT, either with oestrogens alone or with
oestrogens and progesterone combined [28, 31]. A possi-
ble explanation for these discrepant findings could be that
the effects of HRT differ in subgroups of women. For
instance, Lange et al. found that the association of HRT
with asthma was weaker in a subgroup of women who
were smokers, which was attributed to the anti-oestrogen
effects of smoking [31]. Further, Gomez Real et al. showed
that the risk of developing postmenopausal asthma (both
allergic and non-allergic asthma) was greater in lean
women than in obese women when they used HRT [32].

Asthma, menopause, and insulin resistance

The finding that lean postmenopausal women who use
HRT have a higher risk of developing asthma is surprising,
as many studies have shown obesity to be associated with
a higher risk of developing asthma [33]. In addition,
several authors have demonstrated that asthmatics with a
higher body mass index are less sensitive to the beneficial
effects of corticosteroids [34–36]. A possible explanation
for the relation between obesity and asthma may be the
presence of a low-grade systemic inflammation with
increased levels of pro-inflammatory cytokines and med-
iators such as TNF-a, IL-1b, IL-6, and leptin [37]. In
addition, the systemic inflammation that is present in
obesity may cause insulin resistance [38]. In this context,
the findings of Thuesen et al. are of special interest. They
showed that insulin resistance is an even stronger pre-
dictor for the development of adult-onset asthma than the
presence of obesity [39]. It is unclear whether insulin
resistance itself contributes to the development of asthma

or whether the association between insulin resistance and
asthma is caused by an increased level of pro-inflamma-
tory mediators leading to both insulin resistance and
asthma. This remains to be elucidated in future studies.

With respect to the possible effects of insulin, studies have
observed that treatment with insulin has anti-inflammatory
effects that may also be relevant to asthma. For example, it
has been shown that an insulin infusion decreases the levels
of nuclear factor kappa B, monocyte chemo-attractant
protein-1, and the production of the reactive oxygen species
in peripheral blood mononuclear cells derived from obese
non-diabetic subjects [40]. In addition, it has been demon-
strated that treatment with insulin increases the number of
FoxP31 regulatory T cells in patients with type 1 diabetes
[41]. Thus, it could be speculated that resistance to the anti-
inflammatory effects of insulin may contribute to the
development or severity of asthma. However, there is con-
troversy in this area, as other authors have demonstrated
that insulin increases the contractility of airway smooth
muscle cells, which may contribute to bronchial hyperre-
sponsiveness [42]. Taken together, the role of insulin and
insulin resistance in asthma is presently unclear, but war-
rants further attention in future studies.

Interestingly, oestrogens have been shown to protect
against insulin resistance and menopause is accompanied
by an increased insulin resistance due to a decline in
oestrogen levels [43]. This might also explain the increase
in asthma incidence and severity during this period in life.
In addition, it could provide an explanation for the
differential effects of HRT between lean and obese women,
as suggested by Gomez Real et al. [32]. In lean women
without insulin resistance, the pro-inflammatory effects
of oestrogens (as described above) may predominate.
However, in overweight and more insulin-resistant wo-
men, the pro-inflammatory effects of oestrogens may be
counterbalanced by a reduced insulin resistance.

In conclusion, a large proportion of patients with adult-
onset asthma are non-allergic and female. In these
patients, we propose an important role for female sex
hormones such as oestrogens and progesterone in con-
junction with a relative insulin resistance.
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